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1 Introduction

Continued R&D and adoption of cleaner technologies are key requirements for sus-
tainable development in the long run. Nevertheless, society will not benefit much
from technological progress if the policy architecture is not flexible enough to allow
for updating of environmental targets when cleaner technologies become available
[1]. Since the choice of policy instrument influences firms’ decision to adopt new
technologies that reduce abatement costs and the environmental policy targets are
conditioned on industry-wide aggregate abatement costs [2], the incentives to adopt
new technology provided by different policies have important implications with re-
spect to the need for policy adjustment. In this paper we analyze the effects of the
choice of price (taxes) versus quantity (tradable permits) instruments on the optimal
policy response to technological change. It is shown that the social losses of allowing
for an inefficient level of emissions as well as the decision to adjust the stringency of
environmental policies depend not only on the policy instrument in place but also on
transactional and/or political adjustments costs.

There are many studies analyzing the links between environmental policy and

! However, to our knowledge, the effect of the choice of policy

technology adoption.
instruments on the policy response to technology adoption has not yet been directly
addressed. Most studies model the regulation-investment game as a two-stage game,

where the regulator is assumed to either act myopically (e.g., [7], [14], and [11]) or

1See [18] for a review of the literature on incentives provided by environmental policy instruments
for adoption of advanced abatement technology.
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engage in ex-ante or ex-post regulation (e.g., [3], [12], [8], and [17]). The incentives
provided by price (taxes) and quantity (tradable permits) policies are then compared.
If the regulator makes long-term commitments to policy levels and does not adjust
the level of the policy in response to arrival of new technology, taxes provide stronger
incentives for firms to adopt new technologies than do permits. Instead, if the reg-
ulator anticipates new technologies and adjusts the policy levels, taxes and permits
will induce first-best outcomes if firms move first, whereas only permits will induce
the first-best outcome if the regulator moves first ([17]).

In practice, transactional and political costs may prevent or delay the regulator
from implementing her preferred policy or updating such policies in response to new
market conditions ([4], [15], [9], [6], and [13]). Transactional and administrative
adjustment costs arise since contracts are costly to write and enforce. Policy updating
might require costly studies and /or much time spent instructing firms and monitoring
and enforcement officers. Political costs of adjustment arise from contrasting the
preferences of environmentalists and industry when these groups try to influence the
policy outcome through lobbying.

The regulator may therefore respond to the advent of the new technology after
a certain (endogenously given) lapse of time and/or adjusting the policy to a low
extent. Thus, the links between policy adjustments and technology adoption seem to
be two-directional: (1) costly policy adjustment might influence the decision to adjust
policy intruments and/or the level of the adjusted policies, which influences firms’
incentives to further technology adoption in the industry, and (2) the availability of a
new technology that reduces abatement costs might influence the regulator’s decision
to adjust the policy level.

The aim of this paper is to compare emission taxes and tradable permits in terms of
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these links. We develop a model where the regulator maximizes social welfare subject
to transactional and/or political costs that may prevent updating of environmental
targets. Between policy reviews, firms face two decisions: the choice of abatement
level and the choice of adopting a new technology that reduces the costs of compliance
with environmental regulation. The latter takes the form of either emission taxes
or auctioned tradable permits. We characterize firms’ solutions and the resulting
dilemmas for the regulator.

As soon as some firms (having the lowest investment cost) begin adopting the new
technology, the stringency of the policy (which is based on the aggregate abatement
costs corresponding to the current abatement technology) is no longer efficient. The
regulator must now decide whether to adjust the policy, and if so by how much, taking
into account (i) the lower aggregate abatement cost, (ii) the social losses of allowing
for an inefficient level of emissions, (iii) the policy adjustment costs, and (iv) the
policy effects on further adoption among firms. We identify the magnitude of these
pros and cons as well as the thresholds at which the policy adjustment costs outweigh
the welfare gain under taxes and permits.

We conclude that if a policy update implies fixed transactional costs, the regulator
will be more prone to adjust the environmental target under emission taxes than
under auctioned permits. The result is explained by inefficient investment behavior
under taxes; firms overinvest since the tax is set at a more demanding level and the
regulator can induce larger welfare gains by adjusting the tax level and hence influence
investment incentives.

Also in the case of political costs, the regulator is more prone to adjust the en-
vironmental target under emission taxes than under permits. However, in this case,

the result is explained by the fact that the cap on emissions becomes more stringent
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as aggregate abatement costs are reduced while the optimal tax becomes more lax.
In the presence of powerful lobbying by industry that can skew the policy adjust-
ment process to benefit its economic interests, the reduced stringency of taxes makes
adjustment less costly and more likely, while the reverse holds in the case of the
emissions cap.

Our model is simplified in a number of aspects to keep the analysis tractable.
For example, we analyze a flow rather than a stock pollutant. Also, we assume an
industry comprising a continuum of firms. Therefore, single firms cannot influence the
level of the policy through their adoption decisions. Finally, we focus on a discrete
technological improvement and a once and for all policy adjustment. In spite of
these simplifications, the analysis provides a useful starting point for assessing the
economic incentives for updating environmental policies in response to technology
adoption under different environmental policies.

The paper is organized as follows. The next section introduces the technology
adoption model. Section 3 analyzes the effects of introducing policy adjustment costs.
Section 4 compares the effects of policy adjustment on welfare and derive propositions
about the optimal timing of policy adjustments under taxes and tradable permits.

Section 5 concludes the paper.

2 The Model

Consider a competitive industry consisting of a continuum of firms of mass 1. Let
Q be the aggregate level of abatement in the industry and ¢; € [0, 1] abatement in a
single firm ¢. Emissions from each firm is 1 — ¢;; i.e., without any abatement, each

firm emits one unit of a homogeneous pollutant. Before the new technology becomes



2 THE MODEL 6

available, firms’ abatement cost functions are homogeneous® with total abatement
costs equal to:

Fgi+cqg F >0c>0 Vi (1)

Firms are subject to the regulator’s policy instrument, which could take the form of
Pigovian taxes or auctioned tradable permits. Each firm selects a level of abatement
to minimize the sum of abatement costs and payments for non-reduced emissions

according to the following problem:
min p; = {Fqi+cqi2+x(1—qi)} , (2)
ai

where = denotes the “equilibrium permit price” of emissions and the last term in (2)
is payments for non-reduced emissions (1 — ¢;). Therefore, the first-order condition

(FOC) for the optimal level of abatement is given by:
F+2cq; =2 Vi (3)

That is, firms reduce emissions until the marginal abatement cost equals the price of
emissions.

Let us now consider the optimal level of the regulation in place before the arrival
of the new technology. The regulator’s social welfare W equals abatement benefit

less abatement costs, adoption costs, and the cost of adjusting the policy. Let us

2To keep the analysis mathematically tractable and simple, we assume that firms are homogeneous
in terms of initial abatement costs. Nevertheless, our results still hold in the case of heterogeneous
abatement. For example, following [5], we could have assumed that firms current abatement costs
are heterogeneous and that firms can be ordered according to their adoption savings from the firm
with the highest to the firm with the lowest current abatement cost. Therefore, the arbitrage
condition that states that for the marginal adopter the adoption savings offsets the adoption costs
still holds. In such a setting, and as shown later, adopters will increase their abatement effort due
to the availability of the new technology and will reduce their demands for emissions.
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assume that the total abatement benefit function is given by B(Q), with B'(Q) > 0
and B”(Q) < 0. Then, given (1), the aggregate abatement cost corresponding to the
current abatement technology is given by C(Q) = F Q + cQ?, and social welfare is
given by:

W =B(Q)—FQ—cQ” (4)

Differentiating (4) with respect to @), we obtain the optimal aggregate level of abate-
ment in place before the arrival of the new technology:

__ B@y)-F

QO 2¢ ’ (5)

where Q, > 0. From (3) and (5) follows that the optimal tax 7 required to induce

such a level of abatement is given by the marginal damage:
To = B/(@o)- (6)

By analogy, the permit price that clears the market before the arrival of the new
technology is given by:

po = B'(Qy). (7)

The optimal cap on emissions € is given by [1 — @0}. Note that the permit price is
a positive function of the stringency of the cap on emissions. The more stringent the

cap, due to a greater marginal benefit in (7), the higher the equilibrium permit price

Po-
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2.1 Rate of Adoption with Different Policy Instruments

When the new technology becomes available, each firm independently decides whether
to invest in and install the new technology. Adopting the new technology requires a
fixed investment cost k; for firm 4, where k; ~ U(k, k)3, and shifts the firm’s abatement
cost function in (1) downwards by F ¢;. Hence, the new abatement cost function for
adopting firms becomes cq?. Let up; and pa; denote firm i’s total costs before and
after technological adoption, respectively, such that the cost saving from adopting is
ei — fa;- Any firm whose cost saving offsets its adoption cost will adopt the new
technology. In the continuum of firms, the marginal adopter is then identified by the
arbitrage condition:

UNA — HaAi = ];\z € [k, k|, (8)

i.e., the total cost saving of adopt (A) compared to no-adopt (NA) at least outweighs
the adoption cost for adopters. Hence, the rate of firms A € [0, 1] adopting the new

technology is defined by the integral:

%

7 R o z_k
A = / f(kz)dk = F(kl) = F(,UNAi _ NAi) _ UNA - A , (9)
k

k—k

k
= Y(pnai — pai) — ﬁ € [0, 1].

where the RHS follows from the definition of the uniform cumulative distribution to

ki ~ Ul(k, k) and ¢ = E%k < 1. For simplicity, we assume that E%k ~ 0.

3The assumption that adoption costs differ among firms is not new in the literature analyzing
the effects of the choice of policy instruments on the rate of adoption of new technologies. See for
example [16]. On the other hand, [19] point out that although a majority of the theoretical and
empirical literature on technological adoption concentrates on the demand side alone, supply-side
forces might be very important in explaining patterns of adoption in practice. Thus, for example,
costs of acquiring new technology might vary among firms due to firm characteristics - e.g., location
or output, or to competition among suppliers of capital goods.
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Note that the rate of adoption A € [0, 1] is endogenous to the policymaker’s choice
of policy instrument, the stringency of the environmental policy, and the firms’ own
optimal responses to the choice of policy instrument and its stringency. Hence, the
rate of adoption, which by (9) is a fraction of the cost saving from adoption Ay, is:

A=YAp; =4 |min pya; — min g | (10)

dN Ai qAi

where the RHS is the marginal adopter’s optimization problems without and with

adoption of technology:

(IHIEENNAZ' = {Favai+cqion +2(1 —qva)}, (11)
rgljnMAi = {quu + (1~ qa)}- (12)

It is sufficient to keep track of the marginal adopter’s optimal choices of abatement
in order to derive the rate of adoption. Thus, the subscript ¢ is hereinafter omitted.

The first-order conditions (FOC) of (11) and (12) are then:

F +2cqya = =, (13)

24 = . (14)

That is, firms reduce emissions until the marginal abatement cost equals the price of
emissions, and adopters’ levels of abatement are increased due to the availability of
the new technology.

If the policymaker chooses regulation by a tax (7'), the “price” x of emissions

represents the tax 7. Substituting 7 in (13) and (14), the rate of adoption in (10) is
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given by:

T — AT —op | L _
)\m — ¢A#m — ¢F |:2C 4C:| m F7 E> (15)

where m refers to the policy adjustment cost scenario that corresponds to the two
different structures: fixed transactional adjustment cost (F') and endogenous political
adjustment cost (£), which will be discussed in Section 3. Note that the rate of
adoption depends positively on the stringency of the tax policy 7,,, and it is positive
if 7,, > F /2. The larger the emission tax, the larger the rate of adoption.

If the industry instead is regulated by auctioned permits (P), the “price” of emis-
sions represents the endogenous equilibrium market price p. Substituting p into (13)

and (14), the rate of adoption in (10) is given by:

P(Qn) _ 5] m=F E. (16)

A=Al =
m = VA, wF[QC 1

Market clearing on the permit market requires that the policy-prescribed level Q,,

equals aggregate demand by adopting and non-adopting firms:

Q= Aoqa(p) + [1 = Al Jana(p). (17)

Substituting (16) into (17) and solving for the price function, adjusted for the diffusion

of the new technology in the industry, yield:

p(Q,,) = aQ,, + b, (18)

where a = [%] and f = [i’z fr;f?j} Still, the endogenous permit price is a

positive function of the stringency of the cap on emissions @),,.
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As discussed in the introduction, several researchers have found that the incentive
to adopt new technologies is greater under taxes than under tradable permits when
the regulator is myopic and she does not adjust the level of the policy in response to
the advent of the new technology. The superiority of taxes is due to the fact that
the emissions price is fixed under the tax regime while it falls under the tradable
permit regime as the cost-reducing technology diffuses into the industry. This creates
a wedge between the two instruments and between the rates of adoption they induce.
Indeed, substituting the cap (5) into (18) yields the equilibrium permit price that
would hold if the stringency of the cap on emissions is not adjusted:

— 4eB(Qy) +yF?
p(QO) = C4C(+02)1pf—2 .

(19)

Note that p(Q,) in equation (19) is smaller than 7y if p(Q,) > F /2; that is, p(Q,) <

70 if AL > 0. On the other hand, QI > Q,.

3 Policy Adjustment Subject to Costs

After the arrival of the new technology, adopting firms will adjust the abatement
level and the regulator should increase the policy stringency for the policy to re-
main efficient. However, in practice, there are several types of constraints, such as
transactional, administrative, and political constraints, characterizing the regulatory
process and preventing the regulator from implementing or updating policies [13].

For example, policy updating might require costly studies and/or much time spent

4The aggregate level of abatement @) can be written as Q = ax — 3, where x denotes the price
of emissions, a = [%} and g = [iﬁj;fﬁ;} Since 79 > p(Q,), it is straightforward that
Q4 > Qo-
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instructing firms and monitoring and enforcement officers. Regulators might also be
constrained by codes, administrative procedures, and laws that must be changed in
order to update policies. All together, these costs incur a fixed cost on adjusting the
policy level.

Another important constraint is lobbying by those who are affected by the exter-
nality and those who are subject to the policy instruments. Environmentalists lobby
for policies that lower emissions while firms seek to minimize the costs of compliance
(see [4], [15], and [6]). Lobbying might affect the costs of adjusting the policy and
therefore the extent of the policy adjustment when the regulator seeks a policy that
minimizes opposition (or maximizes political support in the form of votes or campaign
contributions; e.g.,[15], [9] ,and [6]).° If she reduces the stringency of the policy, she
minimizes the opposition (or gains political support) from firms, but loses support
from environmentalists. The reverse will hold in the case of increased stringency.
Therefore, the regulator faces a trade-off. If both environmentalists and industry
have the power to skew the policy adjustment process, the final cost of adjustment
and policy outcome will depend on the relative political lobbying power of each group.

In this section, we analyze how a policy adjustment affects the rate of adoption
under taxes and permits under two exclusive and different cost structures and two
different scenarios in each case. We consider the case of an exogenous and fixed trans-
actional cost zrp > 0 and an endogenous and asymmetric political cost of adjustment

2p(Qr — Qo) > 0 that depends on the increased (decreased) stringency of the policy

SEnvironmentalists and firms might prefer different types of instruments. For example, environ-
mentalists might prefer command and control policies instead of market-based approaches while the
reverse holds for firms. However, since we focus on market-based approaches, our analysis omits
such differences.
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according to the functions:

01(Qe — Qo) > 0if Qg — Qo >0
25(Qp — Qo) = ; (20)

02(Qp — Qo) > 0if Qg — Qo <0

where ¢} (Qg — Qo) > 0, v(Qr — Qo) > 0, ¢} (Qp — Qo) > 0, and ¢, (Qr — Qo) > 0.
We consider two cases. The first case is when firms exercise a dominant pressure
on policy by spending large amounts of money to skew the policy-making processes
to benefit their economic interests. The cost of increased policy stringency is then
larger than the cost of reducing it, i.e., ¢1(Qr — Qo) > p2(Qr — Qo). Secondly,
when environmentalists exercise a dominant pressure on the regulator to increase the
stringency of environmental policies, we have ¢1(Qr — Qo) < p2(Qr — Qo).

Let Zp and Zp denote the thresholds at which the adjustment costs outweigh the
welfare gain of policy adjustment. In Section 4 we will identify these endogenous
thresholds under taxes and permits, respectively. For the moment, let us say that
if the adjustment costs are major (i.e., zp > Zp and zg > Zg), the policy level

will remain as before the arrival of the new technology; that is, 7y = Bg(Q,) and

o 4¢Bo (Q, 3
p(Qo) = ol

teraorr — < To- As mentioned previously, in such a case, taxes induce

a larger rate of adoption than do auctioned permits, as well as a higher level of
abatement.

On the other hand, if the adjustment costs are minor (i.e., zr < Zp and zg < Zg),
the policy level will be adjusted.

The social welfare, when a fraction A of firms have adopted the new technology

and when the adjustment of the policy incurs fixed transactional costs zp and political
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costs zp, is given by:®

W = Bmga+[1 = \n]qna) — Amcd (21)
2

— 1= Al [eqia + Fava] — 5

—2p — 25(Am@a + [1 — Al gva — Qo)

In the following two sections, we calculate the level of the policy that maximizes social
welfare in equation (21) given the two cost-exclusive scenarios: fixed transactional cost
(F) zrp < Zp and zp = 0 and endogenous political costs that vary with the extent of
policy adjustment zg < Zg and zp = 0 in (21). We also compare the rates of adoption

under taxes and permits in these cases.

3.1 Minor Fixed Transactional Adjustment Costs

Substituting the optimal level of abatement by non-adopters (13) and adopters (14)
and the rate of adoption with the tax (15) into the welfare function (21), differen-
tiating with respect to 7, and rearranging yields the optimal level of the tax (see

Appendix A.1.1.):

[4c +2¢F )| B'(QF) — F* [ — 7]
de + 2902 F 2

Thus, in response to adoption of the new technology by a fraction AL of firms, the
regulator sets the emission tax 7.

The optimal aggregate abatement under a permit regime is obtained by substitut-

6The aggregate investment cost function % in (21) follows from k; ~ U (k, k).
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ing the optimal level of abatement by non-adopters (13) and adopters (14) and the
rate of adoption with permits (15) into the welfare function (21) and differentiating
with respect to aggregate abatement (see Appendix A.1.2.):

[de+20F % B'(Qp) — F* [ — 9% B

@r = alde + 242 F 2] o (23)

Substituting (23) into equation (18), we obtain the equilibrium permit price after the

policy adjustment:

~y_ [4e+ 202 B'(Qp) — F*[¢ — 7]
p(QF) = de+ 22f 2

. (24)

Thus, the emission tax and the permit price coincide once the policy is adjusted.
Let us start with two straightforward results, i.e., when the costs are minor and

do not prevent a policy level adjustment.

Proposition 1 If the abatement benefit function is concave, the adjusted tax Tp s
lower than 9. On the other hand, the permit price that emerges after the cap on

emissions is adjusted, p(Qr) coincides with the tax Tr and is lower than p(Q,).
Proof. See Appendix A.2. m

Proposition 2 When the fixed transactional adjustment cost is minor, i.e., it does
not offset the gain of adjusting the policy, the requlator adjusts the level of the policy
instruments and the rate of adoption under emission tazes is the same as that under

auctioned permits.

Proof. Since the emission tax and the permit price after the policy adjustment
coincide, it is straightforward to state that taxes induce the same rate of adoption as

auctioned permits. m
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In line with the literature (see [12] and [17]), these results indicate that the emission
tax cannot induce too little technological change but can induce too much. This
problem arises from the fact that the tax does not discriminate across units of abate-
ment according to the benefit they produce, but is set equal to the benefit caused by
the marginal unit of abatement, and this tax rate is applied to every unit of abate-
ment. This means that when the abatement benefit function is strictly concave, the
total tax payment exceeds the total benefit achieved. In assessing the private net
profit of adopting a cleaner technology, the single firm thinks in terms of reduced
tax payments. Yet what matters from a social perspective is the increased welfare
due to increased abatement. Since the reduction in tax payments exceeds the abate-
ment benefits, firms’ incentive is distorted in favor of adoption of cleaner technology.
The optimal policy response implies a reduction in the tax level such that social and
private adoption benefits are in line.

In the case of permits, if the regulator does not adjust the supply of permits,
the private net profit to any firm from adopting the new technology is decreasing in
the number of firms using that technology, and this in turn allows an equilibrium to
exist in which some firms adopt while others find it unprofitable to do so. Hence,
by reducing the supply of permits, the regulator stimulates further adoption among
firms.

Propositions 1 and 2 imply that the adjustment will lead to a reduced price of
emissions both under taxes and under permits. On the other hand, the optimal level of
abatement is increased under permits and reduced under taxes, although in both cases
it is higher than the initial level of abatement @,. Hence, there is an asymmetry in the
way the optimal stringency of price and quantity policies evolves due to technological

change; technological improvement implies more demanding caps on emissions and



3 POLICY ADJUSTMENT SUBJECT TO COSTS 17

reduced emissions prices. As we describe in Section 3.2, this asymmetry might have
some implications in terms of the optimal level of the adjusted policies if variations

in policy stringency affect the extent of the adjustment costs.

3.2 Minor Political Adjustment Costs

Let us first consider the political cost structure case when zg < Zg and zp = 0 in
(21). Substituting the optimal level of abatement by non-adopters (14) and adopters
(13), the rate of adoption with the tax (15), and the aggregate levels of abatement Q%
and Q! into (21) and differentiating with respect to the tax, we obtain (see Appendix
A3.1.):

[de + 291 %] [B'(QF) — v2(QF — Q)] — FP[¥ — 7]

— . 25
T de+ 2% 2 (25)

By analogy, substituting the optimal levels of abatement by non-adopters (13)
and adopters (14), the optimal rate of adoption with permits (15) into the welfare
function (21), and differentiating with respect to the level of aggregate abatement,
we obtain (see appendix A.3.2.):

[de + 207 [B'(Qr) — ¢1(Qr — Q)] - F* [0 — ¢’

Qp = a[dc + 202 F 2] a (26)

Substituting (26) into equation (18), we obtain the equilibrium permit price after the

policy adjustment:

0 [de+ 208 | [B'(Qp) — 1(Qr — Qo)] — F* [ — ¥7]

p(Qp) = ot 20 : (27)

Proposition 3 If the endogenous political adjustment cost is minor, i.e., it does not
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offset the gain of adjusting the policy, the rate of adoption under emission taxes might
be higher, lower, or the same as the rate of adoption under auctioned permits:

(i) If the marginal cost of increasing the policy stringency is greater than the
marginal cost of reducing it, the emission taxr Tg is higher than the permit price
p(Qp) and the rate of adoption is therefore higher under tazes.

(i) If the marginal cost of reducing the policy stringency is greater than the
marginal cost of increasing it, the emission taxr Tg is lower than the permit price
p(Qp) and the rate of adoption is therefore lower under tazes.

(#i) Finally, if the marginal cost of increasing the policy stringency is equal to the
marginal cost of reducing it, the emission tax Tg and the permit price p(Qp) coincide

and so do the rates of adoption.

Proof. Note that since QL < QI and Qp > Q,, it follows that 2, (QL — Q) =
0o (QF — Qg) and 25(Qp — Qo) = 01 (Qp — Q).

(1) If 0} (Qg — Qp) > ©o(QL — QL) the emission tax 7 is higher than the permit
price p(Qg) and the rate of adoption is therefore higher under taxes.

(ii) If 01(Qp — Qp) < Yo(QL — QF), the emission tax 7z is lower than the permit
price p(Qg) and the rate of adoption is therefore lower under taxes.

(iil) Finally, if ¢} (Qgz — Qp) = ©o(QE — QI), the emission tax 7z and the permit

price p(Qp) coincide and so do the rates of adoption. m

Proposition 4 If the endogenous political adjustment cost does not offset the gain
of adjusting the policy, the regulator adjusts the policy instruments. However, the
adjusted policies are less stringent than the policies that would have been set in the

absence of adjustment costs.
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Proof. Let us compare the optimal level of abatement in equations (23) and (26).
Since ¢, (Qp — Qp) > 0 and ¢, (QEL — QF) >, it follows that 75 < 70 and Qp < Qp .
Hence, the contrasting preferences of environmentalists and firms result in a reduced
stringency of the policies selected, and through this process they affect the rate of
adoption, the aggregate level of abatement, and the welfare gains of policy adjustment.

Proposition 4 also implies that due to political lobbying, the adjusted policies will
deviate from the policies that minimize environmental damages, independently of the
relative political power of each group. Nevertheless, if the industry is more powerful,
the cost of adjusting quantity policies is higher and so is the deviation under this

instrument. m

4 Welfare Comparison and Cost Thresholds

Whether the regulator adjusts the policy or not depends on whether the gain from
adjusting outweighs the fixed transactional costs. In this section, we compare the
effects of the policy adjustment on welfare and calculate the endogenous adjustment

cost thresholds Zp and Zg under emission taxes and auctioned permits.

4.1 Welfare Comparison with Transactional Costs

Let us calculate the threshold Zp under emission taxes and tradable permits. For sim-
plicity, let us assume that the total abatement benefit function is given by B(Q) =
a@Q — bQ?, such that B'(Q) > 0 and B"(Q) < 0.
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4.1.1 Emission Taxes

The level of welfare with minor fixed transactional cost (F) is given by WX while the

level of welfare without policy adjustment is given by W

)\T 2
WL = B(Q%L) - [cq]QVA + FQNA} + A% [C(QJQVA —q3) + FQNA} - %’ (28)

9 2,2 3000 o2
= Qb b - |2 | T e
9 212 300) o2
Wi = aQf o (@) - || - P (30)

where g = £ [¢? — 2¢] — L5 Thus, the gain in welfare due to the policy adjustment

322 T 42

AWL is positive” and given by:

AWE = WE-wT =alQh- Qi) +0][Qi]" - [QF)] (31)
92 22 3 )2
- B ]y E 2

The maximum adjustment cost z%L that makes the adjustment socially optimal with

emission taxes is given by:

5= a[QF - Q8] +0|[08) - [F)] (32)
#1777 |2 4 -

7As shown in Appendix A.l., 77 is a maximum.
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Substituting the aggregate levels of abatement with and without adjustment, Q% and

QL as functions of the taxes, we obtain:

(70 4+ 6] ¢+ V2F2 + 5 + F 2 [ —p?] — v
8¢2

/Z\;Z;:: [TD—TF]

4.1.2 Awuctioned Permits

The welfare level with minor transactional cost (F) is given by WE while the welfare

level without policy adjustment is given by W[ :

22 12} 3 2
WE = @ —b[Q]7 - (@) [P | MOy e

(35)

c 22 ra) 3T )2
WoP:a@o—b[@o]g_pQ(@o) {2 +¢F } —p(QO)F [w d}]—g

8c? &c?

Thus, the welfare gain due to the policy adjustment is positive and given by AWL.

— — 12 2
AWE = WP =W =a[Qp~ Qo] + b |[@) - [@]] (36)
_ _ 20+¢2F2 o o [3 ¢_¢2
+ [pQ(Q0> - pZ(QF>] [ST] + [p(Qo) _p(QFﬂ % - zl{f.
The maximum adjustment cost z£ that makes the adjustment socially optimal with

auctioned permits is given by:

o= alQp— Q) +b [@0}2 — [QF] 2] (37)
+ 1@ - @] |5 + @ - p@e) T
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Substituting the aggregate levels of abatement with and without adjustment, @ and

Q, as functions of the permit prices, we obtain :

= — | p@o) +p@p)] 2e+ 22+ 5 + FP [ — ¥ —v
8c?

. (38)

Proposition 5 If the adjustment of the policy implies a fized cost zr, the adjustment
cost threshold at which the adjustment costs outweigh the gain of policy adjustment is
higher under emission tazes than under auctioned permits, i.e., Z& > zh. Therefore,

the regulator is more likely to adjust the policy under emission tazes.

Proof. Since 79 — 7+ > p(Q,) — p(Qr) and 79 + 7+ > p(Q,) + p(Qf), we have
zE > 28, Since 2L > ZE | the tax adjustment is more likely to enhance social welfare
than the emission cap adjustment. Moreover, the regulator is more likely to adjust
the level of the tax than the cap on emissions in response to the availability of the
new technology. m

As discussed before, this result arises from the fact that it is not enough that
policy instruments create incentives for technological change; they must create the
right incentives, in the sense that they also induce technology adoption decisions that
correctly balance the benefits and costs of alternative technologies. As in this model,
investments are costly and positively correlated to the stringency of the policy, the
regulator enhances social welfare by reducing the stringency of the tax. In the case
of permits, welfare is enhanced due to the increased abatement. However, since the
abatement benefit function is strictly concave, the social welfare is increased to a

larger extent when the regulator adjusts the tax under a tax regime.
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4.2 Welfare Comparison with Political Adjustment Costs
We identify and compare the endogenous threshold Zg under emission taxes and
tradable permits.

4.2.1 Emission Taxes

The level of welfare with minor endogenous political adjustment cost (F) is given by

WL while the level of welfare without policy adjustment is given by W{

Wi = aQp—b [Qﬂz — [cqRa + Fanal (39)
T\2
B [elaa — a3) + Fawa] — P25 2L 0 - Q7).
= oQbm) - b[QF]" - 72 LS (a0
3 _ a2
R R Erh]
9 22 3 2
R Y ] e R

Thus, the welfare gain due to the policy adjustment is positive and given by AWL:

AWE = WE W =alQf - Q]+ b [[Qf) - [@F)] (42)
2,2 3000 12
T i L S LA 4 (o)

8c? 8c?
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Since QL < QF, 2L(Q% — QL) = po(QL — QF). Therefore, the gain in welfare due to

the policy adjustment is given by:

(70 + 78] [2¢ + VP F2 4+ 5 + F3 [ — %] — v
8c2

— ¢2(Q5 — Qo).
(43)

AW,? == [’7’0 —TE]

4.2.2 Auctioned Permits

The level of welfare with minor endogenous adjustment cost (E) is given by W£ while

the level of welfare without policy adjustment is given by W{™:

212
WE = Q-0 [Qel” - @) | (44)
A 3 2 . .
P = — 12— [2c+ 22 p(Qo)F? [ — ¢
Wy =aQy—0 [Qo] —p*(Qy) 32 - 32 -9 (45)

Thus, the welfare gain due to the policy adjustment is positive and given by AWE :

AWE = WE =W =a[Qp - Q) +b[[Q]" - [Q4]] (46)
@) - @) |25 | +
- U

[p(Qo) - p(@E)] - ZE(@E - @0)-

&c?
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Substituting the aggregate levels of abatement with and without adjustment, ) and

Q, as functions of the permit prices, we obtain :

[p(Qo) + p(Qp)] [2¢ + Y2F2 + 5]
8c?

+ @) - p@0)] |

AW = [p@o)—p(@;)}[ (47)

|- +t@:-a0

Since Qp < Qq, 25(Qr — Qy) = ©1(Qp — Q). Therefore, the gain in welfare due to

the policy adjustment is given by:

AWE = [p(@0) - p(@p)] [WO) +p@) et v+

+ [p(@0) — p(@)] {F Lo “} ~#1(Qp = Qo)

(48)

Proposition 6 (i) If the political cost of increasing the policy stringency is greater
than the political cost of reducing it (firms dominate lobbying), the regulator is more
likely to adjust the policy under emission taxes than under auctioned permits.

(ii) The regulator might still be more likely to adjust the policy under emission
tazes even when the political cost of reducing stringency is greater than the political
cost of increasing it (environmentalists dominate lobbying) as long as the political

costs are not large.

Proof. If 1(Qr — Qy) > ¢2(Q% — Qf) and ¢} (Qp — Q) > ¥5(Q% — Qf), then
2 > p(Qp) and 7o+ 75 > p(Qy) +p(Qp). It is straightforward to see that if 7o — 75 >
p(Qy) — p(Qp), the welfare gains of adjusting the policy are larger under taxes, i.e.,

AWE > AWE | and so is the likelihood of adjusting the policy.
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On the other hand, if ¢1(Qp — Q) < ¥2(QF — QF) and ¢} (Qp — Q) < ¥(QL —
QY), then 75 < p(Q) and 79 — 75 > p(Q,) — p(Qf). Thus, it is straightforward to
see that if 7 + 75 > p(Q,) + p(Qy), the net gains of the updated level of abatement
(excluding adjustment costs) are larger under taxes. Hence, the welfare comparison
will depend on the extent of the adjustment costs. If ©1(Qg — @Q,) and ¢o(QL — QL)
are small, AW might be still larger than AWE and so might the likelihood of
adjusting the taxes. m
Thus, if the costs of updating policies depend on the stringency of the adjustment,
ex-post price and quantity policies are no longer equivalent in terms of abatement,
adoption incentives and extent of the policy adjustment. If firm lobbying is powerful
enough to skew the policy update toward a reduced stringency, policy adjustment is

more likely to occur under taxes.

5 Conclusions and Further Research

An important consideration in the choice of pollution control instruments is the in-
centive for regulated firms to adopt new abatement technologies. The adoption of
these technologies holds the key to long-term consumption growth with limited ac-
companying emissions. Market-based instruments are becoming increasingly popular
in practice due in part to their dynamic incentives. By attaching an explicit price
to emissions, these policy instruments create an ongoing incentive for firms to con-
tinually invest in technologies that reduce their emission volumes. However, if more
efficient technologies become available and diffused in among firms, the price on emis-
sions should be revised. In this paper, we have shown that the welfare gains from

updating environmental targets in response to availability of cleaner technologies are
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larger under taxes. As a result, for given constraints that make updating costly in
the policymaking process, environmental targets are more likely to be adjusted under
a tax regime.

The results above might have some implications in terms of the variations in the
aggregate level of abatement over time. Indeed, since policy adjustment is more
likely to occur under taxes, taxes and auctioned permits will induce different paths
of abatement. Although such an analysis exceeds the scope of our two-stage model
and should be studied in a dynamic setting, it is intuitive that aggregate abatement
under taxes will increase over time to a larger extent than under permits as new
technologies are diffused into the industries. The reasons for this are threefold. First,
in the absence of policy adjustments, aggregate abatement is higher under a tax
regime. Second, even when the regulator adjusts the policy levels, the aggregate
abatement is still higher under a tax regime if industry lobbying is powerful enough
to skew the policy update toward a reduced stringency. In this case, abatement under
permits will be even lower. Finally, policy adjustment is less likely to occur under
permits and thus the cap on emissions will be more likely to remain unchanged.

Nevertheless, under the assumptions of our model, higher level of abatement does
not imply a higher level of welfare. As discussed previously, if the abatement benefit
function is strictly concave and the abatement cost function (as well as investment
costs) is convex, there is less welfare under taxes when the policies remain unchanged.
It is this reduced welfare (and therefore larger welfare gain from adjustment) that
triggers the policy update when transactional and political adjustment costs are in-
troduced.

Although some previous studies have investigated the impacts of political lobbying

on the choice of environmental policy instruments, the results on transactional and
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political adjustment costs in Section 4 highlight the potential consequences of the
asymmetric response of price and quantity policies the availability of new technologies.
It is not enough that policy instruments create incentives for technological change;
they must create the right incentives. Through taxes, the actual stringency of the
regulation will decrease with technological progress. Through permits, it will increase.

When the political costs of updating policies depend on the stringency of the
adjustment, ex-post price and quantity policies are no longer equivalent in terms of
abatement, adoption incentives and the extent of policy adjustment. Although, the
final price of emissions should coincide under both regimes, the political process of
updating environmental targets (and improving environmental quality) might become

more demanding with quantity policies.

A Appendix

A.1 Appendix

The social welfare, when a fraction A of firms have adopted the new technology and

there is a fixed transactional cost of adjustment zp, is given by:

W = B(Aga+[1—Agna) — {)\CQ,24 —[1-=A [CqJZVA + FQNA}} (49)
)\2
—? — ZF.

Where the first term on the RHS of (49) takes account of the abatement benefits
B(Q), the second term (in parentheses) the aggregate abatement costs CT(Q), and

the third term the investment costs C'I(\).
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A.1.1 Taxes

Let us calculate the optimal adjusted tax. The optimal levels of abatement for

adopters and non-adopters are given by:

T
= — 50
qa 20a ( )
T—F
The rate of adoption with taxes is:
F
A = yF |— — 2. 52
vE {20 40] (52)

Substituting (50), (51), and (52) in the function of abatement benefits and differen-

tiating with respect to 7, we obtain:

0B(Q) _ [4c+ 20 F 2

or 8c2 ] B (@r). (53)

On the other hand, substituting (50), (51), and (52) in the function of aggregate
abatement costs and differentiating with respect to 7, we obtain:

OCT(Q) _ et +yr?®

or 8c? (54)

Finally, substituting (52) in the investment function and differentiating with respect

to 7, we obtain:

OCI(N)  20%F?1 —°F

or 8c2 (5)
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The level of abatement with the optimal tax 7z is such that the marginal benefit of

abatement offsets the marginal cost of abatement and investment.

[4c +20F 2] B'(Qr) — F* [ — ¢
de + 22 F 2

. (56)

TR =

OW (7r)

From equation (56) is clear that Py s < 0; that is, welfare is maximized by the tax

TF.

A.1.2 Auctioned Permits

Let us now consider the case of tradable emission permits. The permit price is given

by:
p=aQ+B. (57)
Where o = # and g = iﬁ fr;fg . The optimal levels of abatement for adopters

and non-adopters are given by

rp _ P _ a@ + 3
The rate of adoption with permits is given by A:
aQ+p8 F
AP = -—1. 60
vr [ 2c 40] (60)

Substituting (58), (59), and (60) in (49) and differentiating with respect to @, we
obtain the optimal cap on emissions Q. The level of abatement with the cap Q is

such that the marginal benefit of abatement offsets the marginal cost of abatement
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and investment.

~ e+ 20r? B @Qp) - FP v —4% B
@r= alde + 242 F 2] o (61)

Substituting (61) into (57) we obtain:

— y_ 4+ 202 B'(Qp) = F*[¥ — 7]
p(QF) = A+ 2002F 2

. (62)

Thus, the emission tax and the permit price coincide after the policy is adjusted and

so do the rates of adoption.

A.2 Appendix

We compare the level of emissions tax and permit price once the regulator has adjusted

the prices.

A.2.1 Taxes

Adoption is socially optimal if and only if the total costs of a given abatement target
are reduced due to the availability of the new technology. This implies that at the
optimum, the sum of the marginal abatement costs and the marginal investment costs
in (53) and (54) must be lower than the marginal abatement costs without technology
in equation (1), which yields the following condition:

derg — 12 [ — 7]
de + 290%F 2
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On the other hand, 7o = B'(Q,) while the tax 7 is given by:

[4c + 201 % B'(QF) — F° [ — 47

4e + 2002 F 2 ' (64)

TFp —

It is straightforward that 7, > 75 if 4cB'(Q,) > [4c+2¢F 2 B'(QL), i.e., if the
abatement benefits are decreasing with the level of abatement.

As known in the literature, note that if the marginal benefit function is linear,
the optimal tax rate is independent of the technologies used. Since the tax payments
by a firm are exactly equal to the damage caused by its emissions, it follows that
the private net profit and social benefit from cleaner technology adoption coincide
such that the tax before and after the adjustment coincides. Note as well that the
regulatory problem is somewhat more complicated if the abatement benefit function
is convex (and assuming that a well-defined problem exists). In particular, if partial
adoption of the new technology is optimal, then the corresponding first-best tax rate
is never time consistent. If an announced fixed tax rate induces adoption of the new
technology by any firm, then it will induce universal adoption when firms are ex ante

identical.

A.2.2 Auctioned Permits

As in the case of the tax, adoption is socially optimal if and only if the total costs
of a given abatement target are reduced due to adoption. This implies that at the
optimum, the sum of the marginal abatement costs and the marginal investment costs

in (53) and (54) must be lower than the marginal abatement costs without technology
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in equation (1), which yields the following condition:

- depo — P [ — 7]

p(QF) < 4C+ 2¢2F2 (65)

Since py = B'(Q,) and since the abatement benefits are decreasing with the level of
abatement, it follows that 4cB'(Q,) > [4c + 21 F 2] B'(QF). If the regulator does not

adjust the cap on emissions, the permit price is given by:

=y 4¢B'(Qy) + I3

@) = (66
Let us assume that p(Q,) > p(Qx). Then, it holds that:
2p(Qy) — F > 2p(Qp) — F . (67)
Substituting p(Q,) and p(Q) in equation (67), it follows that:
4eB'(Qo) =2¢F _ e+ 20F?| B'(Qp) =2cF  YF’ (68)

2c+YF*2 2¢ + 2 F? 2+ Y2F2

Equation (68) holds since 4c¢B'(Q,) > [4c + 2¢F 2] B'(Qp) and 0 < ¢ < 1.

A.3 Appendix

The social welfare, when a fraction A of firms have adopted the new technology and

when the adjustment cost is endogenous to the increased stringency of the policy, is
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given by the function W(\, Qg — Qo):

W = B(Aga+[1—=XNana) — A — [1 = A [eqiva + Fana]
)\2

—5 ~*E (Aga + [1 = A gnva — Qo) -

Where:
01(Qr — Qo) > 0if Qg — Qo >0
ZE(QE - Qo) = )
02(Qp — Qo) > 0if Qg — Qo <0

from (20). Equivalently, we can express equation (69) as:

W = {BAa+1[1—=ANagva) —2ze(Aga+[1 —Agna—Qo)}

A
—Xeqhy — [1 =N [eqfa + Fana) — Ch

34

(69)

(71)

Where the first term on the RHS of equation (69) takes account of the abatement ben-

efits (net of adjustment costs) BN (Q), the second term (in parentheses) the aggregate

abatement costs C'T'(Q), and the third term the investment costs CI(\).

A.3.1 Taxes

Let us calculate the optimal adjusted tax: The optimal levels of abatement for

adopters and non-adopters are given by:

T
qNA - 2
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The rate of adoption with taxes is:

TF F?

The total abatement with taxes before the adjustment is given by:

Q7 () = vF? |:BQ(@O) B 5] ‘

2c 2c 4c (75)

Substituting (72), (73), (74), and (75) into the function of abatement benefits BN (Q)

and differentiating with respect to 7, we obtain:

OBN(Q) _ {4c + 20 F 2

Al | 1) - b0k - ). (76)

On the other hand, substituting (72), (73), and (74) into the function of aggregate
abatement costs and differentiating with respect to 7, we obtain:

OCT(Q) _ et +yF®

or 8c? (77)

Finally, substituting (74) into the investment function and differentiating with respect

to 7, we obtain:

OCI(N)  2*F*1 —*F?
or 8c? '

(78)
The level of abatement with the optimal tax 7z is such that the marginal benefit
of abatement (net of adjustment costs) offsets the marginal cost of abatement and
investment.

[4c + 201 %) [B'(Qr) — 2(QF — Q0)] + [¢* =] F?
de + 202 F 2 ’

TE —
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Wre)® 0; that is, welfare is maximized by the
0?°71R

tax 7. Finally, since QL < QF, 25(QL — Q) = ¢4(QL — QF). Then:

From equation (79), it is clear that

_ e+ 20F ] [B'(Qp) — #(QF — QO] + W2 — ¥ F® <0
B~ e+ 292F? ' *0)

A.3.2 Auctioned Permits

Let us consider now the case of tradable emission permits. The permit price is given

by:

p(Q) = aQ + b, (81)
with a = % and g = iﬁ j;$£§ . The optimal levels of abatement for adopters and
non-adopters are given by

P p  aQ+p
= — = 82
P p—F _aQ+B-F
= = ) 83
dna 2% 90 (83)

While the rate of adoption with permits is:

P aQ+58 F
= - — 4
A vr [ 2c 40] (84)
and the total abatement with taxes before the adjustment is given by:
5 _ Ba(@Q) - F
QO _ Q( 206) ' (85)

Substituting (82), (83), (84), and (85) in (71) and differentiating with respect to @,

we obtain the optimal adjustment on the aggregate level of abatement with permits
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Qe

o, - [Bo@) = %@s =Bl e+ 20+ 2 =0l * 5

£ a[4c + 292 F 2] a
Substituting (86) into (81), we obtain:
= [Bo@p) = 25(Qp — Qo)] [4c + 20F 2] + [V — ¢ F?

pe(@) = i N
Notice that since Qp > Qq, 23(Qp — Q) = ¢1(Qp — Q). Then:

O 1Be@0) — 6@~ Q) e 2o+ -1t

de + 292 F 2

References

[1] Aldy, J. and R. Stavins. 2007. Architectures for Agreement, Addressing Global

Climate Change in the Post-Kyoto World, Cambridge Press.

[2] Baumol, W. and W. Oates. 1988. The Theory of Environmental Policy, Cam-

bridge University Press. Second Edition.

[3] Biglaiser, G.; J.K. Horowitz and J. Quiggin. 1995. Dynamic Pollution Regulation,

Journal of Regulatory Economics 8(1): 33-44.

[4] Buchanan, J. and G. Tullock. 1975. Polluters’ Profits and Political Response:

Direct Controls versus Taxes, The American Economic Review 65(1): 139-147.

[5] Coria, J. Taxes. 2009. Permits and the Diffusion of a New Technology, Resource

and Energy Economics 31 (4): 249-271.



REFERENCES 38

[6]

[10]

[11]

[12]

[13]

Damania, R. Political Competition, Rent Seeking and the Choice of Environmen-
tal Policy Instruments, Environmental and Resource Economics 13(4): 415-433

(1999).

Downing, P.B. and L.J. White. 1986. Innovation in pollution control, Journal of

Environmental Economics and Management 13(1): 18-29.

Gersbach, H. and A. Glazer. 1999. Markets and Regulatory Hold Up Problems,

Journal of Environmental Economics and Management 37(2): 151-164.

Hahn,R. 1990. The Political Economy of Environmental Regulation: Towards a
Unifying Framework, Public Choice 65(1): 21-47.

Jaffe, A.; R. Newell, and R. Stavins. 2002. Environmental Policy and Technolog-

ical Change, Environmental and Resource Economics 22(1-2): 41-69.

Jung, C.; K. Krutilla and R. Boyd. 1996. Incentives for advanced pollution abate-
ment technology at the industry level: An evaluation of policy alternatives, Jour-

nal of Environmental Economics and Management 30(1): 95-111.

Kennedy, P.W. and B. Laplante. 1999. Environmental Policy and Time Consis-
tency: Emission Taxes and Emission Trading, In Environmental Regulation and
Market Power: Competition, Time Consistency, and International Trade, (E.
Petrakis and E.S. Sartzetakis, and A. Xepapadeas Eds.) Cheltenham Glos, UK.
Edward Elgar, 116-144.

Laffont,J.J. and J. Tirole. 1993. A Theory of Incentives in Procurement and
Regulation, The MIT Press.



REFERENCES 39

[14]

[15]

[16]

[18]

[19]

Milliman, S.R. and R. Prince. 1989. Firms incentives to promote technological

change in pollution control. Journal of Environmental Economics and Manage-

ment 17(3): 247-265.

Peltzman, S. 1976. Toward a More General Theory of Regulation, Journal of
Law & Economics 19(2): 211-40.

Requate, T. and W. Unold. 2001. On the incentives created by policy instruments
to adopt advanced abatement technology if firms are asymmetric. Journal of

Institutional and Theoretical Economics 157(4): 536-554.

Requate, T. and W. Unold. 2003. Environmental Policy Incentives to Adopt
Advanced Abatement Technology: Will the True Ranking Please Stand Up?

European Economic Review 47(1): 125-146.

Requate, T. 2005. Dynamic incentives by environmental policy instruments - a

survey, Ecological Economics 54 (2-3):175-195.

Stoneman, P. and N. J. Ireland. 1983. The Role of Supply Factors in the Diffusion
of New Process Technology, The Economic Journal 93 Supplement Conference

Papers: 66-78.



	Title_page_(model).pdf
	coriahennlock

