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Abstract

This study constitutes a first attempt to experitaliy test the performance of a 100%
auction versus a 100% free allocation of #@rmits under the rules and parameters
that mimic the EU ETS (imperfect competition, uriaety in emissions’ control, and
allowing banking). It also incorporates a firsteatpt to include in the analysis
measures of the risk preferences of subjects paating in emission permits
experiments. Another distinctive feature of thisidst is the implementation of a
theoretically appropriate auction format for tharary allocation of emission permits.
Our experimental results indicate that the EU EES the potential to reduce €O
emissions, achieving targets considerably moreicése than the current ones at high
efficiency levels, both with auctioned and free sion permits. Auctioning, however,
reveals a clear potential to do better than grahdfang the initial allocation of permits.
In addition, the results reveal that concerns ahmaue scarcity, and corresponding
high prices, in secondary markets generated byimapy auction market are not

warranted under the proposed dynamic auction farmat
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1. Introduction

The use of auctions as a rule for the initial atomn of CQ emission permits in the
next stages of the EU ETS (European Union Emissioaging Scheme) is a subject
that the European Commission and its Member-Statescurrently discussing and
evaluating. This paper is the first to experimdypttst the Ausubel (2004) auction for
the case of C®emission permits in the EU ETS.

The European Union has stepped forward in its cdament for GHG
(greenhouse gases) emissions’ reduction by defiamgs Climate Policy the goal to
reduce GHG at least 20% by 2020 compared with 188€ls. The EU ETS is therefore
a major policy initiative to achieve G@missions’ reductions. This political choice to
fight a global negative externality is on the sdime as the Kyoto Protocol flexible
mechanisms, which included an international maf@etGHG transaction, as well as
the more recent RGGI — Regional Greenhouse Gaatiné, for ten states of the US.

Emission permit markets have been used for lochliaots like SQ (sulphur
dioxide) since the 80s and 90s, mainly in the U8 @anada, but its application for a
global pollutant, like CQ has an innovative character. It is for this reasmd because
the EU ETS dimension and complexity is consideraliffierent from previous markets
(due to its multi-jurisdictional political structeirconnection between differing domestic
emissions permits programs, etc.), that we focuthmnspecific application of emission

permits markets (EPM).

Several studies exist about the EU ETS and a cenaérpoint is usually
highlighted: the importance of the institutionalesiadopted for its performance, as for
any other EPM. Particularly, the initial allocationle decided under the 2003/87/EC
Directive (grandfathering) recurrently appears as of the least positive aspects of the
institution chosen to implement the EU ETS. In faeuctioning instead of
grandfathering is presently recommended inside BEbe for the third phase of the
market (starting 2013), as we can find in the COM) 16 final from 23.1.2008, pp.7:

“Auctioning best ensures efficiency of the ETS, transparency and simplicity

of the system and avoids undesirable distributional effects. Auctioning also

! Connecticut, Delaware, Maine, Maryland, Massactisisélew Hampshire, New Jersey, New York,
Rhode Island, and Vermont.



best complies with the polluter-pays principle and rewards early action to
reduce emissions. For these reasons auctioning should be the basic

principle for allocation.”

Neuhoff and Matthes (2008) summarize the main reasdy auctioning should
be adopted for the initial allocation of @@&mission permits in the EU ETS as follows:
i) it eliminates uncertainties about future changeshe allocation schemes, favoring
investment decisions and innovation from firms uied in the 2003/87/EC Directive,
i) it allows governments to receive the necessargma® to encourage innovation, to
reduce taxes, or to compensate the poorest farfriigsincreases in energy prices as a
consequence of the environmental policigs;it is a simple and fair scheme to allocate
emission permits, which guarantees a higher puhigport. In fact, as we read in the
Commission Recommendation above, instead of thei@wodright to pollute” it is the
Pigouvian “polluter-pays” principle that is appliedth auctioning, which might bring a
higher consensus around the more restrictive emviemtal policies the EU is about to

impose in the next years.

Our study contributes to the ongoing debate cormugrine use of auctions as a
rule for the initial allocation of C©emission permits in the next stages of the EU ETS.
Under Dales (1968) and Montgomery (1972) originaldels for EPM, the initial
allocation rule does not affect the efficiency loé policy instrument (it matters only on
equity terms). Our investigation examines whethé& is the case for the EU ETS. We
therefore experimentally investigate the perforneaocan EPM similar to the EU ETS
under alternative allocation rules: grandfatheand auctioning.

The experimental methodology has been widely usedtudies examining
emission permit markets in the US and Canada withbgses similar to ours: works by
Godbyet al. (1997), Cronshaw and Brown-Kruse (1999), Franabsil. (1999), Cason
et al. (1999), Mestelmaret al. (1999) and Gangadharat al. (2005) are just a few.
Surprisingly, this is not the case for the EU ETS. our knowledge, this is the first

experimental study to include both the rules arel ghrameters that parallels the EU



ETS structuré.Our experimental market is characterized by imaréompetition (few

agents with different dimensions, different margiadatement costs and different
environmental targets) under a cap-and-trade systgimbanking allowed, a secondary
market represented by a double auction with didoative prices and a penalty

structure for noncompliance similar to the 20037 Directive.

Another novel feature of our experimental desigthes implementation of the
Ausubel (2004) auction as the rule for the iniadbcation of CQ emission permits.
Although several types of auctions have alreadynb@gerimentally tested for the
initial allocation of emission permits, the presestiidy is the first to implement a
dynamic auction for the multi-unit demands thatrebterize this market, and that,

theoretically, yields the same results as the \@glauction, its static counterpart.

In addition, we included the elicitation of subgctisk preferences in our
experimental design. This is, therefore, the ftsidy on EPM that explicitly classifies
participants in the experiment with respect torthéitudes towards risk, allowing us to
test the hypothesis raised in the literature coringrthe relationship between subjects’

banking behavior and their attitudes towards risk.

Below we develop our experimental design, and syesgtly we discuss the
structural features (parameters) implemented in experiments. Then we detalil
experimental procedures, and in section 5 presantvorking hypotheses. Results are

reported in section 6, and the last section cordud

2. Experimental design

Our experimental variable is the rule for the alit@llocation of CQ emission permits
in the EU ETS. Hence, two experimental treatmerggeveonducted differing only with

respect to the initial allocation rule: grandfathgivs. auctioning.

% For example, Benz and Ehrhart (2007) experimesttaly on the initial allocation of GGllowances in
the EU ETS is far from implementing its institutadrieatures and therefore does not constitutetbads
for this market.



All our experimental sessions were computerizeth{uihe zTree software from
Fischbacher (2007)) and had three parts: 1) A st@hdsocio-demographic
questionnaire; 2) The implementation oMaltiple Price List(MPL) for the elicitation
of subjects’ risk attitudes; and, 3) An Emissionriies Market (EPM). The first two
parts were included for control purposes, and thast land central part of the
experimental sessions implements the market fop €Rission permits under the
features of the EU ETS. Each of these parts wdmtied only when all participants

finished all the tasks in the previous part.

A. Elicitation of risk attitudes

Elicitation of subjects’ risk attitudes was carriedt using the instrument developed by
Holt and Laury (2002). This instrument, a Multifteice List (MPL), entails presenting
subjects a set of ordered binary lotteries to ch@dlstogether. In our implementation of
the MPL design, subjects were required to makeri@sef 10 choices between two
payment options (or lotteries), A or B. Each ofst@ayment options comprised a high
prize and a low prize. The high prize for paymeptian A was€2.00 and the low prize
€1.60; the high and low prizes for payment optiow@&e€3.85 ancc0.10, respectively.
Each subject received the high or the low prizéhefchosen payment option according
to the number of a ball randomly extracted fromag bontaining 10 balls individually

numbered from 1 to 10.

Figure 1 shows the MPL presented to subjects irh edcour experimental
sessions (translated from Portuguese). The firat i this table reveals that the
probability of getting the high prize in each oéthayment options is 1/10 so that only
extremely risk loving subjects are expected to ppelyment option B in the first
decision. The probabilities associated with théntpgze in each option increase by 10
percentage points as subjects proceed down the, tabtl the last row pays the high
prize in each option for sure. The expected vahssociated with each decision and
payment option indicate that a risk-neutral subje@xpected to choose option A in the
first four decisions, and switch to option B thdtea Only highly risk averse subjects
are expected to choose option A in the secondrdast but even those are expected to

switch to option B in the last decision.



Following Holt and Laury (2002), subjects were fteechoose between these
two payment options but in our experiments we inggake consistency restriction that
after choosing option B at any one decision rowjettb were not allowed to switch
back to option A, thereby avoiding the erratic clesi problem and consequent
difficulties associated with its analysis. Subjestye also informed that earnings from
this part of the experiment were to be determinetha end of the session using the
following procedure: each subject extracts one balin the bag with 10 balls to
determine which of the 10 decisions is to be uswdpfiyout for that subject, and
another random draw determines whether the subgeetives the high or low prize
according to the chosen payment option in thatsii@ei This random lottery incentive
procedure is commonly applied with the MPL instrmteand its properties are
thoroughly discussed by Harrison and Rutstrom (2008

The data collected from this part of the experimadldw us to classify subjects
as risk averse, risk neutral or risk loving in arde verify whether their banking

behavior in the third part of the experiment carekplained in terms of subjects’ risk

attitudes.
Decision Onption A Option B

1 I~ Ifball 1 you get €2.00)] Fhall 2- 10 you get €1 60 [~ Ifball 1 you get€3.85 || Ifball 2- 10 you get£0.10
2 [ Ifball1- 2 you get£2.00 || Ifball 3- 10you get<1.60 [ Ifball1- 2 you get €3.85 || Ifball 3-10vou get€0.10
3 ™ Ifhall 1- 3 you get£2.00 || Ifball 4 - 10you get£1.60 [~ Khall1- 3you get<£2.85 | Ifball 4- 10 you get£0.10
4 [~ Ifball 1- 4 you get€2.00 || Ifball - 10you get€1.60 [~ Ifball 1- 4 you get €3.85 || Ifball - 10 you get€0.10
a [ Ifball1- 5 you get£2.00 || Ifball 6- 10you get<1.60 [ Ifhall1- Syou get €3.85 || Ifball 6-10vou get€0.10
3] ™ Ifhall 1- 6 you get£2.00 || Ifhall 7- 10you get£1.60 [~ Ifball 1- 6you get €285 || Ifball 7- 10 you get£0.10
7 [~ Ifball1- 7 you get€2.00 || Ifball 8- 10you get€1.60 [~ Ifball 1- 7 you get €3.85 || Ifball 8- 10 you get€0.10
8 [ Ifball1- 8 you get£2.00 || Ifhall 9- 10you get<1.60 [ Ifball1- 8you get €3.85 || Ifball 9- 10 you get€0.10
2] ™ Ifball 1- 9you get £2.00 || Ifhall 10 you get£1 .60 ™ Ifball 1- 9you get €285 | Ifball 10 you get€0.10
10 ™ Ifball 1- 10 you get €2.00 [~ Ifball 1- 10 you get €3.85

Figure1l - zTree screen for the MPL used



B. Market I nstitution

A sequence of 10 market periods constituted thed thart of every experimental
session. The implemented market institution resembls close as possible the rules
predicted on the 2003/87/EC Directive for the EUSETo examine the effects of the
rule for the initial allocation of C©Qemission permits in the EU ETS, two treatments
were implemented: one treatment with grandfatheasdgn the 2003/87/EC Directive,
and another treatment with auctioning of all thailable emission permits, following
the recommendations in COM(2008) 16 final from 23008. All language in the
experimental instructions was context-free. Emisgd@rmits, environmental goals or
policy instruments for regulation were never meméid. Subjects were told they were
placed in a market where each firm (subject) musesder a certain number of units of
an abstract good in each period. Each unit hadtaiceost known only to the subject,
and earnings could be realized through tradinge@narket under pre-specified rules.

In the grandfathering treatment, participants kdew many units they would
be given in the session (emission permits): a fexewunt, equal in every period. In the
example shown in Figure 2, the subject magtriori surrender 6 (activity) units in
every period, each at the indicated cost in expamntal points, and the units given are
marked with a “Yes” (ie, the subject does not ldbarcosts of the units that are given),
amounting four given units in each period for akatf 40 given units in the session.
The subjects’ first decision in each period wakegito use all the allocated permits for
the period or to save some of them for the futigrea banking decision. This feature of
the design means that, concerning the intertempaiadity of emission permits, we
allowed banking but not borrowing, as establishedhe 2003/87/EC Directive: non-
used permits are still valuable for the followingripds but market participants are not
allowed to use in the current period emission peritiiey know will be given to them
in the next period3.Subjects entered their decisions in the spaceside® under
“Planned Use”. Thus, if the subject in the firstipd decided to save one permit for use

in the second period, he would enter a “3” in thevmed space for the first period and

% Borrowing is not explicitly allowed in the EU ETSlowever, because of the gap between the delivery
date of emission permits from one year"{3(ril of the following year) and the allocation efission
permits for the next one, firms might in fact bawremission permits.
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a “5” in the provided space for the second peri®dbjects were free to use all the

allocated permits in the current period or to sseme or all of them for use in future
periods as long as the planned use in each pertbda exceed the total number of

units the subject must surrender in each period tla@ planned use over the 10 periods

is equal to the total number of allocated permitsthe session (restrictions and

appropriate error messages were programmed in Threezsoftware to ensure

compliance with these rules).

Period

1 ouotof 10

Remaining Time [secl: 35

UNITS

COSTS

GIVEN

291

543

PLAN OF USE FOR THE GIVEN UNITS

Period 1 2 3 4 5 6 7 8

10 TOTAL

Given 4 4 4 4 4 4 4 4

Use

el LI G G G G G NG N

TO CALCULATE TOTAL GIVEN UNITS PRESS OK.

TOTAL

OK to next stage

Initial Revenue= 2150

Period Profit= 0

Acumulated Proft= 2150

Figure 2 — zTree screen for banking decision

Once all subjects were done with their banking €leni a new zTree screen

opened the market for emission permits transactibos this (secondary) market, a

double auction with discriminative prices was immpénted. Figure 3 illustrates the

zTree screen for one subject during this stage. nidreber of units the subject must

surrender in the period, their respective costd,the number of permits he is using in

the current period (according to the banking deaisn the previous stage) is shown in

7



the table at the left hand side of the screen.&ibjmake profits by buying non-given
units at a price lower than their cost, and byirsglbiven units at a price higher than
their cost.

Subjects submit bids in the space provided underyiigy Price”, and offers in
the space provided under “Selling Price”. They wieze to change their bids and offers
at any time under the constraints that only imprgvbids and offers were allowed. In
addition to obey the improvement rule while makihgir bids/asks, only profitable
transactions were allowed in this market. Moreover, re-sale was possible in the
market (once bought, emission permits had to bel duseavoid abatement costs).
Standing bids were shown in the box under “Buy gtiae of” and any seller could
accept a standing bid at any time by clicking tlitdn “Sell”. Standing offers were
shown in the box under “Sell at a price of” and @ayer could accept a standing offer
at any time by clicking the button “Buy”. Once aitwwvas bought or sold, it appeared
appropriately marked as such under the column “®ivend the associated profits

under the column “Profits”.

Subjects knew only their own marginal abatementscaad maximum permits
needed, but each transaction made in the marketpwiakcly known (although the
seller/buyer identification was not available) &®wn in the box under “Transaction
Prices”. This market closed when time limit wasctesd (3 minutes) or all participants
pressed the “OK to next stage” button on the zBaeen. After that, subjects were

prompted to an “uncertainty resolution” screenllastrated in Figure 4.



Feriod

1 outof 10 Remaining Time [sec]: 177

Transaction Prices

UNITS COSTS GIVEN PROFITS

BLYING
Frice

Buy at a price of Sell at a price of

]

SELL BUY

SELLIMN

S Price
4 413 wes i I:l
3 543 Yes o

Initial Revenue= 2150
Period Profit= a
E e L= v Acumulated Profit= 2150
OK to next stage

Figure 3 — zTree screen for the initial market

Uncertainty in the control of emissions was introgldi in the experiment
following the procedure devised by Godby al. (1997), ie, a random variation on
emissions was drawn from a uniform distribution rothee values (-1, 0, +1) where a “-
1" means the subject had to surrender one morethait initially predicted, a “+1”
means the subject supported the cost of one matre¢ham necessary, and a “0” means
that the number of units the subject had to sueemas exactly the initially predicted

number.

To ensure comparability of results, we used the esafistribution for the
different experimental sessions. Subjects withiadeficit or surplus were reminded of
the possible courses of action and their conse@sent each and every period, as
Figure 4 illustrates. Subjects with a unit surptosld save it for future use, or could try
to sell it in a reconciliation market. Subjectsiwé unit deficit could use any previously
saved unit (in the banking phase) to clear it stitoment, or could try to buy one more
unit in the reconciliation market. In case the sabgid not opt for any of these options,
he would have to pay a fine for noncompliance alfout times the emission permits

equilibrium price, and, in addition, surrender amere emission permit in the next
9



market period. These rules for noncompliance mimise included in article 16° of the
2003/87/EC Directive.

Period
1 outof 10 Rermaining Time [sec] 31
Uncerainty Resaolution
UMITS COSTS GIVEM PREHAE
1 76 a
“ariation on available units =i
I"ou have one unit less than planned. Therefore you do not have suficient units to deliver. You did not bear the cost of
unit numher:
2 177 383
2
3 291 Yes [i] ["ou may still try to buy the missing unit in the market that will open next. Alternatively, you may use now any banked
unit, ifyou have some
Ifyou BUY, your earnings are Unit Cost- Buying Price.
Ifyou USE one unit previously banked, your earings are equal to the Unit Cost,
4 4132 Yes o
Ifyou do nothing, vou avoid the cost of this unit but you will have to pay for a fine of 560 and in the next period you will
be given one unitless
5 543 Yes a
Initial Rewvenue= 2150
B 678 Yes o Uncertainty Impact on Profits= -383
Period Profit= -383
Acumulated Profit= 1767

Figure4 — zTree screen for uncertainty resolution

This screen was opened for 40 seconds each pesicavdid subjects just
bypassing the information. At the end of this tinttlee screen for the reconciliation
market opened for subjects with unit deficit orpdus. Figure 5 illustrates the screen for
this market. The rules for this market were simitathe initial market. However, less
time was given for the transactions to be conclufle8 minutes), only the deficit/

surplus unit could be traded, and non-profitatdesactions were allowed.

10



Femnod

1 outof 10 Remaining Time [sec] a4

Transaction Prices

UNITS COSTS GIVEMN PROFITS

BUYING
Price

Buy at a price of Sell at a price of

2 177 To buy 383

]

SELLIM
S Price
4 413 Yes o I:I
3 543 Yes o
Initial Revenue= 2150
Profit on this market= a
Feriod Profit= -383
3 e e 0 Acumulated Profi= 1767
OHK to next stage

Figure5— zTree screen for the reconciliation market

The auctioning treatment was equal to the grandfath treatment in every
respect except that instead of being given for, feegission permits had to be bought in
an initial auction where all subjects participatsdbuyers. Given that auctioning as a
rule for initial allocation of permits is not yetraality for the EU ETS, we first had to
decide which auction format to implement. Sealedtldmiform price auctions are well
known by utilities regulated in the EU ETS, haveaised in Ireland, Hungary and
Lithuania in the first phase of the EU ETS, and tHal al. (2007) recommend it to
auction CQ under the RGGI — Regional Greenhouse Gas Initathtowever, the
literature has shown that this auction format rssul allocative inefficiency (Ausubel
and Cramton (1998) or Holt (2006), for example)nmulti-unit contexts as the one
considered here. The second-price sealed bid auftimat — the Vickrey auction - is
theoretically recognized as the most efficient foultiple-unit auctions. Despite its
superiority, this auction format is not usually ieypented in practice due to its
complexity, and the consequent cognitive diffiastit entails. We therefore decided to
implement the ascending-bid auction proposed by ubek (2004), a dynamic

counterpart to the Vickrey auction that theoreticglelds the same results but has the

11



advantages of maintaining the privacy of bidderuations, and is much simpler for

them to understand.

Although a number of experimental studies have adlye examined the
performance properties of the Ausubel (2004) dywcaauniction (eg. Kagel and Levin
(2001), Engelmann and Grimm (2004), and Manetlial. (2006)), this is, to our
knowledge, the first experimental study implementithis auction for the initial
allocation of CQ emission permits within a market characterized umgertainty,
banking, a secondary market and a reconciliatiorketa

Figure 6 illustrates the zTree screen subjectsisatlie auction for the initial
allocation of permits. Following the rules propossdAusubel (2004), the auctioneer
calls a price, and each subject responds with dgiemtin the example below, the
auctioneer is calling a price of 99 experimentahf® and the subject is informed of
how many units are profitable at that price, andineled that earnings in this auction
equal the difference between the cost of eachamdtthe price paid for its acquisition.
The subject is then free to respond any numbenit$,uas long as it does not exceed a
maximum number of units determined for each sulgecbrding to a budget constraint
(for each subject, this is the number of activitytsi times the equilibrium market price
divided by the auctioneer’s initial calling pricélhis process iterates with increasing
prices called by the auctioneer until demand isakqu less than total supply, and the

auction closes at this point.

It is important to note that the subject’'s paymesnhot equal to the quantity
bought in the auction times the closing price.dotf for each bidder and at each called
price, the auctioneer determines whether total dentgy the other bidders is less than
total supply. If that is the case, then the diffee is considered “clinched”, and the
newly clinched units are sold to the bidder atdhked price; the price paid is therefore
the opportunity cost of awarding the unit to thenming bidder. A private value,
incomplete information version of the Ausubel (2D@dction was implemented. This
means subjects knew only their own marginal abateroests and while the auction
was open, they did not know anything about othermahd nor the result from their
own proposals at each price. As long as the prnicthé auction increased, subjects

could conclude only that the demand for permits stalshigher than supply. When the

12



auction closed, each subject was informed of howymmits he was awarded and their

respective prices. At this point, the auctionirgatment proceed in the same manner as

the grandfathering treatment, with “Given” unitswnalesignated “Acquired” units,

corresponding to those bought by the subject mdhction.

Period

1 outof 10

Remaining fime [sec]: 598

UNITS

COSTS

= P

76
177
291
43
643
678

Price = a9

Youhave 5 profitable units atthis price

Recall that your profit in each unitis COST-PRICE

Number of units | wantto buy atthis price

Figure 6 — zTree screen for the Ausubel auction

A summary of all the sequential phases or stagasdbnstituted each market

period in the third part of the experimental sessis presented in Table 1.

13



Table 1 — Summary of the different stages from tfepart of the experimental design

Stage O: Initial Auction for acquisition of emission permits
Possibility of making bids (quantities) at eaclcprproposed by the auctioneer. This stage does not
exist in the grandfathering treatment.

Stage 1: Banking decision
Subjects decide whether or not to use all the gerimithe current period- i.e., decide to bank or
not all or some of their permits for future use.

Stage 2: Permit mar ket
Possibility of buying from or selling permits tohet subjects. Emission permits for the current
period, not banked on the previous stage, canldeas@ price higher than the marginal abatement
cost, and permits may be bought to cover unitbaieg at a cost inferior to its marginal abatement
cost.

Stage 3: Information about random shock
At this stage no decision has to be made.
Participants are informed about non-predicted latibns on their emissions. It is announced the
(-1, 0 ou +1) random fluctuation for the period asdmpact on subjects’ earnings. Information
is given about available possibilities to reduae ilegative impacts on earnings (or even make
further profits).

Stage 4: Reconciliation mar ket
Only participants with a “ +1” or “-1” at the prexis stage can participate in this market to buly/sel
the unit correspondent to the random fluctuation.
No restrictions are imposed on transaction pricesaning that transactions at a loss are possible on
this market.

Stage 5: Re-banking decision
Participants with a surplus permit, not sold atréeonciliation market, are given a chance, on this
stage, to save it for future use.
Participants with permit deficit that were not atdebuy it at the previous stage are given a chance
to use an emission permit previously banked. Otshguhis stage only opens if participants had
previously banked at least one permit.

3. Experimental parameters

Two considerations guided the determination oftthal, and individual, environmental
target implemented in the laboratory. First, antbfeing the EU ETS, we implemented
a cap-and-trade system in our experimental dedtpwever, we included a more
restrictive environmental target than that estaklisin the second phase of the EU ETS
in order to avoid the lack of liquidity on the matkunder that target. In addition, the
number of emission permits each participant in éxperiment received under the
grandfathering treatment was proportional to thedBao Sharing Agreement (BSA),
which consisted on dividing the burden of the EUmodtment under the Kyoto
14



Protocol unequally amongst member states (duedw thfferent economic realities
concerning the composition of energy productiorg tblative importance of energy

intensive industries on each countries' exports).et

Parameters must also be chosen carefully to engheehighest possible
parallelism of our laboratorial EPM to the EU ETiusture. Thus, for the abatement
cost structure of each participant, we considetesl éstimated coefficients of the
marginal abatement cost functions of 14 countriésthe EU-15 as reported by
Eyckmanset al. (2000). Out of these, we selected eight of tiglést polluter countries:
Belgium, Spain, Germany, Greece, France, Italy,.\dnd NetherlandsHence, each of
our sessions had 8 participants, and each panticiparesented each of these countries.
As such, the chosen dimension for each subject pvagortional to the countries’
projected total emissions of G 2010, with the highest value of 827.5 millioms$oof
CO, for Germany and the lowest value of 109.4 millions of CQ for Greece. We
made the latter correspond to 5 units in our expental design, and applying a direct
proportional rule to every other country, Germamyisiension was 38 unitsTable 2
presents the number of units, and the correspondibajement costs (experimental
points) attributed to each subject in our sessibhsicking the structure of the chosen
EU-15 member-states, we have an imperfect competistructure, with few
participants having heterogeneous dimensions, margibatement costs and emission

targets.

As noted above, uncertainty in the control of eroiss was introduced in the
experiment following the procedure devised by Godbyal. (1997). In our specific
application, the sum of the 80 randomly generatdes was -10; thus, in each entire
session, total emission abatement was 10 unit¢Hassthe expected imposed limit, and
10 less permits were available over the entireigega table in the appendix presents

the uncertainty matrix implemented in each session)

* We selected only 8 countries due to budget cansitaand also to ensure the best control durieg th
experimental sessions given the length and contglekithe experiment.

® For programming reasons, and to ease the cogmitivgen on the subject representing Germany, we cut
by 10 units the number of units attributed to thidject. This simplification does not interfere twit
market equilibrium, and therefore has no effecttenresults.
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Table 2 — Marginal abatement costs

Units Belgium Spain Germany Greece France Italy U.K. Netherlands
(S1) (S2) (S3) (S4) (S5) (S6) (S7) (S8)

1 76 37 4 59 21 17 6 32
2 177 90 11 149 56 42 15 76
3 291 152 18 255 100 72 25 127
4 413 220 27 374 151 105 37 182
5 543 294 36 503 208 140 50 241
6 678 372 46 270 177 63 304
7 454 56 337 216 77 369
8 539 67 408 257 92 436
9 627 79 483 300 107 506
10 719 91 561 344 123

1 813 103 643 389 140

12 909 115 729 436 157

13 1008 128 817 484 174

14 142 908 533 192

15 155 1002 583 210

16 169 1099 634 228

17 184 1199 686 247

18 198 1301 739 266

19 213 792 286

20 228 847 306

21 243 326

22 259 346

23 274 367

24 290 388

25 307 409

26 323 431

27 340

28 356

Note Units covered by grandfathered emission perméssinaled in bold — correspond to avoided abatécusts
before banking or going to the market. It sums Bi8suand corresponds to (fixed) supply of perrnitsach period.
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Finally, the supply of emission permits in the &wting treatment was 88 units
in each period, corresponding to the total numliegnaission permits given under the
grandfathering treatment. The auctioneer initidlirogg price was set at 99 experimental
points (below the equilibrium benchmarks), incregsin 20 points each round, and the
final non-biding price (corresponding to the ultbmaound after which the auction ends
exogenously) was set at 1319 points, ie, stridiigva the highest marginal valuation
amongst all bidders.

4. Experimental procedures

We report the results of seven experimental sesstbat were conducted at the
Experimental Economics Laboratory of the UniversfyMinho, Portugal (this is a
computerized laboratory with personal cubicle stytgking stations to ensure subjects’
privacy). Four of these sessions implemented thadjathering treatment in November
2008, and the other three sessions implementeduttéoning treatment in May 2069.
Fifty six subjects took part in these experimeetght different individuals participated
in each of those sessions (inexperienced subjebts)najority being Management (full
time) students with an average age of 21 yearsdefta were recruited in classes,
where a€5 participation fee was announced. Depending upentreatment we were
recruiting for, a 2h30m and a 3h0Om (for the gratitdring and auctioning treatment,
respectively) expected duration of the session alas announced at the recruitment
moment. Average expected earnings, also made patbiiee recruitment moment, were
about€20, comfortably in excess of their likely opportiyncost for the time involved

(considering the minimum hourly wage was al%fitn Portugal in 2009).

Our experimental sessions lasted about the timepreeicted, and subjects
earned on averadg#l5.83 andc22.17 in the grandfathering and auctioning treats)en

respectively. Subjects were paid individually, gmivately, at the end of each session.

® Two pilot sessions were also conducted in Mardb82fr the grandfathering treatment, and in March
2009 for the auctioning treatment. Participantsenasry heterogeneous on these sessions: undertgadua
students from different scientific areas, PhD shisiérom Minho University, professionals from diféat
sectors, with and without a college degree. Theahje was to test whether the instructions weearcl
and to ensure the code had no bugs. These pilstosssoriginated some modifications to original
instructions, and played a crucial role on the sghent success of our sessions.
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In each session, only when all eight subjects edriwere they allowed to enter
the lab and were free to sit in any of the signglldtes/stations. Thus, subjects were
given a different role in the market randomly, aabn arrival they signed an informed
consent form. As noted before, all the instructisiese written using a neutral language
and therefore subjects did not know they were plgayhe role of countries in the

experiment.

Subjects were informed upfront that there wouldthree parts in the session,
and only after completing the first two parts wdrey prompted to the instructions for
the third part of the experiment. After going thgbuthe instructions for the third part of
the experiment, subjects participated in a thregogetraining market using the
experimental software. During these periods, atligpants saw the same screens while
the experimenters were reading the instructionshfese periods and going through pre-
programmed examples common to all subjects (thenpeter values used were
different from the ones used in the real periods,the 10 periods that counted for
subjects’ earnings). After that, subjects were pted to two more training periods,
without the experimenters’ guidance and clarificasi, where they interacted with each
other in the market under the rules of the market tacing the parameter values

implemented in the real periods.

Due to the random fluctuation on emission abatepserjects in the experiment
could experience negative earnings. In order teguresuch losses, subjects were given
an initial endowment in experimental points. AsGronshaw and Kruse (1999), and
because of the existent great gap between subatishtial earnings (according to the
role played), we set different initial endowments the different subjects to balance
these earnings. In the grandfathering treatmemterxental points earned during the
third part of the experiment were converted to eatothe publicly announced
conversion rate 100 points=1 Euro. To balance stdjjgotential earnings in the
auctioning treatment, a different conversion rates wjiven to each participant as in
Godby (1996) or Carlén (2003), for example.
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5. Hypotheses

Drawing upon previous theoretical and empiricallss we formulate five hypotheses
against which the observed laboratory behaviormajudged. Benchmark values for
equilibrium prices, quantities and abatement costye computed assuming a
maximizing behavior from participants in our laktorg market. Given the

implemented uncertainty in the control of emissjonsewever, subjects’ optimizing

behavior depends upon their risk preferences. Wwollp Godbyet al. (1997), we expect

risk neutral and risk averse profit maximizers awes(bank) one unit over the course of
the session as a precaution against the possibilitg bad draw in the uncertainty
resolution stage. Since the worst possible outconeach period is to own one less unit
than expected, banking exactly one unit providek averse subjects with complete
insurance. Risk loving subjects, on the contrary, are exgktdeuse all the permits they
have on the current period to maximize their eg®if hus, we state the following first

hypothesis:

Hypothesis 1: Risk neutral and risk averse subjects bank one pelaning the course

of the session; Risk loving subjects do not bamkje.

Secondly, we ask whether an imperfectly competithagket similar to the one
operating under the EU ETS converges to the comeetequilibrium so that the
environmental target established by the reguladoadhieved at the lowest possible

cost® We therefore state our second hypothesis as fellow

7 Although the expected value of the uncertaintyritistion is O (no unit deficit nor surplus), riskutral
subjects are also expected to bank one permit Becaxpected earnings from no banking at all are
negative due to the substantial penalty costs &gedowith a unit deficit.

® Notice that we cannot exclude market power issiesngthe implemented parameter set. Two of the
subjects, S3 and S7 (representing Germany and &Hfectively), control about 45% of the permits and
both have similar and relatively low abatement £aatthough no communication is allowed between the
subjects, and all bids, offers, transactions, @&te,anonymous (a factor that hinders tacit condtiogir
repeated interaction and the similitude of thestaiructures (quite low compared to all othersjlifates
the development of tacit coordination (eg. the itfieation of a “focal” point in terms of prices)ebveen
these two subjects. The profits from such a “colieispath are potentially quite large (ie, the frédss
for a deviating subject is significant) to susttnit conduct: for example, and considering theeswes,
19



Hypothesis 2: Total abatement cost minimization is possible i tharket under the

EU ETS having grandfathering as the initial allocat rule.

We also ask whether the environmental target astedal by the regulator would
be achieved at the lowest possible cost in the EB Barketf the initial allocation of
permits proceeded through a 100% auctioning ratieer grandfathering, giving rise to
our third hypothesis:

Hypothesis 3. Total abatement cost minimization is possible & tharket under the

EU ETS having a 100% auctioning as the initial edtion rule.

In addition, we test whether these different imigibocation rules have no effect

on the resulting level of abatement cost, and statdourth hypothesis as:

Hypothesis 4: Total abatement cost within our EPM is equal in ¢ginendfathering and

auctioning treatments.

if these two subjects coordinated at the monopalicep equilibrium price predictions for the
grandfathering treatment undesygstembenchmark would, all else the same, range fromupi@ 216
points (and quantities from as low as 3 units uf tanits) considering all trading periods, whertas
competitive counterpart yields equilibrium pricasging in the interval 128-152 points (and quastiin
the interval 5-10 units). In this study, we aresmested in testing experimentally whether the irmglisted
institutional features prevents subjects from eisarg market power, allowing the emergence of the
competitive outcome even in the presence of higtketaoncentration and the potential for tacit agstd
that characterize the market operating under thé&EB.

® Theoretically, under the features of the implemeértection format (namely “privacy preservation” and
the independence of players’ payments from thein bwds), subjects have no incentives to misreptesen
their true values for the units. It is, however,oen empirical question whether these featurasngair
any subjects’ attempts/ability to manipulate pri¢eseating or maintaining market power) under the
conditions of the implemented market.
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In analyzing the results of our experiments, twitedent benchmarks need to be
considered depending upon subjects’ risk attitualed banking behavior. Adopting
Godby’s terminology, we computed Blarket Equilibrium Benchmarkassuming
subjects bank one permit during the session, a®ysdem Equilibrium Benchmark
assuming subjects use all the available permitseach period. In either case,
equilibrium transaction prices in the secondarykeatiare expected to be higher, and
equilibrium quantities lower, in the auctioning &tmment than in the grandfathering
treatment? In fact, under conditions of certainty in emissibrontrol, we would
expect no transactions whatsoever to occur in geerglary market in the auctioning
treatment given an efficient allocation of pernuhsring the initial Ausubel auction.
However, due to the uncertainty in emissions’ aanimplemented in our treatments,
along with the banking possibility, some transawdi@re necessary in the secondary
market to guarantee the minimization of abatemestsceven if the Ausubel initial
auction allocates permits efficiently. Becauseuheertainty matrix and the rules of the
reconciliation market are the same in both treatmjene have no reasons to expect
differences in transaction prices and traded vokirmetween the treatments in this

market. These considerations give rise to our fiffpothesis:

Hypothesis 5. Transaction prices in the secondary market are é@igland traded
volumes lower, in the auctioning treatment thantlme grandfathering treatment.
Transaction prices and traded volumes in the retd@tion market are the same in
both treatments.

' Note that the lowest profitable selling prices (amel highest profitable buying prices) in the setaog
market are lower (higher) in the grandfatheringtimgent than in the auctioning treatment followimg a
efficient allocation of permits during the initidlusubel auction. Considering only the first peridat,
example, the lowest profitable selling prices bglém subjects S3 (79) and S7 (92) in the grandfatbe
treatment (Table 2); from the predicted allocatiomghe Ausubel auction (table in the appendixg th
lowest profitable selling prices belong to subjegfisand S7 (140).
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6. Results
A. Risk attitudes and banking behavior

Following Holt and Laury (2002), we classified sedig’ risk preferences according to
the number of safe choices they made in the MPLt @uthe 56 subjects that
participated in our sessions, only 5.36% of thendenfewer than 4 safe choices, and
were accordingly classified as risk lovers; anoth&6% made exactly 4 safe choices
and were classified as risk neutral, and the rearir8.29% were classified as risk
averse (although the proportion of risk-averse exttbj was marginally lower in the
grandfathering treatment than in the auctioningttrent, the difference is far from
achieving statistical significance). These reswdte consistent with Harrison and
Rutstrom (2008)’s finding, in their extensive revief experimental evidence on risk
preferences that, in general, subjects behave #weyf are risk averse in laboratory

experiments.

Looking at subjects’ banking behavior, we foundttB®3% of them did not
bank any permits during the course of the wholsieas and that only 1.79% of the
subjects banked an average of 1 permit, as predifide risk-neutral/risk-averse
subjects. The percentage of subjects that bankesiive amount, but lower than 1 on
average is 78.57%, and the percentage of subjeatsdoainked more than 1 permit on
average is 10.71%. Again, no statistically sigmifit difference was found in subjects’
banking behavior between the treatments. Using &ladt Laury (2002)’s classification,
however, we find no association between subjetsk’ preferences and their banking
behavior. For example, all the subjects that didb@amk any permits during the whole
session are classified as risk averse. In additiom,fraction of banking decisions in
which zero permits are banked does not vary withesus’ risk preferences, as shown
in Table 3. This table collates the raw frequenmyldanking levels (0, 1, and greater
than 1), pooling over treatments and periods, aadlovnot reject the null hypothesis of
no association between risk preferences and ban&ire) using a Pearsoyf test p-
value=0.837).
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Table 3 — Raw tabulation of banking results

No. banked permits Frequency Column percentages
Risk neutral Risk Risk neutral Risk Total
and Risk  Loving and Risk  Loving
Averse Averse
0 266 15 55.77 55.56 55.75
1 160 10 33.54 37.04 33.73
>1 51 2 10.69 7.41 10.52
Total 477 27 100.00 100.00 100.00

Note: Pooling over treatments, the total number of bamkiecisions is 504 = 56subjectsx9decision
periods.

On average, risk-loving subjects banked 0.52 peresich period. Risk-neutral
and risk-averse subjects, on the other hand, baakedverage of 0.63 permits per
period. This difference is not statistically sigogint, which is not surprising given the
few number of subjects classified as risk lovingEe&ample binomial tests also reject
the null hypothesis that the fraction of bankingigi®ns in which risk-loving (risk
neutral/averse) subjects bank zero permits appesatlf0). In any case, these results do

not corroborate our hypothesis 1 as stated.
We summarize these findings in the following result

Result 1. Risk neutral/risk averse subjects bdegspermits, and risk loving subjects

bankmorepermits than theoretical predictions.

To complement the analysis of subjects’ bankingab®r, we use conditional
statistical procedures that make use of the paneaitare of our data, while accounting
for the “spike” at zero banked permits in the dadashown in Table 3. In particular, we
estimate a hurdle model (or two-part Poisson maoetapture the idea that the process
by which subjects decide to bank zero permits fiemdint from the process by which
subjects decide to bank some positive number ahiper Subjects in our experiments
have to decide whether to bank any permits atamli only then does the process
determining the positive number of banked pernpidya Thus, banking zero permits is

the “hurdle” that must be passed before reachirstige counts.
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The overall likelihood function for the hurdle mdds the product of two
likelihoods, where the first likelihood corresporidghe probability that a subject banks
a positive number of permits, and the second hi&ld corresponds to the probability
model for the distribution ohonzerocounts only (Mullahy (1986)). Specifying the
appropriate probability distributions for each paftthe model allows us to obtain
consistent and efficient estimates of the parametetors by separately maximizing
each likelihood (McDowell (2003)). The dependentialale in the first part of the
model is dichotomous in nature (either an individaenks permits or not), and a probit
specification is used to estimate the parametetbisfpart. The dependent variable in
the second part of the model consists of nonzeumtsp and a zero-truncated Poisson
specification is used to estimate the parametethefsecond part. Due to the panel
nature of our data, we use a “clustering” spedikcathat controls for intra-subject

correlation.

Independent variables include subjects’ risk pesfees, session effects,
performance measures of previous period marketstreemissions’ fluctuation in the
previous period. Subjects’ risk preferences aresmea using a dummy variable taking
the unit value if the subject is classified as mesutral or risk averse based on the
number of safe MPL choices (RNA). The effect of timeertainty matrix implemented
in the experiment is measured using the draw thgsufaced in the previous round of
the uncertainty resolution stage (Dka)y and the performance of previous period
markets is measured using the root mean squaredtidev of transacted from
equilibrium prices in the secondary markesmkt.1) and in the reconciliation market
((RMmkt.1).** Finally, dummy variables for the sequence of psiawithin the
treatments are also included to capture any adgrdtnpatterns over time while

remaining agnostic about appropriate learning nsdel

Table 4 provides maximum likelihood estimates a tlurdle model for these
data. The top panel in the Table reports the estignaf the marginal effects of each
explanatory variable on the dependent variabléhefltinomial probability model, and

the panel at the bottom reports the estimateseofrtarginal effects of each explanatory

" These variables are further explained in the sutmsecbelow. We report the results using convergenc
measures tMarket price benchmarks, but all the econometric resuksrobust with respect to the use of
the alternativeSystenprice benchmarks.
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variable on the dependent variable of the truncR@dson model. The focus variable is
the RNA binary dummy since it measures the margefééct of subjects’ risk

preferences on banking behavior. It clearly hasatistically significant effect on the

number of banked permits conditional on making asyl no effect at all on the

decision to bank some permits or none. The latsult supports the non-parametric
findings: risk loving and risk neutral/averse sulgechoose to bank zero permits at
similar rates (marginally higher for risk neutrakase subjects, but far from achieving
statistical significance). The two groups of sutgetowever, differ on the amount of
banked permits, conditional on there being anyewdenced by the significant and
positive marginal effect of RNA in the truncated$3on equation. This is evidence that
subjects’ risk preferences influence their bankietavior, and that the direction of the
change in behavior is consistent with risk averdi@ng more conducive to higher

levels of banked permits when someone does bank pemmits.

One could hypothesize that an unexpected unititefithe previous uncertainty
resolution round would impact positively the proggnto bank permits in the current
period, but the results show no effect of the utaiety draw on either the propensity to
bank some permits or on the conditional amountkdnSimilarly, there is no clear
adjustment pattern over time in either case, améwer in the auctioning sessions does
not differ from that observed in the omitted gratbéring session. Although previous
measures of performance in trading markets haveffiest on the current propensity to
bank some permits, they do show an impact on thelitonal amount of banked
permits. The results suggest that slower contrace gonvergence in the main permit
market (oursecondarymarket -aSMmkt.;) positively impacts the amount of banked
permits conditional on some banking. Albeit at acnamaller rate (almost negligible),
and just on the boundary of statistical signifieanglower contract price convergence in
the reconciliation markettRMmkt;.;) also has a positive impact on conditional banking
behavior. To a degree, these results provide eoapigupport to the argument that
market participants base their current banking si@es on previous market permit
prices (eg. Newekt al. (2005)).
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Table 4 — Maximum likelihood estimates of the hurdle moaiebanking decisions

Variable Description Estimate SE p-value 95% C.I
Binomial Probit
RNA Risk Neutral/Averse -0.11 0.17 0.51 -0.45 0.22
Draw.; Uncertainty draw 0.02 0.03 0.61 -0.05 0.08
aSMmkt.;  Price convergence SM -9x10*  2x10° 0.63 -5x10° 3x10°
aRMmkt_; Price convergence RM -3x10°  3x10* 0.91 -6x10* 6x10°
SessionG2  Grandfathering — Session2 -0.190.14 0.19 -0.47 0.09
SessionG3  Grandfathering — Session3 -0.060.17 0.71 -0.40 0.27
SessionG4  Grandfathering — Session4 -0.040.17 0.80 -0.37 0.28
SessionAl  Auctioning — Sessionl -0.12 0.16 0.46 -0.44 0.20
SessionA2  Auctioning — Session2 0.07 0.18 0.68 -0.27 0.42
SessionA3  Auctioning — Session3 -0.10 0.16 0.53 -0.41 0.21
Period3 Period 3 -0.03 0.13 0.82 -0.27 0.22
Period4 Period 4 0.43 0.09 0.00 0.25 0.60
Period5 Period 5 -0.06 0.11 0.55 -0.27 0.14
Period6 Period 6 -0.13 0.10 0.22 -0.33 0.08
Period7 Period 7 -0.18 0.09 0.04 -0.36 -0.01
Period8 Period 8 0.05 0.09 0.55 -0.12 0.22
Period9 Period 9 -0.09 0.10 0.33 -0.28 0.10
Zero-truncated Poisson

RNA Risk Neutral/Averse 0.33 0.17 0.05 2x10° 0.66
Draw., Uncertainty draw -0.03 0.08 0.70 -0.18 0.12
aSMmkt;  Price convergence SM 0.02 0.01 0.00 0.01 0.03
aRMmkt.; Price convergence RM 1x10° 8x10* 0.09 1x10*  2x10°
SessionG2  Grandfathering — Session2 -0.320.17 0.06 -0.66 0.02
SessionG3  Grandfathering — Session3 -0.410.19 0.03 -0.79  -0.03
SessionG4  Grandfathering — Session4 0.57 0.68 0.41-0.77 1.91
SessionAl  Auctioning — Sessionl 0.63 0.68 0.35 -0.70 1.96
SessionA2  Auctioning — Session2 1.62 1.50 0.28 -1.32 4.56
SessionA3  Auctioning — Session3 0.24 0.48 0.63 -0.71 1.18
Period3 Period 3 0.65 0.72 0.37 -0.77 2.07
Period4 Period 4 0.78 0.52 0.13 -0.23 1.79
Period5 Period 5 0.51 0.46 0.27 -0.39 1.41
Period6 Period 6 0.94 1.10 0.39 -1.22 3.09
Period7 Period 7 0.27 0.38 0.47 -0.48 1.02
Period8 Period 8 -0.19 0.25 0.44 -0.69 0.30
Period9 Period 9 0.27 0.46 0.56 -0.62 1.16

Notes Because the variables DrawoSMmkt_;,andoRMmkt.; have no antecedent for period 1, we lose
all first period observations. Thus, adjustmentrdirae is normalized on period 2. Log-pseudolikebd
value for the binomial Probit (truncated Poissan}409.55 (-106.08); Wald test for the null hypaike
that all coefficients are zero in the binomial Rtqlruncated Poisson) hasya value of 68.28 (58.28)
with 17 df, implying gp-value less than 0.001.
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B. Market Performance

Figure 7 summarizes the main results (also showhalsle 5) from our sessions with
respect to abatement costs. The horizontal line& shean abatement costs pooled over
the 10 trading periods for the auctioning treatmd@® Observed), and the
grandfathering treatment (G_Observed). Also reprtesewith horizontal lines are the
mean minimum abatement costs pooled over the l@bdserfor the computed
benchmarksystemand Markef). For both treatments, the overall observed meaas
closer to theMarket benchmark than to th8ystembenchmark. This result is to be
expected given subjects’ banking behaviour. Althosgbjects’ banking behaviour did
not conform to either of th8ystenmor Market specifications in none of the treatments,

their behavior was on average closer to the latter.

It is clear from the Figure that, on average, oleerbehaviour in both
treatments follows closely the theoretical optimuks.the Figure suggests, per period
mean abatement costs in the grandfathering treatanemot statistically different from
either theSystenor theMarket optimums (based on the nonparametric Mann-Whitney
test applied to per period means, for conventigigalificance levels). Thus, our second

result is:

Result 2: Total abatement cost minimization is possibleha tmarket under the EU

ETS, having grandfathering as the initial allocatrale.
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me finding applies if we consider behaviondar the auctioning

pared to both benchmark values, anthd result is:

| abatement cost minimization is possibleha tmarket under the EU
100% dynamic auction as the iniflatation rule.

Table 5 — Abatement cost benchmarks and observed values

Abatement Cost Benchmarks Observed Abatement Cost
BTU CCu Grandfathering  Auctioning
Period System Market System Market

1 2663 3892 3236 4937 3623.25 4140.33
2 2002 2002 3057 3057 2038.00 1985.67
3 2277 2277 3308 3308 2608.00 2324.67
4 3408 3408 5019 5019 3785.75 3536.00
5 1871 1871 2895 2895 1817.75 1581.33
6 2040 2040 2876 2876 2029.75 2122.67
7 2237 2237 3082 3082 2435.25 2429.00
8 2947 2947 4156 4156 2852.00 3035.00
9 2261 2261 3116 3116 2274.75 2220.00
10 2918 1907 3804 3076 2073.25 1904.00

Note Observed values in the cells are per period meaeisthe sessions.
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A commonly used performance/efficiency index (egorGhaw and Brown-
Kruse (1999), Godbyet al (1997)) rating the performance of observed behavi
against the optimal benchmarks is defined as:

| = (CCU - AbatCos}
(CCU-BTU)

where CCU stands for the command and control alEtemrosts (whereby subjects
simply use their permits as allocated without efmggagn banking nor trading permits)

under uncertainty; BTU stands for the minimum alvetiet costs predicted with

banking, trading, and uncertainty; and, AbatCoands$ for the observed abatement
Ccosts.

This performance index is therefore a Cost Redndtidex in that it measures
the fraction of the maximum cost savings that cdaddachievable. Considering the data
from the grandfathering treatment, the pooled (oWer sessions and periods) cost
reduction index is 90.8% and 93.5% for the BBystemand Market benchmarks,
respectively. Considering the data from the auatgntreatment, the pooled cost
reduction index is 93.4% and 95.7% for the BBystemand Market benchmarks,
respectively. As implied from the discussion abdhere are no statistically significant
differences amongst these percentages, and thealbreonsiderably high. These

considerations allow us to state the following tesu

Result 4: Total abatement cost within our EPM is equal in grandfathering and

auctioning treatments.
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Table 6 — Secondary market benchmarks and observed tt@orsadce and traded volume in the secondary marke

Secondary Market Benchmarks

Observed Transaktioce and Volume

Grandfathering Auctioning Grandfathering Auniitg
Price Quantity Price Quantity Price Quantity icer Quantity
Period System Market System  Market System  Marketysteésh ~ Market
1 134 167 8 10 167 0 2 186.14 5.50 193.63 2.67
2 125 125 8 7 0 0 144.86 5.50 99.86 2.33
3 145 145 9 8 159 159 2 2 152.18 6.75 156.20 05.0
4 146 146 10 9 147 147 3 3 161.55 7.25 160.00 33 3.
5 117 117 5 4 0 0 132.00 4.00 97.00 3.33
6 140 140 9 8 161 161 1 1 150.97 7.75 136.50 726
7 147 147 10 9 151 151 3 3 168.94 8.25 157.85 33 4.
8 147 147 8 8 164 164 2 2 159.47 7.50 155.45 7 3.6
9 140 140 9 8 161 161 1 1 150.61 7.75 140.33 0 3.0
10 145 104 9 5 146 104 2 1 138.41 6.75 138.88 67 2.
Note Observed values in the cells are per period meaesthe sessions. Reported price benchmarks idpomts of price tunnels encountered in some pistio
Table 7 — Reconciliation market benchmarks and obsenastsaiction price and traded volume in the recoticiianarket
Secondary Market Benchmarks Observed Transaktice and Volume
Grandfathering Auctioning Grandfathering Auniitg
Price Quantity Price Quantity Price Quantity icer Quantity
Period System Market System  Market System  Marketysteth ~ Market
1 140 169 1 1 140 169 1 1 226.67 1.00 136.67 01.0
2 152 152 3 3 152 152 3 3 198.18 2.82 115.86 324
3 152 152 1 1 152 152 1 1 261.25 1.00 226.50 01.0
4 149 1 149 149 1 1 138.75 1.00 136.67 1.00
5 177 177 3 3 177 177 3 3 190.80 2.60 130.00 020
6 149 149 1 1 149 149 1 1 334.50 1.00 280.67 01.0
7 151 151 1 1 151 151 1 1 343.75 1.00 190.00 01.0
8 177 177 2 2 177 177 2 2 249.43 1.86 228.50 020
9 149 149 1 1 149 149 1 1 315.00 1.00 200.00 01.0
10 142 107 1 1 142 107 1 1 142.50 1.00 104.00 00 1.

Note Observed values in the cells are per period meaeisthe sessions.
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Figure 8 (and the summary statistics presented ablel 6) reveals that
transaction prices in the secondary market forgtamdfathering treatment are higher
than those registered for the auctioning treatnmiems result does not accord with prior
expectations conditioned on an efficient perforngamé the initial auction format
chosen to allocate permits. Despite these appalifierences, a two-sided Mann-
Whitney test applied to per period means yields\alue of 0.45, thereby failing to
reject the null hypothesis that the two sets okpehdent values are from populations
with the same distribution. Trading volumes, on thher hand, are statistically
significantly different between the treatmernssalue=0.0003). In fact, Figure 9 shows
that traded volumes in the secondary market o&tlationing treatment fall below those
observed in the grandfathering treatment in eachesery trading period, as predicted
based on an efficient allocation of permits achiklg the considered dynamic auction
for the initial permit allocation. This evidence, itherefore, mixed concerning the
statement in our last hypothesis referring to beirawm the secondary market. The
summary statistics reported in Table 7 reveal titastsaction prices in the reconciliation
market for the grandfathering treatment are higtien those registered for the
auctioning treatment (a statistically significantfetence; p-value=0.0342), and that
traded volumes do not differ between the treatméptsalue=0.89). Given these

observations, we state our fifth result as:

Result 5: Traded volumes (transaction prices) are lower,ttartsaction prices (traded
volumes) are not different, in the secondary (redmtion) market of the auctioning

treatment compared with the grandfathering treatmen
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To complement the analysis of pricing behavior, iweestigate whether the
pattern of temporal play differs across the treatisieA common measure of pricing
behavior (eg. Smith and Williams (1983)) is thetrotean square difference between
equilibrium and contract prices during each tragiegod,o. If there are ntransactions

in period t, theny, is defined as:

_ 113 2
a, = _Z(Pl - Pe)
nt i=1
where R stands for the theoretical equilibrium price andoPthe observed transaction

prices in period t. Hencey, provides a measure of contract price convergendbed
equilibrium prediction, and takes the 0 value wradh contracts are made at the
predicted equilibrium price (note thatis unbounded from above, with higher values

indicating weaker convergence).

The analysis of the effect of time on the obserecedvergence measure is
accomplished econometrically using the natural fitiga of a for each trading period
in each session as the dependent variable in arlnegression model. Because we are
modeling a dynamic adjustment process, we allovh&teroskedasticity across sections
within the treatments, and also allow for the pneseof first-order autocorrelation
(specific to each session) in our estimation pracedExplanatory variables include
treatment effects, time effects, price convergeincéhe reconciliation market of the
previous period, and their interactions. Treatmeffdcts are measured using a binary
variable taking the unit value for the auctioningatment (Auctioning). Because
behavior in the later part of the sessions (aftenes initial learning takes place) may
better reflect any differences in the adjustmeritegpas between the treatments, time
effects are measured using a binary variable tatkiaginit value for the last six trading
periods within each session (Period>4). The vagialRMmkt.; is the root mean
squared deviation of transacted from equilibriuricgs in the previous period of the
reconciliation market, and purports to control tbe influence of the reconciliation

market outcomes on the subsequent main permit marke
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Table 8 provides feasible generalized least squéf€d.S) estimates of the
panel-data linear model for these dHtahe regression results show that both the
differential intercept for the earlier periods a&he differential intercept for the six later
periods of the auctioning treatment are statidticgignificant at less than the bilateral
10% significance level, indicating better overatice convergence in the secondary
market of the auctioning treatment compared witle trandfathering treatment.
Following the adjustment procedure suggested bydisén and Palmquist (1980), we
compute price convergence to occur at a 60% ([6xXQ#)-1]x100) faster rate in the
first four periods of the auctioning treatment camgal with the same first four periods
in the grandfathering treatment. This differencepimce convergence between the
treatments is, ceteribus paribus, smaller in tinalfsix periods, amounting to 34%
([exp(-0.92+0.59)-1]x100) faster in the auctioningatment (bilatergb-value based on
the Wald test for the appropriate composite lifggurothesis is 0.09).

The results also show that the pattern of priceveayence differs between the
final and the earlier trading periods in the gratioéring treatment. In this case, the
differential intercept is given by the coefficienit the Period variable, indicating that,
ceteribus paribus, price convergence occurs a@ (Badxp(-0.41)-1]x100) faster rate in
the six final periods of the grandfathering treatines one would expect if subjects
adjusted their pricing behavior after some learroak place in the first rounds of the
treatment. Interestingly, however, we do not obsdhe same effect occurring in the
auctioning treatment. Given the adopted specificatsuch an effect is, all else the
same, given by the sum of the coefficients on tleeiod and AuctPer variables,
amounting to a statistically insignificant effe¢tan20% slower convergence rate in the
final rounds (bilaterap-value based on the Wald test for the appropriateposite
linear hypothesis is 0.60, thereby failing to régde null hypothesis of a null effect).

Turning to the effects of reconciliation market@umes on the subsequent main
permit market, the results indicate that weakerveogence in the former increases

price convergence in the latter at a marginallyigicant (both in magnitude, and in

2 We report the results using convergence measurddat&et price benchmarks, but the results are

robust with respect to the use of the alternaBlystenprice benchmarks. The results are also robust to
the use of the “panel corrected standard error€SEEs) as an alternative to the FGLS estimation
procedure (see Beck and Katz (1995) for a discogsio
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statistical significance terms p-value=0.09) rate in the first four rounds of the
grandfathering treatment. In the final periods, Beer, slower price convergence in the
reconciliation market contributes to weaker prioaergence in the subsequent main
permit market of the grandfathering treatment (&asnred by the positive impact of
the variablePeRMmKkt.;). In the auctioning treatment, howevegconciliation market

outcomes do not shown any statistically significaffect on the subsequent main

permit market.

Table 8 — FGLS estimatesf the linear model of pricing behavior

Variable Description Coef. SE p- 95% C.I
value
Auctioning Auctioning treatment -0.92 0.29 0.00 -1.50 -0.34
Period Periods 5 - 10 -0.41 0.13 0.00 -0.66 -0.16
aRMmKkt,., Price convergence RM -1x10°  6x10* 0.09 -2x10° 2x10*
PetRMmKt,; Period>eRMmKt; 3x10° 8x10* 0.00 1x10° 4x10°
AuctPer AuctioningxPeriod 0.59 0.35 0.10 -0.11 1.28
AuctaRMmKt, ; Auctioning>xRMmKkt; 7x10°  4x10° 0.06 -4x10* 0.01
AuctPenRMmkt.;  AuctioningxPeriodsRMmKkt. 5x10° 4x10° 0.22 -0.01 3x10°
_cons Intercept 3.63 0.10 0.00 3.43 3.82

Notes Wald test for the null hypothesis that all cos#fnts are zero has)a value of 29.93 with 7 df,
implying ap-value less than 0.001.

Overall, the evidence reported here tends to saugper working hypotheses
formulated in the previous section. Timagnitudealone of the results obtained with the
auctioning treatment suggests, however, a bettdorpgance of the market under the
EU ETS in the presence of a 100% initial dynamictian of permits than with a 100%
free allocation. This conclusion might still begfurther question: the remarkable
performance of the auctioning treatment is due teraarkable performance of the
proposed auction format (Ausubel), or was any iagfficy in this auction later on
corrected for during the course of the secondanmketa The performance of auctions is
commonly assessed by examining whether the auati@rded the auctioned goods to
those subjects who value them the most. Table vshbe predicted allocation of
permits by subject type, averaged over the 10 @ugperiods. Also reported in the
Table are the observed allocations by subject tgperaged over the three auctioning
sessions and auction periods. The results showotissrved behavior did not conform
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exactlyto the predicted outcomes in the Ausubel auctaiiough the differences are

not statistically significant based on the nonpattim Mann-Whitney test.

Table 9 — Predicted and observed permit allocation inAbsubel auction

Subject Type
S1 S2 S3 S4 S5 S6 S7 S8 Total
Systenbenchmark 4.9 108 152 40 150 159 161 6.1 88.0
Marketbenchmark 4.9 107 154 39 151 158 161 6.1 88.0
Observed 45 95 165 35 152 15.7 16.7 6.4 88.0

In the present context, though, the previous ass&E#sis not a main concern
given that CQ permits are freely traded in secondary marketsnWét, therefore, also
answer this question by examining whether transagirices and quantities conform to
theoretical predictionsonditionedon a fully efficient allocation of permits duririge

initial Ausubel auction.

Figure 10 plots the difference between observetkttaszolumes and transaction
prices to their respectivBystemand Market benchmarks in the secondary market for
the auctioning treatment. The horizontal line maheszero difference. Observed traded
quantities follow the “cadence” of the optimum blemarks on a per period basis, but
are everywhere above them. As the data in the €igudicates, these differences are
statistically significant. A two-sided Mann-Whitneagst applied to per period means
yields ap-value below the 1% significance level when obseérvalues are compared
with the Systemand theMarket predictions, thereby rejecting the null hypothdhbist
the sets of independent values are from populatieith the same distribution.
Observed transaction prices display a more errpiice when compared to the
theoretical benchmarks. Pooled over the 10 Perimodan observed prices are below the
benchmarks. However, these apparent differencematrestatistically significant. A
two-sided Mann-Whitney test applied to per pericgams yields g-value of 0.14 when
observed values are compared with 8ystenpredictions, thereby failing to reject the
null hypothesis that the two sets of independehiegare from populations with the
same distribution. By the same token, the two-sidleahn-Whitney test applied to per
period means yields p-value of 0.15 when observed values are compardua thve

Marketpredictions, once again failing to reject the’sestll hypothesis.
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These results suggest thewme allocation correctionslid occur during the

secondary market to the initial allocation of pgamesulting from the Ausubel auction.

This means that even if a quite efficient auctiomfat is implemented for a 100%

initial allocation of permits in the EU ETS, a sedary market for trading amongst

firms is needed. Taken together, these observatss suggest that often voiced

concerns that auctioning permits in a primary margkees out trading activity in

secondary markets may not be warranted. In fadt,omty we do observe trading

activity in this market, but also, and more impothg transaction prices are overall

below predictions. This indicates that any attemiptsxisted at all, to create scarcity in

secondary markets, and consequently resell sommitgeat higher prices, are not

successful under the features of the implementeticenuformat.

Observed-Predicted
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9. Conclusion

This study constitutes a first attempt to experitaliy test the performance of a 100%
auction versus a 100% free allocation of (g@rmits under the rules and parameters
that mimic the EU ETS (imperfect competition, uriaety in emissions’ control, and
allowing banking), with environmental targets magstrictive than the current ones but
foreseeable for the near future. It also incorpewad first attempt to include in the
analysis measures of the risk preferences of sisbparticipating in emission permits
experiments. Another distinctive feature of thisidst is the implementation of a

theoretically appropriate auction format for thenary allocation of emission permits.

A great effort was dedicated to the design of tis#ructions. We wanted to ease
as much as possible the cognitive burden of thgestsh given the number of
tasks/decisions involved and the length of the eBrpt. The instructions for the
second part of the experiment, on the elicitatidrrisk preferences, simply follow
standard instructions used in many experimentsamphting a MPL instrument. The
design of the instructions for the third part ofe tlexperiment was remarkably
challenging, but quite rewarding: by all casualnsigubjects’ comprehension of the

rules was excellent.

Overall, the evidence reported in this study tetodsupport general theoretical
predictions. Just as important, it clearly suggésés a permit market operating under
the EU ETS has the potential to reduce,@@issions, achieving targets considerably
more restrictive than the current ones at highcigficy levels. In fact, cost reduction
indexes generated under both the grandfatherirggamitl under the 100% auction rule
are remarkably high. Nonetheless, taking only atoount the difference imagnitude
of performance indexes between the two treatmémspption for auctioning clearly is
the recommended one. In fact, it does at least elk ag the grandfathering initial
allocation, but reveals a clear potential to dddyetn addition, the results reveal that
concerns about undue scarcity, and correspondigly prices, in secondary markets
generated by a primary auction market are not wirdhunder the proposed dynamic

auction format.

Traded volumes are, however, clearly lower in teeosdary market of the

auctioning treatment compared to the grandfathetregtment. To the extent that
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existing transaction costs (a feature not includedur design) interact with initial
permit allocations in determining the cost-effeetiess of emissions reduction (Cason
and Gangadharan (2003)), a more accurate init@tation contributes to the success of
the trading program by reducing the inter-firm tradvolume required to achieve
abatement cost minimization. Thus, the reducedingad/olume observed in the
secondary market of our auctioning treatment coethao that observed in the
grandfathering treatment adds weight to the argtsn&rmulated in the literature

favouring auctioning over grandfathering under groguction formats.
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Appendix

Uncertainty Matrix

Period Subject Total
S1 S2 S3 S4 S5 S6 S7 S8
1 0 1 1 -1 0 1 0 O 2
2 -1 1 1 1 -1 -1 1 -1 -2
3 -1 1 0 O -1 0 -1 -1 -3
4 1 1 0 1 0 1 -1 1 4
5 1 -1 -1 1 o -1 1 -1 -1
6 -1 -1 0 1 o -1 -1 -1 -4
7 -1 0 1 -1 1 -1 -1 -1 -5
8 1 0 0 o -1 1 -1 -1 -1
9 -1 0 0 1 -1 0 -1 o0 -2
10 1 0 1 0 0 O 1 -1 2
Total -1 2 -1 3 -3 -1 -3 -6 -10

Predicted Allocation of Permits in the AusluBuction

Period Subject Type

S1 S2 S3 S4 S5 S S7 S8
1 5 11 15 4 15 16 16 6
2 5 10 16(15) 4 15 15(16) 16 7
3 5 11 15 4 15 16 16 6
4 5 11 15 4 15 16 16 6
> 4 10 17 4 15 15 17 6
6 5 11 15 4 15 16 16 6
/ 5 11 15 4 15 16 16 6
8 5 11 15 4 15 16 16 6
9 5 11 15 4 15 16 16 6
10 5 10(11) 16(15) 3(4) 16(15) 16 16 6

Note: Values in the cells atdarketbenchmarks (whithin brackets é@gstenbenchmarks when
different from the Market).
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