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Abstract

Auctions have become popular as means of allocating emissions permits in the emissions trading
schemes developed around the world. Mostly, only a subset of the regulated polluters participate in
these auctions along with speculators, creating a market with relatively few participants and, thus,
incentive for strategic bidding. | characterize the bidding behavior of the polluters and the
speculators, examining the effect of the latter on the profits of the former and on the auction
outcome. It turns out that in addition to bidding for compliance, polluters also bid for speculation
in the aftermarket. While the presence of the speculators forces the polluters to bid closer to their
true valuations, it also creates a trade-off between increasing the revenue accrued to the regulator
and reducing the profits of the auction-participating polluters. Nevertheless, the profits of the latter
increase in the speculators' risk aversion.

Keywords: cap-and-trade program, emissions trading, risk aversion, speculators, uniform-price
auction
JEL Classification: D44, D45, Q55

1 Introduction

Emissions trading schemes (ETS) are favored as market-based instruments for controlling
pollution because they offer compliance flexibility through trade. Their major appeal is that,
assuming competitive emissions markets, they direct the emissions reductions towards the most
cost-effective emitters, minimizing the social cost of compliance. These considerations have been
recognized by several jurisdictions around the world. First, the European Commission (EC)
established the European Union Emission Trading Scheme (EU ETS), which is currently the
biggest cap-and-trade program in the world. Its operation commenced in 2005, with the purpose
of helping the Member States (MS) to comply with the Kyoto Protocol commitments. The first
two phases of the scheme (2005-2007 and 2008-2012, respectively) were characterized by the
discretionary nature entailed by the free permits allocation method, also called grandfathering.

* The author has received financial support from the Cluster of Excellence CliSAP and the ERC Starting grant for
Project 636746 (HUCO).
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However, in 2013 auctioning was introduced as the default method of distributing permits, being
the most important design change implemented in Phase 3 (2013-2020). While co-existing with
free allocation, auctioning will become progressively the sole method of initial distribution by
the end of the trading phase. Moreover, while in Phases 1 and 2 of the scheme permits were
distributed only to the regulated installations, in Phase 3 non-regulated entities,® such as
authorized individuals, investment banks or credit institutions, can also purchase permits directly
from the EC through the periodic auctions.? These entities seek to make profits by engaging in
speculative activity in the emissions permits markets.

Second, the Air Resources Board (ARB) established the California ETS, which has been
in place since 2013. Although some industrial facilities receive permits free of charge, the ARB
implemented auctioning as a rule for allocating permits beginning with the first compliance
period. This is in contrast with the EU ETS in which MS had the option but not the obligation to
auction a certain proportion of permits in Phases 1 and 2.2 However, similar to the EU auctions,
non-regulated firms can also submit bids to the ARB auctions, which are held every quarter.
Third, the Regional Greenhouse Gas Initiative (RGGI) is an ETS which regulates emissions in
the power sector of nine American states.* The scheme runs in three-year long compliance
periods, as of January 2009. Unlike the EU and California ETSs, which are currently using a
hybrid between auctioning and grandfathering as the allocation method, the RGGI sells virtually
all the emissions permits through auctions. The RGGI auctions are organized at quarterly
intervals in a sealed-bid uniform price format and, as in the EU and California, entities without
compliance obligations can submit bids along with the regulated firms.

This paper is motivated by the emergence of auctioning as a popular method of allocating
emissions permits in the ETSs around the world, and by the permission of the non-regulated
entities to bid in these auctions. The inclusion of the non-regulated entities brings into attention
the secondary market which is often disregarded by the ETS policy literature (Demailly &
Quirion 2006, Hepburn et al. 2006, Neuhoff 2007 and Benz et al. 2010) or even the economics
literature (Subramanian et al. 2007). Despite the extensive theoretical literature which derives
important results regarding bidders’ strategies in an auction with a resale market (Haile 2000,
2003, Garratt & Troger 2006, Pagnozzi 2007, Bikhchandani & Huang 1989), bidders’ behavior
and auction outcome in the context of an ETS has been scarcely considered. Indeed, several
experimental studies investigate polluters behavior in ETS auctions with resale (Goeree et al.
2010, Burtraw et al. 2009) but, to the best of my knowledge, only Haita (2014) studies
theoretically polluters compliance behavior in an ETS with an auction and a resale market.
However, the author fails to incorporate uncertainty, firms’ heterogeneity or the non-regulated
entities.

The aim of this paper is to characterize the bidding behavior of two fundamentally different
types of bidders, the polluters (regulated firms) and the speculators (non-regulated firms), in an
ETS with heterogencous firms and uncertainty. Using numerical examples, | conduct
comparative statics to discuss the influence of the speculators on the outcome of the emissions

! For details see Article 18 in the Commission’s Regulation (EU) No 1031/2010 of 12 November 2010.

2 The EC has designated the EEX platform in Leipzig, Germany as the transitional common auction platform.

3 The auction limit was set to 5% and 10% in the two phases, respectively.

4 The RGGI States are: Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New York,
Rhode Island and Vermont. At the start of the scheme, New Jersey was also part of the program, but the state
withdrew effective January 1, 2012,
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permits markets and polluters’ profits. To this end | build a two-stage game in which a subset® of
the polluters together with the speculators firstly bid in an auction for the distribution of emissions
permits. While the speculators gamble on the secondary market price, the rationale for the
polluters’ participation in the auction is their increasing marginal abatement cost (see Section 2).
In the second stage all firms decide on the secondary market trade, which determines polluters’
abatement (emissions reductions) levels. The auction is modeled as a uniform price sealed-bid
auction® of a perfectly divisible asset, whereby bidders submit demand schedules and receive
permits according to their bids, at the price where the aggregated demand equates the supply. In
this model the supply of permits is perfectly inelastic and exogenously given.” Finally, the
secondary market is modeled as a Walrasian exchange, in which the price is found by setting the
excess demand to zero.

The underlying assumption of the model is that firms face uncertainty at the auctioning
stage. The uncertainty is captured by a common shock to polluters’ emissions needs,® to which
they respond idiosyncratically. This response can be either positive or negative, hence defining
either a pro-cyclical or a counter-cyclical polluter. The resolution of uncertainty occurs after the
initial allocation of permits is completed but before the secondary market trade and abatement
decisions take place. In the model, both the polluters and the speculators are assumed to be risk
averse. This assumption is supported, for instance, by the theory of the firm literature which
argues that risk aversion rather than risk neutrality characterizes firms’ decisions under
uncertainty (Sandmo 1971, Leland 1972). In the ETS context, risk-averse polluters and
speculators are present also in Colla et al. (2012), Aatola et al. (2013) and Baldursson & von der
Fehr (2004). Moreover, the empirical evidence suggests that the emissions markets participants
are indeed risk averse (Chevallier et al. 2009). Finally, the auction with resale literature supports
the risk aversion assumption for the speculators in my model (Kyle 1989, Vargas 2003, Keloharju
etal. 2005). In this literature, a perfectly divisible risky asset is auctioned off before its liquidation
value is realized, as is the case with the emissions permits in the current model.

The main results of the paper can be summarized as follows. First, in addition to
compliance motives, a polluter also bids according to a speculative component in her valuation
function, which depends on the resale value of the permit and her risk preference. A speculator,
on the other hand, values the first permit exactly at its expected secondary market price. Second,
numerical simulations show that the participation of the speculators in the permits markets has
an adverse effect on the profits of those polluters that participate in the auction. This is due to the
fact that the presence of the speculators, on the one hand enhances truthful bidding by the
polluters and, on the other hand, decreases polluters’ purchases in the auction. The latter effect
may have a positive impact on the auction-participating polluters insuring them in the case of a
negative shock, by reducing their speculative purchases. However, the former effect generally
hurts their profits because it increases the auction clearing price. The net effect depends on the
relative change in prices and permits earned. Hence, the presence of the speculators creates a
trade-off between polluters’ welfare and a higher auction revenue.

® The experience from both the EU ETS and the California ETS shows that not all regulated firms participate in the
initial auction. Details on this are provided in Section 2.

® This is the auction format used by the EU, California, RGGI and Quebec.

" In reality the emissions cap is established based on meteorological targets. For example, the EU ETS cap for 2013
was just slightly below 2.04 billion permits and it decreases until 2020, such that ’[...] the overall global annual mean
surface temperature increase should not exceed 2 degrees Celsius above preindustrial levels” (Directive 2009/29/EC
of the European Parliament).

8 These are the emissions the firm would release if there were no environmental regulations.
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Related literature. My paper relates to two studies that model either auctions or speculators in
markets for emissions permits. First, in Subramanian et al. (2007) permits are distributed in a
uniform price auction, but the secondary market is omitted. Although firms do not bid truthfully
in their model, the authors argue for an auction equilibrium which allocates the permits
efficiently. However, as my model shows, the possibility for resale considerably affects polluters’
bidding behavior and, thus, it cannot be neglected. While also assuming complete information,
their model does not incorporate uncertainty or speculators. Subramanian et al. (2007) find that
dirtier firms invest less in abatement than cleaner firms and the abatement level increases in
permits availability. Both results follow from the fact that, in their model, permits and abatement
are strategic complements. By contrast, in my model abatement and permits are strategic
substitutes and, therefore, the level of abatement decreases in the emissions cap. Finally, in their
two-firm asymmetric auction game, Subramanian et al. (2007) claim a linear equilibrium in
which they impose symmetric intercepts. By contrast, | derive the asymmetric unique linear
equilibrium for an auction game with more than two firms, without imposing restrictions on the
parameters of the bid functions.

Second, Colla et al. (2012) build a model with two rounds of permits trade and risk-averse
polluters and speculators, assumed to be atomistic. In their model permits are fully grandfathered
rather than being auctioned and, thus, only the polluters are endowed with permits, initially.
Therefore, in the first trading round the speculators buy the permits from the polluters and unwind
their positions in the second round. The trading rounds are separated by the realization of a
common productivity shock, which affects all the polluting firms identically. Polluters are
assumed to be homogeneous and therefore, the equilibrium is symmetric. Instead, my model
allows for heterogeneity in several dimensions, including different levels of risk aversion and
idiosyncratic responses to the common shock. In their modeling approach, capital investment
(abatement) increases the productivity of the permits and, therefore, similarly to Subramanian et
al. (2007), the authors find that the level of capital investment increases in the emissions cap. The
authors show that the price of the first round of trade increases in the number of speculators if
and only if they are less risk averse than the polluters. By contrast, since in my model the first
market (the auction) is a unilateral market, its price increases with the number of speculators
regardless of their risk preference relative to that of the polluters.

The paper proceeds as follows. The next section develops the model and the assumptions
employed. The model is solved and the analytical results are discussed in Section 3. Section 4
includes numerical comparative statics and Section 5 concludes.

2 The Model
2.1 Timing and players

Assume an ETS with N >2 regulated polluters indexed by f . Each polluter has stochastic
emissions needs e, given by the following equation:

(1) e, =y, +a€, ¥, >0, eR, f=1..,N,



where ¢ is a shock common to all polluters, normally distributed with mean zero and variance
one,® while . is the level of unconditional expected emissions needs. Apart from providing

tractability, the assumption of a common shock also has realistic grounds. Indeed, it is natural
that firms acting in the same industry are affected by common uncertainties to which they might
react differently. Therefore, parameter «, captures the idiosyncrasy of this shock and it can be

positive or negative, depending on whether the firm is pro-cyclical or counter-cyclical.

Note that the emissions needs can be interpreted in terms of demand for the polluter’s final
output. Hence, while polluters may act in different output markets, the same variation in the
macroeconomic or industry conditions leads to different changes in their actual production due
to, for example, different production cost functions. However, | abstract from the production
decisions and | focus on the emissions needs resulted from the polluter’s optimization problem.
In fact, assuming exogenous emissions needs is equivalent to assuming that firms are price takers
on their respective output markets.'® Hence, e, can be regarded as the emissions needs generated

by firm’s production decisions, net of any (potentially) freely-distributed permits. Therefore, the
model presented below can also accommodate the case of an ETS in which a share of the total
emissions permits is grandfathered. However, in order to keep the exposition simple and focus
on the bidding behavior, in what follows | assume zero grandfathering.!

In order for negative e, to occur with negligible probability, I maintain the following

assumption:

Assumption 1. For each polluter f =1,..., N we have d)(y—f]zl if ¢, >0 and d{y—szO if

Oy O
a, <0, where @& denotes the cumulative distribution function of the standard normal
distribution.

A sufficient condition for Assumption 1 to be satisfied is that y, is sufficiently larger than &, , i.e.
7 >a, forall .

The timing of the game is the following. First, the perfectly inelastic supply of permits E
is auctioned off in a sealed-bid uniform price auction.'? At this point polluters face uncertainty
about their emissions needs, as described by equation (1). In this model, both the emissions cap
and the decision to participate in the auction are exogenous.'® After the uncertainty is resolved,
the polluters engage in abatement (emissions reduction) activity at a quadratic cost given by @, r?,

where r, denotes the amount of abatement. Finally, the secondary-market trade is a degenerate

% Setting the variance of the shock to one does not reduce the generality of the problem. Variances other than one
can be thought of as being absorbed ina , vf .

101t could be argued that some of the largest polluters, i.e. the electricity producers, are acting in monopoly rather
than in competitive markets. However, as these are typically natural monopolies, their prices are regulated and,
therefore, they can be considered price takers. The price-taking assumption means that | can focus on the permits
market.
11 Modeling grandfathered permits explicitly would only affect the secondary market price by a constant.
12 In cases in which some grandfathering exists, E denotes the supply of permits net of grandfathered permits.
13 In practice, the emissions cap is decided based on geological and meteorological forecasts related to the global
temperature. A polluter’s participation in the auction may depend on participation costs, cash constraints or the
acceptance as a member of the auction platform or other participation costs.
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stage in the sense that the trade is determined by the emissions compliance constraint and the
outcome of the previous stages.

In this paper abatement is modeled as end-of-pipe emissions reduction (e.g. CO2 capture
and storage facilities or scrubbers) or investment in green projects generating certificates that can
be used against the discharged emissions. This approach to modeling abatement is also present
in Maeda (2003), Montero (2009) and Wirl (2009). Note that | model the abatement decisions
after the uncertainty is resolved, in which case the abatement investment cycle is relatively fast
and firms have the possibility to adapt their investment after the permits markets’ outcomes are
realized. Alternatively, one could model abatement decisions under uncertainty and before the
auction is conducted. This would reflect the long term abatement decisions at a lower frequency
than the auction. This approach is, in fact, closer to the reality of an ETS in which several auctions
are conducted during one calendar year. However, since in this paper the abatement decision
cannot be separated from the trading decision, modeling abatement before uncertainty would also
require a round of secondary-market trade. Moreover, adjustments through trade (and abatement)
would still be needed after the resolution of the uncertainty.

In addition to the polluting firms, M >1 speculators, indexed bys, participate in the

markets for permits with the sole purpose of gaining profits from the difference between the
auction price and the secondary market price.

2.2 The markets

Primary market. The primary market is modeled as a sealed-bid uniform price auction, whereby
a bidder j e{f,s} submits a demand schedule D;(v) representing the number of permits she

wants to purchase at any price v . The regulator aggregates the individual demands and computes

the clearing price v"as the point where the aggregate demand equates the fixed supply E . Each
bidder is then awarded permits according to her bidding schedule and the auction clearing price.'*

I make two important assumptions concerning this market. First, | assume that only a subset
N, <N of the polluters bid in the auction, along with the M speculators. This assumption is

supported by evidence from existing ETSs. For example, during the first three years of the EU
ETS Phase Il auctions, the number of bidders was never larger than 26," while the scheme
covers around 12,000 installations. Similarly, in the first three quarterly auctions organized by
the ARB for California ETS, there were, on average, 85 participants out of the total of around
600 installations. This low participation is somewhat justified in the case of the EU and California
because a proportion of the permits is distributed gratis. However, evidence from the RGGI, in
which virtually all permits are allocated in a sealed-bid uniform price auction (Sopher et al. 2014),
provides stronger support for the assumption that only a subset of the regulated polluters
participate in the auction. During the first 14 auctions the average participation by polluters was

14 1t is worth noting that the theoretical literature does not give any clear revenue ranking or equivalence result for
the multi-unit, multi-demand auctions (Klemperer, 1995, Ausubel et al. 2014). In fact, Maskin & Riley (1989)
conclude that for the multi-demand case, the standard auctions are not optimal and, instead, a nonlinear pricing
scheme is the optimal selling procedure. This indicates that, indeed, the uniform-price auction format is not optimal
in the revenue-maximization sense. There are, nevertheless, other considerations that make it popular for distributing
emissions permits: it has a price mechanism that is easy to understand and perceived as fair, since everyone pays the
same price, it encourages more participation than the discriminatory auction (Ausubel et al. 2014), it provides a good
price discovery and protection against disruptions of the output market (for details see Holt et al. 2007).

15 Based on EEX Exchange market data: www.eex.com
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34 out of the 211 regulated emitters, while during the first 11 auctions of the second compliance
period on average only 31 out of the 168 regulated emitters submitted bids (RGGI Inc. 2014).
The low auction participation can be attributed to participation costs such and firms’ ability to
meet the auction qualification requirements. For example, an auction participant has to register
as a member of the auction platform and has to make a liability proof in the form of a bid
guarantee. Cash constraints, informational and bureaucratic costs or transaction fees also count
as reasons for non-participation. From these considerations, | take firms’ participation in the
auction as exogenously given and | do not model the decision to enter the action.

Second, I model the auction as a strategic market. It has been established both theoretically
and empirically that uniform-price auctions create incentives for demand reduction, even if the
number of bidders is large. For instance, Milgrom (2004, p. 262) argues that even when the
bidders are small relative to the market, there can be equilibria in which prices settle far below
the competitive price. This result has been firstly pointed out by Wilson (1979) who showed that
the uniform price auction can have equilibria which result in significant reduction of the revenue
to the auctioneer, regardless of the number of bidders or their attitude towards risk. Moreover,
Ausubel et al. (2014) emphasize that when bidder’s marginal utility is decreasing, the seller will
not be able to extract the whole surplus, even when the number of bidders approaches infinity.
Finally, evidence of demand reduction in uniform-price auctions is also present in experimental
studies (Ausubel et al. 2014, Burtraw et al. 2009). Therefore, my model accounts for demand-
reduction incentives, which, in fact, ensures the generality of the equilibrium, as one can always
recover the competitive equilibrium by letting the number of bidders grow large. It is, thus, clear
from the outset that the differential demand reductions stemming from bidders asymmetries will
lead to inefficient allocations in the auction.

Secondary market. The secondary market has the role of correcting the misallocations from the
first stage in which the actual needs for permits are unknown. Let A be the price of the secondary
market and t; (1) the supply (demand) on this market. In order to ensure negligible probability

of the secondary market price being negative, | employ the following assumption:

N _ N _
z7f -E N ZVf -E N
Assumption 2. ®| =—— | ~1if > o, >0and ®| =—— |~0if > a, <0, where ®

N N

f=1 f=1
Z“f Z“f

f=1 f=1

denotes the cumulative distribution function of the standard normal distribution.

A sufficient condition for Assumption 2 to hold is that, in expectations, the environmental

N [—
constraint is tight enough, i.e. ny > E.
f=1

Unlike the auction, the secondary market is large and it comprises all N polluters and the
M speculators. The speculators are net sellers in this market because they only need to unwind
their positions. Hence, this market is thicker than the primary market and it is, therefore, modeled
as being competitive. The argument for this is that firms’ constraints in engaging in permits’
exchanges are lower than in the case of the auction: the ETS operators can access the secondary
market via many routes, such as over-the-counter trade or through intermediaries like banks and



specialized traders. Therefore, I model this market as a Walrasian exchange which clears at price
A", such that the excess demand is zero.

While they are both Walrasian markets, the essential difference between the primary and
the secondary markets in this model is that in the primary market the demand schedules may be
submitted strategically. Such strategies are successful not only due to the thinness of this market,
but also because all players are buyers and the auctioneer does not act to reduce their strategic
incentives. This is not the case in the secondary market, in which players are split into buyers and
sellers and in which the size of the market does not allow for effective influence over the price.®

In this model permits are not bankable. Therefore, a polluter closes her position by trading
the surplus or deficit of permits in the secondary market, accounting for the abatement decisions,
such that to comply with the regulations. Hence, her net supply (demand) in the secondary market
is given by the environmental constraint:*’

(2) t;=¢ -D; -1,
as the actual emissions needs net of the amount of permits purchased in the auction and her level
of abatement. Thus, t, >0 indicates a net buyer, while t, <0 indicates a net seller. Additionally,

the firm cannot sell more permits than it holds, i.e. t, >-D, ,Vvf.

2.3 The utilities

I assume that both the polluters and the speculators are risk averse with constant absolute risk
aversion (CARA) utility functions of profits. A polluter derives profit from the revenue
(expenses) of selling (purchasing) permits in the secondary market, net of the abatement cost and
the expenses on purchasing permits in the auction:

(3) I, =—A(e, =D, —r,)-6,r? —vD,.

Let p, >0 be the CARA coefficient. Then each polluter f maximizes the following utility
function of profit:

(4) U, (IT; ) =—exp(—p,I1;).

Next, recall that the speculators engage in the markets for permits in order to make profits
from the price spread between the auction and the secondary market. Hence, the profit (loss) of
speculator s is given by the revenue from selling the permits in the secondary market minus the
expenses of buying them in the auction:

5) I1, =—vD, + AD,.
Similarly to the polluters, each speculator s maximizes a CARA utility function of profit,
(6) U, (IT,) = —exp(=p 1),

where p, >0 is her coefficient of risk aversion.

16 In fact, even if the secondary market was thin, thus creating a bilateral oligopoly market, Malueg& Yates (2009)
and Haita (2014) show that, as long as firms do not differ in the slopes of their marginal abatement costs, the
strategies of the buyers and sellers cancel out, leaving the price unchanged relative to the competitive one. This is,
however, only a special case in the current model, which leaves the thickness of the market as the main argument
for price-taking behavior in the secondary market.

17 penalties for non-compliance are excluded from the model. Most ETSs have prohibitively high penalties such that
non-compliance is deterred.
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3 Solving the Model

The model is solved under the common knowledge assumption. Each polluter aims at finding the
optimal combination of abatement and permits holdings to achieve environmental compliance.
Speculators, on the other hand, only need to decide on their bids in the auction. | assume that
permits and abatement are perfectly divisible and, therefore, the utility functions are
differentiable with respect to each variable. This allows me to only consider continuous strategies.
I solve the model by backward induction.

3.1 Abatement and secondary-market trade

At this stage the uncertainty is resolved. Hence, polluter f decides on the abatement level r,,

given her initial allocation, such that to maximize her profit function given by (3) under the
constraintO<r, <e,. This constraint ensures that the abatement is not negative and it is not
larger than the actual emissions needs. The Kuhn-Tucker conditions provide the following
optimal level of abatement:

A
7 rh=—, if 26,e, > 1
( ) f 29f ff

and r, =e, if 26,e, < A. For simplicity | focus on the interior solution (7) and, therefore, only
consider the values of r, <e,, i.e. polluters operate in the region where the marginal abatement

cost at the actual emissions needs is above the secondary market price, for any realization of €.

The abatement decisions also determine the secondary-market trading position. Taking D,
as given and substituting (7) in (2), the demand (supply) of polluter f reads:

1

8 t.(1)=e,-D, ——1, V4.
®) (=€ -~
Note that for D, =0, equation (8) gives the demand function for the N —N_ firms that do not
participate in the action, as well as for the unsuccessful bidders.

Since at the end of the game any permit held has zero value, the speculators close their
positions by selling all permits earned in the auction:
9) t.(1)=-D,,V4

The following proposition gives the market equilibrium price.

Proposition 1. If the entire supply of permits is distributed in the auction, then

(10) 2=2X e, ~E)(> 6

N M
clears the secondary market, i.e. Yt (27)+ > t(1)=0.
f=1 s=1

By Assumption 2, the probability of negative A" is negligible. Note that the secondary
market price is not affected by the characteristics of the speculators. This is intuitive since
speculators do not need permits for production and the secondary market is competitive.
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However, as expected, A" is increasing in the abatement cost and decreasing in the total supply
of permits. Consequently, the amount of abatement decreases in the number of available permits
(see equation (7)). This is in contrast with both Subramanian et al. (2007) and Colla et al. (2012),
who find that the abatement investment increases in the supply of permits. The explanation stands
in the fact that in both papers permits and abatement are strategic complements. Thus, a larger
supply of permits represents an expansion of firms’ production capacities and abatement becomes
more attractive. By contrast, in my model permits and abatement are strategic substitutes.

Accounting for (1), the secondary market price given by (10) can be decomposed into a
deterministic and a stochastic component, respectively:

(11) A" =217+ Qe

bt N —_ N - - - - -, =
where 2" =203y, —E)/(D_6,) is the expected secondary market price, which is positive by
f=1 f=1

N N
Assumption 2, and Q = 2(2 a.)! (z 0,7) is the sensitivity of the secondary market price to the
f=1 f=1

common uncertainty e. In essence, this sensitivity represents polluters' aggregate response to
N

uncertainty. Note that Q is positive if Zaf >0 and negative otherwise. Therefore, if most firms
f=1

are pro-cyclical (Q > 0) a positive shock to the economy (e > 0) increases their actual emissions.

Consequently, the demand for permits increases, resulting in a higher secondary market price.

Conversely, if most firms are counter-cyclical (2 <0), the polluters sell the available permits,

thus increasing the supply in the secondary market and depressing the permits’ price. However,
the latter case is less realistic as most regulated industries are pro-cyclical.

3.2 Auction

At this stage firms face uncertainty. The auction participants simultaneously submit bids to the
regulator, by forming expectations about the actual emissions needs and the prevailing secondary
market price. Therefore, A~ can be interpreted as the liquidation value of a permit. Without any
loss of generality, let the auction-participating polluters be indexed from 1 toN, . In order to
decide their bids, the polluters maximize the expected utility functions of profits (4). Following
Marin & Rahi (1999), maximizing the expected value of (4) is equivalent to maximizing the
following mean-variance utility function:

- 1 -
(12) uf(Df(v),v):_Echszzof(vn(z —Kx;QB, —v)D, (v),
for f =1,...,N, where,®
2
(13) ko=—P A= 04 and B, ——a, 1 —Qy, +——QT".
1+2p, A, 46, 20,

Equation (12) is a mean-variance utility function in which x, captures polluter’s disutility from
bearing uncertainty at this stage of the game. Note that the higher the risk aversion, the larger the

18 For brevity, constant terms have been discarded.
10



disutility: ox, / 6p,; > 0. The following assumption ensures that the ex-ante utility function given
by (4) is well-defined (Marin & Rahi 1999):
Assumption 3. For any polluter f , the following holds: 1+2p, A, > 0.

Substituting A,  from (13), the condition from Assumption 3 becomes
Qa, <(2p,) " +Q%(46,) " . Therefore, if most firms are pro-cyclical (2 > 0), this assumption
implies an upper positive bound on polluter’s sensitivity «, . If, instead, QQ <0, then polluter’s

sensitivity has a lower negative bound. This is to say that the polluters can be neither too pro-
cyclical nor too counter-cyclical. Assumption 3 also ensures that «, is positive.

Further, maximizing the ex-ante utility of a speculator defined by (6) is equivalent to
maximizing the following objective function:

(14) U,(D,(v),v) =—psTQz DX(v)+(2"-v)D,(v),s=1,...,M.

The marginal valuation function for permits of an auction-participating polluter can be
derived from (12) by taking the first derivative with respect to D, :'°

(15) V,(D,)=v, -x,Q?D,, f =1,...,N

a’

*

where v, = 1" (1+ K, Qa, )+1cfQ2 (;/f —2/17] represents polluter’s valuation for the first permit,

f

in which B, was substituted from (13). Function V,(D,)characterizes firm’ bidding

aggressiveness in the auction which decreases in the number of permits at a rate that depends on
the uncertainty parameters «, and Q. Two components can be distinguished inv, , as follows:

Result 1. A polluter’s valuation for the first permit has a speculative component given by
A (1+ K. Qo ) which depends on the expected secondary market price, and a use component

bt

givenby x Q? (;q —%J , that reflects the role of the permit as a compliance instrument.
f

The speculative component is the sum of a purely speculative part, given by the expected
secondary market price and a cautionary demand for permits, which depends on the risk attitude
parameters and the sensitivity to uncertainty. Consistent with the intuition, the use value increases
in the abatement cost and the expected emissions needs.

In turn, the marginal valuation for permits of a speculator is given by:

(16) V,(D,)=4"-pQ°D,,s=1,...,M.

Again, the constant term in (16) represents the speculator’s true valuation for the first permit. As
in the case of the polluters, the slope of the marginal valuation function is affected by the
uncertainty parameters p, andQ . Note that if the speculators were risk neutral, i.e. p, =0, the

valuations would be flat functions at the level of the expected secondary market price 1"

19 Note that although bidders have heterogeneous valuations, in a uniform price auction each bidder pays the same
price.
11



Result 2. 4 speculator’s true valuation for the first permit exactly equals the expected
resale value of the permit, 1"

Results 1 and 2 reveal the difference between an emissions permit and other financial
instruments, such as bills and securities. It is clear that the speculators treat an emissions permit
as a financial security, valuing the first permit at its expected liquidation value, independent of
the risk aversion. By contrast, from the polluter’s point of view a permit is not only a speculation
asset, but also a factor of production. Moreover, the speculative value a polluter attaches to the
first permit does not depend only on the final liquidation value, but also on the uncertainty
parameters. For instance, if all polluters are pro-cyclical, then each polluter overvalues the first
permit relative to its expected liquidation value. On the other hand, the valuation for the first
permit stemming from the use component equates the expected permits needs (expected

emissions needs net of expected abatement), adjusted with the uncertainty factor . Q?. This

reflects the fact that uncertainty affects the polluter’s directly through the output market, and not
only through the secondary-market price.

Equilibrium Bids  Bidders form their bidding strategies based on the endogenously derived
marginal valuations (15) and (16). The equilibrium concept is Supply Function Equilibria (SFE).
Finding the general SFE involves solving a system of differential equations such as (A.2) in
Appendix A, which is not only intractable but also poses the problem of multiplicity of equilibria
for the case of asymmetric bidders. This motivates the focus on linear bidding strategies like in
Green (1996, 1999).%° In addition, | assume that all polluters participating in the auction have
positive valuations for the first permit:

Assumption 4. For all auction-participating polluters the following holds:
A (L x,Qa, )+ 5,9 (7, - 27120, )>0,vf =1,.., N,

In fact, all firms being pro-cyclical is a sufficient condition for Assumption 4 to be fulfilled.
If some polluters had negative valuations, they would not participate in the auction and, given
the common knowledge assumption of this model, they would be disregarded by all the other
participants at this stage. Note, in addition, that all speculators have positive valuations.

Assuming continuous bid functions for prices below the marginal valuation for the first
permit, in Appendix A it is shown that they are affine function of v, with a kink at the point
where the price equals bidder’s true valuation for the first permit.2! The bid function of a polluter
reads:

Y, (/T* -k, QB —v), if A" —x,QB, >v

(17) D, (v) = _ , f=1..,N,.
f 0, if 1" —x,QB, <v

20 Although linear strategies may appear restrictive, they can be interpreted as linear approximations of demand
around the equilibrium price. Moreover, it can be shown that if the n—1 firms other than i plays a linear strategy,
then the best response of firm i is also linear.

21 One could also generalize to an equilibrium in discontinuous piecewise linear functions in which each firm would
take into account the active firms in the market for each price range, according to the marginal valuations for the
first permit. This approach is illustrated in Baldick et al. (2004) for the case of two firms bidding for electricity
supply (see also Rudkevich (2005)). However, such a procedure would complicate the analysis and shift the focus
of the paper. Therefore, it is worth thinking of (17) and (18) as smooth approximations of piecewise linear functions.
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And that of a speculator is:

Z*_ ’ -f/l_*
(18) D.(v)= V(47 -v). C 7Y s=1aM
0, if A <v

The slopes y, and y, represent the demand-reduction factors. These are implicitly defined by

the system of equations given by (A.4) in Appendix A, which cannot be solved analytically.
However, Rudkevich (2005) shows that this system of equations has a unique positive solution.
Hence, the auction has a unique linear equilibrium given by (17) and (18). Note that if the auction
participants act as price takers in the auction, then y, and vy, correspond to truthful bidding.

Specifically, from the valuations functions (15) and (16), the slopes of the competitive bids can
be determined as y, = (x,Q?)™, fora polluter and y, = (p,Q?)™, for a speculator.

It can be argued that financial traders, i.e. the speculators in the current model, are risk
neutral rather than risk averse. Therefore, let us consider the case of risk neutral speculators. This
amounts to p, =0 in the above equations. As noted above, such a speculator has a constant

marginal valuation at the level of the expected secondary market price. If all participants bid
competitively, the risk neutral speculator demands infinity for a price equal to the expected
secondary market price. However, with strategic bidding by the other auction participants,
speculators’ demand is bounded by the upward sloping residual supply schedule (Kyle 1989) and
the slopes of speculators’ bidding schedules are still given by the system of equations (A.4), by
making p, =0. In Appendix B I show that, maintaining the focus on linear strategies, the case

of risk neutral speculators is nested in the main model. However, while not improving the
analytical tractability of the model, this simplification also leads to uninteresting results.??
Precisely, with p, =0 and M > 2, the only non-negative solution of (A.4) is zero. This means

that all bidders submit empty bids and the auction cancels. While this outcome might be a
shortcoming of the linear strategies, the intuition for it is the following. First, note that the
marginal valuation functions of risk-neutral speculators are constant. Second, the SFE has bidders
competing in quantities and, since for any unit demanded the valuation is the same, a strategic
bidder reduces her demand the same at any price. Thus, the existence of at least two such bidders
creates a race to the bottom that results in demand-reductions to the extreme.?®

In Section 4 | consider numerically the effect of the speculators on the outcome of the two
permits markets. In particular, in Section 4.5 | illustrate the case of one risk-neutral speculator
acting in the permits markets, as well as how speculators’ risk aversion affects the equilibrium
variables, including values of p, arbitrarily close to zero.

Clearing Price  The auctioneer aggregates the individual demands by horizontal summation of
(17) and (18), which results in a piecewise aggregate demand function. The auction clearing price
is given by the point where the aggregate demand equates the fixed supply of permits. This is the
highest price for which the aggregate excess demand is non-negative:

22 The case of all bidders being risk neutral and submitting competitive bids would amount to all bidders submitting
bid functions equal to the expected secondary market price. For the case of strategic bidding with risk neutrality and
no speculators, see Haita (2014).
23 Decreasing marginal valuation functions are crucial for obtaining meaningful SFE in linear strategies.
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Definition 1. Let v" be the price at which the auction clears. Then, v is defined as:
N, M _ N, M _
(19) max{v>0|> D, (v)+> D,(v)>E}, if {r=0|>.D,(v)+> D,2E}=Q
f=1 s=1 f=1 s=1
and zero otherwise.

Let n<N, and m<M be the number of successful bidders, i.e. their maximum

willingness to pay for the first permit is above v~ (See equations (17) and (18)). Without any loss
of generality, let these bidders be indexed by f =1,...,n ands=1,...,m. Thus, without a price

floor condition, the auction clearing price reads:

E+Qz Y kB,
f=1

Z yf +Z ys
f=1 s=1

Then, the initial permits allocation of an auction participant is given by D; = max{o, D, (v*)}

(20) vi=A

and D] =max{0, D,(v")}, respectively. Equation (20) allows to establish the following

proposition:

Proposition 2. In an ETS with auctioning, risk averse market participants, limited auction
participation and strategic bidding, there exists a spread between the auction clearing price and
the expected secondary market price of permits given by the second term on the right-hand side
of (20).

The sign of the spread is ambiguous, but it only depends on the characteristics of the
polluters who are successful in the auction, on the aggregate shock sensitivity of all polluters and
on the number of permits issued by the regulator. However, the speculators can influence its sign
indirectly, through their affect on the polluters’ demand-reduction factors, y, ’s. Nevertheless, as

the denominator on the right-hand side of (20) shows, they can directly influence the size of this
spread through their own demand-reduction factors ..

Even with a positive price spread, the speculators’ potential for making profits depends on
whether they are able to purchase permits in the auction, which in turn depends on the relative
bidding power between polluters and speculators. For tractability, let us restrict attention to the
case of competitive bidding and symmetric bidders. Proposition 3 gives the auction outcome for
this special case.

Proposition 3. Assume that all bidders are symmetric, i.e.a, =a,0, =0,y =y,p; = p" Vi
and p, = p°,Vs and that they bid competitively.

(i) If y <E/N,, then the auction outcome is given by:

14



= 4p" p*a*0*(N,y —E) =

v =4 + <A
Mo + N, (1-260a%p")p°
F SEM _ 2 _F FE _
pf = M+ EU=2007p7) p gpgpeo P ETNr) gy
Mp™ +N,(1-26a"p" ) p Mp™ +N,(1-260a"p")p
(i) If »>E/N,_,then the auction outcome is given by:
F 202 _E) -_. =
voq e 0Ny —E) 7o pi B vt and D =0,vs.
N,(1-260a"p") N,
Proof. The proof is straightforward after substituting the competitive slopes
_ 2 _F
; :ﬂ vi and y, = Vs in (17) and (18), respectively. Moreover, polluters’

40%0°p" 4a’6%p°’

symmetry implies n=N,.Similarly, as all speculators have the same risk aversion we have
m=M in (20) for y<E/N,.

While the assumptions in Proposition 3 are unlikely to be met in practice, they offer the
necessary tractability to establish a benchmark for the conditions under which the speculators
can influence the auction outcome. As it turns out, this crucially depends on the tightness of the
environmental constraint relative to polluters’ expected emissions needs. If the environmental
constraint is sufficiently loose (condition (i) in Proposition 3), competitive bidding in the auction
results in speculators earning a positive number of permits. Moreover, they expect positive profits
from re-selling these permits, i.e. the expected secondary market price is above the auction
clearing price. By contrast, a tight environmental constraint (condition (ii) in Proposition 3),
increases polluter’s bidding aggressiveness which results in an auction clearing price above the
expected secondary market price. Therefore, the speculators submit empty bids (see equation
(18)).

An important conclusion from this proposition, albeit its restrictive assumptions, is that the
speculators do not have the ability to drive the polluters out of the auction, while the opposite
case may be true. Note that the conditions under which this happens are independent of the risk
aversion coefficients of the two types of players or of the relation between the two. This
independence is, however, driven by the assumption of competitive bidding employed in
Proposition 3, which means that the two types of bidders do not interact. However, with strategic
interaction in the auction, the demand-reduction factors y, and y, will not depend only on own

risk aversion coefficient, but also on the risk aversion coefficients of the opponents (see equations
(A.4)). In this case a combination of the relative tightness of the environmental constraint and the
relative risk aversion between polluters and speculators will determine the success of the
speculators in the auction. This is illustrated numerically in the next section.

4 Numerical Comparative Statics

The asymmetries of the players do not allow for an analytical solution of the demand-reduction
factors (see the system of equations (A.4)). Therefore, in this section | use numerical examples
in order to conduct comparative statics and assess the predictions of the model. The values of the
parameters are appropriately chosen such that Assumptions 1-4 are fulfilled.
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4.1 Individual valuations

Figure 1 shows the true valuation for the first permit of an individual polluter, as a function of
her fundamentals, for different values of E, with the parameters set to
7: =20,a, =2, p, =0.05and 6, =2. In each panel of this figure | vary one of the above

parameters, keeping the others constant. The upper-left panel of the figure shows that the higher
the slope of the marginal abatement cost (parameter 6, ), the more value the polluter attaches to

the first permit at the auctioning stage. This is intuitive since in this model permits and emissions
reductions are substitutes. Moreover, the valuation is convex, implying that the willingness to
pay increases faster for higher marginal abatement costs. The upper-right panel shows that the
firm is willing to pay more for the first permit if she is more sensitive to the common shock
(parameter «, ) because higher pro-cyclicality amplifies her permits needs in case of a positive

shock.
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Figure 1: Individual valuation for the first permit as a function of polluter’s fundamentals: N =100

Next, the lower-left panel of Figure 1 illustrates the linear relationship between the
valuation and the expected emissions needs (parameter y, ). Finally, the lower-right panel shows
that a polluter’s valuation for the first permit increases in the risk aversion (parameter p, ), at a

higher rate for higher levels of risk aversion. Consistent with the intuition, the individual
valuations are shifted downwards as the environmental constraint is relaxed. This shift is the
largest when the polluters differ with respect to o, .
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4.2 Demand reduction

The left panel of Figure 2 shows the speculators’ effect on a polluter’s demand-reduction strategy.
The solid line depicts the true demand function, i.e. the demand the polluters would submit if
they acted competitively. Any demand schedule below this line incorporates strategic demand
reduction. The polluters reduce their bids more as the number of the speculators decreases and
they approach truthful bidding as more speculators enter the market. Next, consistent with the
multi-unit auction theory, the polluters increasingly reduce their bids with the number of units
bid — note the larger divergence of the demand schedules as the quantity demanded increases.
The right panel in the figure shows how the speculators affect the expected price spread. Since
the bids approach the true demands as the speculators enter the market, the auction clearing price
increases and it approaches the expected secondary market price, which, in this model, is
unaffected by the presence of the speculators. Hence, the larger the number of the speculators in
the market, the less profitable the permit speculation activity.

4.3 Heterogeneity

Figures 3 to 5 illustrate the equilibrium of the ETS game, allowing for polluters asymmetries. In
terms of the notations of the model, we have N =50, N, =10 and M =5. In all these figures I

consider two environmental regimes, a tight one (E =100) and a relaxed one ( E = 200). In all
figures, the upper-left panels show polluters’ and speculators’ valuations for the first permit, the
upper-right panels depict the permits allocation in the auction, while the lower-right panels show
the expected profits. Finally, the lower-left panels represent the expected trading positions in the
secondary market, with positive values denoting net purchases and negative values indicating net
sales. On the horizontal axes firms are ordered as follows. Indices from 1 to 10 represent the
auction-participating polluters, indices from 11 to 50 are the polluters who do not participate in
the auction and indices from 51 to 55 denote the speculators. The horizontal lines in the figures
represent the auction clearing prices for the two environmental regimes considered. In all cases,
speculators’ valuations for the first permit coincide to the expected secondary market price.

In Figure 3 polluters differ only with respect to the marginal abatement costs, according to
6, =2— f /50, such that a low index corresponds to a high abatement cost. Consistent with the

views expressed in the literature (e.g. Betz et al. (2010)) I assume that the high-abatement-cost
polluters are the auction participants. Indeed, high-abatement-cost firms value the first permit
more than the low-abatement cost firms,?* and their valuations decrease with the loosening of the
environmental constraint. This is also true for the speculators, since a looser environmental
constraint is reflected into a lower expected liquidation value of the permit. A relaxed
environmental constraint also decreases the auction clearing price, and most of the additional
permits end up in the hands of the speculators. For this reason, most of the trade now takes place
between the speculators and the polluters who do not participate in the auction. These polluter’s
buying positions increase with the loosening of the environmental constraint, since the cheaper
permits substitute abatement. This is an example of a situation in which the speculators act as a
cushion for those polluters which may be cash constrained at the time of the auction. Finally, in
expectations, both the polluters and the speculators gain from the increase in the permits’ supply.

24 For convenience, | represent the valuations of the auction non-participating polluters (indexed from 11 to 50) as
being equal to zero.
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Figure 2: Demand reduction and the expected price spread as a function of the number of the speculators
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Figure 3: Equilibrium with heterogeneity in the abatement cost
N, =10,N =50,M =5,0, =2—f /50, 7, =5, @, =2, p, = 0.05, ¥f =1,...,N; p, =0.0001, Vs =1,..., M

Figure 4 illustrates heterogeneity with respect to polluters’ sensitivities to uncertainty, such that
a lower index corresponds to higher sensitivity: o, =2— f /50. While permits’ valuations increase in

the sensitivity to uncertainty, they decrease with the relaxation of the environmental constraint. The
equilibrium outcome of the game is largely similar to the one from Figure 3. However, it appears that
polluters’ expected profits are more sensitive to the change in the permits supply when they are
heterogeneous with respect to the shock sensitivity instead of the abatement cost.
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Finally, Figure 5 depicts polluters’ heterogeneity with respect to the expected emissions needs,
with low-indexed polluters being high emitters: », =12— f /13. Note from (A.4) that the demand-

reduction factors are independent of the expected emissions needs. For this reason, the slopes of the
allocation profiles from the upper-right picture of the figure preserve the slopes of the valuations
profiles shown in the upper-left picture. Also, the expected trading positions of the auction-
participating polluters are the same, since the speculative components in their bidding functions are
equal to each other. Note that under a tight environmental regime the speculators are unable to purchase
permits in the auction, as their valuations (expected secondary market price) are too low compared to
those of the polluters. Consequently, the auction clearing price settles above the expected secondary
market price.

4.4 Auction participation

Figure 6 shows the auction clearing price (left picture) and the expected profit of a polluter (right panel)
as a function of N, assuming that the polluters are symmetric in all of their characteristics. The solid

lines correspond to the case in which speculators are banned from the auction (M =0), while the
dashed lines correspond to the case in which M =10 speculators bid in the auction. Consistent with
the theory of multi-unit uniform price auctions (e.g. Keloharju et al. (2005)), the auction clearing price
increases when more polluters participate in the auction, albeit at a decreasing rate. This price increases
further when the speculators enter the auction, for any number of auction-participating polluters.
Consequently, the expected profits of an auction-participating polluter decrease in M. Moreover, these
profits are U-shaped in the total number of polluters who bid in the auction. This is due to two facts
resulting from an increase in N, : (i) due to the inelastic supply of permits, each polluter is allocated

fewer permits in the auction and (ii) the auction clearing price increases. Specifically, for low values
of N, the auction clearing price increases faster than the decrease in the allocations such that the total

permits expenditures increase and profits decrease. Conversely, for large values of N_ the auction

clearing price increases at a lower rate than the decrease in the allocations, resulting in lower total
permits expenditures and higher profits.

The profit of a non-participating polluter is represented by the horizontal dotted line in the right
panel of Figure 6. Hence, the number of the auction-participating polluters does not affect the expected
profits of those polluters who do not participated in the auction. This is because their profits only
depend on the expected secondary market price, which, in turn does not depend on the auction
participation. Note that, one can derive polluter’s incentive to participate in the auction by comparing
the horizontal dotted line with the dashed and the solid lines in the picture. For the case depicted in
Figure 6 with M =0, the cut-off point is N, =13, i.e. it pays off to participate in the auction only if

the number of participants is below 13 as the auction-participating polluters make higher profits than
the polluters who only buy their permits in the secondary market. However, as speculators enter the
auction, the cut-off point drops and fewer polluters benefit from entering the auction (the dotted line is
above the dashed line at a lower N_). This is primarily due to speculators driving up the auction

clearing price, for any N,.
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In conclusion, when speculators are absent from the market there is a higher incentive for the
polluters to participate in the auction. However, this reduces the regulator’s revenue as compared to a
situation with speculators. Therefore, the regulator’s weighting between auction revenue and polluters’
compliance cost saving may turn out to be crucial for policy adoption.
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Figure 7 repeats the exercise from Figure 6 for varying M, for two different levels of speculators’

risk aversion. As M increases, the polluters change their demand-reduction factors, which in turn lifts
the auction clearing price. At the same time, some permits are allocated to the speculators, thus
decreasing the polluters’ initial allocations. Hence, with a constant number of auction-participating
polluters, the speculators have two effects. On the one hand they lower the permits inventories of the
auction-participating polluters and, on the other hand they reduce the expected price spread between
the secondary market and the auction. The combination of the two effects leads to foregone revenue
from resale in the secondary market by the auction-participating polluters. However, as the number of
the speculators increases, their marginal effect on polluters’ profits vanishes. Moreover, when the
speculators’ risk aversion increases, their negative effect on polluter’s profits decreases. The reason is
that with higher risk aversion, the speculators reduce their bids more, thus depressing the auction
clearing price which directly benefits the polluters. This effect is further explored below.

4.5 Speculators’ risk preference

The most important rationale for the permission of the speculators to participate in the auction of
emissions permits is their risk tolerance which can provide insurance for the risk averse polluters.
Figure 8 illustrates the outcome of the game for the extreme case of one risk neutral speculator,?®
varying in turn the three dimensions of polluters’ heterogeneity. As expected from the theoretical
model, due to their strategic demand reductions the auction-participating polluters win permits in the
auction despite the risk neutrality of the speculator. The picture also confirms that the speculator is
driven out of the market if the polluters’ expected emissions are sufficiently high (the speculator earns
zero permits when the polluters differ iny, ).

Finally, Figure 9 considers the effect of the speculators’ risk aversion on the auction-participating
polluters. The upper-left panel of the figure shows that the auction price is decreasing and convex in
speculators’ risk aversion. The intuition is the following. As equation (16) shows, risk aversion
reduces speculators valuations for any additional permit. Therefore, risk aversion decreases
speculators’ bidding aggressiveness which, in turn, depressed the auction price. Next, the upper-right
panel of the figure shows that the permits’ allocations in the auction are non-monotonic in speculators’
risk aversion. To understand this, let us consider the case of the speculators. Everything else constant,
for low levels of risk aversion the auction price decreases faster than the risk aversion increases.
Therefore, the speculators are awarded more permits due to the lower auction clearing price. For higher
levels of risk aversion, the opposite is true, such that the decrease in the auction price cannot outweigh
the timid bidding behavior triggered by the higher risk aversion. As the speculators earn more permits,
the polluters earn less and vice-versa, which is reflected in the polluters’ expected trading position (the
lower-left panel). Nevertheless, polluters’ profits increase (lower-right panel) because the secondary
market revenue loss is outweighed by the lower price they pay for purchasing the permits in the auction,
as the speculators become more risk averse.

25 Recall that with more than two risk neutral speculators the auction cancels.
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5. Conclusions

This paper developed a static complete information model of an ETS in which the regulator allocates
the permits in a uniform-price auction followed by a secondary market trade. The twist is that the
emissions needs of the polluters are uncertain before the auction is conducted and are only realized
before the secondary market trade takes place. The flexibility of the model allows to capture
asymmetries among firms with respect to their attitudes to risk, their levels of demand, and their
sensitivities to a common demand shock. The main result is that the presence of the speculators has an
adverse effect on polluters’ profits. The reason for this is that speculators participation in the auction
increases its clearing price, which, however, benefits the revenue accrued to the regulator. Moreover,
since polluters are not committed to abatement investment before the resolution of the uncertainty, the
speculators have no influence over the expected secondary market price, which only depends on the
fundamentals of the polluters. Consequently, polluters’ abatement decisions are unaffected by the
presence of the speculators.

The paper also shows the role of the secondary market on players’ bidding strategies. In
particular, the derived endogenous marginal valuations for permits reveals that a polluter’s valuation
for the first permit consists of a speculative component, which depends on the secondary market price,
and a use component, which depends on her expected permits needs. Therefore, a polluter may attach
a higher value to the first permit than its expected secondary market value. By contrast, a speculator
does not value the first permit more than its expected secondary market price. Moreover, their success
in the auction and, thus, the speculative profits depend on the relationship between this price and the
auction clearing price which is, however, ambiguous. The difference between the two prices depends
directly on polluters’ characteristics and indirectly on the bidding strategies of the speculators.

The downside of model’s flexibility is that the auction equilibrium cannot be derived analytically.
Therefore, comparative statics of the equilibrium variables were conducted numerically. The analysis
showed that, consistent with the theory of multi-unit auctions, the presence of the speculators increases
the auction clearing price and it provides incentive for the polluters to bid closer to their valuations.
Next, the speculators have a negative effect on the profits of the auction-participating polluters, though
these profits increase in speculators’ risk aversion. The latter is due to the fact that the higher their risk
aversion, the more the speculators reduce their bids, depressing the auction clearing price.

In conclusion, under the assumptions of these model in which the secondary market for permits
is competitive and speculators do not affect the abatement decisions, their presence in the auction
creates a trade-off between the regulator’s revenue and the profits of the auction-participating polluters.
This result suggests the need for alternative ways of increasing competition in the auction and,
consequently, the auction revenue accrued to the regulator. This could be achieved, for example, by
lessening the polluters’ access to the auction platform, i.e. implementing policies that can increase N,.

The increased auction participation by the polluters may increase the auction revenue without
increasing the total compliance cost for the regulated entities. Additionally, one can reduce the rationale
for speculators participation in the auction by organizing frequent auctions which would encourage the
participation of the cash-constrained polluters, unable to bear the risk of holding permits for long
periods of time. This measure has been recognized by the EU ETS in which the spot auctions take place
as often as several times per week, but this is not the case for the California ETS or the RGGI, in which
the auctions take place only every quarter
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Appendix A Derivation of the bidding schedules
Each bidder j e{f,s} chooses her bidding strategy maximizing the utility in (12) if she is a polluter or in (14)

if she is a speculator, acting as a monopsonist on the residual supply of permits E—-D ;(v), where
D,(v)= Z D(v), i=1...,j-1j+1...,N,+M . The equilibrium concept is the supply function equilibria
(Klemperer & Meyer (1989)). A strategy for bidder jis a non-increasing schedule D, (v) which specifies the
quantity demanded for every pricev . Thus, each bidder solves the following problem:

(A1) maxVUj(Dj(v),v) such that D,(v) = E—Dﬂ.(v), i=1..,N_,1. M.

The first order conditions read:

au (D, (v), oD aU (D,
(A.2) L e G 1 C L P R VAT Y
oD, (v) ov ov
Focusing on linear strategies, let the demand schedules have the form:
(A.3) D,(v) =x, —y,v, withx,,y, >0.

Substituting (A.3) in (A.2), grouping around v and identifying the coefficients yields:
Na+M
Y, =@-Q%k, Y)Y Y, = D V. V=1, N,
i=li=f
(A4) Na+M

Y, =(1-Q%py)y. y.= D, V. Vs=1.. M.

i=1,i#s
and
X, =(2"-x,0B,)y,, vf =1..,N

a

(A.5) N
x.=1Y,s=1..,M

Appendix B The case of risk-neutral speculators

Instead of maximizing the CARA utility function of profits, a risk-neutral speculator maximizes the expected
profit: max, E[I1,]=E[(A" —v)D,(v)]= (4" —v)D,(v) on the residual supply D,(v)=E-D (v), where —S
represents bidders 1,..., N_ (i.e. the polluters) plus the M —1 speculators except fors. The FOC reads:

(B.1) (2" -v)(-D_, ()~ D,(v) =0.

Assuming linear strategies of the form D (v) =x —y v and identifying the coefficients in (B.1) it obtains:
N,+M

D,(v) =Y, (1" —v), where y, = z y;, which is exactly the counterpart of the second type of equations in

j=1,j=s
(A.4), for p. =0. The slopes of the polluters will continue to be given by the first type of equations in (A.4).

Note, however, that in this case the system of equations (A.4) does not have a positive solution for
M >2. In fact, the only non-negative solution is y, =y, =0 and this amounts to all firms submitting empty
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bids. The only non-degenerated equilibrium in linear strategies is obtained forM =1. In this case we have

N, Na
Y, =2y, with y, definedbyy, = (1-Q%,y,)(y, +2y ), where y . = > y,.

f=1 i=Lixf
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