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Abstract Rents and political motives are present in many aspects of public policy. This
article considers the role of rents, rent seeking, and the political choice of environmental
policy. Rents are introduced into the political choice of price and quantity regulation under
conditions of uncertainty. The model shows how political-economy aspects affect the
choice between price and quantity regulation. The contesting of rents associated with
different policies affects the regulatory structure and influences the political choice of an
environmental policy target. The primary conclusion is that the political choice of envi-
ronmental policy depends on the interaction between the efficiency of rent transfer and the
size of rent-seeking groups within the economy.
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1 Introduction

Pollution regulation can take the form of price controls (emissions taxes) or quantity
controls (cap-and-trade markets). In the mainstream environmental economics literature,
the objective of regulation has been specified as the maximization of social welfare.
Consequently, price regulation has been regarded as optimal on the grounds that quantity
regulation encourages a culture of rent seeking and corruption. Nordhaus (2007, p. 39), for
example, states that “[qJuantity-type systems are much more susceptible to corruption than
price-type regimes. An emissions-trading system creates valuable assets in the form of
tradable emissions permits” whereas “a price approach gives less room for corruption
because it does not create artificial scarcities, monopolies, or rents.... [t]here is no new rent
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seeking opportunity”.” Rents indeed arise from the use of quantity instruments. However,
rents in the form of potentially contestable public funds are also created through price
regulation. A comparison of political-economy aspects of regulation through prices and
quantities therefore requires investigating contestable rents created through both types of
regulation and the potential implications for instrument choice and policy targets.

Instrument choice for environmental policy has been investigated under uncertainty.
Weitzman (1974), Adar and Griffin (1976), Fishelson (1976) and Roberts and Spence
(1976) studied expected costs and benefits of reducing pollution using price and quantity
regulation, again with a social welfare objective. This traditional perspective shows that
price regulation is socially preferred when the slope of the expected marginal cost function
is steeper than the slope of the expected marginal benefit function (and vice versa).
Intuitively, a quantity policy will fix a level of pollution but allow price (the level of
marginal abatement costs) to vary whereas under price regulation the price of pollution
control is fixed but the level of pollution can vary. When expected marginal costs are
relatively steep, price regulation is preferred as the distortion associated with changing
pollution level is less severe that the distortion generated in price (marginal costs) caused
by implementing quantity regulation.

Although these past studies provide a comparative analysis of alternative environmental
policies, they are limited to cases where the regulator’s objective is to maximize social
welfare. Thus this literature has limited capacity to explain how and why political decision
makers decide on environmental policies. This paper investigates instrument choice for
environmental policy in a political-economy setting, allowing for the presence of con-
testable rents from both price and quantity regulation. A two-stage model is set out in
which, in the first stage, under uncertainty, a politician sets a pollution target using either
price or quantity regulation as considered by Weitzman (1974). In the second stage, the
rent created by regulation is contested, with the regulating politician benefiting from rent
extraction (Appelbaum and Katz 1987; Gradstein and Konrad 1999). The political
objective trades off the public interest against the political benefit from rent creation
(see Peltzman 1976; Hillman 1982).

In comparing price and quantity regulation, I distinguish whether or not regulation
provides revenue. Three important cases exist: freely allocated pollution permits (quantity
regulation), auctioned permits (quantity regulation), and emissions taxes (price regulation).
When pollution permits are freely allocated, no revenue is generated. Rents are then
created through a fixed supply of tradable permits (the realized rents are associated with
either selling the permits or reducing marginal pollution control costs). In practice, in such
cases, the distribution of permits is usually only contested by regulated entities. In contrast,
revenue is provided through emissions taxes and the auctioning of pollution permits, and
rent seeking for this revenue is open, in principle, to all players in the economy.

The efficiency of rent transfers depends on the form of regulation. For rents created
through freely allocated pollution permits, rent transfers can be costless: these pollution
permits are created and distributed through the bureaucratic system. For revenue-raising
instruments, however, revenue collection can be subject to ‘leakage’ within the regulatory
system, with consequent revenue (rent) loss. Contestable rents are also reduced if part of
the revenue is earmarked a priori for specific purposes. Further, revenue can also be used

! For similar arguments see, for example, Stavins (1998), Cramton and Kerr (2002), and Hepburn et al.
(2006). Another argument extends this perspective by suggesting that the only politically feasible instrument
is a non-revenue-raising quantity mechanism—such as freely allocated permits—as this reduces the
financial burden on regulated entities (e.g., Goulder and Parry 2008).
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to finance productive investments (such as infrastructure or energy efficiency projects,
which are frequently observed uses for permit auction revenue).

Against this background, I investigate why particular quantity allocation mechanisms
are chosen within cap-and-trade markets. Under the conventional social-welfare maxi-
mizing approach (Weitzman 1974), the regulator is indifferent between freely-allocated
and auctioned permits because both are quantity mechanisms. In a more realistic setting, |
show how rent seeking affects the regulatory policy choice when there is political rent
extraction. When pollution permits are auctioned, there are more potential rent seekers than
when permits are freely allocated (which increases rent-seeking effort for auctioned per-
mits). There is also a greater potential of rent losses under auctioned permits due to
revenue ‘leakage’ or earmarking of revenues (this therefore decreases rent-seeking efforts
for auctioned permits). This tradeoff determines total rent-seeking effort and thereby
whether freely allocated or auctioned permits are politically preferred.” I show that freely
allocated permits are politically preferred to auctioned permits when the former yields
higher contestable rents: this occurs when the proportion of rent transfer loss from auc-
tioned permits is smaller than the ratio between rent seekers from regulation entities and
the wider economy.

Rent seeking over freely allocated permits is commonplace in the Acid Rain Program
(Ellerman et al. 2000) as well as the European Union’s Emission Trading Scheme (EU-
ETS) (Zapfel 2007). Ellerman et al. (2000) provide clear evidence that rent seeking
occurred over the distribution of pollution permits under Title IV of the 1990 Clean Air Act
Amendments. The political process was distributional through legislation. Under
Sect. 403(a) of that law, a ‘ratchet’ provision was adopted ensuring that any political
lobbying over the legislation would not affect the aggregate level of emissions.

Evidence of rent seeking for public funds also appears commonplace. Aidt (2010)
provides details of how revenue from ‘green’ taxes has been appropriated by special
interests. Within the Regional Greenhouse Gas Initiative (RGGI)—a cap-and-trade
scheme regulating most Northeastern US states—some states have diverted auction rev-
enues away from intended recipients. For example, since 2009 New York State has
diverted revenue away from energy efficiency projects towards reducing its budget deficit,
the so-called ‘Deficit Reduction Plan (DRP) Transfer’.

The present study is related to three fields of literature: the political economy of
environmental policy, price versus quantity regulation under uncertainty, and the political
economy of quotas and tariffs. The literature on the political economy of environmental
policy is vast (see Oates and Portney 2003) and has taken two main modeling approaches.
The first type of model focuses on the endogenous determination of environmental policy
(e.g., Fredriksson 1997; Aidt 1998, 2010; Aidt and Dutta 2004; Lai 2007). Most of these
models use the political rent-extraction model of Grossman and Helpman (1994, 2002).*

2 Indeed a common argument for the non-revenue-raising instruments being so frequently used is that it is
the ‘path of least resistance’ as the regulated entities try to persuade the regulator to avoid raising revenue
(Buchanan and Tullock 1975). In the framework of Buchanan and Tullock (1975) firms prefer direct control
over taxes because this provides a form of monopoly rent whereas society prefers the tax due to the revenue-
raising capabilities. It is argued, then, that direct control occurs as the firms are more organized in lobbying
the government than society.

3 See http://www.nyserda.ny.gov/-/media/Files/Publications/Energy-Analysis/RGGI/2009-Q4-RGGI-
Status-Report.pdf.

4 Finkelshtain and Kislev (1997) use the model of Grossman and Helpman (1994) to compare tax and quota
regimes. They find that the relative difference between taxes and quotas depends on the elasticity of the
demand, supply of the product, and the number of politically organized firms. Their approach, however, is
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Lobbyists provide a menu of contributions for the rent-extracting politician’s policy
decisions. The politician then selects policy based on the weighted sum of social welfare
and political contributions (which is equivalent to the trade-off in the political-support
models). The second modeling approach focuses on the distributional conflict within
environmental policy (e.g., Buchanan and Tullock 1975; Appelbaum and Katz 1987,
Dijkstra 1998; Malueg and Yates 2006; Dijkstra 2007; Hanley and MacKenzie 2010;
MacKenzie and Ohndorf 2012). This literature views environmental policy in the context
of contest theory (see Tullock 1980; Hillman and Riley 1989; Long 2013). In applications
to environmental policy, however, the contest literature has not accounted for uncertainty.’

The second field of literature includes uncertainty into the comparison of price and
quantity regulation (Schob 1996; Stavins 1996; Hoel and Karp 2001, 2002; Montero 2002;
Pizer 2002; Williams 2002; Newell and Pizer 2003; Quirion 2004; Krysiak 2008; Fell et al.
2012; Rohling and Ohndorf 2012; Wirl 2012; Storrgsten 2014; D’Amato and Dijkstra
2015).% This vast literature confirms—in different ways—the core result that instrument
choice depends on the relative slopes of the expected marginal cost and benefit functions.
This literature abstracts from political objectives and the quest for political influence; yet
without investigating how political objectives and political influence affect a regulator’s
instrument choice, little can be said about the reality of price versus quantity regulation.

A third relevant field of literature investigates the choice between quotas and tariffs in
international trade (e.g., Cassing and Hillman 1985; Lake and Linask 2015; Cassing and
Hillman 2016 and references therein). Although parallels exist between this literature and
environmental regulation, there are a number of key differences. First, emission permits are
tradable whereas import quotas are usually not. The existence of trade alters the value of
contestable rents and the associated rent seeking. Second, the size of the emissions permit
rent is endogenously determined by the marginal costs of pollution reduction (permit
demand) and the politically determined supply of the permits. Thus, unlike in the con-
ventional trade quota model, rent seeking can be influenced by the marginal costs of all
participants in the emissions market. Third, there are numerous methods used to initially
allocate pollution permits, such as auctions or free allocation based on past emissions. The
use of alternative initial allocation methods has important implications for the creation of
contestable rents and the ability of players to rent seek, which is absent in the analysis of
import quotas.

My contribution is to show—using a political-economy setting that departs from the
standard social-welfare maximizing model—how rents and rent seeking influence choice

Footnote 4 continued

not concerned with uncertainty of control costs nor the revenue-raising capabilities of regulatory regimes,
which is central to the argument about regulatory instrument choice presented in this article. See also
Miyamoto (2014). Lake and Linask (2015) analyze tariffs versus quotas within a Grossman and Helpman
(1994) framework but they abstract from differences in the size of rent-seeking groups as well as the level of
efficiency loss from rent transfer: the key elements of this article.

5 In MacKenzie and Ohndorf (2012) the policy level is exogenously fixed and social welfare is compared
among policies. As such, the MacKenzie and Ohndorf (2012) approach neither investigates the regulator’s
policy choice nor the issue of uncertainty, which is the main objective of this article.

© Very few articles focus on the revenue generation component within this setting (Schéb 1996; Quirion
2004). Quirion (2004) shows that analyzing price regulation versus quantity regulation in a world of
distortonary taxation strengthens the comparative advantage of revenue-raising instruments and then argues
that there is no rationale for implementing non-revenue raising instruments. In contrast, however, the
analysis presented here provides a positive analysis of the regulatory process, where it is shown that it is
entirely possible for a regulator to prefer non-revenue-raising instruments: the key determinants are the
efficiency of rent transfer and the population of rent seekers.
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between price and quantity environmental regulation. The results show that taking political
objectives and political influence into account is central to understanding the choice of
environmental regulatory policy. In particular, a positive analysis is outlined to explain
why political decision makers choose specific environmental policy instruments. The
article also provides insights into the stringency of pollution targets. A perhaps surprising
result is that when the political decision maker is modeled as a politician that maximizes
the gains from rent extraction, the pollution target may be more stringent than the level
chosen by a conventional social welfare maximizing regulator. The political decision
maker may increase the stringency of the pollution target to maximize rent-seeking efforts
from which he or she gains a private payoff through rent extraction. Overall, the article
highlights the importance of rents and rent seeking in explaining the choice of environ-
mental policy instruments and associated pollution targets.

This article is organized as follows. Section 2 describes the basic model. Section 3
describes the contests for rents. Section 4 derives the politically preferred policy choice.
Section 5 compares price regulation with revenue- and non-revenue-raising quantity reg-
ulation. Section 6 provides concluding remarks.

2 The economic environment

Consider an economy with a set of players ¥ = {1,2,.. .,m}.7 Within this population,
pollution is generated by a subset of players ® = {1,2,...,n} C ¥. Group ® can reduce
pollution at a cost of C(g, 0), where g >0 is the choice of pollution abatement and 0 is a
random variable with E[0] =0 and E[0?] = o> Tt is assumed that C'(g,0) >0,
C'(g,0) > 0, and the (marginal) cost is increasing in the level of the random variable 0.
The choice of pollution abatement g provides benefits to the general population ¥ \ ®.*
We denote these aggregate benefits as B(g), where B (¢) > 0 and B" (¢) <0. To ensure the
existence of a single-crossing property between the marginal benefit and marginal cost
curves, we assume B (0) > C'(0,0) and B'(q) <C (g, 0) for a sufficiently large ¢. Finally,
denote g > 0 as the level of initial emissions prior to any adoption of regulation. It follows
that ¢ € [0, g] and g — g is the post-abatement emissions level.

The focus of this article is to investigate how rent seeking—the use of resources to
capture rents generated from the regulatory system—alters the political choice of price and
quantity regulation. To highlight the fundamental differences, this environment is modeled
as a two-stage game. In the first stage, a politician selects a level of pollution regulation
under the presence of uncertainty: either a price level p or quantity restriction ¢ is chosen.
In the second stage, players compete for the rents generated by the adoption of pollution
regulation. Uncertainty over the level of (marginal) costs is resolved after stage one, but
prior to stage two.’

To present players’ rent-capturing activities, the model follows the contest literature
(e.g., Tullock 1980). In a contest, players invest in sunk effort that determines their
probability of winning the rent. Formally, the probability of player i € ‘¥ obtaining the rent
is given by:

7 Players can be interpreted as individuals or special-interest groups.
8 This benefit can also be experienced over the population ¥ without any difference in results.

® This assumption is easily relaxed: if uncertainty is realized after players invest in capturing the rents,
players will rent seek over the expected rents rather than the realized value.

@ Springer



150 Public Choice (2017) 171:145-166

M if max{x;, k_;} >0,
Ki+ K-
pi(Kiv K—i) = 1 (1)
— otherwise,
m
where k; is the level of player i’s effort used to appropriate the rent and x_; = Zj”;l Kj

denotes the sum of efforts from all players excluding player i.'” From (1), player i’s
probability of winning the rent is the ratio of their sunk effort relative to total outlays. Thus
player i’s probability of winning the rent (weakly) increases in their own effort and
(weakly) decreases in rivals’ efforts. We can interpret (1) as player i winning the entire rent
with probability p;(x;, x_;), or, perhaps more realistically, the share of rent attributed to
player i.

The model is solved using the Subgame Perfect Nash equilibrium solution concept, and
thus the analysis begins with stage two.

3 Stage two: distributional rent seeking
3.1 Price regulation

Let p denote the per-unit tax on pollution emissions determined in stage one. For a
realization of the random variable, 6°, let us denote the level of aggregate pollution
abatement by h(p, 90), which is derived from players setting their marginal abatement costs
equal to the tax, C (h(p,0°),0°) =p. Thus the level of emissions is given by
(Lj — h(p, 80)). Therefore the total tax revenue raised from an emissions tax is given by
p X (q — h(p, 00)). Figure 1 provides an illustrative example in which the tax per-unit of
emissions is set to equate the marginal benefits and expected marginal costs; therefore, the
resulting tax revenue for 6° is indicated by the hatched area.

A key argument within this article is that the tax revenue generated may be contested by
rent seekers: players within the economy may invest resources to capture this revenue. As
such, we define the rents generated from price regulation (tax revenue) by:

5p % (g —h(p,0°)). (2)

The parameter 0 is introduced in order to reflect the efficiency of transfers within the
economy. If ¢ € [0, 1) then there is a loss of rent within the economy. For example this
could represent inefficiencies within the bureaucratic system, where revenue is being
appropriated within the regulatory system. Further, it could also be interpreted as a situ-
ation where a proportion (1 — J) of the revenue is earmarked for a specific use and the
remainder ¢ is a contestable component.'' Alternatively, if § > 1 then the generation of
this rent has the potential to be used to provide advantages to some members of the

10 This contest structure is the most commonly used mechanism to investigate rent seeking. An alternative
contest—an all-pay auction—is also a feasible mechanism (Hillman and Samet 1987; Hillman and Riley
1989). Using such a mechanism results in complete rent dissipation on average.

' Under the interpretation of earmarked revenues, it is possible that the process of earmarking incurs
additional rent seeking. This is compatible with the analysis presented here because the important link is the
interaction between players and the politician. In such a case, the politician’s rent being diminished due to
earmarking can be interpreted as additional regulatory or legislative checks and balances. It is unlikely that a
politician has full control over the entire revenue raised, thus, in such a case, we would expect d <1.
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Fig. 1 Tax revenue generated C’ 0
from price regulation for a given $ (C], )
realization of the random variable A
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economy over-and-above the size of the revenue. That is, the rent can be transferred to
respective players as an investment with positive returns. For example, tax and auction
revenue could be used to provide investments in club goods, such as infrastructure
investments, reductions in distortionary taxation, or investments in technology. There
exists anecdotal evidence of this occurring: within the U.S. Regional Greenhouse Gas
Initiative (RGGI) cap-and-trade market, the majority of auction revenue is transferred to
specific players in order to invest in energy efficiency projects that will, over time, provide
positive returns for those respective players.'? From (2), note that the rent (tax revenue) is
likely to be contestable to the whole population ¥ because all players can invest in rent-
capturing resources to obtain the rent from the politician.13 Note, however, that the
framework presented here can also consider cases where the revenue is recycled back to
the population of regulated players @ for 6 € [0, c0) (Gersbach and Requate 2004).
Using (1) and (2), player i’s objective function is given by:

max (i, 13)0p X (§ — h(p, 0°)) = . (3)
This game has a pure-strategy Nash equilibrium. Thus the equilibrium appropriation effort
of player i, is given by:

m—1

.0 = () (a7 0). @

Aggregating over the population P, total appropriation effort is given by:

m—1

Ki5.0) = (" )05 x (g - 5.0, )

12 For a full report on how auction revenue is used as an investment, see https:/www.rggi.org/docs/
ProceedsReport/RGGI_Proceeds_Report_2014.pdf.

'3 Throughout this article players non-cooperatively invest in rent-capturing activities. The framework can
easily be extended to include groups. Either one can interpret each player as a specific lobbying group or one
can enhance the model by allowing for an additional stage where inter-group rent seeking occurs followed
by intra-group rent seeking or sharing of the rent (see, for example, MacKenzie and Ohndorf 2012).
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where subscript T denotes the tax case. Equation (5) shows that aggregate appropriation
activity is increasing in the population W, the value of the rent dp x (q — h(p, 00)), as well
as the level of transfer efficiency J.

3.2 Quantity regulation

Let g denote the level of regulation on pollution emissions derived in stage one, where the
politician sets a limit on emissions within a cap-and-trade market. In particular, an
aggregate pollution cap is chosen and the regulator initially allocates the corresponding
permits to regulated players. The permits are freely tradable and, consequently, the market
clearing price for permits is established. For a realization of the random variable, 0°, the
level of marginal cost (equilibrium permit price) associated with a specific level of pol-
lution abatement target g is given by c (g, 00), and the level of total emissions within the
cap-and-trade market is given by g — g. As the regulator issues tradable permits to regu-
lated players for each unit of emissions, the total value of these permits is given by:

C'(q,0°) x (G~ g)- (6)

This is observed as the hatched area in Fig. 2, where, as an illustrative example, the
quantity regulation is determined by equating marginal benefits and expected marginal
costs.

At this point we have to differentiate between quantity mechanisms that generate
revenue (e.g., permit auctions) and those that do not generate revenue (e.g., freely allocated
pollution permits). Note that, for cap-and-trade markets with auctioned permits, players
receive the total (§ — ¢) permits, but have to pay C (g, 6°) x (g — §) to the politician. Thus
the hatched area in Fig. 2 illustrates the revenue raised by the regulator under a cap-and-
trade scheme with a permit auction. Contrast this with freely allocated pollution permits.
The hatched area in Fig. 2 now illustrates the total value of freely allocated permits and the
potential rent available to the regulated players. Under a system of free permit allocation,
players can realize the value of a permit by polluting more (i.e., using the permit and
reducing abatement costs) or selling the permit at the clearing price to another regulated
player. The free allocation of permits provides an economic rent to the players and,
therefore, an incentive exists to invest in rent-seeking activities in order to capture the
pollution permits.

Fig. 2 Pollution permit value $ C/(q.,O)
under a quantity regulation for a
given realization of the random
variable 0°

C'(4,0°)

C,(q, 00) _________

S]]
S
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Due to these separate initial allocation processes, there exist two major distinctions.
First, the revenue generated from auctioned permits has the potential to be contested by the
entire population '¥. Revenue generated from a permit auction is usually treated like any
other government revenue, such as the tax revenue previously described. Thus the entire
population has the ability to obtain this generated revenue. In contrast, it is frequently the
case that freely allocated pollution permits are contested only by the population of regu-
lated players ®. Indeed quantity regulation in this case only provides a rent to the regulated
players.'* Second, the rents generated from permit auctions may also be affected by the
efficiency of government transfer. As both auction and tax revenues are transferred to the
government, the transfer efficiency is likely to be the same, we focus on the case where ¢ is
identical for a price mechanism and revenue-raising quantity mechanism. ' In contrast, for
freely allocated permits, the creation of a finite amount of permits is transferred directly to
regulated entities, thus 6 = 1.

3.2.1 Revenue-raising quantities

For revenue-raising quantity mechanisms, then, the rent is contestable by the whole
population . Using (1) and (6), player i € ¥ has the expected payoff:

max  p;(;, k-i)0C (§,0°) x (7 — @) — K. (7)
The equilibrium appropriation effort of player i, is given by:

m—1

(@0 = (" 2)oc @) x (@) (®

Aggregating over all the population, total appropriation effort is thus:

m—1

K@) = (" )oc @) x (g~ a), ©)

where subscript A denotes the auctioning of pollution permits. Again we can see that
aggregate appropriation effort is increasing in population, rent, and the efficiency of
transfer.

3.2.2 Non-revenue-raising quantities
For non-revenue-raising quantity regulation, it is likely that only the regulated population

expend resources in order to capture the pollution permit rent. Restricting p;(k;, k_;) in (1)
to the regulated population @, the expected payoff for player i € @ is therefore:

max p;(i;, k-1)C (§,0°) % (G — q) — . (10)

4 Tt is, of course, feasible that non-regulated entities rent seek for quantities, e.g., environmental groups,
but this appears not to be the case. To include such aspects in the analysis, one simply needs to incorporate a
further subgroup of the entire population ¥ into the game.

'S Throughout this analysis administration costs are assumed to be comparable for all mechanisms.
Inclusion of these costs does not alter the results of this article. Note that when ¢ < 1 under price and
revenue-raising quantity regulation, this reflects inherent bureaucratic inefficiencies over and above any
administration costs. Another possible interpretation is that (1 — J) of the rent is earmarked for use and thus
non-contestable. Thus 6 < 1 of the rent is contestable.
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Not only is there a lower level of population incentivized to contest the rent but also 6 = 1,
i.e., there is a direct transfer of permits without efficiency loss. The pure-strategy Nash
equilibrium appropriation effort of player i is given by:

n—1

@) = ()¢ a ) < - (1)

Aggregating over all the population, total appropriation effort is given by:

n—1

k@) = (")) x g a), (12)
where G denotes the free allocation (grandfathering) of pollution permits within a cap-and-
trade market.

Table 1 provides a summary of the components for all instruments. It is likely that for
revenue-raising instruments o € [0,00), whereas for non-revenue-raising quantities
0 =1. A clear separation exists over the composition of rent when either a price or
quantity instrument is chosen. The other remaining difference is the number of players
that contest the rent, which is higher for revenue-raising instruments, m > n. Throughout
the remainder of this article, our focus is on the institutional values presented in Table 1.
Note, however, that additional analysis can be achieved by considering alternative
parameter values.

4 Stage one: politician’s choice of policy level

In stage one the politician decides on the level of regulation. As the main objective of this
article is to investigate how rent-seeking efforts alter the comparison of price regulation
versus quantity regulation, it is paramount to identify potential institutional rent-seeking
environments. There are four main scenarios of importance. First, a politician may be
solely committed to maximizing social welfare and perceive rent-seeking efforts as a loss.
The most likely interpretation is where the rents offered to the politician are illegal and the
acceptance of such rents generates a negative expected gain due to the (high) probability of
being found guilty of corruption. Second, the politician may still be committed to the
maximization of social welfare but may perceive rent seeking as a transfer between players
in the economy and thus not of inherent social loss. Third, the politician may continue to
view the maximization of social welfare as an objective, but also receives a benefit
associated with players’ rent-seeking efforts. In this case, for example, the politician may
place equal weight on the maximization of social welfare and the gains associated with rent

Table 1 Comparison of rents among alternative instruments

Instrument 0 Rent Number of players

Rent properties

Tax (T) d € [0,00) p x (q—h(p,0")) m
Permit auction (4) 0 €[0,00) 8C (4,0°) x (G—q) m
Freely allocated permits (G) o0=1 c(G,0% x (7 — q) n
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extraction. Fourth, the politician may have a sole objective to maximize the gains asso-
ciated with the creation and extraction of rents and simply disregard social welfare. The
assumption that requires the politician to maximize social welfare is unrealistic, yet it does
provide a direct link to the established environmental economics literature as well as
providing a comparison to more realistic scenarios, where the politician aims to maximize
the gains from rent extraction.

Generating this spectrum of environments can easily be achieved by creation of an
institutional parameter u € [0, 1]. The politician places weights on the importance of social
welfare and rent-seeking activity: the politician will place a weight of 1 on social welfare
and a weight of (1 — 2u) on rent-seeking activities. Note that the weight (1 — 2u) is used
to reflect the scenario that the politician can either have positive (< 1/2) or negative
(1 > 1/2) payoffs from rent-seeking activity.'®

Using (5) the politician’s objective function under price regulation is given by

max E[u(B(q(p,0)) = Cla(p.0),0)) + (1 = 21K (p, 0)]. (13)
Using (9), under a revenue-raising quantity mechanism we have:

max E[u(B(g) - C(g,0)) + (1 = 2u)K} (4, 0)], (14)
and finally, using (12), for a non-revenue-raising mechanism, the objective function is
given by:

max E[u(B(g) - C(g,0)) + (1 - 20)K5(q,0)]. (15)
In all types of regulation, if ¢ = O this details a case where the politician’s sole focus is on
maximizing the gains associated with rent extraction. If u = 1/3, there is equal weight
between social welfare and the gains associated with rent-seeking efforts. If u = 1/2, the
politician cares about social welfare but also views rent seeking only as a transfer without
any loss to society. If u = 1, the politician not only cares about social welfare they also
view rent-seeking efforts as socially wasteful.'” For the sake of brevity we focus on the
cases where the politician receives positive payoffs from rent-seeking effort (1 < 1/2) and

relegate the analysis of a general model to the “Appendix”."®

'8 The cost and benefits detailed here are associated only with abatement activity and all other costs are
directed to the net rent-seeking function. The objective function can also be rewritten to balance social
welfare (inclusive of rent-seeking costs) and the advantages to the politician of rent-seeking efforts. Under
price  regulation, for  example, the objective function can be  rewritten as
max, E[N(B(q(ljv 0)) - C(‘I(P 0)’ 0) - K;‘"(Pv 0)) + (1 - ﬂ)K;—(]?, 0)] .

17" As already discussed, & can represent the revenue-recycling effect. To take into account a tax interaction
effect this analysis can follow Quirion (2004) and allow a parameter to alter the slope of the marginal cost
function. In the current context this would simply result in a redefinition of the cost function, without any

significant difference to the results. The approach followed here is similar to the ‘weak double dividend’
(e.g., Goulder 1995; Parry 1995; Goulder et al. 1999).

'8 If the politician receives negative payoffs from rent-seeking efforts similar (but opposite) results are
found. To ensure the existence of a Nash equilibrium, the marginal benefits of pollution reduction are
required to be sufficiently large.
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S Price regulation versus quantity regulation

In this section, price and quantity regulation are compared under alternative institutional
settings. For each institutional setting, we start by investigating how distributional rent
seeking affects the politician’s choice of policy level under alternative mechanisms. Then
the focus moves to the primary goal: to provide a positive analysis that assists in explaining
why certain policies may be chosen over others. More precisely, pairwise comparisons are
provided that detail the politician’s expected payoffs for taxes as well as revenue- and non-
revenue-raising quantity mechanisms. To start, we denote A7y as the relative expected
payoff difference between a tax and a permit auction. Similarly we denote Arg as the
relative expected payoff difference between a tax and grandfathered (freely allocated)
permits. Finally, let us denote Asg as the relative expected payoff difference between
auctioned permits and grandfathered (freely allocated) permits.

Following the literature on price regulation versus quantity regulation, costs are detailed

as
C(g,0) :94+§q2, (16)

where ¢ > 0 is a parameter. The benefits obtained by abatement level g are given by
Blg) =aq — 24", (17)

where a,b > 0 are parameters such that a > 0 and g < § that ensures a single-crossing
property as well as positive marginal benefits. Thus this holds for a sufficiently large a.

5.1 Benchmark

As a starting point—and to provide a benchmark—consider a scenario similar to Weitzman
(1974) in which the politician’s objective is to maximize expected social welfare. Within
the framework presented here, this requires an additional assumption that any rent seeking
is non-wasteful and simply ignored by the politician. Formally, this is modeled by setting
u = 1/2. Beginning with price regulation, substitute & = 1/2, (16), and (17) into (13). The
equilibrium level of price regulation is then:

*_Eac—i—b@ _ac
b+c| b4c

(18)

Thus given the equilibrium price regulation, the level of expected quantity is
Ela(p", 0)]

_a
b+

Substituting (18) into (13) yields the expected net benefit of price regulation:

(ac — (b+c)0)(ac+ (b —c)0) .

E
4c2(b+c)

(20)

Now consider a quantity mechanism. As u = 1/2, it is trivial to show that that there is no
distinction needed between revenue-raising and non-revenue-raising quantities. Thus using
(16) and (17), optimization over (14) and (15) with respect to ¢ and solving yields
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a—10 a
V=g =E|l——| = . 21

4= {b + c} b+c 1)
To focus on interior solutions we assume throughout that the initial level of emissions is
sufficiently large such that g > ﬁ.lg Comparison of (19) and (21) provides the following
proposition.

Proposition 1 Let rent seeking be non-wasteful. If the politician maximizes expected
social welfare then:

Elg(p™,0)] = q) = g5- (22)

Similar to Weitzman (1974), the expected regulation levels are identical. For use later in
the article, let us denote this level of benchmark quantity by ¢". Substituting (21) into (14)
(and 15) yields the expected net benefit from quantity regulation:

E[ | (23)

Subtracting (23) from (20) and taking expectations yields Proposition 2.

Proposition 2 (Weitzman 1974) Let rent seeking be non-wasteful. If the politician
maximizes expected social welfare then:

c—b
Ara = Arg _l=b v )0'2, (24)
c

Ang = 0. (25)

Proposition 2 shows a comparative result to Weitzman (1974): if rent seeking has no
bearing on the politician’s preferred type of regulation, the politician’s relative payoff
differences perfectly align with social welfare.”’ Note that social welfare (B(q) — C(g, 0))
is concave in q and, as such, the politician will prefer a known policy level over an
expected policy level. As can be observed from Proposition 2, the relative payoff differ-
ence between price and quantity regulation depends on the variance of the error term and
the relative slopes of the marginal benefit and cost functions. In particular, when the slope
of the marginal abatement cost function is steeper than the slope of the marginal benefit
function then prices are preferred to quantities (and vice versa). Intuitively, setting a
quantity restriction when the marginal cost function is relatively steep will result in a
significant distortion in the level of marginal costs when the random variable is realized.
Yet if a tax is introduced, this places a limit on the level of marginal abatement costs:
players can then emit pollution by simply paying the tax for every unit of emissions.
Conversely, when the marginal cost function is relatively flat, the implementation of a tax
will result in substantial distortions in the equilibrium pollution abatement g, once the
random variable is realized. In this case, then, setting a quantity regulation will reduce
these distortions by fixing ¢ and improving expected social welfare. Proposition 2 also

19 For an analysis of corner solutions see Goodkind and Coggins (2015).
20 Note that relative difference is half of the Weitzman (1974) result due to u=1/2.
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shows that there is no relative difference between revenue and non-revenue-raising
quantity mechanisms—something implicit within Weitzman (1974). As will be shown later
in the article, however, this result does not hold for alternative—and arguably more
realistic—institutional settings.

5.2 Rent-maximizing politician

It is possible that the politician ignores the costs and benefits of regulation entirely and,
instead, sets regulation solely to maximize the gains from rent extraction. Substituting
=0 into (13), (14), and (15) yields objective functions that aim to maximize the gains
associated with rent seeking. Let us begin with the price mechanism. Optimization of (13)
yields the following expected price regulation

gc + 0
b= [E{qc—i_ } (26)
2
thus we obtain
tlotr,0)) = |70 = @)
q\p = 2 R
Substituting into (13) yields the politician’s expected payoff:
— 1)go(ge + 20
4m

Next consider the two cases for quantity regulation. Under revenue-raising quantity reg-
ulation the optimal policy level is given by

. ge—01 ¢
*—F =1 29
qa |: 2¢ :| 27 ( )
which yields the politician’s expected payoff:

E {(m - l)aigqc + 26)} . (30)

For non-revenue-raising quantity regulation, the optimal policy level is identical to (29).
The politician’s expected payoff is therefore:

. {(n ~ Dg(ge + 29)} |

4n (31)

Comparison of (27) and (29) reveals E[g(p*, 8)] = ¢} = g§;, where the equilibrium level of
g chosen by the politician is exactly half of the initial emissions level.?! Note that even

21" As can be observed, the equilibrium policy level is independent of § as the politician’s objective is to
maximize the gains associated with rent creation and extraction for a given d. A variation in ¢ will simply
alter the level of rent seeking but not affect the optimal policy level that maximizes the gains associated with
rent-seeking efforts. As we will show in the next subsection, é does become influential in determining the
policy level when a politician aims to maximize both social welfare and the gains associated with rent
creation and extraction. A choice of policy level will simultaneously alter rent-seeking efforts and social
welfare: J has a scaling effect on the relative impact of rent-seeking effort and, therefore, the politician’s
choice of policy level is now dependent on 0.
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though the politician aims to maximize the gains associated with rent-seeking efforts, it
chooses a non-zero policy level for all possible regulatory instruments. Pairwise com-
parison of (21) with (27) and (29) shows that there exists ambiguity over whether the rent-
maximizing politician’s target is more or less stringent compared to the Weitzman (1974)
benchmark determined in Proposition 1. Two possible cases exist: (i) § > g > = qv,
where a rent-maximizing politician selects a more stringent target and (ii)
qa>45= q" > g, where the Weitzman benchmark results in a more stringent target. It is
clear that if the initial emissions g are relatively large then the rent-maximizing politician
will generate stricter externality controls. Intuitively, this can be explained by use of
Figs. 1 and 2. For the benchmark model, the policy level is independent of g: from Figs. 1
and 2, an increase in g does not alter the intersection of expected marginal costs and
marginal benefits and thus the policy level remains unchanged. Contrast this result to a
case where there exists a rent-maximizing politician. Figures 1 and 2 show that as ¢
increases, the rent (denoted by the hatched area) increases in size, for a given level of
regulation. This, in turn, generates an incentive for the politician to impose stricter regu-
lation (thus also increasing the height of the hatched rent area). This is surprising: one may
expect that a politician who focuses on maximizing social welfare may have an incentive
to choose a more stringent target, but this need not be the case. Relating this to carbon
dioxide regulation suggests that if g is sufficiently large then a rent-maximizing politician
may introduce an emissions tax or cap-and-trade scheme that would be more stringent than
if the rent-seeking efforts were ignored.

Pairwise comparisons of (28), (30), and (31), yields the following proposition.

Proposition 3 If the politician maximizes the gains associated with rent-seeking effort
then:

Ay =0, (32)

Are = As — cq*(m(1 + ZE;;— 1)) — nd) . (33)

Proposition 3 shows that A7y = 0, i.e., the politician is indifferent between taxes and
permit auctions and is not affected by the relative slopes of the benefit and cost functions: a
clear contrast to Weitzman (1974). Thus, independent of the benefits and costs associated
with externality control, the politician is indifferent between taxes and permit auctions. The
relative payoff difference between freely allocated permits and the remaining mechanisms
is ambiguous, which is illustrated within the following corollary.

Corollary 1

—1
ATGZAAG§0<:>5§L(” ). (34)

(m—1) n

Corollary 1 shows that the politician’s preference over a revenue-raising versus non-
revenue-raising instrument is dependent on the revenue transfer efficiency ¢ and the size of

m__(n—1)
(m—1)

size of the group contesting the rents. Thus larger groups will result in increased aggregate

rent-seeking groups . First, recall that aggregate rent seeking increases with the
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rent seeking. Second, note that aggregate rent seeking decreases as the rent size decreases.
Using these two findings, Corollary 1 is relatively intuitive. Let us first set 6 = 1 so that
there exists no influence from changes in the size of the rent. In such a case it is clear that

m__(n—1)
(m—1) n

that auctions and taxes generate larger levels of rent-seeking effort and are, therefore,
preferred over grandfathered permits. But as the efficiency of rent transfer starts to
decrease (i.e., 0 decreases below 1) the group-size effect becomes less relevant. For a

<1, and, given the group size is larger for revenue-raising regulation, it follows

sufficiently inefficient rent transfer such that (m’f 0 (";1) > 0, the large rent-seeking group is
actually contesting a relatively smaller rent. In this case, then, the optimal policy is to
choose grandfathered permits as this generates larger gains associated with rent-seeking
effort. Thus in contrast to the conventional regulator in Weitzman (1974), a clear dis-

tinction arises over the ability of regulatory instruments to raise revenue (or not).
5.3 Equal weight between social welfare and rent-seeking efforts

Let us now analyze a more general institutional environment, where a politician not only
cares about social welfare but also cares about receiving gains from rent creation and
extraction. To showcase how the introduction of rent-seeking efforts alters the comparison
of alternative regulation types, let us assume that the politician places an equal weight on
social welfare and the gains associated with rent-seeking efforts. In such a case u = 1/3.
Let us begin with price regulation. Substituting 4 = 1/3 into (13) and optimizing yields:

acm + b0m + c25(m — 1)g@ + c60(m — 1)
m(b+c¢)+2cé(m—1) ’

p'=E (35)

which yields

(b+c)g" +92mNes
(b+c)+2" Vs

Ela(p", 0)] = (36)

where g% is the benchmark target level determined in (19). For permit auctions, opti-
mization of (14) yields:

(b+c)g" +g2—(mn:])cé

s = 37
A o) +2les G7)
and for the freely allocated permits it follows that:
b+ W 22(”*1)
PR Al s e (38)

(b+c)+20D¢

First note that, observing (36), (37), and (38), we see that the equilibrium target is a
composite of both the benchmark target g% and the level determined under a rent-maxi-
mizing politician g. Thus the relative positions of these two extreme policy levels will
determine how a politician selects their policy. Second, under taxes and permit auctions,
the policy level chosen is now dependent on the efficiency of rent transfer J. As the
politician is maximizing a weighted sum of both expected social welfare and gains from
rent extraction, 0 acts as a scaling factor that changes the relative impact of rent-seeking
efforts on the politician’s expected payoff; thus, the efficiency of rent transfer now has a
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direct impact on the politician’s choice of policy level. Third, equilibrium policy levels are
now asymmetric such that E[g(p*, 0)] = ¢} # ¢i;- By comparing the benchmark quantity
level ¢% in (21) with (36), (37), and (38), we can observe how the existence of rent seeking
alters the politician’s chosen equilibrium policy levels.

Proposition 4 Let the politician have equal weight between social welfare and the gains
associated with rent-seeking efforts.

o If§<4¢" then g3 = Elg(p*,0)] s q" and g5=q".

* x _ c(m(=dn+n—1)+0n)(g(b+c)—2a) _  « *
® 4= = (bn+c(3n72))(m(b+c)?%206(m7l)) =qg — Elg(p", 0)].

The first component of Proposition 4 shows that the policy levels chosen by the
politician—when there exists a rent-seeking influence—are distinct from the conventional
Weitzman (1974) result. Indeed, it is clear that if there exists a difference between qW and %
then the politician will choose a policy level that will not maximize expected social
welfare. If ‘—27 > ¢", Proposition 4 shows that the expected policy level chosen by the
politician is, in fact, more stringent than that proposed under Weitzman (1974). This is a
direct result of the influence of rent seeking, which pulls the stringency level above that of
the benchmark model. From Subsection 5.2, where the politician focuses only on maxi-
mizing the rent, it was observed that for a sufficiently large g the policy level is more
stringent. The same occurs here: for cases where the initial level of emissions is relatively
large (i.e., large @), a politician will choose a relatively more stringent policy compared to
one that only maximizes expected social welfare. For cases where g < ¢", the rent-seeking
components have a lower level of stringency and the politician’s choice of policy level is
reduced.

The second component of Proposition 4 compares the relative policy level for the three
alternative instruments. Note that there exists a difference between revenue- and non-
revenue-raising instruments. Crucially there are two influences on this outcome: (i) the

difference between qW and g, and (ii) 0 S (m’fl) @, the relationship between the revenue

transfer efficiency and the size of rent-seeking groups within the economy. Suppose

g >qgV. I o< (>) =) (";l) then it is clear that free permit allocation generates a more

(less) stringent target than auctioned permits and taxes. For the case ‘57 < q", the results are
reversed.

We now consider the expected differences in the politician’s payoff under alternative
regulatory instruments. Substituting (35), (37) and (38) into (13), (14), and (15), respec-
tively, yields:

Proposition 5 If the politician has an equal weight between social welfare and the gains
associated with rent-seeking efforts then:

—-b
an=CDe, (39)
c—b
Arg = %02 +A, (40)
Asg = A, (41)
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where

6

_1 (am + cd(m — 1)9)* (an +c(n—1)g)°
A <m(m(b +c)+2c6(m—1)) n(bn+c(3n— 2))> (42)

Proposition 5 combines the key components from Proposition 2 and 3. Note that
%02 reflects the relative difference in expected social welfare and A represents a rent-
seeking effect. It is clear to see that if ¢ > b and A > 0 then the politician’s preferred
regulatory instrument is a tax. Similarly, if ¢c<b and A <0 then freely allocated permits
would be the most preferred regulatory instrument. We now take a closer look at these
relative pairwise comparisons.

The term Ar,, which compares taxes and auctions, is only influenced by differences in
the relative expected social welfare, similar to Weitzman (1974). The term Az is com-
posed of two effects: the difference in relative expected social welfare and the influence
from rent seeking, A. Both effects can either be complementary or result in opposing
effects. To see this, observe that the term A has ambiguous sign but is monotonically
increasing in 0. Rearranging A shows all terms are positive except the ambiguous term
(m(1 +n(6 — 1)) — nd).>* Using this we can then find a similar result to that of Corol-
lary 1, where if the politician now has an equal weight between social welfare and the
gains from rent-seeking efforts, then

m (n—1)
(m—1) n

Thus when there exists sufficiently large rent transfer inefficiencies, there will be a rent-
seeking effect such that A <0 that results in a negative impact on Arzg.

Finally, A4 is solely influenced by the rent-seeking environment A. In other words, the
sign of A4g is completely independent of uncertainty: although uncertainty continues to
play a role in differences between price regulation and quantity regulation, it is no longer
important when we compare two alternative quantity mechanisms. As can be seen from
(43), whether auctions are preferred over free allocation, Asg, depends crucially on : the
degree of transfer efficiency with the economy. The politician’s choice between quantity
mechanisms depends on which one generates the largest rent: auctions if J is sufficiently
large, or grandfathered permits if ¢ is sufficiently small. This may provide an additional
theoretical explanation as to why we observe mainly non-revenue-raising quantity regu-
lation, especially at the implementation stage of regulation. Once the politician is modeled
realistically—in that there is a private payoff from rent seeking and sufficiently large
transfer inefficiencies exist—then it is clear that a preference may be directed towards
freely allocated permits.

AsSO<=sis

(43)

22 In particular, A can be arranged so that:

c(m(1 4 n(8 — 1)) — nd)(2amn(q(b + c) — a) + g*c(m(n — 1)(b + ¢) + (m — 1)(bn + (3n — 2)c)d))
6mn(bn + (3n — 2)c)(m(b + ¢) + 2(m — 1)cd) ’

A=
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6 Concluding remarks

This article has investigated price regulation versus quantity regulation when environ-
mental regulation gives rise to contestable rents. A two-stage process is described whereby,
in the first stage, a politician selects a policy level for either a price or quantity, as in
Weitzman (1974). In the second stage, players invest in rent-capturing activities in order to
obtain the rents. The objective has been to provide a tractable positive analysis of how and
why a politician selects environmental regulatory instruments under political influence and
to compare this with the traditional (normative) approach.

A key distinction between the different types of regulation is the way in which rents
diffuse within the economy. First, non-revenue-raising quantity mechanisms—such as
freely allocated permits—give rise to rents that are usually only contested by the reg-
ulated entities. In contrast, rents deriving from revenue-raising mechanisms (both price
and quantity regulation) are usually collected by the government and rent seeking can
occur from the whole economy. Second, for instruments that give rise to revenues there
may exist transfer inefficiencies, such as bureaucratic friction or a priori earmarking,
where the size of rents are reduced. Additionally, the revenue may, through an invest-
ment process, result in rents that generate value over-and-above the initial revenue
raised.

I have provided pairwise comparisons between price regulation and quantity regulation.
This has been achieved under a number of institutional environments that reflect realistic
bureaucratic scenarios. For example, one such scenario occurs where the politician’s
preferences equally weigh social welfare and the gains from rent extraction. Alternatively,
and more realistically, other cases exist where the politician maximizes rent-creation and
extracting activities and entirely neglects social welfare. It has been observed—indepen-
dently of the institutional environment analyzed—that a distinction exists between price
regulation, revenue-raising quantity regulation, and non-revenue-raising quantity regula-
tion. I have shown that a politician’s preference for a specific environmental policy
instrument will vary depending on (i) the efficiency of rent transfer, (ii) the size of rent-
seeking groups within the economy, and (iii) the relative slopes of the marginal cost and
benefit functions.

In general, we would expect efficiency losses to occur from transferring rents, which
diminishes the size of the potential rent and the associated rent seeking. The size of rent-
seeking groups within the economy may also be pivotal. As can be seen from the
analysis, the population of rent seekers may influence both the equilibrium level of
policy as well as the politician’s preference ranking. Importantly, it is the relative dif-
ference in the number of rent seekers between the industry and the wider economy that
plays a role within many of the institutional environments that are analyzed here. The
analysis also shows that the relative slopes of the marginal cost and benefit curves
continue to play an important role as long as the politician has a preference for social
welfare; otherwise, the traditional analysis on price regulation versus quantity regulation
breaks down and the politician’s preference depends solely on the efficiency of rent
transfer and size of rent-seeking groups.
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Appendix: a generalized model

Let 1 € [0, 1/2]. Substituting p into (13), (14), and (15) yields the following policy targets:
y . co(2u—1)(m —1)q — aum

Ela(p",0)] = a7 = c(25(2(uﬁi 1)(2;5 ) Zm)ﬂ— pbm’

. clu—1)n—1)7—am

G e(2(1—2p) + (3u—2)n) — pbn’

. co(2u—1)(m —1)g — aum

4 c(26Q2u—1)(m — 1) — pm) — pbm’

Q

Using these policy targets and providing pairwise comparisons between regulatory
instruments yields the following comparisons:

c—b) ,
ATA:7‘7 K,
(c=b) ,
ATG: 202 O-.L"_'_Fv

AAG:ra

2

aum~+cog(1-2p)(m—1 apn+cg(1-2p) (n—1))? . .
2m(;5ml;1+c(2(;1(<1725))((m71))~)kum)) + 2n(c((2ﬂ(1723t()+(3i)7(2)n))7)unb)' This shows that the dif-

ferences between quantity mechanisms continues to depend on the number of rent seekers
and the level of efficiency transfer loss.

where I' =
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