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Abstract 
 
Asymmetric regulation of a global pollutant between countries can alter the competitiveness 
of industries and lead to emissions leakage, which hampers countries’ welfare. In order to 
limit leakage, governments consider supporting domestic trade exposed firms by subsidizing 
their investments in abatement technology. The suppliers of such technologies tend to be less 
than perfectly competitive, particularly when both emissions regulations and advanced tech-
nologies are new. In this context of twin market failures, we consider the relative effects and 
desirability of subsidies for abatement technology. We find a more robust recommendation 
for upstream subsidies than for downstream subsidies. Downstream subsidies tend to increase 
global abatement technology prices, reduce pollution abatement abroad and increase emission 
leakage. On the contrary, upstream subsidies reduce abatement technology prices, and hence 
also emissions leakage. Moreover, as opposed to downstream subsidies, they provide 
domestic abatement technology firms with a strategic advantage. 
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1 Introduction

Addressing the problem of a global pollutant is challenging, and made more so when regulatory

regimes di¤er across jurisdictions. The prime example is the reduction of greenhouse gas (GHG)

emissions. The United Nations Framework Convention on Climate Change (UNFCCC) explicitly

states that countries have common but di¤erentiated responsibilities (CBDR), putting greater reg-

ulatory burdens on developed than developing countries. This di¤erentiation was made explicit

in the Kyoto protocol, which divided countries into those with binding emissions limits (Annex I)

and those without (Non-Annex I). At the meeting among the parties to the UNFCCC in Copen-

hagen in December 2009, countries agreed to set GHG mitigation targets, but targets were to be

voluntary, and the stringency of the targets will not be harmonized. Di¤erentiated responsibilities

between developed and developing countries is also a part of the Montreal Protocol on substances

that deplete the ozone layer.

In the case of a global pollutant, marginal abatement costs should ideally be equalized across

countries, in order to allocate abatement e¤ort e¢ ciency. For several reasons� like CBDR� this rule

may not be implemented, but asymmetry in regulation between countries can then create problems

beyond an ine¢ cient allocation of abatement resources. Unilateral increases in the stringency of

regulation can alter the competitiveness of industries and lead to emissions leakage. Emissions

leakage occurs whenever e¤orts by one country to reduce emissions leads to increased emissions in

other countries. The welfare costs of meeting targets of environmental protection are then increased

both globally and in the country with a more stringent environmental policy.

From the literature it is well known that emissions leakage can be partly counteracted by

trade policy e.g. a combination of tari¤s and export subsidies (Hoel 1996; Mæstad 1998; and
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Mæstad 2001). However, it remains unclear whether attempts to regulate production processes in

other countries (such as with embodied carbon tari¤s) would be found in accordance with WTO

rules; see for instance Greaker (2006) or Fischer and Fox (2012). For most types of pollution,

abatement technologies are available for �rms to produce with lower emissions. Hence, governments

may aid trade-exposed �rms by subsidizing their abatement investments. According to the WTO,

supporting the deployment and di¤usion of green technologies is not hindered by WTO rules (WTO

2011).

In this paper we ask whether subsidies to pollution abatement technology should be used to

limit emission leakage. We look at the question both from a global social planner perspective, and

from a single region perspective. Moreover, we take into account that, according to recent studies

cited in (among others) Requate (2005) and David and Sinclair-Desgagné (2010), the supply of

abatement technology takes place in separate abatement technology �rms. Our research question

is therefore not only to what extent abatement subsidies should be used to limit emissions leakage,

but also whether abatement subsidies should be given upstream or downstream.

Although subsidies to pollution abatement have long been proposed as a measure to limit emis-

sions (Lerner 1972; Fredrikson 1998), to our knowledge, abatement subsidies have not been analyzed

before as a countermeasure towards emissions leakage. We take downstream support policies to

include all kinds of subsidies to the use of abatement technologies by polluting �rms. Examples of

technologies may be more e¢ cient ironmaking processes, alternative aluminum smelting technolo-

gies, improved catalyst technologies, and carbon capture technologies for industries such as cement,

re�neries and steel.

Upstream policies comprise all types of support to upstream �rms supplying abatement tech-

nologies. The number of �rms supplying a particular abatement technology may be small, especially
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if the environmental problem in question is relatively new, such that the available abatement tech-

nologies are still under patent protection. The subsidies could be direct production subsidies or

indirect subsidies to crucial inputs, such as R&D or production capital. While such subsidies are

o¤ered in many countries, to our knowledge, they are not advocated as a countermeasure towards

leakage.

Our �ndings suggest that one can make a more robust recommendation for upstream subsi-

dies than downstream subsidies. With respect to domestic welfare, downstream subsidies tend

to increase global abatement technology prices, reducing pollution abatement abroad, and likely

increasing emissions leakage. Moreover, they do not provide domestic abatement technology �rms

with a strategic advantage and increase oligopoly pro�ts abroad. On the contrary, upstream sub-

sidies reduce abatement technology prices, and hence also emissions leakage. Furthermore, they

shift oligopoly rents home, as they provide domestic abatement technology �rms with a strategic

advantage. Upstream subsidies are also likely to improve global welfare, as they reduce abatement

technology prices and decrease global emissions.

Current policy, by contrast, seems to favor downstream subsidies. One example is the French

tax on air pollution, where tax revenues are used to support investment in abatement technologies,

particularly in industrial sectors (Millock and Nauges, 2006). Similarly, in Norway the government

has established separate public funds �nancing both NOx and GHG abatement technology invest-

ment in industries. Finally, cap-and-trade with output-based allocation of quotas, which is the

dominant allocation mechanism in the EU Emissions Trading System (ETS) from 2013, is also a

subsidy to polluting �rms, and will indirectly boost domestic investments in low-carbon technolo-

gies (see e.g. Rosendahl and Storrøsten, 2011). Thus, our �nding that upstream subsidies are more

robust than downstream subsidies when we have emissions leakage is a key takeaway of the paper.
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The result that upstream subsidies improve the environmental performance of foreign industries,

hence limiting leakage, has some resemblance to Golombek and Hoel (2004). They found that R&D

investments in industrialized countries may reduce emissions in developing countries if there are

technology spillovers that reduce developing countries�abatement costs. We �nd the same e¤ect

without assuming R&D spillovers. Simply supporting the upstream abatement technology �rm

in one country will, through international trade in abatement technology, reduce the emissions

intensity in other countries.

Our paper also has many similarities with Greaker and Rosendahl (2008). They found that

it could be optimal for a single country to impose an excessively stringent environmental policy

in order to reduce the mark-up of technology suppliers, and hence increase the di¤usion of these

technologies. In this study the upstream subsidy plays a similar role. Strategic e¤ects with regards

to the competition between domestic and foreign upstream suppliers were less important in Greaker

and Rosendahl (2008). From a regional perspective, however, that could constitute an important

aspect of an upstream support policy.

As mentioned, there are many studies of the use of trade measures to counteract emissions

leakage. In addition to this strand of literature, Demailly and Quirion (2012) look at emissions

permit allocation schemes as a measure to limit emissions leakage. In a numerical simulation of the

European cement industry under the EU ETS, they �nd that output-based allocation of emissions

permits may signi�cantly limit leakage, as opposed to grandfathering (lump-sum allocations). As

mentioned above, however, output based allocation will also likely boost the demand for abatement

equipment, and hence may imply higher prices on such equipment. That could reduce pollution

abatement in other regions, however, Demailly and Quirion (2012) do not include such mechanisms.

We begin by presenting the model and the di¤erent e¤ects of upstream and downstream sub-
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sidies. Then we compare two cases. First, we look at the case in which Region 1 considers its

own welfare (accounting for global emissions), and sets technology policy strategically. Then, we

consider the case where subsidies in Region 1 are set in order to maximize global welfare.

2 The model

The world is divided into two regions, one domestic region (Region 1) and one foreign region

(Region 2). In each region there is a "sunset" and a "sunrise" industry; the former producing some

traditional industrial product, and the latter a new pollution abatement technology. Production of

the industrial product leads to emissions of some pollutant that have cross-border damages (e.g.

GHG emissions). In this downstream market, competition is perfect, and there are no barriers

to trade. The upstream market producing the abatement technology also trades globally, but

competition is imperfect. For simplicity, we assume that there is one �rm located and owned in

each of the two regions; in the numerical example we relax this assumption.

The game proceeds in a context in which each region has adopted a tax on emissions ti, equal

to its private valuation of the social cost of emissions; thus, neither internalizes emission damages

in the other region. For ease of discourse, we generally assume t1 > t2 > 0. In the �rst stage of the

game, the government in Region 1 decides upon and announces its abatement technology policy,

given the technology policy in the other region. We consider two di¤erent types of environmental

technology policy: The government can subsidize abatement expenditures by the downstream �rms,

and it can subsidize the costs of the upstream technology �rms.1

In the second stage of the game, the technology �rms compete in Cournot fashion to supply

abatement technology to the downstream industries in both countries. Cournot competition is cho-

1We assume that even if a region consists of many countries, for instance like the EU, it is able to coordinate its
abatement technology policies.
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sen because we believe that �rms supplying a particular type of patented equipment �rst determine

production capacity and then decide on the price.

2.1 The downstream market equilibrium

First, we need to solve for the downstream market equilibrium and derive the implicit demand

functions for abatement technology in each region. This task is not trivial, since the emission tax

a¤ects both the output of the downstream industries and their demand for abatement equipment.

In order to highlight the leakage issue, we assume that total global demand for the downstream

product is �xed at Q; in the conclusions we discuss the implications of relaxing this assumption.

We describe a stylized downstream industry inspired by La¤ont and Tirole (1996). Let there

be S production lines in each region, and each line has unit production. With S > Q, each

region could in theory serve the entire global market; however, production costs along the line are

heterogeneous, leading to upward-sloping supply curves in each region. Let the cost of a production

line be uniformly distributed on [0; S], re�ecting di¤erent degrees of e¢ ciency of input use, such as

may arise from di¤erent capital vintages. Denote by qi 2 [0; Q] the number of lines producing (=

production); then the sum of production costs ci in the regional industry as a whole are quadratic:

ci(qi) = q
2
i =2.

Gross emissions from each production line are assumed to be proportional to costs; in other

words, �rms with high costs use inputs� like energy� ine¢ ciently and thus also have high emissions.

Let regional gross emissions thus be Ei = (qi)2=2. However, an end-of-pipe abatement technology

exists that reduces emissions from a production line, independent of the vintage, down to that

of the best performer (in this case 1/2, the emissions of the �rst �rm in the distribution). This

technology is supplied by imperfectly competitive �rms for a price w, but part of that cost may be
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o¤set by a subsidy �i from the government to each buyer of abatement equipment. Given the cost

of installation, the most polluting lines will install abatement technology �rst. Denote by xi the

number of lines that install the abatement technology in region i; emissions from these lines will

then be xi=2. The �rms not installing the abatement technology will be distributed on [0; (qi � xi)],

and their emissions will total (qi�xi)2=2. Thus, regional net emissions are ei = ((qi�xi)2+xi)=2.

Downstream �rms are perfectly competitive, and their abatement decisions are made to mini-

mize their compliance costs: emissions tax payments plus technology costs. For the production line

in region i that is just indi¤erent to adopting the abatement technology, we have ti(qi�xi�1=2) =

ti=2+ w � �i,2 or

xi = qi �
ti + w � �i

ti
(1)

Thus, the equilibrium level of emissions is

ei =
1

2

 �
ti + w � �i

ti

�2
+ qi �

ti + w � �i
ti

!
=
1

2

�
qi +

(w � �i)(ti + w � �i)
t2i

�
(2)

and total costs of regional supply, Ci, inclusive of not only production costs ci but also emissions

payments and abatement equipment purchases, are

Ci =
q2i
2
+
ti
2

�
qi +

(w � �i)(ti + w � �i)
t2i

�
+ (w � �i)

�
qi �

ti + w � �i
ti

�

In reduced form, this cost function can be written as

2The incremental emissions of the last non-adopter are
R qi�xi
qi�xi�1

zdz = qi � xi � 1=2:
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Ci =
q2i
2
+

�
ti
2
+ w � �i

�
qi + fi (3)

where fi = �(w� �i)(ti+w� �i)=(2ti) is a �xed cost.3 From (3) we note that the supply curve

of each industry is upward sloping and linear. Furthermore, a higher regional tax shifts the supply

curve vertically upwards, while a regional abatement subsidy shifts the curve vertically downwards.

In equilibrium the marginal cost of the two industries must be equal to the downstream price

P ; that is, P = q1+ t1=2+w� �1 = q2+ t2=2+w� �2. Adding these two regional price equations,

and using the fact that global supply must equal global demand (q1+ q2 = Q), we �nd the reduced

form downstream market price is given by:

P =
Q+ (t2 + t1)=2 + 2w � �1 � �2

2
(4)

Substituting, we derive the equilibrium supply of the industry in region i:

qi =
Q+ (tj � ti)=2 + �i � �j

2
. (5)

Note that for equal subsidy rates (�i = �j), the industry with the lower emissions tax rate will

have a higher market share. From a global point of view, this result is not optimal since the two

industries have identical production costs and emission abatement opportunities. Thus, the asym-

metric regulation of the global pollutant yields a non-optimal allocation of world production, which

results in both too high production costs and emissions. On the other hand, since @qi=@�i > 0 and

@qj=@�i < 0, unequal subsidy rates may restore the optimal allocation of production. However, be-

3See the Appendix for a complete derivation of the reduced form cost function.
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fore we look at the desirability of an abatement technology subsidy, we must solve for the upstream

market equilibrium.

2.2 The upstream market equilibrium

Global demand for abatement technology is the sum of the two regional demands, i.e., x1 + x2.

Using (1) and (5), and inverting the resulting abatement technology demand function, we obtain

the inverse demand curve for the upstream suppliers:

w =
t1t2
t1 + t2

�
Q+

�1
t1
+
�2
t2
� 2� x1 � x2

�
(6)

Note that (6) is a downward sloping, linear demand curve, which makes solving for the Cournot

equilibrium upstream straightforward.

Denote the supply of abatement technology from the �rm in region i by yi. Let both �rms

have constant unit costs � � 
i, where 
i denotes the upstream technology subsidy. This subsidy

may come in the form of direct subsidies, tax breaks, or even R&D support� essentially, anything

that lowers marginal production costs. Total abatement will be the result of a Cournot game,

recognizing that in equilibrium y1 + y2 = x1 + x2. Both �rms maximize pro�ts: [w � �+ 
i] yi.

From the �rst-order conditions we obtain the following Nash-equilibrium outputs and price on

abatement technology (see the Appendix for derivations):

yi =
Q� 2
3

+
�i
3ti

+
�j
3tj

+ (2
i � 
j � �)
ti + tj
3titj

(7)

w =
t1t2
t1 + t2

�
Q� 2
3

+
�1
3t1

+
�2
3t2

�
� 
1 + 
2 � 2�

3
(8)
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The technology policy measures have di¤erent e¤ects on the upstream and the downstream

markets and also on emission leakage. In the next section we summarize these results before

looking at the optimal use of the technology measures.

3 E¤ects of the technology policy measures

3.1 Upstream

The �rst proposition is about the e¤ects on the upstream price of abatement equipment:

Proposition 1 The market price of abatement equipment w increases if one of the regions increases

the downstream subsidy �i, while the market price decreases if one of the regions increases the

upstream subsidy 
i.

Proof. The results can be seen directly from (8).

The intuition behind the result is that increasing the subsidizing of abatement investments in

Region 1 makes demand for abatement less price elastic. The upstream technology �rms responds

by increasing their price-cost margin. By contrast, the upstream subsidy does not shift the demand

function, and hence the decreased cost of making abatement equipment is transferred partly to the

downstream �rms.

The second proposition is about the e¤ects upon abatement supply:

Proposition 2 If one of the regions increases the downstream subsidy rate �i, both upstream �rms

will increase their supply of abatement equipment yi. If one of the regions increases its upstream

subsidy rate 
i, yi increases, yj decreases, and total supply of abatement equipment increases.

Proof. See (7).
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Proposition 2 is important for the regional welfare e¤ects of the two subsidies. While a down-

stream subsidy promotes both foreign and domestic abatement technology suppliers, the upstream

subsidy promotes only domestic suppliers.

3.2 Downstream

We now turn to the downstream market equilibrium e¤ects of a change in �1. We can then show

the following proposition:

Proposition 3 If Region i increases its downstream subsidy rate �i, the price P decreases. More-

over, the downstream �rm in Region i increases its output and use of abatement equipment, while

the downstream �rm in Region j decreases its output and use of abatement equipment.

Proof. By di¤erentiating (4) we have dPd�i = �1
2 +

tj
3(t1+t2)

. From (5) we have @qi=@�i > 0, and

@qj=@�i < 0. Further, from (1) we then have @xj=@�i < 0 since @w=@�i > 0. We must then have

@xi=@�i > 0 since total abatement supply increases.

Note that the foreign industry reduces its use of abatement both due to the increase in price

and due to the reduced output.

Second, we consider the e¤ects of the upstream subsidy:

Proposition 4 If Region i increases its upstream subsidy rate 
i, both downstream �rms increase

their use of abatement equipment. Moreover, the price P decreases.

Proof. Note from (5) that @qi=@
i = @qj=@
i = 0. We know that @w=@
i < 0. The �rst part of

the proposition then follows from (1). The last part follows from (4).

Proposition 3 and 4 are also important for the welfare e¤ects of the two subsidies. While a

downstream subsidy promotes only domestic use of abatement technology, the upstream subsidy
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promotes both domestic and foreign use.

3.3 Emission leakage

Emissions leakage occurs whenever e¤orts by one country to reduce emissions lead to increased

emissions in other countries. Emissions in Region 2 are given by (2). First, note that a higher t1

unambiguously leads to increased emissions in Region 2 as long as dw
dt1
> 0:4

@e2
@t1

=
1

8
+
(t2=2 + w � �2)

(t2)2
dw

dt1
> 0 (9)

where dw
dt1
= (t2)2

(t1+t2)2

�
Q�2
3 + �2��1

3t2

�
(see 8).

Emission leakage happens through two channels when t1 rises. First, industrial output shifts

toward the foreign region. Second, as demand for abatement equipment in Region 1 increases, the

price of equipment rises, leading to less abatement by the foreign industry. Since we are looking at

transboundary pollution, increased emissions from the other region reduces welfare in the region

that increases its emission tax.

Our �rst research question is whether abatement subsidies can reduce this e¤ect. We �rst look

at the e¤ects of increasing �1:

@e2
@�1

=
(t2=2 + w � �2)
3t2(t1 + t2)

� 1
4

(10)

Proposition 5 A downstream subsidy in Region 1 will lead to lower emissions in Region 2 if and

only if w � �2 < 1
4 t2(3t1 + 3t2 � 2).

Increasing the downstream subsidy has an ambiguous e¤ect. On the one hand, output is re-

4Derivations of the e¤ects on e2 are found in the Appendix.
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located from the foreign to the home region. On the other hand, the subsidy increases the price

on abatement equipment, which makes the foreign industry buy less equipment. Since w depends

crucially on the policy instruments, it is not straightforward to evaluate the sign of (10). However,

the higher are the initial levels of 
i and �2, and the lower is the initial level of �1, the more likely

it is that an increase in �1 will mitigate leakage.

On the other hand, the e¤ect of raising 
1 is unambiguous:

@e2
@
1

= � t2=2 + w � �2
3(t2)2

< 0 (11)

Proposition 6 An upstream subsidy in Region 1 will lead to lower emissions in Region 2.

The two propositions above suggest that if the government must choose between upstream

and downstream subsidies, the upstream subsidy is more robust with respect to reducing emission

leakage.

We are now ready to consider welfare e¤ects of technology policies in Region 1, taking into

account the �ndings above.

4 Strategic abatement technology policies

We start by looking at the regional welfare perspective, which is presumably the objective of regional

policymakers. Regional welfare includes its own surplus and production costs, as well as its own

valuation of environmental costs due to global emissions. In addition, from the perspective of a

region, revenues are not merely transfers between buyers and sellers to the extent that there are

net imports, and regions can bene�t from changes in the terms of trade (ToT).

Since downstream demand is �xed, gross consumer surplus in Region 1 is given. Let downstream
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consumption in Region 1 amount to a market share � of total consumption. Assuming that Region

1 considers t1 as the shadow cost of global emissions, the welfare for Region 1 can then be expressed

in the following way:

W1=
1 � �P (q1 + q2) + Pq1 �
(q1)

2

2
� wx1 (12)

+(w � �)y1 � t1(e1 + e2)

where 
1 is gross consumer surplus in Region 1, P is the downstream market price, and � is the

share of consumption going to Region 1. First, note that P , q1, q2, x1, w, y1, e1 and e2 are all

functions of the policy variables ti, �i and 
i. In the analysis below we focus on the case where

there are no subsidies in Region 2 (�2 = 
2 = 0). Second, note that emission taxes, downstream

subsidies and upstream subsidies either paid or received by the �rms and either received or paid

by the government cancel out.

Technology policy has several aims: If Region 1 is a net importer of the �nal good, it would

like P to go down. The same holds for w if Region 1 is a net importer of abatement technology.

Further, Region 1 would like to shift oligopoly pro�t to its own upstream industry, and it would like

more use of abatement technology at home due to the mark-up pricing. Finally, Region 1 would

like emissions in Region 2 to decline.

In order to analyze to what extent Region 1 should use downstream or upstream or both types

of subsidies, we di¤erentiate W1 wrt. �1 and 
1. Further, we evaluate the sign on derivative of the

welfare function for �1 and 
1 close to zero. The derivative with respect to the downstream subsidy

is given by:
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dW1

d�1
= (q1 � �Q)

dP

d�1| {z }
Downstream ToT

+ (y1 � x1)
dw

d�1| {z }
Upstream ToT

+ (w � �)(dy1
d�1

� dx1
d�1

)| {z }
Net Export Changes

(13)

+(w +
3

2
t1 � �1 � �)

dx1
d�1| {z }

Domestic Abatement

� ( (t2=2 + w)
3t2(t1 + t2)

)| {z } t1
Leakage

The two �rst terms can be coined terms of trade e¤ects. We know that dP
d�1

< 0, and hence, the

�rst term is positive if Region 1 is a net importer of the downstream good, which will be the case

if � = 0:5 and there are no subsidies (since t2 < t1). The second term is negative if 
1 = 0. Then

y1 = y2. As long as t1 > t2 and �1 � �2, we must have x1 > x2, and hence, y1 � x1 < 0. We know

that dw
d�1

> 0.

The third term is the pro�t shifting e¤ect. We can calculate dy1d�1
� dx1
d�1

= �1
2�

2
3t1
+ 1
3(t1+t2)

< 0.

Thus, pro�t is shifted abroad since domestic consumption of abatement technology increases more

than domestic production. The fourth term is positive; the downstream subsidy increases the use

of abatement equipment at home. The �fth term is negative as a downstream subsidy increases

the price on abatement leading to less abatement being carried out in Region 2.

To sum up, we have one ambiguous e¤ect (ToT downstream), one positive and three negative

e¤ects, and consequently we cannot say whether use of the downstream subsidy increases welfare.

The derivative with respect to the upstream subsidy is given by::
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dW1

d
1
= (q1 � �Q)

dP

d
1| {z }
Downstream ToT

+ (y1 � x1)
dw

d
1| {z }
Upstream ToT

+ (w � �)(dy1
d
1

� dx1
d
1

)| {z }
Net Export Changes

(14)

+

�
w +

3

2
t1 � �1 � �

�
dx

d
1| {z }
Domestic Abatement

� t1
de2
d
1| {z }

Leakage

The �rst term in (14) has the same sign as the �rst term in (13): The upstream subsidy improves

terms of trade downstream as long as Region 1 is a net importer. The upstream subsidy now also

improves upstream terms of trade for 
1 = 0, as we then have x1 > y1 and
dw
d
1

< 0.

Moreover, we have dy1d
1
� dx1
d
1

= 2t1+t2
3t1t2

. Thus, pro�t is shifted home since domestic production of

abatement technology increases more than domestic consumption. The fourth term is positive; the

upstream subsidy increases the use of abatement equipment at home. Lastly, the �fth term is also

positive since a upstream subsidy decreases emissions in Region 2. Thus, we have one ambiguous

e¤ect (ToT downstream) and four positive e¤ects.

Proposition 7 For q1 � �Q, t1 � t2 and �1 = 0, it is optimal for Region 1 to implement a positive

upstream subsidy.

Clearly, it may be optimal to implement a positive upstream subsidy even if q1 > �Q as all

the other terms in (14) are positive. By continuity, for 
1 small, increasing the upstream subsidy

improves terms of trade upstream, shifts oligopoly pro�ts home, increases the use of abatement

equipment at home and reduces emissions abroad. A downstream subsidy has the opposite e¤ects

on the terms of trade upstream, and ambiguous e¤ect on emissions abroad. Hence, we �nd a more

robust recommendation for upstream subsidies than for downstream subsidies.
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5 Globally optimal abatement technology policies

In the strategic trade literature� see for instance Brander and Spencer (1985)� supporting domestic

�rms is a kind of beggar-thy-neighbor policy. This need not be strictly the case when it comes to

supporting pollution abatement technology, as long as emissions leakage is an issue. In order to

discuss to what extent strategic policies hamper global welfare, we ask the hypothetical question:

What kind of technology policy should Region 1 implement if it cares about global welfare?

Since downstream demand is �xed, gross consumer surplus is given. Maximizing global welfare

thus implies minimizing the sum of production costs, abatement costs and emissions damages

(denoted TC), where t1 + t2 denotes the global shadow cost of emissions; revenues are simply

transfers. The technology policy then has two aims: First, unequal tax rates in the two regions

imply ine¢ cient allocation of downstream production. Second, imperfect competition and too low

tax rates in both regions imply too little use of abatement technology. We have:

TC =
(q1)

2

2
+
(q2)

2

2
+ �(x1 + x2) + (t1 + t2)(e1 + e2) (15)

where the �rst two terms in (15) are downstream production costs in the two regions, the sec-

ond term is upstream abatement technology costs in the two regions and the third term is total

environmental damages. Again, all tax and subsidy payments cancel out.

In order to look at the e¤ect of providing technology subsidies, we di¤erentiate the social cost

function TC wrt. �1 and 
1. Further, we evaluate the sign on derivative of the cost function for �1

and 
1 close to zero. We focus on the case where there are no subsidies in Region 2 (�2 = 
2 = 0).

The derivatives of TC with respect to �1 and 
1 are given by (see the Appendix):
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dTC

d�1
=
t2 � t1 + 2�1

4| {z }
Production costs

+
t1 + t2
(t1)2

�
w +

t1
2
� �1 �

t1
t1 + t2

�

��
dw

d�1
� 1
�

| {z }
Abatement Reg. 1

(16)

+
t1 + t2
(t2)2

�
w +

t2
2
� t2
t1 + t2

�

�
dw

d�1| {z }
Abatement Reg. 2

dTC

d
1
=
t1 + t2
(t1)2

�
w +

t1
2
� �1 �

t1
t1 + t2

�

�
dw

d
1| {z }
Abatement Reg. 1

+
t1 + t2
(t2)2

�
w +

t2
2
� t2
t1 + t2

�

�
dw

d
1| {z }
Abatement Reg. 2

(17)

The �rst term in (16) does not have a counterpart in (17) as only the downstream subsidy

reallocates downstream production. Total production costs decrease as long as q1 is smaller than

q2, since downstream production costs are minimized when q1 = q2. Thus, with �1 and 
1 close

to zero, the �rst term in (16) is negative. This is also the case for the second term in (16),

but not for the last term which is positive. That is, the expressions
�
w + t1

2 � �1 �
t1

t1+t2
�
�
and�

w + t2
2 �

t2
t1+t2

�
�
are positive since w > � (e.g. there is a mark-up), while

�
dw
d�1

� 1
�
is negative

and dw
d�1

is positive. Due to the sign on the third term we cannot say whether use of the downstream

subsidy decreases social costs.

In (17) both terms are negative as long as the expression
�
w + t1

2 � �1 �
t1

t1+t2
�
�
is positive.

Note that it may become negative if �1 is large. Thus, we have:

Proposition 8 As long as �1 < w+
t1
2 �

t1
t1+t2

�, global welfare improves if Region 1 implements a

positive upstream subsidy.

Both subsidies increase the use of abatement equipment in Region 1; i.e., the second term in

(16) and the �rst term in (17) are negative. But only the upstream subsidy can increase the use of
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abatement equipment abroad; i.e., the last term in (16) is positive.

In many cases it may be optimal to use both subsidies e.g. both �1 and 
1 are positive. The

downstream subsidy then improves the allocation of downstream production, while the upstream

subsidy deals with the insu¢ cient use of abatement technology.

What happens to the welfare of Region 2 when Region 1 uses an upstream subsidy? Region

2 will bene�t from lower global emissions and lower costs on abatement equipment. On the other

hand, the upstream terms of trade e¤ects pull in the other direction, leaving the total e¤ect on

the welfare of Region 2 ambiguous. Below we present a numerical example in which we compare

globally optimal policies with strategic policies. We also look at the e¤ect on Region 2 welfare.

6 Numerical example

In this numerical example, we consider the role of the degree of competition upstream by allowing

for multiple upstream �rms: m �rms operate in Region 1 and n �rms operate in Region 2 (see

the Appendix for the Nash-Cournot solution upstream). In our baseline example, we let Q = 100,

� = 0:5, m + n = 4, t1 = t2 = 1 and both types of subsidies in both regions are initially zero.

The value of � is calibrated so that xi = 25; i.e., half of the �rms in each region buy abatement

equipment, given the emissions tax (this gives � = 18). We then introduce optimal subsides in

Region 1 while keeping �2 = 
2 = 0.

The optimal subsidies will depend on the di¤erence in emissions tax levels, the con�guration

of upstream �rms, and whether regional or global welfare is being maximized. In Figure 1, we

have maximized the welfare of Region1, and drawn the optimal combination of subsidies, 
1 and

�1. We have also looked at di¤erent con�gurations of the upstream �rms, and at di¤erent values

of t2. The higher the upstream subsidy in Region 1, and the lower the emissions tax in Region 2,
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the more likely it is that the foreign abatement technology �rms exit the market due to the high

upstream subsidy in Region 1. Without any restrictions on the subsidies, the optimal upstream

subsidy becomes very high under some con�gurations; thus, we set an upper limit on both subsidies

equal to � (
1; �1 � � ).

Figure 1 "Optimal combination of subsidies for Region 1"
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Along the y-axis we measure the subsidies relative to the cost of providing abatement equipment

(in fraction of the upstream cost �), while we measure the value of t2 in percent of t1 on the x-axis.

We show the results for three di¤erent con�gurations. For instance, "1-3" implies that there are 1

upstream �rm in Region 1 and 3 upstream �rms in Region 2. We see that the optimal upstream
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subsidy is always positive and signi�cantly higher than the downstream subsidy. This remains

the case even though some upstream �rms drop out of the market in many situations (e.g., for

t2 < 0:75t1 for the con�gurations 2-2 and 3-1), in which case the pro�t shifting e¤ect vanishes.

Moreover, we �nd the corner solution of a 100% subsidy is optimal (
1 = �) for any t2 with the

con�guration 1-3, and for low values of t2 for the two other con�gurations. This con�rms our main

message in the paper that imposing upstream subsidies is a more robust technology policy choice

from a strategic perspective.

Next, note that the optimal downstream subsidy �1 declines the smaller is the foreign tax

rate t2. At �rst thought this seems counter-intuitive, since the emission leakage problem is more

pronounced the higher is the di¤erence in emission tax rates. However, the downstream subsidy

on the margin exacerbates leakage more the lower is the tax rate abroad. Finally, note that the

downstream subsidy is lowest if the upstream con�guration is 1-3. The reason is that both the

terms-of-trade e¤ect and the pro�t shifting e¤ect upstream is more negative in this case.

Why does Region 1 want to implement an upstream subsidy 
1 which may be larger than the

cost �? As long as the upstream price (1 � �1)w is greater than the upstream cost �, there is too

little use of abatement equipment in Region 1. Thus, when the downstream subsidy becomes low

or even negative, we tend to get a very high upstream subsidy. In addition comes the bene�cial

e¤ect from reduced emissions abroad which also drives the high upstream subsidy (see Figure 3).

In Figure 2 we look at the optimal subsidies with a global perspective. In this case we always

get 
1 = �, and we have not drawn 
1 for any of the con�gurations. Note that in the global

welfare case, the use of abatement equipment is too low for two reasons: The emission tax in both

regions falls short of marginal environmental damage (t1 + t2), and the upstream price is higher

than the upstream cost. This holds in particular in Region 2 in which a downstream subsidy is not
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implemented.

Figure 2 "Globally optimal combinations of subsidies"
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First, note that the downstream subsidy should be much higher in the global case than in

the regional case. The reason is that from the global perspective, downstream production should

be equally split between the regions, and only the downstream subsidy can accomplish that. As

above, the optimal downstream subsidy �1 declines the smaller is the foreign tax rate t2. Again,

the downstream subsidy on the margin increases emissions abroad more the lower is the tax rate

abroad. Moreover, in our example this e¤ect dominates the e¤ect from the increased downstream

production cost.

We have also looked at the e¤ect on leakage with the 2-2 con�guration of upstream �rms. In
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Figure 2 the increase/reduction in foreign emissions is measured for di¤erent values of t2. Here we

consider one subsidy at a time, where the subsidy level is set to 0:25�.

Figure 3 "The e¤ect on emission leakage"

­20 %

­15 %

­10 %

­5 %

0 %

5 %

40 %50 %60 %70 %80 %90 %100 %
t2 in percent of t1

Pe
rc

en
t 

ch
an

ge
 in

 e
m

is
si

on
s 

Re
gi

on
 2

Upstream subs.

Downstream subs.

Note that for all t2, the downstream subsidy increases emissions in Region 2 by around 3%

compared to our baseline. Since for lower tax rates, emissions from Region 2 are higher, the

absolute emissions increases are larger for lower tax rates. Moreover, the upstream subsidy always

reduces emissions abroad. The e¤ect is signi�cant; emissions are reduced by around 15%:Note that

even if we increase m+ n to 20, there is still a positive leakage from the downstream subsidy.

Finally, we have looked at the welfare of Region 2. Technology policy need not be a beggar-

thy-neighbour policy in the case of emission leakages. For all con�gurations except 1-3, Region 2

also enjoys higher welfare even if Region 1 only maximizes its own welfare.
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7 Discussion and conclusion

In a context of carbon leakage concerns and a lack of political will to price carbon emissions to the

full extent of the social costs, many countries have turned to abatement technology policies as both

complements to and substitutes for emissions pricing. In this paper, we have considered to what

degree abatement technology subsidies should be used, and whether they should be implemented

downstream or upstream (or both). We conclude that a more robust recommendation can be made

for upstream subsidies than for downstream subsidies. This is particularly the case from a strategic

point of view for one region, but also in the case of maximizing global welfare when emission taxes

di¤er across regions. The results are to a large extent driven by the fact that a downstream subsidy

increases the world market price of abatement equipment, and that an upstream subsidy has the

opposite e¤ect. As a consequence, while both types can address some underprovision of abatement,

downstream subsidies have ambiguous e¤ects on emission leakage.

Do our assumption about Cournot competition upstream drive these results? Although we think

that imperfect competition with capacity constraints best describes the relevant markets, we can

show that all the qualitative results in Section 3 carry over if we rather assume perfect competition

with increasing marginal costs. The same applies within the context of imperfect competition if we

rather assume that upstream subsidies are provided as R&D subsidies, and �rms choose R&D levels

ahead of supply.5Note also that in our simulations, the foreign �rms left the market as t2 became

low compared to t1. Still it was optimal to provide an upstream subsidy instead of a downstream

subsidy due to the abatement technology price e¤ect.

One may speculate whether upstream subsidies are more or less compatible with GATT law than

5An example of this is provided in an earlier version of this paper, see Fischer et al. (2012).
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downstream subsidies. On the one hand, countries could argue that they have chosen upstream

subsidies over downstream subsidies since such subsidies will more likely reduce emissions both

at home and abroad. On the other hand, Cosbey and Mavroidis (2014) argue that the WTO

Agreement as it now stands does not consider environmental bene�ts as rationales for subsidies.

Since both the downstream and the upstream subsidies involve �nancial contributions by the state

to speci�c domestic recipients, they can in theory both be classi�ed as domestic subsidies, which

may be challenged under the WTO Agreement on Subsidies and Countervailing Measures. However,

recent WTO case law may open up for exceptions with respect to pollution abatement technology.

According to Cosbey and Mavroidis (2014), the Panel in the Ontario Renewable Energy case held

that a subsidy aimed at creating a new market should not be equated to a subsidy aimed at

providing advantages to existing producers in mature markets.

In order to analyze these questions, we have been forced to use explicit functional forms for both

the emissions of the downstream industry and for production costs of the downstream industry.

With more general forms, we would not be able to pin down the comparative statics e¤ects of

the two types of subsidies. We will, however, argue that the e¤ects we have demonstrated above

are more general than our model suggests. Increased demand for abatement equipment in one

country spurred by an abatement subsidy will tend to increase the price of abatement equipment.

This again will tend to reduce the use of abatement equipment in the region not having a similar

incentive, which has negative consequences from a global point of view.

Some of our results might be thought to hinge on the assumption of �xed downstream demand.

We have therefore solved the model for linear demand downstream, and most results go through; in

particular, the result that the price on abatement technology increases in the downstream subsidy
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and decreases in the upstream subsidy remains.6 One possible exception is the e¤ect on foreign

emissions of an upstream subsidy. With linear demand downstream, a certain emissions rebound

e¤ect can occur as costs fall and total downstream production increases. However, this rebound

e¤ect almost never dominates the primary e¤ect of lowering emissions. Numerical simulations with

linear demand and initial demand elasticity of -0.75 give the same qualitative conclusions as with

�xed demand.

We have only analyzed unilateral technology policy, and it would clearly be interesting to look

at a Nash-equilibrium in technology policies. For �1 = 
1 = 0, Region 2 would have the same

incentives as Region 1, and there might exist a Nash-equilibrium with positive upstream subsidies

in both regions. If regions are similar, they might both bene�t from this due to the increased

use of abatement technology in both regions (see end of the numerical section above). Thus, as

opposed to strategic trade policy, subsidizing production of abatement technology may not qualify

as a Prisoners Dilemma.

We have also treated the emission tax rates as exogenous. In case the emissions in question

comes from many sources, such as green house gasses, the emission tax rates will not be decided

with regards to the industry in our model alone. On the contrary, technology policy can be tailor-

made to separate industries and their abatement technology needs. In case emissions are special for

the industry we are looking at, it would be interesting to make emission taxes endogenous. If one

believes that governments can adjust technology policy more easily than emission taxes, one may

also assume that taxes are set before technology policy. Do regions then set the tax high because

you know that this commits them to a tough technology policy, or do regions set the tax low in

6A short note covering this case can be obtained from the authors upon request. The derivations are much more
involved, and we therefore chose to keep the more simple model in the paper.
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order to make regions commit to a tough technology policy from which they also will bene�t? This

might be an interesting avenue of future research.

Intuition from this model can also be used to speculate on the e¤ectiveness of alternative

measures. For example, how might upstream abatement subsidies compare with output-based

allocation of emission quotas, which is used in the EU Emission Trading System? Output-based

allocation of emission quotas work in very much the same way as a combination of an emission

price and an output subsidy, which will tend to increase downstream demand for cleaner technology

(compared to emission pricing only).7 Thus, output-based allocation will have no direct e¤ect on

foreign industries�abatement technology choices, and will likely not give local upstream abatement

technology �rms an advantage. Moreover, we can show that in our model they increase abatement

technology prices, and may therefore fail to reduce emissions leakage.
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Derivation of the reduced form cost function in (3):
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Derivations of the Nash equilibrium upstream (equations (7) and (8)):
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The two upstream �rms maximixe:
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where we have inserted from (6) and replaced x1 + x2 by y1 + y2.

First order conditions are:
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By inserting the expressions for y1 and y2 into (6), we get:
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Derivations of leakage e¤ects (equations (9)-(11)):
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Derivations of global welfare cost e¤ects (equations (16) and (17)):

Inserting from (1), (2) and (5) into (15) yields:
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(Q+ (t1 � t2)=2 + �2 � �1)2

8

+�

�
Q� w + t1 � �1

t1
� w + t2 � �2

t2

�
+(t1 + t2)

�
Q=2 +

(w � �1)(w + t1 � �1)
2(t1)2

+
(w � �2)(w + t2 � �2)

2(t2)2

�

Di¤erentiating with respect to �1 and rearranging gives:

dTC

d�1
= t2�t1

4 +
�1 � �2
2

� t1 + t2
(t1)2

�
w � �1 +

t1
2
� t1
t1 + t2

�

� �
1� dw

d�1

�
+
t1 + t2
(t2)2

�
w � �2 +

t2
2
� t2
t1 + t2

�

�
dw

d�1
= 0

Di¤erentiating with respect to 
1 and rearranging gives:

dTC

d
1
=
t1 + t2
(t1)2

�
w +

t1
2
� �1 �

t1
t1 + t2

�

�
dw

d
1
+
t1 + t2
(t2)2

�
w +

t2
2
� �2 �

t2
t1 + t2

�

�
dw

d
1
= 0

Derivations of the reduced form of 
1:

By di¤erentiating (8) with respect to 
1, inserting into (17) and then rearranging, we get:

w=
(t2)

2�1 + (t1)
2�2 �

�
t1(t2)

2 + (t1)
2t2
�
=2 +

h
(t1)2t2+t1(t2)2

t1+t2

i
�

(t1)2 + (t2)2
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Inserting this into (8) and rearranging gives


1=3

242�
3
+

t1t2
t1 + t2

�
Q� 2
3

+
�1
3t1

+
�2
3t2

�
�
(t2)

2�1 + (t1)
2�2 �

�
t1(t2)

2 + (t1)
2t2
�
=2 +

h
(t1)2t2+t1(t2)2

t1+t2

i
�

(t1)2 + (t2)2

35� 
2

1=2�� 
2 +

3t1t2
t1 + t2

�
Q� 2
3

+
�1
3t1

+
�2
3t2

�
�
3(t2)

2�1 + 3(t1)
2�2 � 3

�
t1(t2)

2 + (t1)
2t2
�
=2 + 3

h
(t1)2t2+t1(t2)2

t1+t2

i
�

(t1)2 + (t2)2

The Cournot equilibrium with n+m upstream �rms for the numerical example:

In equilibrium my1 + ny2 = x1 + x2. All �rms maximize pro�ts: [w � �+ 
i] yi. The Nash-

equilibrium outputs and price on abatement technology:

y1=
1

m+ n+ 1

�
Q� 2 + �1

t1
+
�2
t2
� t1 + t2

t1t2
[�� (n+ 1)
1 + n
2]

�
y2=

1

m+ n+ 1

�
Q� 2 + �1

t1
+
�2
t2
� t1 + t2

t1t2
[�+m
1 � (m+ 1)
2]

�

For the total supply of abatement equipment we have:

x1 + x2 =
m+ n

m+ n+ 1

�
Q� 2 + �1

t1
+
�2
t2

�
� t1 + t2

t1t2

(m+ n)��m
1 � n
2
m+ n+ 1

from which we obtain the upstream price:

w =
t1t2

(t1 + t2)(m+ n+ 1)

�
Q� 2 + �1

t1
+
�2
t2

�
+
(m+ n)��m
1 � n
2

m+ n+ 1
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