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Testing Firms' Compliance Behavior under DifferentPenalty Schemes and
Policy Instruments for Pollution Control

Abstract: We present preliminary results of a series of latwoy experiments
performed to test hypotheses on compliance behavudufirms under different
enforcement regimes in a program that caps aggregaissions of a given pollutant.
The enforcement design for the laboratory experimieonsiders inducing individual
perfect compliance and also allow for violationsder both emissions standards and a
tradable discharge permits system. Our resultsateithat the theory predicts well the
experimental behavior of subjects in the case akgion standards. In this case, the
level of individual emissions is only a function thfe marginal benefits of emissions
and particularly it is not a function of the comdtiilon of monitoring probability and the
standard. In the permits experiments, as theorgligise we obtain the result that the
regulator can induce the same level of individualations with two different penalty
structures. Contrary to theory, nevertheless, oypeements suggest that a regulator
cannot manipulate the supply of permits and theitoong probability accordingly so
as to induce the same level of individual emissiartgen the policy induces compliance
as when induces violations.

Keywords: Environmental policy, enforcement, penalty strueiugmissions standards,
emissions trading, laboratory experiments

JEL Classification: C91, L51, Q58, K42

1. Introduction

In this paper, we study firms’ compliance behaviander different penalty structures
in a program that caps aggregate emissions of angpollutant from a set of
heterogeneous firms based on emissions standadls dradable discharge permits
system. We present preliminary results of the bfsa series of laboratory experiments
that we are running to explore enforcement and ¢amge results under a constant
marginal penalty and an increasing marginal penatipsidering different policy
instruments. The enforcement design for the laboyaxperiments considers inducing
individual perfect compliance and also allow foolations.

Our main interest with these hypothesis is to wdstther if, as theory predict, a

regulator can induce a certain level of emissians tset of heterogeneous firms by



altering the level of the monitoring probabilitycathe level of the individual emission
standard accordingly, when emission standards esrégulatory instrument, or by
altering the monitoring probability and the numbéremission permits supplied to the
market, when the regulatory instrument is emissi@uable permits. Because the
structure of the penalty function is central to teoretical cost-effectiveness of
enforcing emission standards and tradable perrsés {or example Stranlund (2007),
Arguedas (2008), Caffera and Chéavez (2011)), we ttes above issue with linear
marginal penalties and increasing marginal persaltie
The paper is organized as follows. In section 2pwefly present an individual

firm’s compliance behaviour model under a systemaofirm-specific emissions
standards and a transferable emissions permitrsysWe use this model to derive the
main hypothesis we want to evaluate by designitgparatory experiment. Section 3
contains a description of the experimental desigdeu an emissions standard system
and under a transferable emissions permit syst&ife also present here the main
experimental procedures. Section 4 presents thdtsewe have obtained thus far. In

Section 5, we put forward some preliminary conahgdiemarks from our work.

2. Conceptual Framework and Hypothesis

In this section we present the conceptual moddirof's compliance behavior under
different penalty structures and policy instrumefats pollution control developed by
Caffera and Chavez (2011). We then discuss thethgpis we evaluate by designing a

laboratory experiment.

2.1 Compliance behavior under different penalty stuctures and policy
instruments



To analyse the individual firm’s compliance behawiowe consider a risk-
neutral firm operating either under an emissioasidrd or a competitive transferable
permits system, along with a fixed number of otheterogeneous firms. The firm’s
abatement cost function &q), which is strictly decreasing and convex in threns
emissiong) [¢' (q) < 0 andc” (g) > 0]. We index firms by anddenote the total number
of firms asn (whenever possible, we avoid the use of a spefifio index for
simplicity). The environmental target is a fixed aggregate |lefeemissionsQ,
exogenously determined by the regulatory authority.

We first consider the case of a command and coetmgironmental policy in
which each firm faces an emissions standarfdnder this policy the regulator defines

for each firm the maximum allowable (legal) levélemissions. Emissions standards

for all firms satisfyzis =Q. In this context, an emissions violatierccurs when the

firm’s emissions exceed the emissions standard:q —s > 0. The firm is compliant
otherwise.

The firm is audited with a random probability An audit provides the regulator
perfect information about firms’ compliance statuéthe firm is audited and found in
violation, a penalty (v) is imposed. Following Stranlund (2007), weusss that the
structure of the penalty functionfigq —s) = ¢(q—3) + (/2)(q — )% with ¢ > 0 andy >
0. We notice that whep = 0, there is a linear penalty (constant margireigity),
wheny > 0, the penalty is strictly convex (the marginahalty is linear).

To ensure that perfect compliance is a possiblecowe, we assumec<s) < ¢;
that is, the firm’s marginal abatement cost evadadt the standard is not greater than
the marginal penalty for a slight violation. If tireequality was reversed, then the firm

would choose to be noncompliant even if it was rooed with certainty, because the



marginal benefit of violating the standard woulddoeater than the expected penalty for
some level of violation.

Under an emissions standard, a firm chooses tle¢ tévemissions to minimize
total expected compliance cost, which consistdsodbatement costs plus the expected
penalty.

On the other hand, under a transferable emissiemsipsystem, a total df = Q
licenses are issued by a regulatory authority, edclvhich confers the legal right to
release one unit of emissions. Each individual fsm perfect competitor in the license
market, so the license market generates an equitiblicense pricep. Let |y be the
initial allocation of licenses to the firm, and ldte the number of licenses that the firm
holds after trade. When a firm is non-compliarg, eimissions exceed the number of
licenses it holds and the level of its violatiehicv=q—1 > 0, forq >1.

Enforcement, from the firm’s point of view, remaiti® same as under a system
of emissions standards, which implies an audit giodlly and a penalty if audited and
found in violation. As for the case of emissionanstards, to allow for perfect
compliance as a possible outcome under a tran$éemabissions permit system, we
assume < ¢ . For a transferable emissions permit systentna ¢hooses its emissions
and permit demand to minimize compliance costs ateabent costs, receipts or
expenditures from buying or selling permits, and #xpected penalty — taking the
enforcement strategy as given.

As it is shown by Caffera and Chavez (2011) as a&lby many others [Heyes
(2000), Malik (1992) Harford (1978)] a firm will beompliant whenever it chooses a
level of emissions consistent witlt'{s) < 77¢. Thus, an individual firm’s compliance
choice requires the expected marginal penalty tonbelower than the marginal

abatement cost associated with an emissions leguiaent to the emissions standard.



Otherwise, the firm is going to choose a level wissionsq(s, 73 > s, whereq(s, 7z ¢,

y) is the solution toe*(q) =z[¢ +y(q—9)].

In the case of a transferable emissions permiesystve know that a firm is
compliant if and only if: € (I) < . (For details, see for example, Malik (1990) and
Stranlund and Dhanda (1999)). We also know, thatdptimal choice of emissions
requires € (g) = p, which implicitly definesg(p). If compliant, the choice of emissions

for firm i equals its demand of permits, thatg&, ) = li(p). The permit market

equilibrium condition isZIi(p):L:Q, which implicitly defines the equilibrium

i=1
permit price as a function of the total numbelicénses; that isp(Q). Hence, under a
transferable emissions permit system, a firm wdl dompliant whenevep(Q)s T ;

suggesting that a firm will comply with the regubet when the expected marginal
penalty is not lower than the equilibrium price abed in a competitive permits

market.
When the firm is noncompliant, it is going to chedke demand of permitép,

T o,y ) <q(p), wherel(p, 77 ¢, y) is the solution t@ = z[¢ + y(q(p) —1)], and the level

of violation isv(p, 77 ¢, y) = q(p) H(p, 77 ¢, y). The permit market equilibrium

condition when violations occurs iEIi (p,71,¢,y) =L <Q, which implicitly defines
i=1

the equilibrium permit price as a function of thetat number of licenses and
enforcement parameters; that ip{“‘(L,ﬂ,¢,y), where 7n1is a vector of monitoring

probabilities on regulated firms.

2.2 Hypotheses



We now present the main hypothesis we evaluateebigding a laboratory experiment.
A brief discussion is included.
Our first hypothesis is that individual firm’'s cpirance decision does not

depend neither on the regulatory instrument naherpenalty structure. That is,

H1. If the marginal expected cost of violation is largean the marginal benefit of
violation, a risk-neutral firm complies. Otherwisedoes not. This does not depend on
the instrument chosen for regulating emissions g¢simn standards vs tradable
permits), or the fine structure (constant or incsgdg in the margin).

As previously discussed, under emissions standafaten comply only if €' (q
= 9) < 7p, while under a transferable emissions permit sydtee firm comply only if —
c' (q=1)=p< mp. By simple inspection of these conditions, weatade that neither
the penalty structure nor the pollution controltinsent play a role in the compliance

decision.

H2. The individual level of violations does not depemdthe structure of the penalty
function: a regulator that induces a certain lee¢lindividual violations with a penalty
function f (q — x) =p(q — X) + §/2)(q — x}, where x is the legal level of emissiops)
andy>0, can induce the same level of emissions anétuois with a penalty function
f(g- x) = (v/2)(q - x)?, provided that the marginal expected penalty atdesired
level of emissions is the same.

Suppose that the firm is violating an emissionsiddad, from Caffera and
Chévez (2011) we know that the firm is going toa$®a level of emissiongs, 7 > s,
whereq(s, 77 ¢, 7) is the solution to € (q) = z[¢ + y(q — 9)], for a given monitoring

probability and marginal abatement cost, it is gsvpossible to choose a combination



of ¢ andy, which generate the same marginal penalty, thexetbhe emissions choice
and violation is invariant to the penalty structuss for a transferable emissions permit
system, when the firm is noncompliant, it is gotogchoose the demand of perniffs,

7T 9,y ) <d(p), wherel(p, 7z ¢, y) is the solution tg = z[¢p + y(q(p) —1)]. Given an
equilibrium price of permits and a monitoring prbbidgy, it is possible to choose a
combination ofp andy, which generate the same marginal penalty at ds&retl level
of emissions, therefore, the demand of permits\aoldtion is invariant to the penalty

structure and the level of violation.

H3. With standards, the regulator can maintain thellef emissions constant by
decreasing the standard and the monitoring prababitcordingly (but allowing for
violations).

As discussed before, under an emissions stangatdns, the firm is going to
choose a level of emissiongs, 7) > s, whereq(s, 7z ¢, ) is the solution to€-(q) = z[¢
+ y(q — 9)], for a given marginal abatement cost and pensiiycture, it is always
possible to reduce the monitoring probabifitand the emissions standadyenerating
the same marginal penalty, therefore, the emissiboge remain the same. Because of

the reduction in the emissions standard, the fiithb@ noncompliant.

H4. Under tradable permits the regulator can maintane tevel of emissions constant
by decreasing L and the monitoring probability actogly.

Assume that the compliance conditions under a fieagisle emissions permits
system holds. Then, it is always possible to redamth, the supply of permi@ and
the monitoring probabilityz, such that the equilibrium price of permits reméie

same. If this is the case, then the choice of €omns remains the same.



3. Experimental Design and Procedures

3.1. Experimental Design

We framed the experiments as a neutral productarsbn of an unspecified fictitious
good. Subjects obtained benefits from the produaaticthe fictitious good). Every
subject had a production capacity of 10 units (tbayld only produce whole numbers),
but the benefits of production from these unit$edibetween subjects. There were four
possible “ladders” of marginal benefits, depicted able 1. These were obtained from
Cason and Gangadharan (2006). The four laddeesgace to four “types” of
subjects. Each experiment had eight subjects.€llvere two subjects of each type in
each experiment.

Table 1: Assigned marginal benefits of production fothe fictitious good

Marginal Benefits of Production
Units Type 1: Type 2: Type 3: Type 4:
produced | subjects 1 and 2| subjects 3 and 4| subjects 5 and 6] subjects 7 and 8

1 161 151 129 125
2 145 134 113 105
3 130 119 98 88
4 116 106 84 74
5 103 95 73 63
6 91 86 63 54
7 80 79 53 a7
8 70 74 44 42
9 61 70 35 38
10 53 67 27 35

These schedules of marginal benefits were the shraegh all the experiments
and were randomly assigned between subjects.
We constructed 9 different treatments for theseegrpents varying the

following variables: (1) the regulatory instruméatandard / tradable permits), (2) the




marginal expected penalty function, and (3) thesllef the emission standards or the

number of permits supplied.

3.1.1. Standards

In the standards experiments subjects faced a nuaxiallowable level of production
(the standard), and had to decide how much to weadifter their decision, at the end
of each period, the subjects were audited with @wm pre-determined and exogenous
probabilityr;. If audited, the number of units produced by shbject in that period
was compared with the legal maximum level of pradunc(the standard) set for its
type. If the level of production chosen was supetiothe standard, the subject was
automatically fined.

Before making the decision the subjects had thermmétion on the marginal
expected fine for every level of violation in thescreens. The marginal expected
penalty function for subjedt is m; X f(q; — s;), wherem; is the exogenous, known
monitoring probability faced by subjeictg; is the quantity of units produced by subject

i, s; is the production limit faced by subjdcfthe standard). As in Caffera and Chévez
(2011), we use the following penalty function stwie:f(v;) = ¢ X v; +§x v;2,

wherev; is the violation level of subjedctand ¢ andy are non-negative parameters.
Following Arguedas (2007), we caj} the linear component of the fine apdthe
progressive component of the fine.

The idea of the experiments is to test whetheigalator can maintain a certain
level of individual (and therefore aggregate) emiss by varying the level of the
individual emission standards and the monitoringbpbility accordingly, and that it
can do this using for the case in whigfandy are both positives and the case in which
one of them is zero. Therefore, we constructede&tinents for standards. These are

treatments 5 through 9 in Table 2. In treatment lbemb, the emission standards are 7,
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6, 4 and 3 for types 1 to 4, respectively, the nowimg probabilities are all in the 0,60s
for all the firms, and violations are fined withpanalty structure with a positive linear
and a positive progressive componept= 100 andy = 66,67). This policy induces
compliance for expected profit maximizing subjests the expected aggregate level of
production is 40 units in a group of 8 subjectsy o¥ each typeqx 2+ 6 X 2 + 4 X

2 4+ 3 x 2). Treatment 6 is the same as Treatment 5, excaphtdmcompliance is fined
with a linear marginal penaltyp(= 133 andy = 0). In Treatment 7, the standards are
decreased for every type of subject, so that thgeggte cap of emissions is 20, but
monitoring probabilities are decreased accordirsgiyas to keep the level of emissions
of expected profit maximizing subjects in the salenel as in Treatment 5 and 6.
Therefore, Treatment 7 induces violations. Treatsiéh and 9, were designed to
produce the same level of emissions as every tezdtm these experiments, inducing
violations as Treatment 7, but with different péyabtructures (and according
probabilities). In Treatment 8 noncompliance iscs@med with a constant marginal
penalty ¢ = 100 andy = 0). In Treatment 9 noncompliance is sanctioned vath

progressive only componen & 0 andy = 66,67).

3.1.2. Tradable permits
In the permits experiments, subjects had to bugranjp in order to be legally able to
produce one unit of the good. Subjects in this ¢egkto decide how much to produce
of the fictitious good and how many permits to lmnsell. The auditing procedure was
exactly the same as in the case of standards, ettzdpn the case of tradable permits a
violation is defined ag; — [; > 0, wherel; is the number of permits possessed by
subjecti at the end of the period.

We constructed 4 treatments for the case of mafkefsermits. (See the first 4

rows of table 2). In Treatment 1 the total numbletradable permits supplied for each
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group of 8 subjects was 40. The initial allocatiwwas 4 permits for subjects of type 1
and 2, and 6 permits for subjects of type 3 aniihe enforcement of the market was
implemented through an increasing marginal penalith both a linear and a
progressive componenp (= 100 andy = 66,67). Treatment 2 was exactly the same as
treatment 1, except that the structure of the perahction was different. In this case
the marginal penalty was lineay € 0), with the value of the parameter adjusted
accordingly ¢ = 133) to induce compliance for risk neutral subjects.

In contrast to Treatments 1 and 2, Treatments 3ainduce or allow a certain
level of violations of the permits holdings, butbuhat the expected level of aggregate
of emissions would be 40 units. This is done bye@sing the total number of permits
supplied to 20 (initial allocations halved) and dscreasing the monitoring probability
from 0.6 to 0.32). In Treatment 3 we used the spemalty structure as in Treatment 1.
In Treatment 4 we use a progressive-only margieabfty ¢p = 0 andy = 100). The 4
Treatments were calibrated such that the expectpdliium price is the same,

between $E 74 and $ESO.
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Table 2: Treatments

Monitoring Probability by firm’s Fine parameter Number of
type values tradable Equilibrium | Expected
Treatment | Regulation Policy Induces perr;_ntz / Epr!ce_/ Agfgreci;]a':c
Type l| Type2 | Type 3| Type 4 | Phi | Gamma supplie mission € evero
Aggregate standards | emissions
Standard
1 0,60 0,60 0,60 0,60 10 66,66 Compliance 40
2 Tradable 0,60 0,60 0,60 0,60 13 0 P 80 - 74
3 Permits 0,30 0,30 0,30 0,30 10 66,66 Violations 20
4 0,32 0,32 0,32 0,32 0 100
5 060 | 065 | 063 066| 100 66,66 Type l=17;
: Type 2 = 6;
Compliance 40 Tvbe 3 = 4- 40
6 0,60 0,65 0,63 0,66 1338 0 yp o
Type 4 =3
7 Standards | 0,24 | 026 | 032 031 100 66,66 Type 1 = 4;
8 075 | 084 | 08 08 | 100 0 | Violations 20 Type2=3;
Type 3 = 2;
9 034 | 037 | 050 0,53 0 66,66 Type4 =1
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3.2. Experimental Procedures

Participants were recruited mainly from the undadgstudent population of the
School of Business and Economics of the Univewsitylontevideo, Uruguay. But we also
invited students from the same schools of the Usitye of the Republic and the ORT
University. The experiments were conducted in anmater lab at the University of
Montevideo, specifically conditioned for these exmpents. The experiments were
programmed and conducted with the software z-TFexlibacher 2007).

Subjects that participated first in standards sesswere then invited to participate
in another session in which we plan, without tHeiowledge, to run permits, and vice
versa. We allocate standards and permits sessiamyein mornings and afternoon, and
days of the week to prevent any possible selediiaa of subjects. A total of 59 subjects
participated in the experiments ran in Decemberl2@1 of these subjects participated in
both a standard and permits sessions. So we cawlucttotal of 10 eight-subject
experiments, 5 for standards and 5 for permits. €8ferimental subjects). Each eight-
subject experiment consisted of 20 rounds. In ifst 10 rounds subjects participated in
one treatment. In the second 10 rounds they paatieiin another treatment. Both treatment
were either standards or permits. The order oftrtreats differ between groups. In the
standards experiments, 16 subjects played Treatbnamd then Treatment 7, and 24 played
in reverse order. In the permits experiments, Ifjests played first Treatment 1 and then
Treatment 3, 16 the opposite, and 8 subjects playeatment 2 and then Treatment 4.

Before the beginning of the experiments, instrudiwere read aloud and questions
were answered. Prior to the first round in thetfirsatment, subjects played 2 trial rounds

in the case of standards, and trial experiment @funds in the case of permits. This trial
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experiment contained the same features of the erpériments but a different set of
parameters. In the standards experiments eachdpksted 2 minutes. In the permits
experiments each period lasted 5 minutes to gibagests time to make their bids, asks, and
to decide how many units to produce and how mamgnipe to buy. After all subjects 8
subjects in the experiment had made their decidtma,computer program automatically
produced a random number between 0 and 1. If thisber was below the informed
probability of being monitored, the subject wagested. This procedure was independent
for each subject. Subjects were informed in therean about the result of this random
process: if they had been selected for inspectionod, and the result of the inspection
(violation level, total fine and net profits aftémspection). After this, subjects were
informed in their screen the history of their demis in the game, the history of inspections
and the history of profits, up to the last periadtjplayed. After 20 seconds in this screen,
the next period began automatically.

Subjects were paid around 7 US$ ($U 150) for shgwip on time in the
experiments sessions and then earned more money fheir participation in the
experiment. The exchange rate between the expetmand Uruguayan pesos was set in
order to produce an average expected payment éopdrticipation in the experiment that
was similar to what an advanced student could sathe market for two hours of work.
These payments ranged between $U 507 (around US$a35U 100 (around US$ 5) with
a mean value of $U 345 (around US$ 17) and a stdrmldaviation of $U 86 around US$ 4).

At the end of the experiment subjects answeredestopnnaire. The questionnaire
included questions related to the university thedsnt attends, school, major, sex, age,
income, political tendency (form 1 to 10, with lidagethe “most left” and 10 the “most

right”), attitudes towards cheating and a Holt aradiry (2002) type of test to assess the
15



subject risk aversion. In our test the subjectsewaonfronted to 10 choices between a
certain amount of money (Option A, fixed across 1Bechoices), and a lottery (option B)

with increasing probabilities of the larger priZdne larger prize was larger than the fixed
amount offered in option A and has a probabilityadgo 1 in the tenth choice, so every

subject should choose option B in thé"thoice.

4. Results

We begin our analysis of the results of these &sgieriments by comparing these results
with what theory predicted. We do this for markietspermits and for standards. We then
test our hypothesis using panel data estimations.

Table 3 compares the summary statistics of keyiabks in the markets
experiments with what theory predicts for the cafseost-minimizing, risk-neutral, agents.
General observations are the following. First,itiddvidual level of violations is similar to
the predicted level in the compliance treatmentsaftl 2). These same numbers are
somehow below the predicted values in the violaitneatments (3 and 4). Second the
equilibrium price is exactly as predicted in Treatrhl, below in Treatment 2, and above
in Treatments 3 and 4 (the latter are violatiorattreents). Across all experiments the

number of transactions per period was above thdigiesl level, 3.
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Table 3 — Comparison of predicted results with summry statistics for Permits Experiments

Mean | Number of Type 1 Type 2 Type 3 Type 4
(Market) Treatment Price |transactiong
per Period| per period] ¢ | M q | v q v q | v
Theory 74-80 5 7 7 0 6 6 4 3 3 0
Mean 78.8 14.0 63| 55/ 08 664 62 O0p 47 44 (3 44.0 404
. Median 80.0 11.0 60| 6.0 00 60 60 O0p 50 40 dO 40.0 4 00
Experiments
Std. Dev. 8.1 6.8 1.2| 16| 16| 12 10 oy 1p 1o a6 15 1.30.6
# Obs. 50.0 50.0 160.0 160.0| 160.0| 160.0| 160.0| 160.0] 160.0| 160.0| 160.0| 160.0| 160.0| 160.0
Theory 74-80 5 7 7 0 6 6 0 4 0 3 3 0
Mean 76.0 22.5 68| 62| 06 74 57 1p 49 44 (6 40.8 B 0.2
. Median 76.8 23.0 70| 70/ 00 70 60 o0op 50 40 dO 40.0 4 00
Experiments
Std. Dev. 4.1 6.4 1.2 13| 13 15 20 2% 18 11 144 11 1.00.6
# Obs. 60.0 60.0 280.0 280.0| 280.0| 280.0| 280.0| 280.0] 280.0| 280.0| 280.0| 280.0| 280.0| 280.0
Theory 74-80 3 7 4 3 6 3 3 4 2 3 1 2
Mean 103.6 9.3 56 | 30| 26| 47| 27/ 19 38§ 23 1. 35 20 14
. Median 105.2 7.0 50 | 30| 20| 40| 30 20 30 20 2 30 20 10
Experiments
Std. Dev. 11.0 5.2 1.7 | 16| 21| 1.7/ 1.0 19 1.7 1.2 1. 14 09 12
# Obs. 40.0 40.0 | 140.0| 140.0| 140.0| 140.0| 140.0| 140.0| 140.0| 140.0| 140.0] 140.0| 140.0| 140.0
Theory 74-80 3 7 4 3 6 3 3 4 2 3 1 2
Mean 102.1 8.3 58| 33| 25 49 25 2p 48 24 4 32.8 1 1.4
. Median 94.0 8.0 50| 3.0/ 30/ 50 2.( P 40 30 40 300 2 1.0
Experiments
Std. Dev.| 134 2.0 16| 15/ 13 23 1.1 4 a1z 11 42 127 0.1.0
# Obs. 20.0 20.0 60.00 60.0 60.¢ 600 600 6.0 60.0 6G0.0.0¢ 60.0| 60.0, 60.4
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Table 4 — Comparison of predicted results with sumiary statistics for Standards
Experiments

Level of violation
(Standard) Treatment Type | Type | Type | Type
Total
1 2 3 4
Theory 0 0 0 0 0
5 Mean 1 91 | 13| o8| 1.2
Experiments Median 1.0 0.0 0.0 1.0
Sd-Dev 19 | 17| 14| 14
Theory 0 0 0 0 0
Mean
6
Experiments Median
Std. Dev.
Theory 3 3 2 2 20
. Mean 1 27 | 25| 12| 23
Experiments Median 3.0 20 1,0 2.0
Sd-Devl 14 | 19| 11| 24
Theory 3 3 2 2 20
Mean
8
Experiments Median
Std. Dev.

18



Table 4 shows that on average, subjects violate nas predicted, in Treatment 7 than in
Treatment 5. Nevertheless, as standards halvedeatrient 7, as compared to Treatment
5, this table is also saying that emissions maetdecreased more than predicted. This is

shown in our econometric results.

4.1. Results for Hypothesis 2

Hypothesis 2 state§he individual level of violations does not dependthe structure of
the penalty function: a regulator that induces atam level of individual violations with a
penalty function f (q — x) ®(q — X) + ¢/2)(q — x}, where x is the legal level of emissions,

>0 andy>0, can induce the same level of emissions anadtis with a penalty function

f(q- x) = (¥/2)(q - x)?, provided that the marginal expected penalty a& tlesired
level of emissions is the same.
A first test for this hypothesis

Insert and discuss descriptive statistics for vj(F¥i(T4) per each subject’s type.

To formally test Hypothesis 2 for the case of asfarable emissions permit system, using

the observed subjects’ behavior, we estimate th@ifmg general model,

vi = f(TREATMENT FIRM-TYPE, PRICE, RISK) [1]

wherev; is the level of permit violation of subjeictiuring round. TREATMENTis a
dummy variable, witiFREATMENT= 1 if treatment 3 (permit market, allowing permit
violation, increasing marginal penalty wigh> 0, and low level of aggregated emissions)

andTREATMENT= O for observation generated during the sessiodsr treatment 4
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(permit market, allowing permit violation, increagimarginal penalty witih = 0 , and low
level of aggregated emissionE)RM-TYPEis a set of four dummy variables to control for
firm type according to marginal abatement costattions;PRICEis the mean permit

price in each round which is estimated by an aamilregression using instrumental
variable methods. FinallRISKis a risk aversion index which represents subjests
preferences according to Holt and Laury’s lottery.

We estimated this specification as a random effeaiel considering all sample
observations, and excluding observations from eassihere individual went to
bankruptcy. We also estimated the model excluthedirst two rounds in each session.
Because the results turned to be robust in alktksmations, we present results based on
the use of all sample observations for treatmeriisd34, according to the experimental
design.| Table X shows the results for four mogektications. Models 1 and 2 do not
consider interaction between mean permit pricesagects’ (firms’) type. Models 2 and 4
include implementation of instrumental variableqadure to correct for possible bias
caused by permit price endogeneity.

The results allow us to fail to reject Hypothesi®Pthe case of an emissions permit
market. The experimental evidence suggests thgeas’ violations in a transferable
emissions permit system with incomplete enforcen@mied out to be independent of the
penalty structure we used in the experimental degig it is shown in Table X, the
estimated coefficient for variablEREATMENT 3is not statistically significant. Consistent
with the theoretical literature on enforcement aadhpliance in transferable emissions
permit systems, theRICEvariable has a positive and significant effectiomindividual
level of violation. However, this result disappeahen controlling for potential

interactions betweeRARICEandFIRM-TYPEvariables.
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Table X. Random Effect Models of Individual Violatons in Market Treatments

Model 1 Model 2 Model 3 Model 4
TREATMENT 3 -0.278 -0.292 -0.278 -0.335
(0.195) (0.190) (0.195) (0.205)
TYPE2 0.060 0.061 -0.844 -1,854
(0.292) (0.263) (0.816) (28,966)
TYPE3 -0.291 -0.291 -0.841 17,478
(0.294) (0.267) (1,197) (24,978)
TYPE4 -0.404 -0.404 -2.070%* 2,771
(0.277) (0.273) (0.783) (19,155)
PRICE 0.008* 0.011** -0.001 0.069
(0.005) (0.005) (0.007) (0.198)
RISK -0.084 -0.083 -0.083 -0.063
(0.060) (0.056) (0.061) (0.066)
PRICEXTYPE2 0.011 0.024
(0.011) (0.358)
PRICEXTYPE3 0.007 -0.219
(0.016) (0.308)
PRUCEXTYPE4 0.021* -0.039
(0.011) (0.236)
CONSTANT 2.1171%** 1.884*** 2.851%** -2,930
(0.525) (0.581) (0.724) (16,310)
Number of
Observations 1740 1740 1740 1740
Number of clusters 174 174

Standard errors in parentheses: pr« 0.01 , **p < 0.05.

4.2. Hypothesis 3

In Table 5 we present the results of the randorectdf estimation to test our
Hypothesis 3. The variables “Type” refer to the &y subject, according to their marginal
benefits of Table. Type 1 subjects are those vathdr marginal benefits of production,
then Type 2 subjects, and so direatment 5is a dummy variable equal to 1 if the
treatment played was Treatment 5 and O if it wasalfment 7. Treatment 5 induced perfect

compliance of laxer emissions standards while Tmeat 7 induced violations of stricter
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emission standards through lower monitoring prdideds. Both treatments induce the
same level of emissions for a risk-neutral subject.

The variable"Risk Aversion” varies from 1 to 10 according the number of the
lottery in which they switched to option B. Thedar the number the lower the level of risk
aversion.

The dependent variable in all four regressionseutesl in Table 5 is the level of
emissions of subjectin periodt. Regression 1 presents a simple model in whichete
of emissions is a function of the firm type and Theatment (that is, the combination of the
levels of emission standard and monitoring prolispil According to the theory, risk-
neutral subjects should not change their level rafssions between treatments, so we
expect this variable to be statistically insigrafit. In regression 2 we control for the level
of risk aversion. The treatment variable is sty significant in these two first
specifications. In regression 3 we add an intevadbetween the variables Treatment 5 and
Risk Aversion. We expected this interaction vaealib the Treatment 5 variable
statistically insignificant, as it does. Nevertlssle we also expected it to take all the
variation of the dependent variable that is atteduo Risk Aversion in the Regression 2,
but it does not. Notwithstanding, we obtain thisule when we include, all the interaction
effects. In this final regression 4, the level mdlividual emissions is only a function of the
marginal benefits of emissions and particularlysinot a function of the combination of

monitoring probability and the standard.
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Table 5: Random Effects Estimation of the Level ondividual Emissions

(Standards)
RegressionRegressionRegressionRegressior
1 2 3 4
Typel 3.660*** | 3.693*** | 3.693*** | 4.738***
(0.383) (0.411) (0.414) (1.622)
Type2 2.770%* | 2.860*** | 2.860*** | 8.054***
(0.383) (0.419) (0.422) (1.751)
Type3 0.575 0.696* 0.696* 2.466
(0.383) (0.403) (0.406) (1.615)
Treatment 5 1.127**|  1.057*** 0.698 0.652
(0.271) (0.286) (0.923) (0.960)
Risk Aversion -0.174**| -0.202** 0.145
(0.0735) (0.102) (0.243)
Treatment*RiskAversion 0.0572 0.082¢9
(0.140) (0.140)
Typel*Treatment5 0.142
(0.785)
Type2*Treatment5 -0.462
(0.799)
Type3*Treatment5 -0.151
(0.769)
Typel*RiskAversion -0.192
(0.271)
Type2*RiskAversion -0.793***
(0.276)
Type3*RiskAversion -0.311
(0.256)
Constant 3.036***| 4,183***| 4.363*** 2.347
(0.303) (0.523) (0.685) -1.431
Observations 800 700 700 700
Number of subjects 80 70 70 70
Standard errors in parentheses
*** n<0.01, ** p<0.05, * p<0.1
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4.3. Hypothesis 4

Hypothesis 4 states thanhder tradable permits the regulator can maintane tevel of
emissions constant by decreasing L and the mongopirobability accordinglyWe test
this hypothesis comparing the individual level ofigsions in a treatment in which the
regulator induces perfect compliance in a systentradable permits with those in a
treatment in which the regulator decreases thd Ev&upplied permits and the monitoring
probability accordingly, so as to induce the saeneell of emissions as in the previous

treatment.

Table x: Treatment 1 vs Treatment 3 test of equal\erage level of emissions by type
(Ho: Difference = 0 ; Ha: Difference+ 0)

Market Observations Mean Level of Emissions
Sample per
Treatment
Type
Type 1| Type 2| Type 3| Type 4
All 1 160 6.3 6.6 4.7 4.4
3 160 5.2 4.8 3.8 3.6
Difference -1.1 -1.8 -0.9 -0.8
Pr(|T| > |t) 0.0000| 0.0000f 0.000( 0.0040
Without 1 160 6.3 6.6 4.7 4.4
groups
with 3 140 5.6 4.7 3.8 3.5
bankrupt
Difference -0.7 -1.9 -0.9 -0.9
Pr(IT| > |t) 0.0000| 0.0000f 0.000( 0.00Q0

A first two sample t test (assuming equal variahdeads us to reject Hypothesis 4.
According to our experiment, it is no possible #oregulator to induce the same level of
emissions when it designs a system of transfenadaimits to induce perfect compliance as

when it designs the system to induce the same thainissions but with violations of the
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permits holdings. These violations are generatiggdecreasing the amount of permits
offered and a decrease in the level of the momigoprobability accordingly, so as to
generate the same equilibrium price of the markgteomits and therefore the same level
of emissions.

As a second test for hypothesis 4, we ran theviatig random effect model

qi+ = f (Treatment;, Type;, Price of permits,, Level of risk aversion;) 4)

where the level of emissions of the fifrim periodt (q; ) is a function of: (a) the strictness
of the enforcement (indicated by the variaBleeatment which is equal to one if the
treatment induces violation (Treatment 3) and zateerwise, (b) the type of the firm
(given by its marginal benefits of emissions), @@ price of the pollution permits, (d) a
control for the level of risk aversion of the suttjeand interactions.

Because the average price of the permits in a @effrice of permits;) Is
endogenous to the subjects’ emissions choice, iseréin an auxiliary regression to obtain
an instrument for the average price of permithengeriod. The instruments chosen are: (a)
an indicator variable for the group of eight sulgethat make the market in which the
subject is interacting, (b) the number of transandiin the period, (c) the standard deviation
of the price in the period, and (d) the number @ period. We present the first stage

estimation results of the price equation in TableB®w.
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Table 6: First-stage G2SLS regression for the avege price per period
All sample observations

Model 2 Model 4
Average Average Average
Average Price* Price* Price*
Average Price Price Type2 Type3 Typed
TREATMENT -0.0000 0.0000 0.0000 0.0000 -0.0000
INDUCES
VIOLATION (0.08038) (0.2502) (0.3206) (0.3255) (0.2971
TYPE 2 0.0000 0.0000 84.0805*** 0.5282 0.5086
(1.1272) (0.3510) (0.4496) (0.4564) (0.4166
TYPE 3 0.0000 0.0000 0.8170* 84.0737*** 0.5843
(1.1541) (0.3594) (0.4603) (0.4673) (0.4266
TYPE 4 0.0000 0.0000 -0.1868 -0.0049 85.592**F
(1.1333) (0.3529) (0.4520) (0.4589) (0.4189
0.0000 0.0000 0.6036*** -0.0384 0.2769**
RISK AVERSION (0.2998) (0.0934) (0.1196) (0.1214) (0.1108
NUMBER OF -0.2086*** -0.2086*** -0.0047 0.0058 -0.0847
TRANSACTIONS 0.0592 0.0592 (0.0758) (0.0770) (0.0703
PERIOD -0.2821*** -0.2821**  -(0.0427) -0.0462 -0.0938
(0.0644) (0.0644) (0.0825) (0.0838) (0.0765
STD. DEV. -0.6720*** -0.6720**  -0.1739*** -0.1719*** -0.1462***
PRICE (0.0330) (0.0330) (0.0423) (0.0429) (0.0392
113.4637*** 113.4637***  1.8583 4.2803 5.6838**
CONSTANT (3.153.7) (2.2462) (2.8771) (2.9209) 2.6662
Observations 784 784 784 784 784
Wald chi (15): 2405 (15): 6087  (15): 5071(@5): 46168 (15): 61575
Prob > chi2 0.0000 0.0000 0.0000 0.000D 0.000(
*k% p<001, **%
p<0.05, * p<0.1

Table X below shows the results for two specifmasi and two estimations techniques of

our equation (4). Models 1 and 2 do not consideraction between mean permit price

and each firm’s type. Models 2 and 4 include impmatation of instrumental variable

procedure to correct for possible bias caused byip@rice endogeneity. In all models we

have eliminated the first two periods to allow fiearning. We also estimated the specified
models excluding observations from sessions wheedradividual went bankrupt. Because

26



the results turned to be robust in all these esiims, we present results based on the use
of all sample observations.

The results allow us to reject Hypothesis 4. Txgeeimental evidence suggests
that subjects’ emissions in a transferable emissp@ammit system are lower when the
aggregate supply of permits is reduced along Vighmonitoring effort so as to allow for

incomplete enforcement.

27



Table X. Random Effect Models of Individual Emissbns in Market Treatments

Model 1

(GLS regression)

Model 2

(G2SLS IV

regression)

Model 3
(GLs
regression)

Model 4

(G2SLS IV
regression)

TREATMENT
INDUCES
VIOLATION

TYPE2
TYPES
TYPEA4

AVERAGE PERIOD
PRICE

RISK AVERSION
PRICE*TYPE2
PRICE*TYPES3
PRICE*TYPE4
CONSTANT

Number of
Observations
Number of clusters
R —sq:
Within
Between
Overall
Wald chi2
Prob > chi2

-1.059%**
(0.233)
-0.008
(0.318)

-1.807***
(0.294)

-1.535%**
(0.379)

0.010**
(0.005)
-0.152*
(0.082)

6.458%***
(0.746)

784
98

0.0050
0.4507
0.3227

(6): 131.20

0.0000

-1.059%**
(0.239)
-0.012
(0.330)

~1.811%**
(0.338)

~1.534%%*
(0.333)

0.008
(0.006)
-0.154**
(0.074)

6.629%**
(0.808)

784
98

0.0050
0.4508
0.3227

(6): 76.38

0.0000

-1.059%**
(0.229)
0.893
(1.417)
-0.058
(1.186)
-1.367
(1.393)

0.018
(0.012)
-0.148*
(0.079)
-0.011
(0.016)
-0.021
(0.013)
-0.002
(0.015)

5.766%**

-1.190

784
98

0.0039
0.4702
0.3360

(9): 162.63

0.0000

-1.059***

(0.179)
-2.599
(12.190)
40.269
(28.902)
14.698
(20.176)

0.164
(0.147)
-0.104
(0.115)

0.035
(0.143)
-0.499
(0.342)
-0.190
(0.236)
-7.019

-13.240

784
98

0.0002

0.2398

0.1195
(9): 137.44
0.0000

Standard errors in parentheses: pr« 0.01 , **p < 0.05.
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5. Conclusions

In this draft we present preliminary results of tinst of a series of experiments that we are
running to test hypothesis with respect to profiaximizing firms in environmental
regulatory frameworks.

Our main interest with these hypothesis was towd®ther if, as theory predict, a
regulator can induce a certain level of emissiona set of heterogeneous firms by altering
the level of the monitoring probability and the ééwf the individual emission standard
accordingly, when emission standards is the regujainstrument, or by altering the
monitoring probability and the number of emissiarmits supplied to the market, when
the regulatory instrument is emission tradable strBecause the structure of the penalty
function is central to the theoretical cost-effeetiess of enforcing emission standards and
tradable permits, we test the above issue withatimaarginal penalties and increasing
marginal penalties.

Our results with this first set of data indicatett the theory predicts well the
experimental behavior of subjects in the case dés&ion standards. In this case, the level
of individual emissions is only a function of thearginal benefits of emissions and
particularly it is not a function of the combinatiamf monitoring probability and the
standard.

In the permits experiments the results are lesseclo what the theory predicts. In
this case, the first result that we observe antttieory does not predict is bankruptcy. A
subject went bankrupt in one of the two treatmént of the 8 experiments that we ran. If

we do not take this into account, we find that esiiss seem to be affected only by the
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price of the permits. But if we drop all the obs#ions of the groups in which a subject
went bankrupt in a given treatment, we obtain thedigted result that emissions are a
function of the types of the firms, but at least Toeatment 1, the differences in the level of
emissions between types is affected by the treatrerother result obtained in this last
case is that the level of risk aversion of the satg explains their differences in emissions,

and this is not irrespective of all treatments gyquebs.
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