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Abstract
In this paper, we study the impact of environmental taxation on trade in environmental 
goods (EGs). Using a trade model in which demand for and supply of EGs are endogenous, 
we show that the relationship between environmental taxation and demand for EGs follows 
a bell-shaped curve. Above a cutoff tax rate, a higher tax rate can reduce bilateral trade in 
EGs because there are too many low-productivity EG suppliers. Based on trade data from 
1995 to 2012 across the EU-27 countries, our empirical results  are in accordance with the 
predictions of our model  when we use the Asia-Pacific Economic Cooperation (APEC) list 
of EGs. We find that environmental taxation (measured as the ratio of environmental tax 
revenoe to GDP) has a monotonically positive impact on the number of trading partners. 
Furthermore, we show that if countries were to apply an environmental tax rate equal to 
3.96% (e.g., the tax rate maximizing international trade in EGs), then trade in EGs across 
the EU-27 members would experience an increase of 25.33 percentage points. The results 
are mixed when we analyse the EGs on the OECD list. While the results for the the number 
of trading partners are confirmed when we use this list, there is no effect of environmental 
taxation on import demand.
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1 Introduction

The acceleration of trade in environmental goods and services is at the heart of the sus-
tainable development strategies of the World Trade Organization (WTO), Asia-Pacific 
Economic Cooperation (APEC) forum, and European Union (EU).1 According to OECD 
[Organization of Economic Cooperation and Development], (2006), “The environmental 
goods and services industry consists of activities which produce goods and services to 
measure, prevent, limit, minimise or correct environmental damage to water, air and soil, 
as well as problems related to waste, noise and eco-systems.” Policymakers have adopted 
different measures that encourage or force firms to acquire environmentally friendly tech-
nologies and equipment to prevent and abate pollution (Sauvage 2014; Zugravu-Soilita 
2018, 2019; de Melo and Solleder 2020). Indeed, a distinguishing characteristic of the mar-
ket for environmental goods (EGs) is that its growth is largely driven by public interven-
tion. Academics have paid considerable attention to the impacts of tariffs on trade in EGs. 
Indeed, a large share of world production of EGs occurs in a limited number of coun-
tries (e.g., China, Germany, Japan, and the US) to take advantage of gains associated with 
specialization. After an import tariff reduction, firms are likely to increase their pollution 
abatement efforts because of the lower prices (Lovely and Popp 2011). However, tariffs 
applied to EGs are now very low, so trade policy cannot be used as a tool to favour the 
expansion of EGs (Tamini and Sorgho 2018; de Melo and Solleder 2020). Although envi-
ronmental regulations play a decisive role in creating demand for EGs, little attention has 
been devoted to the effects of national environmental regulations on trade in EGs. How-
ever, if more stringent environmental policies induce a higher demand for EGs, we could 
expect higher international trade in EGs since the production of EGs is internationally 
concentrated.2

In this paper, we study the impact of environmental taxation on import demand for EGs. 
We first develop a trade model in which demand and supply of EGs are endogenous and 
adjust in response to the environmental tax rate. In accordance with the empirical evidence, 
we assume that the suppliers of EGs are heterogeneous and operate under oligopolistic 
competition (see Sinclair-Desgagné 2008; Perino 2010; David et al. 2011). It follows that 
the price of EGs depends on both the price elasticity of demand and the dispersion of costs 
of EGs producers. Hence, environmental taxes modify demand for EGs both directly and 
indirectly through their impacts on the market prices of EGs as the number and average 
productivity of EGssuppliers adjusts. Our framework captures the interplay among pollut-
ing firms’ adoption technology decisions, EGsprices and environmental taxation.

Our theory reveals a bell-shaped curve between the environmental tax rate and import 
demand for EGs because two opposing effects are at work. On the one hand, the import 
demand for EGs from polluting firms increases with environmental taxation, ceteris pari-
bus. On the other hand, a higher tax burden favours the entry of foreign EGs suppliers 
with higher marginal costs of production, thus leading to higher EGs prices, which, in 
turn, reduce demand for EGs. Starting from low pollution tax rates, a higher tax burden 

1 See annex C of the 2012 leaders’ declaration at http://www.apec.org/Meeti ng-Paper s/Leade rs-Decla ratio 
ns/2012/2012_aelm/2012_aelm_annex C.aspx (accessed January 03, 2013) and Article 31.3 of the Doha 
Declaration of the WTO at http://www.inter natio nal.gc.ca/media /comm/news-commu nique s/2014/01/24a.
aspx (accessed January 25, 2014).
2 Higher environmental tax rates make the use of EGs or clean technologies more attractive to polluting 
firms, thus increasing these firms’ willingness to pay for EGs (Wan et al. 2018).

http://www.apec.org/Meeting-Papers/Leaders-Declarations/2012/2012_aelm/2012_aelm_annexC.aspx
http://www.apec.org/Meeting-Papers/Leaders-Declarations/2012/2012_aelm/2012_aelm_annexC.aspx
http://www.international.gc.ca/media/comm/news-communiques/2014/01/24a.aspx
http://www.international.gc.ca/media/comm/news-communiques/2014/01/24a.aspx
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increases import demand for EGs, while their prices remain relatively low. However, above 
a cutoff tax rate, a higher tax burden strongly increases the price of EGs, thereby reduc-
ing demand for EGs. In other words, excessive environmental taxation can reduce import 
demand for EGs because foreign firms with excessively high costs enter the market.

To test our predictions, we construct a dataset on the import demand of the EU-27 mem-
bers at the HS6 digit level. Following recent papers on EGs (Tamini and Sorgho 2018; 
Zugravu-Soilita 2019; de Melo and Solleder 2020), we use the list of EGs provided by the 
APEC and OECD, which is also used for discussion purposes in international negotiations 
(see Sugathan 2013). In addition, we need information about environmental taxation for 
different countries and years. We examine the member states of the EU-27 because infor-
mation on environmental taxes (on energy, transport, pollution and resources) is available. 
More precisely, environmental taxes are measured as the ratio of total environmental tax 
revenue to gross domestic product (GDP).

The bilateral trade equation that we estimate is a reduced form derived from our theory 
and differs from the standard gravity model (Anderson 2010). As environmental taxation 
drives the size of the market for EGs, our model yields a gravity equation that considers a 
country’s environmental taxation in addition to its income. Furthermore, the relationship 
between imports of EGs and the environmental tax rate prevailing in a country is non-log-
linear in equilibrium. Such a difference occurs because we use a Cournot model instead of 
a monopolistic competition model (or a perfect competition model) to take into account the 
characteristics of the eco-industry (Sinclair-Desgagné 2008).

To estimate the impact of environmental taxation on the number of trading partners 
(extensive margin) and import demand (intensive margin), we use flexible specifications 
based on Santos Silva and Tenreyro (2006) and Santos Silva et  al. (2014). We find that 
higher environmental taxation in the EU increases the number of exporter countries serv-
ing the EU countries. More precisely, our results indicate that an increase in our meas-
ure of environmental taxation of 1 percentage point should be followed by an increase of 
5.64% in the number of EU member countries’ trading partners. In addition, considering 
the APEC list of EGs, the relationship between environmental taxation and import demand 
for EGs from the EU-27 countries follows a bell-shaped curve. Provided that the tax bur-
den is not excessively high (lower than 3.96% ), the import demand for EGs can increase 
if environmental taxation in the EU, measured as the ratio of environmental tax revenues 
to GDP, marginally rises because it is still on the increasing side of the bell-shaped curve. 
Our analysis shows that if importing countries apply a ratio equal to 3.96% (e.g., the ratio 
maximizing intra-EU-27 international trade in EGs), then trade in the EGs on the APEC 
list would experience an increase of 25.33 percentage points. It is also worth stressing that 
we find no effect of environmental taxation when we use the OECD list of EGs and when 
we focus our analysis on the “Air pollution control” subgroup of the APEC list. The bell-
shaped curve is obtained for the APEC list subgroups “Waste water management” and 
“Energy/heat saving and management,” while we find a positive relationship between envi-
ronmental taxation and trade for the subgroups of “Solid waste management,” “Renew-
able energy plant” and “Environmental monitoring, analysis and assessment; Noise and 
vibration abatement,” indicating that there is room to increase environmental taxes to 
boost intra-EU trade.

Related literature The literature on the impact of national environmental policies on trade 
in EGs is sparse. Much attention has been paid to the impacts of environmental taxation on 
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the competitiveness and location of polluting industries.3 However, this body of literature 
disregards the effects of environmental taxation on trade in EGs. Recent empirical con-
tributions have analysed the impact of environmental regulation on exports of the EU-15 
countries (Costantini and Mazzanti 2012), of the energy sector (Costantini and Crespi 
2008), and of US environmental product manufacturers (Becker and Shadbegian 2008). 
Unlike these studies, we provide clear microeconomic foundations for the relationship 
between environmental taxes and import flows in EGs.

Our study also contributes to a growing body of trade and environment literature that 
considers the production of EGs under imperfect competition in the eco-industry (Baumol 
1995; Avery and Boadu 2004; Canton et  al. 2008; Greaker and Rosendahl 2008; David 
and Sinclair-Desgagné 2010; Nimubona 2012; Schwartz and Stahn 2014). Theoretical 
approaches commonly consider a closed economy with a price-taking polluting industry 
that contracts out EGs from identical suppliers competing  à la Cournot (with a fixed num-
ber of EGs providers). In our framework, polluting firms and EGs suppliers are heterogene-
ous in terms of productivity.

Note that Perino and Requate (2012) find that the theoretical relationship between the 
rate of advanced technology adoption and the stringency of environmental policy has an 
inverted U shape. Their approach is very different from ours because it includes neither an 
output market nor an eco-industry. Their result is driven by the assumption that the mar-
ginal abatement cost curves of conventional and new technologies intersect. Without this 
assumption, we also show the existence of a non-monotonic relationship between environ-
mental policy stringency and the rate of technology adoption.

The rest of the paper is organized as follows. Section 2 describes our model and presents 
our main predictions. The data and the empirical model are detailed in Sect. 3, whereas 
Sect. 4 provides the results and analysis of the estimations. We conclude in Sect. 5.

2  Theory

We consider a multicountry model with one upstream industry providing tradable EGs that 
are used by a downstream industry producing a polluting product. We focus on end-of-
pipe pollution abatement. In each country, a tax rate is applied to each unit of pollution. 
Demand from polluting firms for abatement activities is created by this environmental tax 
rate. In our approach, firms decide whether to purchase EGs to reduce their level of pollu-
tion. We assume that polluting firms are heterogeneous in terms of their ability to reduce 
emissions and that countries are heterogeneous in terms of their ability to develop an EG-
producing industry.

It should be noted that our model cannot capture all characteristics of the EGs industry. 
Indeed, this industry includes not only the production of cleaner technologies but also the 
production of products and services that reduce environmental risk and minimize pollution 
and resource use. However, our approach allows us to explain why some countries export/
import EGs and the magnitude of bilateral trade in this type of product.

3 This literature shows that stricter environmental regulations induce higher production costs, which may 
lead to relocation of dirty industries to countries with lower environmental taxation (Letchumanan and 
Kodama 2000; Muradian et al. 2002; Copeland and Taylor 2004; Levinson 2009). In contrast, according to 
the Porter hypothesis, more stringent but properly designed environmental regulations may yield innovation 
and, in turn, enhance competitiveness. 
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2.1  The Polluting Industry (or Downstream Industry)

We consider that abatement activities, which are related to treatment/capture, recycling, 
disposal, and pollution prevention, use environmental goods purchased from the eco-indus-
try ( aj ) and require a fixed requirement �j of labour. We assume that labour is inelastically 
supplied in a competitive market and is chosen as the numé raire. The cost gassociated with 
pollution of a firm located in country j producing variety v is given by

where tj is the environmental taxation and ej is the quantity of pollution, while aj is the 
quantity of EGs purchased by the firm and zj is the price of EGs used in country j. The 
quantity of pollution emitted by each firm is expressed as

with 𝜉j > 0 and 𝛼 < 1 . Hence, the level of emissions for a firm increases with the produc-
tion of the final product qj(v) and decreases with abatement activities �j(v) . We assume 
diseconomies of scale in the use of abatement services ( 𝛼 < 1 ), and � reflects the ability of 
firms to reduce pollution for the same level of EGs. The effects of abatement activities ( aj ) 
increase with firm efficiency � . We consider that firms belonging to the final sector differ 
in � ∈ [�min,∞) such that the level of pollution varies across firms adopting an abatement 
technology.4

The cost associated with pollution can be rewritten as

with

Note that if the firm does not purchase EGs, then it has to pay a tax equal to tj�vqj(�) . It fol-
lows that a firm invests in abatement activity provided that 𝜓j(𝜑) > 0.

Demand for EGs ( aj(�) ) differs across firms as d gj∕daj = 0 yields

Demand for the environmental product is positively affected by the pollution tax rate and 
the ability of firms to reduce their emissions. More interestingly, the positive effect of the 
pollution tax rate on demand for EGs increases with firm productivity. In other words, the 
effect of pollution taxation on the diffusion of EGs is strong in countries that host high-
productivity firms. Inserting (5) into (4) yields the gain associated with the use of EGs by 
a �-type firm:

(1)gj(v) = tjej(v) + zjaj + �j

(2)ej(�) = max{�jqj(v) − �j(v), 0} with �j(v) ≡ �
a1−�
j

1 − �

(3)gj(�) = tj�jqj(�) − �j(�)

(4)�j(�) ≡ tj�
a1−�
j

1 − �
− zja(v) − �j

(5)aj(�) =

(
�
tj

zj

)1∕�

4 Note that the pollution intensity ( ej(v)∕qj(v) ) is equal to �j − �j(v)∕qj(v) . It is straightforward to verify that 
pollution intensity decreases with firm efficiency (see “Appendix A”).
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Hence, there exists a productivity cutoff above which demand for EGs is positive. For-
mally, aj(𝜐) > 0 if and only if 𝜑 > 𝜑j with �j such that �(�j) = 0 or, equivalently,

In other words, the probability of purchasing the environmental good is positively related 
to the pollution tax rate and negatively related to the fixed and variable costs associated 
with the use of the abatement technology. For a given zj , if tj tends to zero, then �j tends to 
infinity such that no polluting firms introduce an abatement technology.

We now determine the mass of firms adopting an abatement technology. We assume 
that the polluting firms do not have a priori knowledge of their ability to curb pollution 
( � ). Indeed, introducing an abatement technology pulls a firm away from its core com-
petency. In addition, we consider that firms are risk neutral and must pay a sunk cost 
equal to fe units of labour to enter the abatement market.

Hence, demand of the downstream industry for EGs is given by Aj = ∫
Ωe

j

aj(�)dG(�) , 
where Ωe

j
 is the set of firms using EGs and G(�) is the cumulative density function of � . 

Using (5), we obtain the aggregate demand for EGs in country j

where Me
j
 is the mass of firms purchasing EGs in country j, g(�) is the density function, 

and 1 − G(�j) is the probability of purchasing EGs. Note that Me
j
= [1 − G(�j)]Mj , where 

Mj is the total mass of firms in country j. (In “Appendix A”, we extend our model by con-
sidering the case where Mj is endogenous.)

We assume that � follows a Pareto distribution with a lower bound �min for the support 
of the productivity distribution and a shape parameter � such that G(�) = 1 − (�∕�min)

−� 
and g(�) = ���

min
�−�−1 . Smaller values of the shape parameter � correspond to a greater 

dispersion in productivity. We assume that �min = 1 without loss of generality such that 
𝛾 > 𝜂∕𝛼 for the distribution of firm revenue associated with the use of EGs has a finite 
mean. Using the Pareto productivity distribution assumption, Aj can be rewritten as

where it is assumed that 𝛾 − 1∕𝛼 > 0 to ensure that Aj > 0 . It is worth stressing that 
(tj∕zj)

1∕��(� − 1∕�)−1�1∕�
j

 can be viewed as an intensive margin (average demand) and 
Mj as an extensive margin (the number of firms purchasing EGs). Note that Aj → 0 when 
� → ∞ . In addition, as expected, aggregate demand for EGs depends positively on the tax 
rate and negatively on the price of EGs ( zj ). However, we have to consider the impact of 
the tax rate on price formation. As we will see below, the price of EGs increases with the 
tax rate, thus implying an ambiguous effect of the pollution tax rate on demand for EGs.

A manufacturer enters the green market as long as the expected value of entry is 
higher than the sunk cost of entry ( fe ). The expected gain of a manufacturer prior to 
entering the green market is given by [1 − G(�j)]�

e
j
 , where �e

j
 is the expected gain asso-

ciated with the use of EGs conditional on successful entry and 1 − G(�j) = �−�
j

 . Because 

(6)�j(�) = �
1

� t
1

�

j
z
−

1−�

�

j

�
1 − �

− �j

(7)�j = t−1
j
z1−�
j

(
1 − �
�

�j

)�

(8)Aj = Me
j ∫

∞

�j

�1∕�

(
tj

zj

)1∕�
g(�)

1 − G(�j)
d�

(9)Aj =
�

� − 1∕�

(
tj

zj

)1∕�

�−(�−1∕�)
j

Mj
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the ex post productivity distribution of firms purchasing EGs is g(�)∕[1 − G(�j)] , we 
have

where we have inserted (7) in (6). Because �j is such that �−�
j
�e
j
= fe , we obtain

It is worth stressing that our assumptions related to emissions abatement differ from those 
on the standard abatement technology developed in Copeland and Taylor (2003). As in 
Copeland and Taylor (2003), labour can be allocated to production and emissions reduc-
tion. However, we consider that the cost of abatement depends not only on fixed require-
ments in labour �j but also on a market price of abatement zj . Polluting firms behave as 
price takers in this market, and zj also depends on the market structure prevailing in the 
eco-industry as well as on the costs of producing and distributing EGs. The cost associ-
ated with abatement activity in Copeland and Taylor (2003) is implicit and is modeled as 
an opportunity cost: the cost of diverting production factors from production of manufac-
tured good. In addition, the gains associated with abatement technology are assumed to be 
uncertain. A manufacturer adopts an abatement technology if the expected gains are higher 
than the sunk cost of entry. In Copeland and Taylor (2003), there are neither sunk costs nor 
uncertainty associated with abatement activity.

2.2  Eco‑Industry (The Upstream Industry)

We consider that each country can host at most a single producer of EGs. The EGs pro-
ducers serve each country j under oligopolistic competition. The profit of a supplier of 
EGs located in country i with i = j or i ≠ j is given by �i =

∑
j Πij , with

where cij ≡ �ij∕�i is the marginal cost of serving market j, �ij is an iceberg trade cost 
between countries i and j (with 𝜏jj < 𝜏ij when i ≠ j ) and �i is the productivity of the firm. Fj 
is the fixed cost of distributing and adapting to serve market j, and aij is the volume of EGs 
supplied by the firm. The EGs provider sets its quantity aij knowing Aj (see ( 8)), but it does 
not internalize the impact of its choice on the mass of polluting firms purchasing EGs. The 
market clearing condition implies that Aj = aij +

∑
k akj , where akj is the supply of rivals 

located in country k ≠ i . Using (8) implies

Equivalently, the inverse demand of country j is

(10)�e
j
= ∫

∞

�j

�(�)
g(�)

1 − G(�j)
d� = �j ∫

∞

�j

⎛
⎜⎜⎝
�1∕�

�1∕�
j

− 1

⎞
⎟⎟⎠
�
�−�−1

�−�
j

d� =
1∕�

� − 1∕�
�j

(11)�j =

(
1∕�

� − 1∕�

�j

fe

)1∕�

(12)Πij ≡ (zj − cij)aij − Fj

(13)aij +
∑
k

akj =
�

� − 1∕�

(
tj

zj

)1∕�

�−(�−1∕�)
j

Mj
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with Λj ≡
[

�

�−1∕�
�−(�−1∕�)
j

Mj

]�
 . Maximizing Πij with respect to aij leads to

where aij∕Aj is the share of imports of country j from country i and mij is the margin of 
an exporter located in country i serving country j. As expected, this share and the margin 
decrease with bilateral trade costs ( �ij ) and increase with the productivity prevailing in the 
exporting country. As a result, bilateral trade volumes in EGs are higher between more 
industrialized countries. Using (14) and (15) yields

Using the market clearing condition Aj =
∑

k akj (including k = i ), we obtain the equilib-
rium price

where cj is the unweighted average cost to produce the EGs consumed in country j and Nj 
is the number of firms (or trade partners) supplying the EGs consumed in country j. As 
expected, lower trade barriers, more producers, and higher elasticity of demand for EGs 
(lower � ) reduce the price of EGs. Note that in a heterogeneous-cost Cournot oligopoly, 
total output Aj decreases with the average cost, regardless of the cost distribution, for a 
given number of firms (see Van Long and Soubeyran 1997; Février and Linnemer 2004). 
Consequently, under free entry, pollution taxation can also modify the average cost of a 
change in the number of firms and thus in demand for EGs.

We now determine the number of firms (and the average cost of) supplying an abatement 
technology in country j. A supplier of EGs serves country j as long as Πij ≥ 0 . Equivalently, 
cij ≤ cmax

j

The cutoff cost level cmax
j

 is defined as the level at which a firm would remain in market j. 
In equilibrium, only firms with cij ≤ cmax

j
 can stay in the market. Using (9), it is straight-

forward to verify that 𝜕cmax
j

∕𝜕tj > 0 for a given zj . Hence, ceteris paribus, a higher tax 
burden in a country allows more firms with lower productivity to serve that market and 
therefore implies a higher average cost of cj . As a result, a higher pollution tax rate has 
an ambiguous effect on the demand for environmental products Aj . If the tax burden has a 
positive direct effect on demand for EGs, there exists a negative indirect effect through an 
increase in the average marginal cost of production (and in the price of EGs). Notice also 
that environmental taxes lead to the emergence of a domestic eco-industry provided that 
the productivity of the domestic firm �j is high enough ( 𝜁j > 𝜏jj∕c

max
j

 ). Due to its advantage 

(14)zj = tjΛj

(
aij +

∑
k

akj

)−�

(15)aij =
mij

�zj
Aj with mij ≡ zj − cij

(16)aij =
mij∑
k mkj

�
tjΛj

zj

��

(17)z∗
j
=

1

1 − �∕Nj

cj with cj ≡
∑

k �kj∕�k

Nj

(18)cmax
j

≡ zj

[
1 −

(
�Fj

zjAj

)1∕2
]
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in trade costs, a domestic provider can serve its own country even though its productivity 
is relatively low.

Because the number of firms responds to a change in the tax burden, we need to specify 
the cost distribution cij to study the impact of tj on z∗

j
 . We assume without loss of generality 

that the marginal production cost of the ith firm serving country j is given by cij = c0i
� , with 

c0 > 0 and 𝜇 > 0 . Hence, the supplier of EGs located in country j produces at the lowest 
marginal cost c0 , whereas the marginal cost of producing EGs is higher in country i. Con-
sequently, if Nj producers of EGs serve country j, then the highest marginal cost is given by 
cmax
j

= c0N
�
j
 , and cj = c0

1

Nj

∑Nj

i=1
i� . From (17), it follows that 𝜕z∗

j
∕𝜕Nj > 0 , as long as the 

elasticity of the average cost to a change in the number of EGs producers ( (�cj∕�Nj).(Nj∕cj) ) 
is greater than �∕(Nj − �) . In other words, such a configuration occurs when the cost distri-
bution is not too concave (i.e., when � is not excessively low) and when the price elasticity 
of demand for EGs ( 1∕� ) is sufficiently high. Because suppliers of EGs are heterogeneous 
in terms of their production costs, an increased number of firms has two opposite effects on 
equilibrium prices. On the one hand, more firms make competition tougher through more 
fragmented individual demand ( Aj∕Nj ). On the other hand, less efficient firms can enter the 
market, thereby inducing a higher average cost. The net effect on equilibrium prices is pos-
itive when the cost distribution is not too concave. Using Πij(c

max
j

) = 0 , we obtain

where 𝜕Πij∕𝜕tj > 0 (via an increase in Aj ). Some standard calculations show that 
𝜕Πij∕𝜕zj < 0 when cij < zj(1 − 𝛼)∕(1 + 𝛼) . This condition holds when the price elasticity of 
demand for EGs ( 1∕� ) is sufficiently high. Remember that when 1∕� is not excessively low, 
we also have 𝜕z∗

j
∕𝜕Nj > 0 . Hence, an increase in the pollution tax rate can favour the entry 

of less efficient suppliers, thus implying an increase in the average cost and the equilibrium 
price of EGs when the price elasticity of demand for EGs is not excessively low.

2.3  Environmental Taxation and Equilibrium Trade

We are now equipped to study the impact of environmental taxation when the price of EGs 
adjusts to a change in the tax burden. The impact of the pollution tax rate on demand for 
EGs is given by

with 𝜀z,t ≡ dzj

dtj

tj

zj
> 0 . Clearly, a higher tax burden increases demand for EGs provided that 

the tax elasticity of the EGs price ( �z,t ) is not excessively high. It follows that there exists a 
tax rate that maximizes demand for EGs when the relationship between the price and the 
tax burden is positive and convex. In this case, there is a bell-shaped relationship between 
environmental taxation and demand for EGs. Starting from pollution tax rates, a higher tax 
burden increases demand for EGs. Above the cutoff tax rate, an increase in the price of 
EGs increases the tax burden and reduces demand for EGs. Hence, excessively high pollu-
tion tax rates can reduce demand for EGs because there are too many high-cost entrants.

(19)
�Nj

�tj
=

−�Πij(c
max
j

)∕�tj

(�Πij∕�zj).(�zj∕�Nj)

(20)
dAj

dtj
=

Aj

tj

1 − �z,t
�

with |d2Ajdt
2
j �z,t=1

= −
Aj

tj

1

�

d2zj

dt2
j

t

z



316 C. Gaigné, L. D. Tamini 

1 3

We have shown that a higher pollution tax rate favours the entry of new firms/countries 
and may reduce demand for EGs when the tax burden reaches high values. Consequently, 
the effect of the tax rate on bilateral trade is ambiguous, as

which is positive if and only if

It follows that exports from countries with low production costs decrease when the tax bur-
den increases because new firms/countries serve the market. Even though the output sizes 
of low-production-cost countries attain high values, their market shares erode when pollu-
tion tax rates increase.

3  Data and Empirical Strategy

The objective of our empirical application is to check the validity of our theory. More pre-
cisely, we test whether (i) a higher pollution tax rate increases the number of partner coun-
tries (a positive effect of environmental taxation on the extensive margin) and (ii) whether 
we observe a bell-shaped relationship between the environmental tax rate and bilateral 
trade in EGs (a non-linear effect of environmental taxation on the intensive margin). Unfor-
tunately, the empirical work relies on aggregated data, and we do not observe the market 
prices of EGs. As a result, we cannot directly test whether higher environmental tax rates 
favour the entry of low-productivity suppliers of EGs as predicted by theory. Hence, we 
cannot precisely identify the mechanisms that might explain the bell-shaped relationship 
between the environmental tax rate and import demand for EGs.

3.1  Data Description

Our study covers the period of 1995–2012. We examine the imports of the EU member 
states from their EU trading partners because information on environmental taxation is 
available for these countries. We describe our two main data sources on EGs trade and tax-
ation. The description of the data used and descriptive statistics are presented in “Appendix 
B”.

There is no universally accepted definition of EGs. For example, there is no consen-
sus at the WTO regarding the definition of EGs. The difficulty in reaching a consensus 
lies in the fact that some products are used for both environmental and non-environmental 
purposes. In addition, there is no guarantee that a product reported on an EGs list has a 
lower environmental impact than that of another product. Despite this difficulty, to inform 
multilateral discussions, some organizations compile lists of environmental products. The 
lists composed by the APEC and OECD are used as references for environmental goods 
classification. Based on the EU definition of EGs, the OECD list developed in 1997 was 
brought up to date in 2012 and was established on the basis of general categories of goods 
and services used to measure, prevent and reduce environmental damage and to manage 

(21)
daij

dtj
=

(
�z,t

�cij

mij

+ 1 − �z,t

)
1

�

aij

tj

(22)cij >
𝜀z,t − 1

𝜀z,t(1 + 𝛼) − 1
zj(tj)
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natural resources.5 It identifies EGs based on the HS6 trade nomenclature. However, this 
system does not allow the isolation of products used only for environmental purposes. The 
APEC list, which was created between 1998 and 2000, identifies EGs according to national 
customs nomenclatures using eight- or ten-digit codes. It is more pragmatic and more pre-
cise than the OECD list. In addition, the APEC list is used in the trade literature because 
this list has served as a point of departure in WTO negotiations for the Environmental 
Goods Agreements (Zugravu-Soilita 2019; de Melo and Solleder 2020). Because of tech-
nological progress, no list can be exhaustive, and each must allow for regular updates. The 
goods referenced on the OECD and/or APEC lists include a wide variety of basic industrial 
products, such as valves, pumps and compressors, that can be specifically employed for 
environmental purposes. Table 1 reports the subgroups of EGs from these lists. Because 
we exclude services, our sample concerns 112 HS6 products from the OECD list and 54 
HS products from the APEC list. When we merge the two lists, we obtain a list of 138 
HS6 products (hereafter referred to as the merged list). As shown in Table 8 reported in 
“Appendix B”, only 27 products are common to the two lists. The detailed lists of EGs are 
presented in Steenblik (2005) and Sugathan (2013).

The data cover the bilateral trade flows of the EU member states and were collected at 
the HS6 digit level. Trade data regarding EGs were obtained from the UN Comtrade data-
base. Figure 1 indicates that there was continuous growth in intra-EU-27 trade in EGs over 
this period, and there are no significant differences in trade in EGs between the APEC list 
and the OECD list6. We provide additional summary statistics for the trade data in “Appen-
dix B”. Note that even though the two lists are different, with one exception, the leading 
importing and exporting countries are the same (see Tamini and Sorgho 2018). The EU-27 
is a good example for analysing the impact of regulation on trade in EGs, as tariffs are 
nonexistent and its members all apply the same standards.

We now describe our variables capturing environmental taxation. As defined by the EU, 
“an environmental tax is one whose tax base is a physical unit (or a proxy of a physical 
unit) of something that has a proven, specific negative impact on the environment.”7. There 
are four types of environmental taxes: (i) energy taxes, (ii) transport taxes, (iii) pollution 
taxes and (iv) resource taxes. The EU data provide information regarding environmental 
taxation asthe ratio of total environmental tax revenue to GDP (in percent) for each EU 
member state. Our measure is a kind of apparent tax. Even if such a measure is imperfect, 
it helps to provide an understanding of the tax burden and to compare the environmental 
taxes across countries. Metcalf (2009) as well asDe Santis and Jona Lasinio (2016) use 
the same measure to capture the stringency of environmental policy. The difficulty of hav-
ing a more precise measure is related to the diversity of taxes that have to be taken into 
account. In our case, a higher ratio may capture the fact that the stringency of EU policy 
has increased (a tax rate effect) and/or that the EU is less clean (a tax base effect). How-
ever, if a rise in the ratio is only due to a rise in the tax base, demand for EGs (and, in turn, 
import demand) should not increase. Hence, our estimations may underestimate the effect 

5 See http://ec.europ a.eu/euros tat/stati stics -expla ined/index .php/Envir onmen tal_goods _and_servi ces_secto 
r #Database).
6 Non-environmental goods (N-EGs) are goods other than the EGs included on the OECD and APEC lists 
(merged list).
7 See http://ec.europ a.eu/euros tat/web/envir onmen t/envir onmen tal-taxes 

http://ec.europa.eu/eurostat/statistics-explained/index.php/Environmental_goods_and_services_sector
http://ec.europa.eu/eurostat/statistics-explained/index.php/Environmental_goods_and_services_sector
http://ec.europa.eu/eurostat/web/environment/environmental-taxes
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of environmental taxation on import demand for EGs. Descriptive statistics are reported in 
Table 2.8

However, there are missing data regarding environmental taxation and public environ-
mental protection expenditure (one of the control variables included in the models) for 
some countries included in the database (newer members of the EU). This leads to 268 
observations for the model of the extensive margin of trade and 4198 observations for the 
model of the intensive margin of trade.

3.2  Empirical Model of Extensive Margin

As previously mentioned, our theoretical model implies a positive relationship between 
environmental taxation tj and the number of countries serving country j. There are different 
identification problems to address.

First, our dependent variable is a count variable bounded from below by zero and from 
above by the number of available trading partners. The doubly bounded nature of the data 
implies that the partial effects of the regressors on the conditional mean of the extensive 
margin (the dependent variable) cannot be constant and must approach zero as the con-
ditional mean approaches its bound (Santos Silva et al. 2014). Thus, standard count data 
estimators (such as the Poisson maximum likelihood estimator or the negative binomial 
estimator) may be unsuitable. These approaches ignore the upper bound of the number of 
trading partners. Therefore, we follow Santos Silva et al. (2014) and use a flexible speci-
fication that takes into account the doubly bounded nature of the data. Let N denote the 
maximum number of trading partners that can potentially serve each country and Njt the 
number of countries serving country j in year t. It is possible to write the conditional 
expectation of the number of countries exporting to j as E(Njt|xjt) , where xjt denotes a set 
of explanatory variables. By construction, 0 ≤ Njt ≤ N ; thus, the expected value of the 
number of countries exporting to j in year t can be expressed as

Fig. 1  Intra-EU trade in EGs 
(APEC and OECD Lists) and 
non-EGs

8 Note that energy taxes represent the highest share of overall environmental tax revenue, accounting for 
approximately 75% of the EU-27 total in 2012 (see Table 2). The second-highest environmental tax rev-
enues are from transport taxes, representing 20% of the EU-27 total in 2012. Pollution and resource taxes 
represent a small share (approximately 5%) of total environmental tax revenues (see Table 2). This category 
of taxes was implemented more recently than the others in Europe.



320 C. Gaigné, L. D. Tamini 

1 3

Ta
bl

e 
2 

 E
nv

iro
nm

en
ta

l t
ax

es
 (r

at
io

 o
f e

nv
iro

nm
en

ta
l t

ax
 in

co
m

e 
to

 G
D

P)
 w

ith
in

 th
e 

EU
 2

7.
 S

ou
rc

e:
 E

U
RO

ST
A

T 

19
95

20
12

19
95

–2
01

2

Po
llu

tio
n 

&
 

re
so

ur
ce

 ta
xe

s
En

er
gy

 ta
xe

s
To

ta
l E

nv
iro

n-
m

en
ta

l t
ax

es
Po

llu
tio

n 
&

 
re

so
ur

ce
 ta

xe
s

En
er

gy
 ta

xe
s

To
ta

l E
nv

iro
n-

m
en

ta
l t

ax
es

Po
llu

tio
n 

&
 

re
so

ur
ce

 ta
xe

s
En

er
gy

 ta
xe

s
To

ta
l E

nv
i-

ro
nm

en
ta

l 
ta

xe
s

M
ea

n
0.

09
9

2.
14

1
3.

00
5

0.
14

4
1.

91
4

2.
57

1
0.

13
6

1.
96

0
2.

74
4

Va
ria

nc
e

0.
02

2
0.

22
5

0.
37

5
0.

02
6

0.
18

0
0.

37
5

0.
21

3
0.

21
3

0.
46

0
M

in
im

um
0.

00
0

1.
52

0
2.

20
0

0.
01

0
1.

27
0

1.
57

0
0.

00
0

0.
50

0
1.

37
0

M
ax

im
um

0.
53

0
3.

12
0

4.
42

0
0.

65
0

3.
10

0
3.

87
0

0.
65

0
3.

72
0

5.
17

0



321Environmental Taxation and Import Demand for Environmental…

1 3

where � is a vector of parameters, f
(
x
�
jt
�
)
= 1 − [1 + � exp

(
x
�
jt
�
)
]−

1

� is the probability 
that a randomly drawn country exports to j, and 𝜆 > 0 is the shape parameter. The esti-
mated model is

where tjt is environmental taxation expressed as the revenue share of GDP and Wjt is a set 
of control variables. In (24), the parameter of interest is �1 for the environmental taxation 
variable, which is expected to be positive.

Second, we have to control for taxes being endogenous (Tosun 2013; Vollenweider 
2013; Castro et al. 2014), as confirmed by Durbin-Wu-Hausman tests. We use the two-year 
lagged value of the environmental tax rate as an instrument. Durbin-Wu-Hausman tests 
reveal that these lagged values are exogenous with respect to current-period effects.9

Control variables ( Wjt ) Environmental taxation only captures part of existing environ-
mental policies (Brunel and Levinson 2016). To control for other policies when analys-
ing the impact of environmental taxation, we also consider the number of international 
environmental agreements (IEAs) signed by a country as a proxy of environmental regula-
tion stringency, which could determine demand for EGs in the country. Compliance with 
IEAs requires more stringent domestic policy. Thus, having signed an IEA signals high 
environmental sensitivity and a government’s willingness to harmonize its environmental 
policy with international standards to make it more effective (Rose and Spiegel 2010; Vol-
lenweider 2013; Zugravu-Soilita 2019), thus implying higher demand for EGs. However, 
stringent domestic policy could be linked to the ability of the domestic industry to comply 
with the policy. In this case, stringent domestic policy reveals that the country has a com-
petitive advantage in producing EGs (Steinberg and VanDeveer 2012; Birkland 2014), so 
stricter environmental policy does not imply more imports of EGs.10 Because of these two 
potential effects as well as the fact that some policies are harmonized within the EU, we do 
not have expectations regarding the sign of the estimated coefficient of this variable. We 
control for the possibility that the number of IEAs is endogenous (Simmons 2010; Tosun, 
2013; Vollenweider 2013; Castro et al. 2014). We follow the approach proposed by Baier 
et al. (2014) to control for the impact of the number of signed IEAs by using as instrument 
ΔIEAt = IEAt − IEAt−3 . Using this approach and the fixed effects in our estimation allows 
us to control for the number of IEAs and their possibility of being endogenous (Baier and 
Bergstrand 2007; Head and Mayer 2014; Baier et al. 2018) while we analyse the impact of 
environmental taxation.11 Furthermore, we consider public expenditures on environmental 

(23)E(Njt|xjt) = N × f
(
x
�
jt
�
)

(24)E(Njt|xjt) = N
(
1 −

[
1 + � exp

(
�0 + �1tjt + �2Wjt

)]− 1

�

)

11 In “Appendix D”, as a robustness check, following Egger et al. (2011), we use GDP per capita, land area, 
and the share of EG production (from the APEC and OECD lists) in total production as instruments. The 
results of our estimations regarding the impact of environmental taxation remain robust.

9 The 2-year lagged values of the environmental taxes pass the tests for the APEC as well as the OECD 
lists. The contemporary values for the APEC list and the 1-year lagged values for the two lists do not pass 
the Durbin-Wu-Hausman tests of endogeneity at 10% or lower. The results are available upon request.
10 Note also that according to the Porter hypothesis, more stringent domestic policy could enhance innova-
tion, which may in turn improve the competitiveness of domestic firms (Ambec et  al. 2013; Rubashkina 
et al. 2015).
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protection as a control variable.12 By introducing public environmental protection expendi-
tures, we control for domestic policies that could boost domestic eco-industries (a supply-
side effect) and/or demand for EGs (Brunel and Levinson 2016; Costantini and Mazzanti 
2012). We have no expectation about the sign of the coefficient associated with the latter 
variable.

Our estimation includes various other control variables based on the empirical literature 
on international trade (Egger et al. 2011). We introduce year fixed effects. In addition, we 
have to control for time-varying, country-specific determinants. Because countries differ 
in terms of the global tax burden imposed on industries, the effect of a given change in 
environmental taxation may vary across countries. To control for international differences 
in terms of business taxation, we introduce a measure of total tax income less environmen-
tal tax income as a share of GDP. Indeed, a high global tax burden can make firms more 
sensitive to changes in environmental taxation. In other words, national industries facing 
the same level of environmental taxation may exert different levels of pollution abatement 
effort because their global tax burden differs. We also introduce a variable Eurozone that 
takes the value of 1 for a destination country in the eurozone. Finally, because we consider 
the 27 members in the entire dataset, we introduce a variable taking the value of 1 for a 
destination country that is a member of the European Union.

3.3  Empirical Model of the Intensive Margin

By extending our model, we can derive a gravity-type trade equation (Anderson and van 
Wincoop 2003).13 From the framework developed in Sect. 2, we use the value of the total 
output of country i given by Yi =

∑
j zjaij with zjaij =

1

�
mij(tj)Aj . In equilibrium, Yi equals 

total sales to all destination countries j, such that

where Πi ≡ ∑
j mij(tj)Aj can be interpreted as an “outward multilateral resistance” (see 

Anderson 2010). In “Appendix A”, we show that demand for EGs is given by

Equation (26) provides the bilateral trade equation to be estimated. This trade equation 
shares some similarities with the standard gravity model of bilateral trade flows (Ander-
son 2010). The level of imports is a function of the size of the exporting country (through 
Yi ) and the size of the importing country (through the total mass of firms Mj(tj) , which 
also depends on the mass of labour Lj ). Furthermore, as in Anderson (2010), Πi captures 
outward multilateral resistance (OMR). In addition, because z∗

j
= Njcj∕(Nj − �) , with cj 

= (
∑

k �kj∕�k)∕Nj , cj can be viewed as inward multilateral resistance (IMR).14 The OMR 
subsumes the impact of outward policy frictions and technologies available in the down-
stream industry and affects the probability of using an abatement technology. The IMR 

(25)Yi = Πi∕�

(26)zjaij =
Yi

Πi

Mj(tj)t
1∕�
j

[z∗
j
(tj)]

1∕�

���1∕�
j

�j

femij(tj)

12 These data are available from EUROSTAT (http://appss o.euros tat.ec.europ a.eu/nui/show.do?).
13 See “Appendix A” for the details of the derivation of a structural equation.
14 The OMR indexes are defined as if the sellers in each country shipped to a single world market, whereas 
the IMR indexes are defined as if buyers in each country imported from a single country. The two indexes 
consistently aggregate bilateral trade costs and decompose their incidence on producers and consumers. See 
Anderson (2010), Anderson and Yotov (2010) and Olivero and Yotov (2012) for further discussions.

http://appsso.eurostat.ec.europa.eu/nui/show.do?
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consistently aggregates inward frictions, subsumes the impact of international technology 
available in the eco-industry and affects the probability of using an abatement technology 
and thus of demanding EGs.

However, our equation (26) differs from the standard gravity model. First, in the case 
of EGs, we cannot use national income only because the size of the market for EGs also 
depends on environmental regulations and the share of firms purchasing EGs. This is why 
our gravity equation considers environmental taxation in addition to income. Second, as 
shown above, the relationship between export sales of EGs and the pollution tax rate pre-
vailing in the importing country is non-log-linear in equilibrium. Recall that the standard 
gravity model specifies bilateral trade as a log-linear function of the income of the two 
trading partners. This second difference arises from the fact that we use a Cournot model 
instead of a monopolistic or perfect competition model.15 In our framework, the markup 
over the marginal cost ( mij(tj) ) is not constant but instead depends on environmental taxa-
tion. It follows that bilateral trade is not a log-linear function of the environmental tax rate.

Therefore, we use a “general gravity” model, defined formally in Head and Mayer 
(2014) and in Fally (2015), into which we insert environmental taxation. Hence, we esti-
mate the reduced-form equation

where aijt is the bilateral trade value in year t, tjt is environmental taxation, expressed as 
the ratio of environmental tax revenue to GDP, Xijt is a vector of control variables, �� a 
set of fixed effects, and �ijt is the error term. To consistently estimate equation (27), we use 
a Poisson pseudo-maximum-likelihood (PPML) estimator with clustering.Santos Silva and 
Tenreyro (2006) showed that the PPML procedure yields consistent estimates in the pres-
ence of heteroskedasticity. We also control for the possibility that taxes are endogenous 
using the two-year lagged value of taxes as an instrument. Because we introduce environ-
mental taxation variables as simple and squared values, we can test the hypothesis that a 
non-linear relationship exists between environmental taxation and bilateral trade in EGs.

Control variables The vector of control variables Xijt includes the business tax burden, which 
is measured as total tax revenues minus environmental tax revenues as a percent of GDP, the 
numbers of IEAs signed by the origin country and the destination country, and public envi-
ronmental protection expenditure in the origin and destination countries (for the same reasons 
as explained for the extensive margin). As for the extensive margin model, we control for the 
possibility that the number of IEAs is endogenous. We expect a positive effect of the number 
of IEAs and public environmental protection expenditure on the intensive margin.16

We also consider the variables suggested in the gravity model literature (Anderson and van 
Wincoop 2004; Head and Mayer 2014) for country pairs: distance, common legal system and 
shared borders. Furthermore, the variable Eurozone takes the value of 1 if the (origin or des-
tination) country is in the eurozone, and the variable Productivity measures the (log) value of 
output per worker in the manufacturing sector in the destination and origin countries to capture 
the economic performance of the countries and thus implicitly of the downstream industry.

(27)aijt = exp(�1tjt + �2t
2
jt
+ �Xijt + ��)�ijt

15 In the standard approach, the price paid by the end consumer is the factory-gate price times a trade cost.
16 A positive result could also be due to a pollution haven effect (Mulatu et al. 2010). However, the results 
regarding the pollution haven hypothesis in Europe are inconclusive. Mulatu et al. (2010) find evidence in 
favor, whileCave and Blomquist (2008) and Raspiller and Riedinger (2008) do not find any such evidence. 
Moreover, Leiter et al. (2011) find a positive but diminishing impact of environmental regulation on invest-
ment.
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Finally, we include exporter, importer, and year fixed effects, and the standard errors are 
clustered by country pair. Because our key variable ( tjt ) varies both over time and across 
countries, we cannot include time-varying exporter or importer fixed effects.17 To check 
the robustness of our results, we use an alternative specification to control for the pres-
ence of unobserved time-invariant bilateral factors that influence the relationship (Baier 
and Bergstrand 2007; Raimondi et al. 2012; Fally 2015).18

4  Empirical Results

4.1  The Extensive Margin of Trade

The results of the model of the extensive margin of trade are reported in Table 3, while 
Table 4 reports the average marginal effect of environmental taxation. The tables present 
the results when we estimate equation (24) with the Bernoulli pseudo-maximum-likelihood 
estimators (taking into account the doubly bounded nature of the dependent variable) con-
sidering the EU countries as the only sources of imports in Panel A and the dataset with 
155 countries as sources of imports in Panel B).19

Our results suggest that increasing environmental taxation boosts the number of trading 
partners. Based on the results of the estimations and the mean number of trading partners 
throughout the entire dataset, the increase in the number of trading partners following an 
increase in environmental taxation of 1 percentage point is 5.64% , 5.40% and 5.67% for the 
APEC, OECD and merged lists, respectively, in the sample of intra-EU-27 trading part-
ners. Based on partial effects of environmental taxation on the conditional mean of the 
number of trade partners (reported in Table 4), a country with environmental taxation that 
is 1 point higher is predicted to have 1.2more EU trade partners, other things being equal 
(note that the average number of trade partners is approximatively 20). When considering 
all trading partners (155 countries), the increase on the extensive margin is 3.05%, 2.81%
and 2.56%for the APEC, OECD and merged lists, respectively. The effects of environmental 
taxation are less significant when we introduce non-EU countries because the distance to 
these countries (which acts as a barrier to trade) is higher. 

We go further in analysing the impact of environmental taxation the number of prod-
ucts imported (at the HS6 digit level) and the number of shipments) and the number of 
“shipments” (at the country-product level). The results are reported in “Appendix C” (see 
Tables 10 and 11). We find that environmental taxation has a significant positive impact 
on both the number of products imported and the number of “shipments” for the APEC 
list of EGs, while the impact is non-significant for the OECD list and the merged list. As 
in Tamini and Sorgho (2018) and Zugravu-Soilita (2019), our results depend on the list of 
EGs that we use.

An interesting result is the negative impact on the extensive margin of public environ-
mental protection expenditure, while the number of signed IEAs does not have an impact 
on the extensive margin of intra-EU trade of EGs. These results suggest that these measures 

17 See, e.g., Novy (2013) and Fally (2015) for recent applications and Head and Mayer (2014) for an over-
view.
18 Using panel data would help solve problems associated with omitted variables bias (Martıinez-Zaroso, 
Nowak-Lehmann and Horsewood, 2009).
19 The list of 155 countries is available upon request.
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are oriented toward domestic industry or industries with established trading partners (see 
Table  3). Finally, non-environmental taxation has a negative impact when we consider 
the extensive margin of intra-EU trade, while the impact is positive when we consider the 
larger database, the latter being expected.

4.2  The Intensive Margin of Trade

4.2.1  Results of the Aggregated Lists

The results of our estimations are reported in Table 5. Columns I and II report the results 
for the APEC and OECD EGs lists, respectively. Column III presents the estimation results 
for the merged lists.

Standard gravity variables The bilateral trade effects of the standard variables (distance, 
contiguity, and common legal system) are as expected. The estimated coefficients asso-
ciated with distance are similar to those reported in the literature (e.g., Head and Mayer 
2014; Tsurumi et al. 2015; He et al. 2015). However, our results indicate that the magni-
tude of the coefficient associated with distance is greater for trade in N-EGs (Table  12) 
than for trade in EGs (Table 5). This finding can be explained by the relatively high con-
centration of the eco-industry (Nimubona 2012; Tamini and Sorgho 2018), thus implying 
lower substitution capabilities between countries of origin. Having a common legal system 
has a positive and significant impact on the intensity of trade. The coefficient associated 
with contiguity is non-significant, which indicates that a common border does not have an 
impact on the intensity of trade in EGs within the EU. The same result holds for being in 
the eurozone.

Environmental taxation Our results confirm the non-linear impact of environmental taxa-
tion on intra-EU-27 trade when the APEC list of EGs is considered. While the coefficients 
are significant for the APEC list, this is not the case for the OECD list (no coefficients 
associated with the destination country are significant). For the APEC list of EGs, a bell-
shaped relationship between environmental taxation and trade is confirmed. The coefficient 
associated with environmental taxation is positive, whereas its squared value is negative. 
The cutoff environmental taxation ratio is 3.961% ( = 1.006

2×(0.127)
).20 Above this threshold, a 

higher environmental taxation ratio reduces  intra-EU-27 trade in EGs. The estimated mar-
ginal effect of the environmental taxation ratio within our dataset is represented in Fig-
ure 2. For a large majority of countries, a marginal increase in the environmental taxation 
ratio would increase their imports of EGs because they are still on the increasing segment 
of the bell-shaped curve.21

For purposes of comparison, Table 12 in “Appendix D” reports the results for N-EGs 
when the effect of environmental taxation is assumed to be linear (Column I) and non-
linear (Column II). Additionally, Table  12 presents the results of estimations when we 
consider bilateral trade in all types of products (EGs and N-EGs) with (Column III) and 

20 The cutoff ratio is obtained by using �aijt
�tjt

= (�̂
1
+ 2�̂

2
tjt)aijt = 0 or, equivalently, tjt = −�̂

1
∕(2�̂

2
).

21 The negative marginal effects are associated with Denmark, a country that is characterized by a high 
level of environmental taxation (Klinge et  al. 2003; Kosonen 2012) and that is a net exporter of EGs 
(Zugravu-Soilita 2019). Our results suggest that an increase in environmental taxes in Denmark would not 
be followed by a rise in import demand for EGs because the rivals of Danish firms seem to have higher 
production costs.
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without (Column IV) environmental variables. It is worth stressing that environmental 
taxation does not have a significant impact on trade in N-EGs when the value and squared 
value of taxation are used (Table 12, Column II). This suggests that our proxy (apparent 
environmental taxation) can be used as a measure of environmental taxation policy. When 
environmental taxation is included with an assumption of a linear impact on imports, the 
coefficient is positive but only significant at 10%. 22 The results presented in Column IV 
of Table 12 indicate that the coefficients associated with non-environmental variables do 
not vary significantly, thus implying that the inclusion of environmental variables does not 
alter the quality of the model.

Public expenditure on environmental protection and signed international environmental 
agreements

We now discuss the effects of the other variables relative to the other environmental 
tools. The coefficients associated with the number of  IEAs in force in the destination and 
origin countries are non-significant for the APEC and OECD lists. As mentioned above, 
stringent domestic policy may reveal a competitive advantage of the destination country 
(Steinberg and VanDeveer 2012; Birkland 2014). However, when we consider N-EGs, the 
coefficient is also non-significant. These results suggest that in our estimated model, the 
number of IEAs in force does not capture the competitiveness of countries producing not 
only EGs but also N-EGs.23

Public expenditure on environmental protection as a percentage of GDP in the origin 
country has a non-significant impact on either trade in the EGs on the APEC and OECD 
lists or trade in N-EGs. The coefficients are positive and significant when we consider the 
destination country including N-EGs. Hence, public expenditure on environmental protec-
tion as a percentage of GDP captures the effects of omitted variables. This is confirmed by 
specification I reported in Table 6. In this specification, we introduce time-varying country 
fixed effects, and the coefficients are no longer significant. We can conclude that public 

Fig. 2  Marginal impact (in %) of 
environmental taxation (APEC 
List of EGs)

22 This result suggests that we are capturing an indirect effect of environmental taxation on domestic pro-
ducers of N-EGs (polluting firms). If the environmental tax rate increases, then the price of N-EGs supplied 
by domestic firms increases, inducing higher imports of N-EGs (substitution effect). 
23 These results are robust when we instrument the number of signed IEAs (see Table 14).
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expenditure on environmental protection does not distort trade flows of EGs within the 
EU-27. Indeed, if expenditures on environmental protection in the country of destination 
(origin) favour the growth of the domestic eco-industry at the expense of foreign eco-
industries, we should observe a negative (positive) impact on bilateral trade in EGs.

Robustness check
As a robustness check, we estimate alternative specifications of the equation of trade. 

As in Zugravu-Soilita (2019), we focus our attention on the APEC list, which is used most 
often in the trade literature because this list has served as a point of departure in the WTO 
negotiations on Environmental Goods Agreements. The results are reported in Table  6. 
First, if we introduce the standard set of exporter-time and importer-time fixed effects in 
our estimations of trade equation, those fixed effects absorb the key variables of interest. 
However, failure to account for the time-varying resistances may mean that the current 
results are biased. In the first column (Specification I), we employ a two-stage estimation 
procedure, where in the first stage, we use country-pairs and importer time-varying fixed 
effects and exporter time-varying fixed effects; in the second stage, we use the estimates 
of the fixed effects as the dependent variables, where the regressors include the country-
specific policy variables of interest (see Fally 2015). Second, we estimate the intensive 
margin model using country-pair fixed effects and exporter time-varying fixed effects, 
whereas importer fixed effects do not vary with time (Specification II). Third, non-homo-
theticity of income regarding demand for EGs (Caron and Fally 2018) could cause the bell-
shaped relationship between income and the pollution intensity of consumption goods. As 
a robustness check, we run an estimation that includes as control variables log GDP per 
capita and its squared value (Specification III). Because the importing countries included 
in the dataset are all high-income countries, we do not expect these variables to play a 
significant role. Fourth, we run a specification that includes bilateral fixed effects (Specifi-
cation IV). Fifth, we use environmental taxation measured as the ratio of total tax revenue 
to the value of production in the APEC list EGs sector (Specification V). In doing so, we 
deal at least partially with some omitted variable bias in the empirical analysis. Indeed, if 
environmental tax rates in a country become high, foreign suppliers of EGs would prefer 
to substitute foreign investments (and increase local production in the destination coun-
try) rather than to export. Hence, imports could decrease when tax rates reach high val-
ues because local EGs supply increases due to the increasing presence of foreign invest-
ments.24 Sixth, environmental taxation is measured as the ratio of total tax revenue to the 
sum of value added of “Agriculture, forestry and fishing, ”“Industry, ”“Construction” and 
“Wholesale and retail trade, transport, accommodation and food service activities” (Speci-
fication VI).25 Our estimations indicate that the results reported in Table 6 regarding the 
environmental taxation ratio, our main variable of interest, are robust even if the absolute 
values of the coefficients differ.

We finally run an estimation that includes the sample of 155 countries serving the 
EU-27 countries. We control for exporter-specific variables by using time-varying exporter 
fixed effects and for bilateral variables by using country-pair fixed effects. The estimated 
results are presented in Table  13 of “Appendix D”. For our benchmark estimation, the 

24 The data were collected from EUROSTAT (see http://appss o.euros tat.ec.europ a.eu/nui/submi tModi fiedQ 
uery.do).
25 We exclude services. The data were collected from EUROSTAT (see http://appss o.euros tat.ec.europ a.eu/
nui/submi tModi fiedQ uery.do).

http://appsso.eurostat.ec.europa.eu/nui/submitModifiedQuery.do
http://appsso.eurostat.ec.europa.eu/nui/submitModifiedQuery.do
http://appsso.eurostat.ec.europa.eu/nui/submitModifiedQuery.do
http://appsso.eurostat.ec.europa.eu/nui/submitModifiedQuery.do
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bell-shaped curve is obtained for the APEC list, while the environmental taxation ratio has 
no impact when we use the OECD list. The result is different when we consider the merged 
list, with the negative value of the squared variable being non-significant, indicating a 
monotonic positive impact of overall import demand for EGs.

4.2.2  Intensity of Trade by Subgroups of EGs in the APEC List

We use the APEC list of EGs to identify subgroups of products (see Table 2). We have 
six subgroups: “Air pollution control,” “Waste water management,” “Solid waste manage-
ment,” “Environmental monitoring, analysis and assessment + noise and vibration abate-
ment,” “Renewable energy plants” and “Energy/heat savings and management.” We still 
use global environmental taxes instead of specific taxes related to each subset.26 We do not 
use specific environmental taxes related to a subgroup of EGs because our estimations may 
be affected by reverse causality running from trade to taxation policy. We expect that the 
global environmental taxation ratio affects disaggregated trade patterns but not necessarily 
the reverse. Table 7 reports the results of the estimations.

For most of the subgroups of EGs, the structural variables (distance, contiguity, com-
mon legal system, and being in the eurozone) have signs and magnitudes similar to those 
reported in the literature (Head and Mayer 2014). As in Zugravu-Soilita (2019), the results 
associated with environmental variables differ regarding the subgroup of products. The 
bell-shaped curve of the relationship between environmental taxation and import demand 
for EGs is observed for the subgroups of “Waste water management,” and “Energy/heat 
savings and management.” For these two subgroups, the cutoff tax rate is, respectively, 
3.05% and 4.01% . As indicated in Table 2, the mean of total environmental taxes in the 
dataset is 2.744% with a maximum of 5.170% . Our results indicate that some countries are 
in the negative area of the marginal impact of environmental taxation even if, on average, 
there is room to increase taxes to boost intra-EU trade in EGs. For the subgroups of “Solid 
waste management,” “Renewable energy plant” and “Environmental monitoring, analysis 
and assessment + noise and vibration abatement,” the estimated coefficients associated 
with environmental taxation are positive, while the squared values are non-significant. For 
this subgroup of products, there is room to increase environmental taxes to boost intra-EU 
trade in EGs. Finally, as for the EGs included on the OECD list, the environmental taxation 
ratio has no effect on the intensive margin for the subgroup of “Air pollution control.”

4.3  Decomposing Import Adjustments Along the Intensive and Extensive Margins

We evaluate the expected change in aggregate imports of EGs and its decomposition on the 
extensive and intensive margins due to a change in the environmental taxation ratio tjt . The 
expected change can be written as

26 These specific taxes include energy taxes for trade in EGs in the energy sector (“Renewable energy 
plant” and “Energy/heat savings and management” in Group C of Table 1), pollution and resource taxes for 
the pollution management group (“Air pollution control,” “Waste water management”, “Solid waste man-
agement”, and “Environmental monitoring, analysis and assessment + noise and vibration abatement” in 
Group A of Table 1). The correlation coefficient between global environmental taxes and the specific taxes 
is 0.52 for energy taxes and 0.61 for pollution and resource taxes.
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where Ajt is observed aggregate imports (for a given destination-year pair) and ajt is 
observed average imports (at the destination-year pair level) with Ajt = Njtajt , while Ne

jt
 

and ae
jt
 are the expected number of trade partners and expected average imports, respec-

tively, if the level of environmental taxation ratio prevailing in destination country j takes 
a new value (with Ae

jt
= Ne

jt
a
e

jt
 ). Aggregate imports can be decomposed into the number of 

trade partners that trade with country j Njt (the extensive margin) and the average value of 
imports per destination-year ajt (the intensive margin). Hence, we can rewrite the expected 
change (28) as

so that

with

where �̂ = 0, 292 . We consider two counterfactual scenarios. Using the results associated 
with the APEC list, we evaluate the expected change in aggregate imports if all countries 
apply an environmental tax rate equal to the minimum observed tax rate ( te

jt
= min tjt ) and 

to the cutoff tax rate ( te
jt
= 3, 96 ). Applying an environmental tax rate equal to the mini-

mum observed tax rate would induce a decrease of 54.33 percentage points of trade in EGs, 
while trade would experience an increase of 25.33 percentage points from applying the 
cutoff tax rate. Our counterfactual analysis also suggests that the effect of a change in the 
environmental taxation ratio on imports is primarily driven by the extensive margin. For 
example, if all countries within the EU-27 have an environmental taxation ratio equal to 
the minimum observed ratio ( te

jt
= min tjt ), the average decrease in imports can be decom-

posed into a 68.46% decrease at the extensive margin and a 31.54% decrease at the inten-
sive margin.

5  Concluding Remarks

Promoting the use of environmental technologies is expected to bring economic and envi-
ronmental benefits worldwide. Thus, the acceleration of trade in EGs is at the heart of the 
sustainable development strategy of the EU. Policymakers and academics have paid much 
attention to the impact of lower tariffs on trade in EGs, but the literature is silent regard-
ing the impact of environmental policies on such trade. However, higher emission tax rates 
could make the use of EGs or clean technologies more attractive to polluting firms, thus 

(28)Ae
jt
− Ajt = Ne

jt
a
e

jt
− Njtajt

(29)
Ae
jt
− Ajt = Ne

jt

(
a
e

jt
− ajt

)

⏟⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏟
Intensive Margin

+ ajt

(
Ne
jt
− Njt

)

⏟⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏟
Extensive Margin

(30)
Ae
jt
− Ajt

Ajt

=
Ne
jt

Njt

a
e

jt
− ajt

ajt
+

Ne
jt
− Njt

Njt

(31)
a
e

jt

ajt
= e

�̂1(t
e
jt
−tjt)+�̂2[(t

e
jt
)2−t2

jt
]
and

Ne
jt

Njt

=
1 −

[
1 + �̂ exp

(
�̂0 + �̂1t

e
jt
+ �̂2Wjt

)]− 1

�̂

1 −
[
1 + �̂ exp

(
�̂0 + �̂1tjt + �̂2Wjt

)]− 1

�̂
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increasing their willingness to pay for EGs. It is expected that more stringent environmen-
tal policies should induce a higher demand for EGs and possibly increase international 
trade in EGs.

In this paper, we theoretically and empirically study the impact of environmental taxa-
tion on trade in EGs. To achieve our goal, we first develop a trade model in which demand 
for and supply of EGs are endogenous and adjust to the pollution tax rate. In accordance 
with empirical evidence, we assume that the suppliers of EGs are heterogeneous and oper-
ate under imperfect competition. Our theory reveals that (i) a higher pollution tax rate 
increases the number of partner countries (a positive effect of environmental taxation on 
the extensive margin) and that (ii) there is a bell-shaped relationship between the pollu-
tion tax rate and bilateral trade in EGs (a non-linear effect of environmental taxation on 
the intensive margin). Our empirical results confirm our main findings using data for the 
EU-27 countries when we consider the APEC list of EGs at the aggregated level. If we 
consider the OECD list of EGs, our results associated with the extensive margin hold, 
whereas environmental taxation has no effect on the intensive margin. However, the results 
obtained when we use the OECD list of EGs are very similar to the results when we con-
sider N-EGs. This suggests that the OECD list of EGs, which is less restrictive than the 
APEC list, is not sufficiently precise in identifying EGs. When we analyse the products 
included in the APEC list by subgroup, a positive relationship between the environmen-
tal taxation ratio and the intensive margins is observed for the subgroups of “Solid waste 
management,” “Renewable energy plant” and “Environmental monitoring, analysis and 
assessment; Noise and vibration abatement,” indicating that there is room to increase 
environmental taxes to boost intra-EU trade. The bell-shaped curve is obtained for the 
APEC list subgroups of “Waste water management” and “Energy/heat saving and man-
agement,” while for the EGs included on the OECD list, the environmental taxation ratio 
has no effect on the intensive margins on the “Air pollution control” subgroup.

Appendix A. The Structural Gravity Equation

We need to specify the production technology used by firms of the polluting industry 
and market structure to obtain the structural trade equation. The profit of a polluting firm 
located in country j producing variety v is given by

where pjk the output price prevailing in country k, qjk the output quantity consumed in 
country k with qj =

∑
k �jkqjk and with �jk being the iceberg bilateral trade cost and cj(v) the 

production cost. Each firm produces its variety under monopolistic competition.
Consumers have identical Cobb-Douglas preferences over differentiated products (sup-

plied by the polluting industry) and a (non-tradable) homogeneous good (provided by a 
non-polluting industry). The homogeneous good is produced with a unit requirement in 
labour so that its price is equal to one. We posit a CES sub-utility function for the differen-
tiated products. Hence, the utility function is given by

(32)�j(v) =
∑
k

pjk(v)qjk(v) − cj(v) − gj(v)
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where � is the constant elasticity of substitution and 1 > 𝜇 > 0 . The Cobb-Douglas upper 
tier of utility implies that consumers spend hj = (1 − �j)Rj on homogeneous goods, 
where Rj is the total income in country j. Demand for a variety v can be expressed as 
qjk(v) = pjk(v)

−�P�−1
k

Ek , where Pk is the price index, given by

where Ωk is the set of varieties available in country k and Ek is the expenditure level for the 
final good produced in country k (with Ek = �jRj ). Hence, the sales of a firm producing in 
country j are given by

In each country, we assume that the production technology requires a single input, labour. 
Labour demand �j is given by �j = qj∕�j + fj , where the parameter �j represents the tech-
nological parameter and fj is the fixed requirement in labour. The cost associated with pro-
duction is given by cj(v) =

∑
k(�jkqjk∕�j) + fj . We assume that 𝜏jj = 1 < 𝜏jk . Serving the 

domestic market implies lower trade costs.
Because firms produce under monopolistic competition, each producer sets its price 

and its demand for the EG, treating the price index Pk as given. The first-order conditions, 
given by d �j∕dpjk = 0 and d �j∕daj = 0 , lead to

The price is given by a constant markup �∕(� − 1) over the marginal cost of producing 
1∕�j + tj�v times the marginal cost of exporting �jk . As expected, a higher tax rate raises 
the marginal cost and, in turn, the prices set by firms. Note that that the price of the final 
product ( pjk ) does not vary among polluting firms located in the same country, even if 
their levels of emissions differ. Indeed, we assume that the marginal impact of production 
on emissions ( �j ) does not vary among firms and that they have an identical technological 
parameter ( �j).

We assume that the mass of labour units in each country is given by Lj and that 1 − �j is 
large enough that all countries produce this good in the open economy equilibrium. Hence, 
the mass of labour allocated to the production of the non-polluting good is (1 − �j)Lj . In 
addition, we consider that labour is mobile across industries and is inelastically supplied. 
These assumptions imply a unit wage.

The free-entry condition in the downstream industry implies that �j(v) = 0 . Firms 
adopting an abatement technology have higher profits than do other firms, and firms 
enter the market as long as their profits without an abatement technology reach zero 
(we allow the two types of firms to coexist in equilibrium). Hence, �j(v) = 0 implies ∑

k

�
pjkqjk − (1∕�j + tj�j)�jkqjk

�
= fj . Using (36) yields

(33)Uk = h
1−�
k

[
∫Ωk

qjk(v)
1−�dv

] �

1−�

(34)Pk =

[
∫Ωk

pjk(v)
1−�dv

] 1

1−�

(35)
∑
k

pjk(v)qjk(v) =
∑
k

pjk(v)
1−�P�−1

k
Ek

(36)pjk(v) =
�

� − 1

(
�−1
j

+ tj�j

)
�jk
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It is worth stressing that in equilibrium, the pollution intensity of a firm with an abatement 
activity is given by

so that its pollution intensity decreases with productivity.
We now determine the mass of polluting firms in each economy. We assume that there is 

no eco-industry in country j. Therefore, part of the total labour force in country j allocated 
to the polluting industry is �Lj . The labour market clearing condition in country j implies 
that Mj(qj∕�j + fj) +Me

j
�j +Mjfe = �Lj with Me

j
= �−�

j
Mj . Using (37) and the labour mar-

ket clearing condition in country j implies that the mass of firms is given by

It follows that Mj rises with tj as 𝜀 − 1 > 0.

Total income in each country Rj is given by Lj + Ψe
j
 , where Ψe

j
 is the total net gain 

associated with the use of EGs, given by Ψe
j
= Me

j
�e
j
−Mjfe . Because �−�

j
�e
j
= fe and 

Me
j
= �−�

j
Mj in equilibrium, we have Rj = Lj.

By inserting (9), (25), and (11) into (15 ), we obtain the export sales of EGs

Appendix B. Data Description

This study covers the period 1995-2012. The data cover bilateral trade flows of the EU-27 
members and were collected at the HS6-digit level. Trade data on EGs are obtained from 
the UN Comtrade database referring to the EGs lists proposed by APEC and the OECD.27 
EGs trade is defined at the six-digit level using the harmonized system (HS6). As we 
exclude services, our sample includes 112 goods for the OECD list, 54 for the APEC list 
and 138 for the composite list (see Table 8).

Previous studies have found that trade elasticities with respect to transport costs and 
other transaction cost variables are sensitive to the method used to proxy transport costs 
(Head and Mayer 2002). We use the indicator suggested by Head and Mayer (2002) to 
proxy transport costs

(37)qj =
(� − 1)fj

1∕�j + tj�

(38)
ej(v)

qj(v)
= �j −

�j(v)

qj(v)
= �j

[
1 −

�

1 − �

(
tj
zj

) 1−�

� 1∕�j + tj

(� − 1)fj

]
,

(39)Mj =
�Lj

�+�j tj�j

1+�j tj�j
fj + �−�

j
�j + fe

=
�Lj

�+�j tj�j

1+�j tj�j
fj + ��fe

(40)zjaij =
Yi

Πi

Mj(tj)t
1∕�
j

[z∗
j
(tj)]

1∕�

���1∕�
j

�j

femij

27 Data on trade were collected using the World Integrated Trade Solution (WITS) software (see http://wits.
world bank.org/wits/).

http://wits.worldbank.org/wits/
http://wits.worldbank.org/wits/
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where dgh is the distance between the two subregions g ∈ i and h ∈ j , while �g and �h rep-
resent the economic activity share of the corresponding subregion. The Centre d’Études 
Prospectives et d’Informations Internationales (CEPII) uses the above formula to create a 
dataset. Data on language, legal system and sharing a common border also come from the 
CEPII database. Total consumption of EGs is calculated using the formula

where Productionj is industrial production in the EGs industry located in country j, Exportj 
is total exports of EGs and Importj is total imports of EGs. Data on production come from 
the United Nations Industrial Development Organization (UNIDO) Statistical Databases.28 
Our dataset for environmental treaties is constructed using the Environmental Treaties and 
Resource Indicators (ENTRI) dataset produced by Columbia University.29 The GDP, popu-
lation, land area, and trade openness index variables are collected from the World Develop-
ment Indicators Database of the World Bank.30 Table 9 reports some descriptive statistics.

dij =
∑
g∈i

(∑
h∈j

�hdgh

)
�g

yj = Productionj − Exportj + Importj

28 See https ://stat.unido .org/home (accessed March 2, 2015) and the concordances at http://unsta ts.un.org/
unsd/cr/regis try/regot .asp? Lg=1 (accessed January 25, 2015) and http://wits.world bank.org/wits/produ ct_
conco rdanc e.html (accessed January 25, 2015).
29 See http://sedac .ciesi n.colum bia.edu/data/set/entri -treat y-statu s-2012/data-downl oad.
30 See http://data.world bank.org/data-catal og/world -devel opmen t-indic ators .

Table 8  Number of 
environmental goods identified in 
the APEC and OECD lists

Number of tariff 
line (HS6 digit)

APEC 2012’ list 54
Composite list 138
Overlap of the two lists 27
OECD’s list 112

https://stat.unido.org/home
http://unstats.un.org/unsd/cr/registry/regot.asp?
http://unstats.un.org/unsd/cr/registry/regot.asp?
http://wits.worldbank.org/wits/product_concordance.html
http://wits.worldbank.org/wits/product_concordance.html
http://sedac.ciesin.columbia.edu/data/set/entri-treaty-status-2012/data-download
http://data.worldbank.org/data-catalog/world-development-indicators
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