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Political economy of market-based climate policy 

Economic instruments are often superior to 
command-and-control policies 
 

•  Carbon tax or emissions trading scheme (ETS) 
 
Additional burden on industry can be a disadvantage 
 

•  How large is the profit impact? 
•  How can adverse impacts be alleviated? 

•  Role of free emissions permits vs auctions 
 
Political economy of market-based instruments is 
key to their success 
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Overview of modelling approach & results 

Imperfect competition in product markets 
•  Generalized version of Cournot-Nash competition  

•  Aluminium, aviation, cement, electricity, steel 

Price-taking behaviour in carbon markets 
•  Individual sector within economy-wide trading 

scheme (e.g., EU ETS) 
 
Key insight 

•  Under reasonable conditions, adverse profit impact 
of carbon pricing on industry is “modest” 
ü  Industry can be compensated and substantial 

government revenue raised from permit auctions 
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Profit-neutral permit allocations (PNA) 

Definition of profit-neutrality at the industry-level 
 
 
 

•  Emissions price, T 
•  Industry profits, π 
•  Industry emissions, ζ 
•  Industry PNA, γ  

 
Profit-neutral allocation based on initial (T=0) emissions 

•  e.g., grandfathering based on historical emissions 
 
Industry profit impact is determined by its PNA 
 
 

Proposition 7. Supposeζ!i is decreasing in t. Thenγi Tð Þ≤max0≤t≤T γ̃ i tð Þ,
where

γ̃ i tð Þ ¼ 2θþ !mð Þ
θþ !mð Þ − θþ !mð Þ þ θ 1−θσ iEð Þ½ '

θþ !mð Þ N þ θ 1−Eð Þ þ !m½ '
∑N

j¼1zj
zi

: ð35Þ

Observe that γ̃ tð Þ≡1 for a monopolist (with N=1 and θ=1), so
γ̃ 0ð Þ ¼ 1 and thus γ(T) is approximately equal to 100% for small T
(as expected from Section 2.2).18

The situation becomes more complicated for an oligopoly. It is
clear from the formula (35) that γ̃ i 0ð Þ (and hence γi Tð Þ for small
values of T) will typically not be the same across firms. Almost inevi-
tably, a “one-size-fits-all” allocation policy, in which every firm re-
ceives the same proportion of freely allocated permits, will lead to
overcompensation for some firms and undercompensation for others.
Indeed, even firms with identical emissions intensities may have dif-
ferent values of γ̃ i 0ð Þ if they have different market shares.

Of course, different emissions intensities will also lead to different
PNA values. These differences can be large; for example, if demand is
linear (E=0), firms have constant marginal costs ( !m ¼ 0), and are
playing a Cournot–Nash game (θ=1), then

γ̃ i 0ð Þ ¼ 2 1− 1
N þ 1ð Þ

∑N
j¼1zj 0ð Þ
zi 0ð Þ

" #

: ð36Þ

Clearly, γ̃ i 0ð Þ b 0 if zi(0)/(∑j=1
N zj(0)) is sufficiently close to zero,

which means thatγi Tð Þb0 for small T (by Eq. (30). In this case, the ad-
verse cost impact of the ETS is so much greater on firm i's rivals that
firm i's strategic position improves to the extent that it makes a higher
profit after the introduction of the scheme.19 At the other extreme, if
zi(0)/(∑j=1

N zj(0)) is sufficiently close to 1 then γ̃ i 0ð Þ > 1, so even an
allocation of permits to cover all its emissions at the pre-ETS level is
not sufficient to bring the firm's profit back to the pre-ETS level.

Apart from complete firm symmetry, there are two interesting
cases when γ̃ i tð Þ is the same across firms: when emissions intensities
are uniform and [I] the industry is perfectly competitive (θ=0) or [II]
market demand is linear (E=0). Furthermore, in both of these cases,
PNA has a uniformly low bound for plausible parameter values. Recall
from our discussion of Proposition 4 that, in both of these cases, out-
put responses satisfy dqi*/dt=(1/N)(dQ*/dt)b0 (for all i), so that all
firms reduce emissions, dζ!i =dt b 0, and Proposition 7 is applicable.

[I] With perfect competition, the formula (35) gives γ̃i tð Þ ¼
!m Q ! tð Þð Þ= N þ !m Q! tð Þð Þð Þ for every firm i and all t∈ [0,T]. In par-
ticular, for any two firms i and j, γ̃i 0ð Þ ¼ γ̃ j 0ð Þ so that (by
Eq. (30)) PNA is approximately the same across firms for
small T. By Proposition 7, we obtain (even when T is not neces-
sarily small)

γi Tð Þ≤ m̂
N þ m̂ð Þ

for all i; ð37Þ

where m̂ ¼ supt∈ 0;T½ ' !m Q! tð Þð Þ. This bound is common to all
firms and lower than 100%. It will be small if the industry con-
sists of many firms (large N) and if m̂ is not too big. Recall that
!m Q! tð Þð Þ ¼ m= P′! tð Þ

! "
, wherem>0 is the slope of the margin-

al cost function. Under perfect competition, m is also the slope
of the industry supply curve,20 so !m is the ratio of the slopes of
supply and demand curves. To have a sense of what this means
for PNA, suppose the supply curve is no more than twice as

steep as the demand curve, so that !m≤2. In this case, γi(T)≤
2/(N+2) for all i; this implies that PNA will be very low when-
ever the industry has anything more than a handful of firms.

[II] When demand is linear, E≡0 and we have γ̃ i tð Þ ¼ 2θþ !mð Þ=
N þ θþ !mð Þ for every firm i and for all t∈ [0,T]. (Note that !m ¼
m= −P′

! "
is now independent of t since demand is linear.) By

Eq. (30), PNA is approximately the same across firms for
small T, and will be partial so long as θbN (which is an ex-
tremely mild condition21). By Proposition 7, we obtain (for
not necessarily small T)

γi Tð Þ ¼ 2θþ !m
N þ θþ !mð Þ for all i: ð38Þ

Note that this bound is decreasing in θ, so firm-level PNA is lower
in a more competitive industry. For example, consider a Cournot oli-
gopoly (θ=1) with constant returns so scale ( !m ¼ 0). Then γi Tð Þ≤
2= N þ 1ð Þ, which is less than 1/3 whenever N≥5. If !m ¼ 2, the
bound is γi Tð Þ≤4= N þ 3ð Þ, which is less than 1/3 whenever N≥9.

Apart from cases [I] and [II], firm-level PNA need not be similar and
uniformly low. However, as we show in the next section, while there
may be significant variation at the level of the firm, average PNA
(across the whole industry) is low under a broad set of conditions.

4.2. Average PNA for an industry

Wenow examine the level of PNA needed for profit-neutrality for an
industry as a whole. This number is more relevant than firm-specific
PNA in terms of providing policy guidance on how many permits to
freely allocate to firms (and conversely how many to auction), since
firms are often included in an ETS on an industry-by-industry basis.

By definition, at the permit price T, the industry-level PNA γ(T) sat-
isfies Π! Tð Þ þ Tγ Tð Þζ! 0ð Þ ¼ Π! 0ð Þ. By an argument analogous to used
to derive Eq. (29), we obtain

γ Tð Þ ¼ 1
Tζ! 0ð Þ∫

T
0 γ̃ tð Þζ! tð Þdt; ð39Þ

where

γ̃ tð Þ ¼ − 1
ζ! tð Þ

dΠ!

dt
tð Þ ¼ − 1

ζ! tð Þ
XN

i¼1

dΠ!
i

dt
tð Þ: ð40Þ

Note also that γ̃ 0ð Þ ¼ limT→0γ Tð Þ so γ̃ 0ð Þ gives the approximate
value of γ(T) when T is small. If we know that ζ! is decreasing in T,
then we have

γ Tð Þ≤ 1
Tζ! 0ð Þ max

0≤t≤T
γ̃ tð Þ∫T

0ζ
! tð Þdt≤ max

0≤t≤T
γ̃ tð Þ: ð41Þ

Note that dΠ!
i =dt ¼ −z!i q

!
i γ̃ i (see Eq. (28)), so we may re-write

Eq. (5) as

γ̃ tð Þ ¼ ∑N
i¼1ziσ iγ̃ i

∑N
i¼1ziσ i

: ð42Þ

Eqs. (42) and (35) yield the following result.

18 See point (2) in the discussion following Proposition 3. Note that that result is in
fact more general because, unlike in this section, it does not require that output be a
single good.
19 A related observation has been made in Simpson's (1995) analysis of the optimal
emissions tax for a Cournot duopoly.
20 This is because each firm's supply curve corresponds with its marginal cost curve.

21 This condition corresponds to the equilibrium price from a symmetric oligopoly
being lower than the monopoly price.
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Core elements of the model setup 

Generalized version of Cournot competition 
•  Industry conduct parameter θ≥0 

e.g., Cournot-Nash (θ=1), perfect competition (θ=0) 
 
Firms’ production & emissions costs 

•  Emissions price t lies on interval [0,T] 
•  Marginal cost function MCi(qi,t) is linear in output 
•  Firm chooses its emissions intensity zi optimally 

•  Cuts emissions intensity as t rises 
 
Key feature 
Emissions price raises MCi by optimal emissions intensity 
 d

dt
MCi(qi, t) = zi(t)
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Two sufficient conditions for the main results  

A1. Industry demand curve is log-concave 

=> Existence, uniqueness & stability of Cournot equilibrium 

=> Rate of cost pass-through ≤ 100% 
 
 
A2. Covariance (marginal costs, emissions intensities) ≥ 0 
 
“Eco-efficiency” 

•  Firms which use fewer other inputs also produce less 
emissions (per unit of output) 
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Impact of carbon pricing on industry 

Conditions A1 & A2 lead to “desirable” outcomes 
 
①  Product prices rise & industry output falls 

②  Market share shifts from high-cost to low-cost firms 

③  Herfindahl index of concentration rises 

④  Average emissions intensity of production falls 

⑤  Industry-level emissions decline 
 
 
NB. There are counterexamples to all of these outcomes! 
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Simple formulae for industry-level PNA 

Proposition 8. Suppose ζ! is decreasing in t. Then γ Tð Þ≤max0≤t≤T γ̃ tð Þ,
where

γ̃ tð Þ ¼ 2θþ !mð Þ
θþ !mð Þ − θþ !mð Þ þ θ 1−θHEð Þ½ '

θþ !mð Þ N þ θ 1−Eð Þ þ !mð Þ
∑N

j¼1zj
∑N

i¼1σ izi
: ð43Þ

In principle, γ̃ can take on a wide range of values, both positive
and negative. For example, it is known (see, for example, Kimmel,
1992) that in a symmetric Cournot oligopoly with constant marginal
costs, a common increase in marginal cost raises total profit (in our
notation, Π! tð Þ > Π! 0ð Þ for small t>0) if and only if E(Q*(0))>2.
We can recover this result using Eq. (43); with θ=1, !m ¼ 0, H=1/N,
and zi=zj for any i and j, it is easy to check that γ̃ 0ð Þ if and only if
E(Q*(0))>2. Therefore, γ Tð Þb0 for small T values, which means that
industry profits increase with the introduction of the ETS, so the in-
dustry is (at least weakly) better off even if it has to buy all the permits
it needs at themarket price. This observation is an extrememanifesta-
tion of the general rule that in a symmetric Cournot equilibrium (θ=1
and H=1/N), PNA is partial for small T since

γ̃ ¼ 2−E þ !mð Þ
N þ 1−E þ !mð Þ b1:

On the other hand, it is also possible for γ̃ to exceed 100%. For ex-
ample, consider a Cournot duopoly with constant marginal costs and
uniform emissions intensity that faces a unit-elastic demand curve
P(Q)=K/Q (so industry revenue is constant at K and E=2). It is easily
checked that γ̃1 ¼ 2 σ1−σ2ð Þ and hence that γ̃1 ¼ −γ̃2. With sym-
metric firms, therefore, PNA is zero for both firms (and for the indus-
try as well), but if σ1 > 3

4, then γ̃1 > 1 and γ̃2b−1. The average PNA
γ̃ ¼ 2 σ1−σ2ð Þ2 exceeds unity if σ1 > ð

ffiffiffi
2

p
þ 1Þ=2

ffiffiffi
2

p
≈85% .

Such examples notwithstanding, industry PNA is partial—and in-
deed low—under a broad set of conditions. We assume that emissions
intensities and costs are non-negatively correlated and in all the
Cases 1–5 listed below, either θ=0 or E≤1. Therefore, Proposition 6
guarantees that industry emissions are decreasing in t. This in turn
means that Proposition 8 is applicable and γ Tð Þ≤max0≤t≤T γ̃ tð Þ.
Furthermore, in all these cases, it is trivial to check that θþ !mð Þþ
θ 1−θHEð Þ≥ 0. Therefore,

γ̃ ≤ β̃≡ 2θþ !mð Þ
θþ !mð Þ − N θþ !m þ θ 1−θHEð Þ½ '

θþ !mð Þ N þ θ 1−Eð Þ þ !mð Þ : ð44Þ

It follows that

γ Tð Þ≤ max
0≤t≤T

β̃ tð Þ; ð45Þ

this bound has the important advantage of being independent of firms'
emissions intensities, and leads to the following results.22

Case 1. In a perfectly competitive industry,

γ Tð Þ≤ m̂
N þ m̂ð Þ

ð46Þ

where m̂ ¼ supt∈ 0;T½ ' !m Q ! tð Þð Þ.

Case 2. If the industry demand curve is linear,

γ Tð Þ≤ 2θþ !mð Þ
N þ θþ !mð Þ : ð47Þ

Note that the bounds obtained for Case 1 and correspond exactly
to the firm-level bounds obtained for cases [I] and [II] in the previous

subsection (see Eqs. (37) and (38)).23 As we have already argued,
these bounds are low for plausible values of N, !m and θ.

For a perfectly competitive industry, the profit impact of the ETS
has an instructive graphical depiction.24 In Fig. 1, the market supply
curve has slope S′=m/N since it is the (‘horizontal’) sum of each
firm's marginal cost function. The pre-ETS output is Q*(0) and the
industry's aggregate profit is given by the area of the triangle abc.
The ETS raises marginal cost and leads to a parallel upward shift of
the supply curve. The new equilibrium output is Q*(T) with price
P*(T); aggregate industry profit falls by the area abde. Note that the
area abde must shrink as the supply curve becomes flatter or the de-
mand curve becomes steeper.25 In other words, PNA is low when the
supply curve is flat or the demand curve is steep, as is consistent with
the bound on γ(T) in Eq. (46). Assuming that demand is linear, and
defining ϕ≡S′/(−P′), we have

γ Tð Þ≤
!m

N þ !mð Þ
¼ m

N −P′
" #

þm
¼ S′

−P′
" #

þ S′
¼ ϕ

1þ ϕð Þ
: ð48Þ

With linear demand and perfect competition, cost pass-through κ=
1/(1+ϕ) is independent of t (using Eq. (23)), so Eq. (48) has the intu-
itive form γ Tð Þ≤1−κ .

Case 3. If θ≤1 and E≤1, then γ Tð Þ≤1.

This result says that PNA is partial whenever demand is log-
concave and competitive behavior as measured by the conduct pa-
rameter is (weakly) more competitive than Cournot.

Case 4. If θ≤1, E≤1, and H Q! 0ð Þð Þ≥ 2θþ !m Q! 0ð Þð Þð Þ= θ θþ Nþðð
!m Q ! 0ð Þð ÞÞÞ, then

γ Tð Þ≤ θH Tð Þ: ð49Þ

Substituting θ=1 and !m Q! 0ð Þð Þ ¼ 0 into this result shows that in a
Cournot oligopoly with H(0)≥2/(N+1) and constant marginal costs,
industry-level PNA is bounded above by the Herfindahl index,
γ(T)≤H(T). The restriction H(0)≥2/(N+1) is permissive and likely
to be satisfied in many industries (including, for example, in our ap-
plication to the cement industry in Section 5). If it is, we obtain a
tight upper bound on PNA since the Herfindahl index is usually
below 50%—and often considerably below this level. Although we
know from Proposition 5 that H(T) will be higher than H(0), in most
likely scenarios the cost of emissions will be a small part of a firm's
total marginal costs, so that the ETS will not have a big impact on
the Herfindahl index.26

Case 5. If θ≤1 and E∈ [0,1], then

γ Tð Þ≤max
2θþ !m Q ! 0ð Þð Þ

θþ N þ !m Q! 0ð Þð Þð Þ ; θH Tð Þ
$ %

: ð50Þ

22 The proof of all five cases below can be found in Appendix A.

23 But there is a significant difference in the assumptions. The industry-level bounds
were obtained under the assumption that emissions intensities and marginal costs are
non-negatively correlated, while the firm-level results rely on the stronger assumption
that emissions are uniform across firms.
24 Bovenberg and Goulder (2001) and Bovenberg et al. (2005) provide a similar
graphical analysis. In their context, the supply curve is upward sloping because capital
has limited ability to move out of an ETS-affected sector in the short term.
25 To see that the loss in profit decreases as the supply curve becomes flatter, pivot
the supply curves clockwise at the points b and f. Pivoting the demand curve clockwise
at b also shrinks abde.
26 Recent studies of the cost impact of CO2 pricing typically conclude that the likely
cost impact is small in most industries; see, e.g., Ho et al. (2008) on U.S. cap-and-
trade proposals and de Bruyn et al. (2008) on the EU ETS. Earlier studies also found that
the cost of environmental regulations is typically small (see, for example, Jaffe et al.,
1995).
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•  In some cases, PNA turns negative – or is above 100% 
 
 
Key result: Under reasonable conditions, PNA is “low” 
 
 
 
 
 

Proposition 8. Suppose ζ! is decreasing in t. Then γ Tð Þ≤max0≤t≤T γ̃ tð Þ,
where

γ̃ tð Þ ¼ 2θþ !mð Þ
θþ !mð Þ − θþ !mð Þ þ θ 1−θHEð Þ½ '

θþ !mð Þ N þ θ 1−Eð Þ þ !mð Þ
∑N

j¼1zj
∑N

i¼1σ izi
: ð43Þ

In principle, γ̃ can take on a wide range of values, both positive
and negative. For example, it is known (see, for example, Kimmel,
1992) that in a symmetric Cournot oligopoly with constant marginal
costs, a common increase in marginal cost raises total profit (in our
notation, Π! tð Þ > Π! 0ð Þ for small t>0) if and only if E(Q*(0))>2.
We can recover this result using Eq. (43); with θ=1, !m ¼ 0, H=1/N,
and zi=zj for any i and j, it is easy to check that γ̃ 0ð Þ if and only if
E(Q*(0))>2. Therefore, γ Tð Þb0 for small T values, which means that
industry profits increase with the introduction of the ETS, so the in-
dustry is (at least weakly) better off even if it has to buy all the permits
it needs at themarket price. This observation is an extrememanifesta-
tion of the general rule that in a symmetric Cournot equilibrium (θ=1
and H=1/N), PNA is partial for small T since

γ̃ ¼ 2−E þ !mð Þ
N þ 1−E þ !mð Þ b1:

On the other hand, it is also possible for γ̃ to exceed 100%. For ex-
ample, consider a Cournot duopoly with constant marginal costs and
uniform emissions intensity that faces a unit-elastic demand curve
P(Q)=K/Q (so industry revenue is constant at K and E=2). It is easily
checked that γ̃1 ¼ 2 σ1−σ2ð Þ and hence that γ̃1 ¼ −γ̃2. With sym-
metric firms, therefore, PNA is zero for both firms (and for the indus-
try as well), but if σ1 > 3

4, then γ̃1 > 1 and γ̃2b−1. The average PNA
γ̃ ¼ 2 σ1−σ2ð Þ2 exceeds unity if σ1 > ð

ffiffiffi
2

p
þ 1Þ=2

ffiffiffi
2

p
≈85% .

Such examples notwithstanding, industry PNA is partial—and in-
deed low—under a broad set of conditions. We assume that emissions
intensities and costs are non-negatively correlated and in all the
Cases 1–5 listed below, either θ=0 or E≤1. Therefore, Proposition 6
guarantees that industry emissions are decreasing in t. This in turn
means that Proposition 8 is applicable and γ Tð Þ≤max0≤t≤T γ̃ tð Þ.
Furthermore, in all these cases, it is trivial to check that θþ !mð Þþ
θ 1−θHEð Þ≥ 0. Therefore,

γ̃ ≤ β̃≡ 2θþ !mð Þ
θþ !mð Þ − N θþ !m þ θ 1−θHEð Þ½ '

θþ !mð Þ N þ θ 1−Eð Þ þ !mð Þ : ð44Þ

It follows that

γ Tð Þ≤ max
0≤t≤T

β̃ tð Þ; ð45Þ

this bound has the important advantage of being independent of firms'
emissions intensities, and leads to the following results.22

Case 1. In a perfectly competitive industry,

γ Tð Þ≤ m̂
N þ m̂ð Þ

ð46Þ

where m̂ ¼ supt∈ 0;T½ ' !m Q ! tð Þð Þ.

Case 2. If the industry demand curve is linear,

γ Tð Þ≤ 2θþ !mð Þ
N þ θþ !mð Þ : ð47Þ

Note that the bounds obtained for Case 1 and correspond exactly
to the firm-level bounds obtained for cases [I] and [II] in the previous

subsection (see Eqs. (37) and (38)).23 As we have already argued,
these bounds are low for plausible values of N, !m and θ.

For a perfectly competitive industry, the profit impact of the ETS
has an instructive graphical depiction.24 In Fig. 1, the market supply
curve has slope S′=m/N since it is the (‘horizontal’) sum of each
firm's marginal cost function. The pre-ETS output is Q*(0) and the
industry's aggregate profit is given by the area of the triangle abc.
The ETS raises marginal cost and leads to a parallel upward shift of
the supply curve. The new equilibrium output is Q*(T) with price
P*(T); aggregate industry profit falls by the area abde. Note that the
area abde must shrink as the supply curve becomes flatter or the de-
mand curve becomes steeper.25 In other words, PNA is low when the
supply curve is flat or the demand curve is steep, as is consistent with
the bound on γ(T) in Eq. (46). Assuming that demand is linear, and
defining ϕ≡S′/(−P′), we have

γ Tð Þ≤
!m

N þ !mð Þ
¼ m

N −P′
" #

þm
¼ S′

−P′
" #

þ S′
¼ ϕ

1þ ϕð Þ
: ð48Þ

With linear demand and perfect competition, cost pass-through κ=
1/(1+ϕ) is independent of t (using Eq. (23)), so Eq. (48) has the intu-
itive form γ Tð Þ≤1−κ .

Case 3. If θ≤1 and E≤1, then γ Tð Þ≤1.

This result says that PNA is partial whenever demand is log-
concave and competitive behavior as measured by the conduct pa-
rameter is (weakly) more competitive than Cournot.

Case 4. If θ≤1, E≤1, and H Q! 0ð Þð Þ≥ 2θþ !m Q! 0ð Þð Þð Þ= θ θþ Nþðð
!m Q ! 0ð Þð ÞÞÞ, then

γ Tð Þ≤ θH Tð Þ: ð49Þ

Substituting θ=1 and !m Q! 0ð Þð Þ ¼ 0 into this result shows that in a
Cournot oligopoly with H(0)≥2/(N+1) and constant marginal costs,
industry-level PNA is bounded above by the Herfindahl index,
γ(T)≤H(T). The restriction H(0)≥2/(N+1) is permissive and likely
to be satisfied in many industries (including, for example, in our ap-
plication to the cement industry in Section 5). If it is, we obtain a
tight upper bound on PNA since the Herfindahl index is usually
below 50%—and often considerably below this level. Although we
know from Proposition 5 that H(T) will be higher than H(0), in most
likely scenarios the cost of emissions will be a small part of a firm's
total marginal costs, so that the ETS will not have a big impact on
the Herfindahl index.26

Case 5. If θ≤1 and E∈ [0,1], then

γ Tð Þ≤max
2θþ !m Q ! 0ð Þð Þ

θþ N þ !m Q! 0ð Þð Þð Þ ; θH Tð Þ
$ %

: ð50Þ

22 The proof of all five cases below can be found in Appendix A.

23 But there is a significant difference in the assumptions. The industry-level bounds
were obtained under the assumption that emissions intensities and marginal costs are
non-negatively correlated, while the firm-level results rely on the stronger assumption
that emissions are uniform across firms.
24 Bovenberg and Goulder (2001) and Bovenberg et al. (2005) provide a similar
graphical analysis. In their context, the supply curve is upward sloping because capital
has limited ability to move out of an ETS-affected sector in the short term.
25 To see that the loss in profit decreases as the supply curve becomes flatter, pivot
the supply curves clockwise at the points b and f. Pivoting the demand curve clockwise
at b also shrinks abde.
26 Recent studies of the cost impact of CO2 pricing typically conclude that the likely
cost impact is small in most industries; see, e.g., Ho et al. (2008) on U.S. cap-and-
trade proposals and de Bruyn et al. (2008) on the EU ETS. Earlier studies also found that
the cost of environmental regulations is typically small (see, for example, Jaffe et al.,
1995).
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Illustration: UK cement industry in EU ETS 

estimates. Notice that PNA (as bounded above by !β) is always below
50% for N=8. We also repeat these calculations for a larger number of
firms in the industry (to account for any potential ambiguity over any
very small firms not captured in our industry data—since !β also in-
creases with N). The upper-bound estimates of PNA remain well
below 100% for these cases, even in the limiting case as we let N→∞
and so !β→!EH.

Now consider what happens if we relax the assumption that emis-
sions intensities and marginal costs are non-negatively correlated. In
the formula for γ̃ in Proposition 8 (see Eq. (5)), the emissions-intensity
component can be re-written as

∑N
i¼1zi

∑N
i¼1ziσ i

¼ N!z
!z þ N cov σ ; zð Þ

ð58Þ

where !z ¼ ∑N
i¼1zi=N denotes the average emissions intensity across

firms. By definition, the correlation coefficient ρ (of z and σ) is the
ratio of cov(σ, z) and the product of the standard deviations of z and
σ. We write the standard deviation of z as !zυ, so υ≥0 is the coefficient
of variation of emissions intensities. It is not hard to check that the stan-
dard deviation of σ can be written

! ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
HN−1

p #
=N. In this way, we obtain

cov σ ; zð Þ ¼ ρ !zυð Þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
HN−1

p

N
:

Thus we may re-write the formula for γ̃ (in Eq. (43), substituting
θ=1 and !m ¼ 0) as

γ̃ ¼ 2− 2−HE Q%ð Þ½ '
N þ 1−E Q %ð Þ½ '

N

1þ ρυ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
HN−1

p$ % : ð59Þ

By Proposition 8, PNA is bounded by γ̃, provided emissions are de-
creasing in t.

The formula (59) allows us to consider departures from the corre-
lation condition ρ≤0 that we have maintained up to this point. While
detailed information on emissions intensities across firms may not
be available, the average emissions intensity across firms !z may be
known and also that emissions intensities are highly unlikely to lie
outside a certain range, say !z 1−sð Þ; !z 1þ sð Þ½ '. This information puts
an upper bound on the coefficient of variation υ≤s, which in turn im-
plies an upper bound on γ̃ in Eq. (59). For the UK cement industry, the
information available suggests s≤0.15 as an upper bound on the co-
efficient of variation. Table 2 displays estimates of this upper bound
on PNA for a range of (maximal) coefficients of variation υ≤0.15, as
well as for the entire range of possible correlation coefficients

ρ∈ [−1,1]. We assume that demand is log-linear E(Q*)=1; the PNA
estimates would be lower for any strictly log-concave demand curve.

Note first that γ̃≤H ¼ 0:28 (as it should be) whenever the correla-
tion coefficient is negative, and that PNA itself turns negative for very
low correlations. Also as expected, the upper bound of the Herfindahl
index is tight whenever the coefficient of variation is zero or if the cor-
relation coefficient is zero, as either of these imply that emissions inten-
sities are uniform across firms. Most significantly, these upper bounds
on PNA remain low even if the correlation is strongly positive. This ex-
ercise confirms something that is fairly clear from Eq. (59): even with
positive correlation (i.e., ρ>0), PNA is low if either there is relatively lit-
tle variation in emissions intensities (low υ) or if firms' market shares
are sufficiently close to symmetric (so H is close to 1/N).32

For the UK cement industry, a balanced view of this suite of esti-
mates suggests that PNA (as a fraction of initial emissions levels) is
likely to be no greater than 25–45%. These robustness checks give
us confidence that our claim that PNA is typically partial and low ex-
tends significantly beyond the benchmark assumptions that demand
is log-concave and there is non-negative correlation between emis-
sions intensities and marginal costs.

6. Conclusion

In this paper we examined the impact of an emissions trading
scheme on output, price, emissions, market shares, and profits in a ca-
nonical theoretical framework. It was shown that an ETS leads tomore
cost-efficient firms gaining market share and a reduction in aggregate
industry emissions under the following assumptions: (a) firms' mar-
ginal costs are non-negatively correlated with their emissions intensi-
ties and (b) the industry faces a log-concave demand function. We
also developed simple formulae to calculate firm- and industry-level
PNA. These formulae indicate that the profit impact of the ETS will dif-
fer from one industry to another, depending on market structure,
competitive conduct, firms' emissions intensities, and demand condi-
tions. However, PNA is low for a large set of plausible parameter
values. In particular, in a Cournot model with constant marginal costs,
PNA (measured as a fraction of pre-ETS emissions level) is lower than
the Herfindahl index. In this case, a profit-neutral ETS will typically in-
volve the free allocation of less than 50% of the permit allowances is-
sued, and thus raise a significant amount of government revenue.

This analysis may help to inform public discussion of cap-and-trade
schemes as they are implemented in different parts of theworld. Our re-
sults could also serve as a natural starting point for further theoretical
and empirical studies into ETS design.

Appendix A. Proofs

Proof of Proposition 4. Let q̂i Q−i; tð Þ be the output of firm i at which
it will have no incentive to deviate, given total output of Q−i þ
q̂i Q−i; tð Þ and given its perception of how total output will vary
with its deviation. The function q̂i is defined implicitly through the
first-order condition

P q̂i Q−i; tð Þ þ Q−ið Þ þ θq̂i Q−i; tð ÞP′ q̂i Q−i; tð Þ þ Q−ið Þ ¼ ci tð Þ þmq̂i Q−i; tð Þ:
ð60Þ

Table 2
Upper bounds on PNA in terms of correlation (ρ) and variation (υ) of emissions
intensities.

Correlation ρ

Variation υ −1.0 −0.5 0 0.5 1.0

0.00 (uniform intensities) 0.28 0.28 0.28 0.28 0.28
0.05 0.18 0.23 0.28 0.33 0.37
0.10 0.06 0.18 0.28 0.37 0.45
0.15 (maximal variation) −0.06 0.12 0.28 0.41 0.53

32 We also examined the “worst case” scenario for PNA in which the parameter values
are all chosen to go as far as possible in the “wrong” direction. In particular, let E=3 for
a constant-elasticity demand curve with the low elasticity estimate η=0.5, and also let
ρ=1 and υ=0.15, so both the correlation coefficient and the coefficient of variation
lead to as high a value of PNA as possible. Even in this very extreme case, we find that
γ̃≈0:67, so PNA remains clearly partial and low. Indeed, it is still lower than the pro-
portion of freely allocated permits in both phases I and II of the EU ETS.

Table 1
Upper bounds on PNA in terms of price elasticity (η).

Price elasticity (η) Ē !β N ¼ 8ð Þ !β N ¼ 10ð Þ !β N ¼ 12ð Þ ĒH

0.5 (low estimate) 3.00 0.45 0.55 0.61 0.84
0.8 (best guess) 2.25 0.38 0.43 0.47 0.63
2.0 (high estimate) 1.50 0.31 0.34 0.35 0.42
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Cement PNA often ≤ 28% (HHI), almost always < 50% 
•  Large majority of emissions permits can be auctioned 

whilst preserving UK cement industry profits 
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Some further issues for research 

•  Beyond homogenous-product Cournot competition 

•  Endogenous market structure & dynamics (entry & exit) 

•  International competition & carbon leakage 

•  Good empirical evidence on industry profit impacts 
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References 

Thank you for listening! 
 

Comments welcome: 
rar36@cam.ac.uk 
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