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Abstract

This paper investigates the effects of eco-labelling in a vertically differentiated duopoly. A do-

mestic product is more environment-friendly than an imported product. The perceived quality of

product plays an important role. It is shown that introducing a domestic eco-labelling programme

raises the environment-friendliness of non-eligible imported product and that tightening a crite-

rion for the eco-label not binding for the domestic product raises the environment-friendliness of

eco-labelled domestic product and reduces that of unlabelled imported product. A higher crite-

rion of domestic eco-labelling is not necessarily harmful to the foreign firm. It is also shown that

introducing a foreign eco-labelling programme is likely to improve domestic welfare but may not

be beneficial to the foreign firm.

Keywords: credence goods; eco-labelling; perceived quality; vertical product differentiation;

voluntary certification system.

JEL classification: F12; F13; L15; Q28.

∗I would like to thank Jun-ichi Itaya, Laixun Zhao, and seminar participants at Hokkaido University for helpful

comments and suggestions. Any remaining errors are my own.
†Graduate School of Economics, Hitotsubashi University, 2-1 Naka, Kunitachi, Tokyo 186-8601, Japan. Phone:

+81-42-580-8505. Fax: +81-42-580-8882. E-mail: njinji@econ.hit-u.ac.jp

1



1 Introduction

Environmental labelling, or eco-labelling, indicates that labelled products are environ-

mentally more friendly relative to unlabelled products in the same product category.

Since the Blue Angel Programme was introduced in Germany in 1978 as the first eco-

labelling programme of the world, eco-labelling programmes have been introduced in a

number of countries. While eco-labelling programmes are operated in several develop-

ing countries, they are operated mainly in industrialized countries. Most of the existing

eco-labelling programmes are based on voluntary application.1 Firms voluntarily apply

for eco-labels.

Although eco-labelling programmes are primarily aimed at improving environmental

quality, some developing countries have expressed their concerns about possible trade

effects of eco-labelling operated in industrialized countries. In 1992, Brazil was the

first country to raise trade concerns over eco-labels when the Council of the European

Communities adopted criteria for eco-labelling for pulp and paper products (Jha and

Zarrilli, 1994). Brazilian manufacturers and exporters of pulp and paper products argue

that the criteria of European eco-labelling for pulp and paper products would largely

benefit European producers and would put foreign firms in a less favourable position. In

1998, Columbia raised the issue that certain environmental measures adopted by some

industrialized countries, including eco-labelling, have negative effects on its exports

to those countries despite its introduction of strict domestic environmental standards

(Abe et al., 2002).2

The main purpose of this paper is to examine the effects of voluntary eco-labelling

programmes on the environment-friendliness of the domestic and imported products

and on firms’ profits and domestic welfare. In order to examine this issue, I extend the

1This type of eco-labelling is called type I labels, defined by the International Organization for Standardization (ISO)

(Markandya, 1997). Type I labels are owned and operated by third parties, which may be governmental organizations

or private non-commercial entities, and are awarded for products and manufacturing processes which meet a certain

environmental criteria.
2Other countries, including Korea, Pakistan, and Egypt, also noted that in some cases producers and exporters in

developing countries have to incur additional costs on export products due to eco-labelling in importing countries (Abe

et al., 2002).
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model of vertically differentiated duopoly with fixed cost of quality improvement, which

has been extensively analyzed in the industrial organization literature since the early

1980s (Mussa and Rosen, 1978; Gabszewicz and Thisse, 1979; Shaked and Sutton,

1982, 1983). There is one home firm and one foreign firm, competing in the home

market. Products are differentiated in the dimension of environment-friendliness.

An essential assumption is that the environment-friendliness is a credence attribute

of the product in the terminology of Darby and Karni (1973). That is, consumers

cannot know the environment-friendliness of products even after they consume these

products. For example, it may be difficult for a consumer to know how much he/she

pollutes when he/she drives a car. It may also be difficult to know how much recy-

cled paper a piece of paper is made from. Consumers, however, know the true level

of product quality (environment-friendliness) with some credibility, owning to firms’

voluntary information disclosure or information from some third-parties. They also

know the range of feasible product quality (environment-friendliness). From those in-

formation, consumers can have the perceived quality for each product. Consumer’s

demand is then determined by the perceived quality and prices of products. In this

situation, the role of eco-labelling programmes is to give consumers better information

about the range of feasible product quality for both labelled and unlabelled products.

I focus on the case in which the home firm obtains an eco-label and the foreign firm

does not. The model is a two-stage game. In stage 1, firms simultaneously choose

the environment-friendliness of their products. In stage 2, firms compete in prices.

Eco-labelling is introduced exogenously in stage 0.

The main contribution of this paper is to show that the changes in the perceived

qualities of products may yield some unexpected effects of eco-labelling, which have

not been shown in the existing work. That is, introducing an eco-labelling programme

causes the environment-friendliness of non-eligible imported product to increase from

the unregulated level. This is mainly because introducing an eco-labelling programme

increases the perceived quality of eligible domestic product and decreases that of non-

eligible imported product by narrowing down the range of the feasible quality for each
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type. These changes in the perceived qualities give the domestic producer of the prod-

uct eligible for an eco-label an incentive to decrease its environment-friendliness and the

foreign producer of the non-eligible product an incentive to increase its environment-

friendliness. Moreover, tightening the criterion for eco-labelling from some level that is

not binding for the eligible product causes the environment-friendliness of eligible do-

mestic product to increase and that of non-eligible foreign product to decrease. These

effects also occur through changes in the perceived qualities of products. Since tight-

ening the criterion for eco-labelling reduces the ratio of the perceived qualities of high

to low quality and hence intensifies price competition. The two firms then have an

incentive to relax price competition by choosing the environment-friendliness with a

higher degree of differentiation. Consequently, the eco-labelled product becomes more

environment-friendly and the unlabelled product less environment-friendly. This paper

also shows that tightening the criterion for eco-labelling is not necessarily detrimental to

the non-eligible foreign firm. Furthermore, when in addition to a domestic eco-labelling

another eco-labelling programme is introduced in the foreign country in order to certify

its exporting product, importing country’s social welfare is likely to be improved. The

foreign eco-labelling, however, is not always beneficial to the foreign firm.

There is a growing literature on eco-labelling from both theoretical and empirical

points of view.3 None of these papers, however, has examined the effects of eco-labelling

through the perceived quality of labelled and unlabelled products. Matto and Singh

(1994, 1997) and Abe et al. (2002) use approaches quite different from mine. These

two papers employ a horizontal rather than vertical differentiatio model and do not

explicitly deal with the issue of product quality. Jinji (2001) focuses on the issue of

strategic choice of criterion for eco-labelling, which is different from the issue in this

paper. Kirchhoff (2000), Rege (2000), and Dosi and Moretto (2001) explicitly deal

3However, some of the existing papers seem to address the issues slightly different from eco-labelling. First, since

Swallow and Sedjo (2000) consider mandatory rather than voluntary certification system, their analysis is not particularly

relevant for analyzing (voluntary) eco-labelling programmes. Tian (2003) defines eco-labelling as a minimum quality

standard on imports, which is quite different from eco-labelling in the usual sense. In Amacher et al. (2004), eco-labelling

just raises unit cost of investment for reducing cost of pollution abatement by imposing some specific requirements.

There is no role for labelling.
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with the issue of asymmetric information in eco-labelling. Their analytical framework

is, however, quite different from mine. Kirchhoff (2000) models eco-labelling as random

detecting for potentially cheating monopolist. Introducing eco-labelling reduces the op-

timal cheating rate by the monopolist. In Rege (2000), some firms produce polluting

goods but pretend to produce environment-friendly goods. Eco-labelling provides certi-

fication for environment-friendly goods and hence reduces the number of cheaters. Dosi

and Moretto (2001) assume that demand for environment-friendly goods is stochastic.

Firms produce both environment-friendly and polluting goods. They show that since

eco-labelling provideds a good image over the entire firm, eco-labelling may expand

investment in polluting technology as well as environment-friendly technology. Nimon

and Behgin (1999b) is closely related to this paper, using a vertical differentiation

model. However, in their morel there is no possibility that firms over-comply with the

criterion for eco-labelling. Moreover, they assume the market is perfectly competitive

and rather focus on the issue of harmonization of national eco-labelling programmes.

The existing empirical evidence on the effects of eco-labelling is mixed (Bjørner et

al., 2004; Cason and Gangadharan, 2002; Johnston et al., 2001; Nimon and Behgin,

1999a; Teisl et al., 2002). Bjørner et al. (2004) find a significant price premium for

eco-labelled products in the case of Nordic Swan programme in Denmark. Teisl et

al. (2002) also find the evidence to show that dolphin-safe labelling affected consumer

behaviour and increased the market share of canned tuna. In the case of the apparel

industry in the United States, Nimon and Behgin (1999a) find a price premium for

organic fibers but do not find any evidence of a price premium for environment-friendly

dyes. Johnston et al. (2001) investigate differences in consumer preferences for eco-

labelled seafood for sustainable fisheries between the United States and Norway and

find that the effects of factors, such as price premium and certifying agency, differ

between the two countries. In particular, they find that Norwegian consumers are

more sensitive to the price premium and their consumption of eco-labelled seafood is

affected by whether the certifying agency is the most trusted one or not. The latter

effect does not hold for the U.S. consumers. Moreover, using experiments, Cason and
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Gangadharan (2002) show that a third-party certification is the only reliable way to

improve environment-friendliness of products.

The remainder of the paper is organized in the following way. Section 2 sets up the

model. Section 3 analyzes the unregulated market equilibrium. Section 4 investigates

the effects of eco-labelling. In section 4.1, the case in which only the home country

introduces an eco-labelling programme is examined. In section 4.2, the case in which

the home and foreign countries both introduce eco-labelling programmes is analyzed.

Section 5 concludes.

2 The Model

The model I use in this paper is an extended version of the standard model of verti-

cally differentiated duopoly with fixed cost of quality improvement.4 There are two

firms, one firm located in the home country and the other firm located in the foreign

country, producing a potentially quality-differentiated product and selling in the home

market. The product quality is measured by environment-friendliness, i.e., the impact

of consuming a product on the environment. An environmentally more friendly prod-

uct is considered as being of higher quality. Let qh, qf ∈ [0, q̄] be the actual qualities

of the product produced by the home and foreign firms, respectively, where q̄ is the

highest possible level of product quality at the current technology level.5 I assume

qh ≥ qf , that is, the quality of the product produced by the home firm is at least as

high as that produced by the foreign firm. I also assume that marginal production

cost is invariant with respect to both quality and quantity and, for simplicity, I set it

to zero. The cost of quality improvement totally falls on fixed costs and involves no

increase in unit variable costs. This is because firms have to install new equipment to

produce more environment-friendly products but do not have to use more expensive

inputs. Home firm’s cost of developing a product of quality qh is given by F h(qh),

where F h(0) = F h′(0) = 0, F h′(q) > 0, and F h′′(q) > 0. Foreign firm’s cost of quality

4As for the standard model of vertically differentiated duopoly, see, for example, Aoki and Prusa (1997).
5I assume that q̄ is sufficiently high in order to have interior solutions.
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development, F f(qf), is defined analogously. I assume that F h(q) < F f(q), ∀q �= 0,

that is, the home firm has access to better technology to improve the environment-

friendliness of products. In order to ensure that qh ≥ qf holds in equilibrium, I assume

that the technology gap between the two firms is sufficiently large.

In the home country, there is a continuum of consumers indexed by θ, which is uni-

formly distributed on [0, 1] with density one. The parameter θ represents a consumers’

marginal willingness to pay for environment-friendliness of product. Each consumer

is assumed to either buy one unit of the quality-differentiated good or nothing. Con-

sumers do not have perfect information about the product quality. In particular, I

assume that the actual quality (environment-friendliness) of a product is a credence

attribute in the terminology of Darby and Karni (1973). That is, consumers cannot

know environment-friendliness of a product even after consuming it.6 Thus, consumer’s

consumption choice is determined by the perceived quality and prices of products. The

perceived quality is constructed in the following way. Each consumer knows the actual

quality of a product with credibility ρ ∈ [0, 1]. This may be because firms voluntarily

disclose the actual quality of its own product or some third-parties disclose qualities of

the products sold in the market. I assume ρ is the same for all consumers and exoge-

nously given. Each consumer also has some reference quality for each product denoted

by qir, i = h, f , which is simply the average quality in the range of feasible quality for

the product. In the unregulated market, for example, since the feasible range of prod-

uct quality is [0, q̄] for both products, the reference quality is qhr = qfr = q̄/2 for both

products. The perceived quality of the product i is then given by q̃i = (1− ρ)qir + ρqi,

i = h, f .

Consumer θ’s (indirect) utility is given by u = θq̃−p if he buys one unit of a product

with perceived quality q̃ at price p ∈ [0,∞). His utility is zero if he buys nothing. Note

that consumer’s utility depends on the perceived quality rather than the actual quality,

because the product quality is a credence attribute.

As in the standard model, the model is a two-stage game. In stage 1, firms simul-

6I assume that firms can observe the rival’s quality choice.
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taneously choose their product qualities. In stage 2, firms compete in prices (Bertrand

competition). The solution concept is the subgame perfect Nash equilibrium (SPNE).

3 The Unregulated Market

Before examining the effects of eco-labelling, I analyze the equilibrium in the unreg-

ulated market. In the unregulated market, since the reference quality is q̄/2 for both

products, the perceived quality of the home and foreign products is given by

q̃i = (1 − ρ)
q̄

2
+ ρqi, i = h, f. (1)

Given two products being offered in the market, there are two critical values of θ:

θh ≡ (ph − pf)/(q̃h − q̃f) and θf ≡ pf/q̃f , where ph and pf are prices of the home and

foreign products, respectively. A consumer with θ = θh is indifferent between buying

the home (high quality) product and the foreign (low quality) one. A consumer with

θ = θf is indifferent between buying the foreign (low quality) product and consuming

nothing. Demands for the home and foreign products are given by xh = 1 − θh and

xf = θh − θf , respectively. The market is hence not fully covered.

3.1 Stage 2

Using backward induction, I first analyze stage 2. In stage 2, each firm chooses price to

maximize its own gross profits, given the product qualities and the rival’s price choice.

The first-order conditions (FOCs) yield the following best response functions:

ph =
pf + q̃h − q̃f

2
, and pf =

q̃fph

2q̃h
. (2)

The prices in Nash equilibirum (NE) are then given by

ph
N =

2q̃h(q̃h − q̃f )

4q̃h − q̃f
and pf

N =
q̃f (q̃h − q̃f)

4q̃h − q̃f
. (3)

Corresponding demands for the home and foreign products in NE are respectively given

by

xh
N =

2q̃h

4q̃h − q̃f
and xf

N =
q̃h

4q̃h − q̃f
. (4)
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The home and foreign firm’s equilibrium revenues in stage 2 are then given by

Rh(q̃h, q̃f) =
4(q̃h)2(q̃h − q̃f)

(4q̃h − q̃f)2
and Rf(q̃h, q̃f) =

q̃hq̃f(q̃h − q̃f)

(4q̃h − q̃f )2
, (5)

respectively. The equilibrium revenue functions have the following properties:

Lemma 1

∂Rh

∂qh
> 0,

∂Rh

∂qf
< 0,

∂2Rh

∂(qh)2
< 0,

∂2Rh

∂qh∂qf
> 0,

∂Rf

∂qh
> 0,

∂Rf

∂qf
> 0 for qh > (7/4)qf ,

∂2Rf

∂qf∂qh
> 0,

∂2Rh

∂(qf )2
< 0.

Consumer surplus in the home market is given by

CS(q̃h, q̃f) =
∫ 1

θh
(θq̃h − ph)dθ +

∫ θh

θf
(θq̃f − pf )dθ =

(q̃h)2(4q̃h + 5q̃f)

2(4q̃h − q̃f )2
. (6)

Since consumer’s utility depends on the perceived quality rather than the actual prod-

uct quality, consumer surplus is also defined over the perceived quality. The aggre-

gate level of environment-friendliness of products consumed in the market, on the

other hand, is defined over both the actual and perceived product qualities, because

it depends on both the actual environment-friendliness per unit and the size of de-

mand. Assuming that the externality occurs at the consumption side, the aggregate

environment-friendliness of products in the home country is given by

E = e(qhxh + qfxf ) =
e(2qh + qf )q̃h

4q̃h − q̃f
, (7)

where e > 0 is some constant.7 Home welfare is given by the sum of home firm’s profits,

consumer surplus, and the aggregate environment-friendliness:

W = πh + CS + E
7Therefore, the externality is positive rather than negative in this model. Cremer and Thisse (1999) and Amacher

et al. (2004) employ a similar approach in the model of vertical differentiation. Bansal and Gangopadhyay (2003)

interpret the product quality as the level of pollution abatement per unit. In their approach, there is a possibility

that the aggregate pollution may increase despite an increase in product quality per unit, if the demand increases.

Their approach, however, cannot be directly applied to my model because the market is not fully covered in my model.

Another approach taken by Moraga-González and Padrón-Fumero (2002) is that the product quality is measured in the

dimension of emission per unit. Their approach is consistent with the assumption of partial market coverage, because

consumers with highest willingness to pay for product quality do not buy the product.
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=
4(q̃h)2(q̃h − q̃f)

(4q̃h − q̃f )2
− F h(qh) +

(q̃h)2(4q̃h + 5q̃f)

2(4q̃h − q̃f )2
+

e(2qh + qf)q̃h

4q̃h − q̃f

=
3(q̃h)2

2(4q̃h − q̃f )
− F h(qh) +

e(2qh + qf)q̃h

4q̃h − q̃f
. (8)

3.2 Stage 1

In stage 1, each firm decides its product quality to maximize its own net profits, given

the rival’s quality choice. The home and foreign firm’s FOCs are given by

∂πh

∂qh
=

∂Rh(q̃h, q̃f)

∂qh
− F h′(qh) = 0 and

∂πf

∂qf
=

∂Rf (q̃h, q̃f)

∂qf
− F f ′(qf ) = 0, (9)

respectively. These equations yield firms’ quality best-response functions. The quality

best-response curves for the two firms are depicted in Figure 1. Firm i’s quality best-

response curve is denoted as qi = Bi(qj; q̃h, q̃f), for i, j = h, f . Since ∂2Rh/∂qh∂qf =

ρ2(∂2Rh/∂q̃h∂q̃f ) > 0 and ∂2Rf/∂qf∂qh = ρ2(∂2Rf/∂q̃f∂q̃h) > 0, the quality best-

response curves are both upward sloping. While the quality best-response curves are

drawn in the space of actual qualities, the perceived qualities also affect the locus of

these curves. The NE in stage 1 is determined by the intersection of the two curves

at point N . Let (qh, qf) = (qh
ur, q

f
ur) be the (actual) quality pair in the SPNE in the

unregulated market, which satisfies (9). Note that qh
ur > qf

ur holds. The following

proposition is obtained.

Proposition 1 In the unregulated market, if q̄ is sufficiently low and ρ is sufficiently

high, then there exists a unique SPNE in which firms choose distinct product qualities.

This proposition implies that the standard result of differentiated quality choice can

be extended to the case in which an asymmetric information problem exists between

producers and consumers concerning the product quality. In order for an SPNE to

exist, however, the range of the feasible product quality must be sufficiently narrow

and the credibility of voluntary information must be sufficiently high. The intuition is

that when q̄ is sufficiently low and ρ is sufficiently high, the perceived quality differs

across the two products and hence both firms can earn positive profits by choosing

distinct product qualities. This is an extension of the result in the standard model
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(Mussa and Rosen, 1978; Shaked and Sutton, 1982, 1983; Aoki and Prusa, 1997).

When q̄ is too high and/or ρ is too low, on the other hand, the perceived qualities of

the two products will not be differentiated enough to yield positive net profits for both

firms even if distinct actual qualities are chosen.

4 Eco-Labelling and International Trade

In this section, I investigate the effects of eco-labelling. I assume that a criterion to

be satisfied for a product being awarded an eco-label is set in stage 0, that is, before

firms choose product qualities. I consider some exogenous criteria for eco-labels. If

a product satisfies the criterion for eco-label, then the product is awarded an eco-

label. For simplicity, I assume that the eco-label is free of charge and that the costs

of application are also zero. Since eco-labelling is voluntary, firms which do not obtain

an eco-label can still sell their products as “unlabelled products.” This is a major

difference between eco-labelling and minimum quality standards. In the latter case,

the products that do not satisfy the standard cannot be sold in the market.

4.1 Home eco-labelling programme

I first consider the case in which an eco-labelling programme is introduced only in the

home country. Let qe be the quality level that a product has to satisfy in order to be

eco-labelled. Then, consider the case in which the criterion for the home eco-label is set

at the level just equal to the quality of the home product in the unregulated market,

that is, qe = qh
ur. This means that the home firm can obtain an eco-label without

raising its product quality from the level in the unregulated market. The foreign firm,

on the other hand, cannot obtain an eco-label unless it raises its own product quality.

An interesting effect of introducing this type of eco-labelling is that the foreign

firm increases the quality of its product from the level in the unregulated market but

chooses the level lower than qe. Thus, the foreign firm does not obtain an eco-label.

The home firm, on the other hand, may increase or may not change the product quality
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from the level in the unregulated market. The mechanism to yield these results is as

follows. Introducing an eco-labelling programme changes the range of feasible product

quality for both labelled and unlabelled products. After an eco-labelling programme

is introduced, the range of feasible product quality is [qe, q̄] for labelled products and

[0, qe) for unlabelled products. Consequently, given the actual quality levels of the

two products, introducing the home eco-labelling increases the perceived quality of the

home product and decreases that of the foreign product, because the reference quality

for the home product increases from q̄/2 to (qe + q̄)/2 and that for the foreign product

decreases from q̄/2 to qe/2. The perceived qualities of the home and foreign products

are hence given by

q̃h = (1 − ρ)
qe + q̄

2
+ ρqh, and q̃f = (1 − ρ)

qe

2
+ ρqf . (10)

Since the perceived quality is higher for a given level of the foreign firm’s product

quality, the home firm has an incentive to decrease the actual product quality as long

as the product quality is higher than or equal to qe. Thus, the home firm’s quality best-

response curve shifts down in the part qh ≥ qh
ur, as shown in Figure 2. The foreign firm,

on the other hand, has an incentive to choose a higher quality because the perceived

quality of its product is lower for a given level of the home firm’s product quality.

Thus, as shown in Figure 2, the foreign firm’s quality best-response curve shifts to the

right. The equilibrium point shifts from N to E1. In equilibrium, the following results

are obtained:

Proposition 2 Compared to the unregulated market equilibrium, introducing a home

eco-labelling programme with qe = qh
ur (i) increases or does not change qh, (ii) strictly

increases qf , (iii) strictly increases q̃h, (iv) has an ambiguous effect on q̃f , and (v)

increases the ratio of the perceived qualities r̃ ≡ q̃h/q̃f in equilibrium.

Therefore, only the home firm obtains an eco-label in equilibrium. Note that if the

criterion for eco-label is set blow qh
ur, the quality of the home product may be lower in

the equilibrium with eco-labelling than in the unregulated market.

Based on the results in Proposition 2, the effects on firms’ profits, consumer surplus,

12



and home welfare are analyzed, as shown in the following proposition:

Proposition 3 Compared to the unregulated market equilibrium, introducing a home

eco-labelling programme with qe = qh
ur (i) increases πh unless qh is raised too much, (ii)

has ambiguous effects on πf , CS, and W in equilibrium.

Thus, the effects on profits and welfare other than those on home firm’s profits are

generally ambiguous. The effect on E is also ambiguous because a higher r̃ means

softer price competition and hence smaller outputs, while qh remains the same and qf

is strictly higher.

Another effects of eco-labelling can be shown by considering the case in which the

criterion for an existing eco-labelling programme is tightened.8 Consider that the

criterion for eco-label is initially set at qe ∈ (qf
ur, q

h
ur) and only the home firm obtains

an eco-label. I denote this initial level of criterion by qe
0. At this level, the criterion is

not binding for the home firm’s product, i.e., qe
0 < qf . Now, consider a marginal increase

in the criterion for eco-label from qe
0. Since the new criterion is still not binding for the

home product, the home firm can obtain an eco-label without increasing its product

quality. Surprisingly, however, tightening the unbinding criterion causes the home firm

to improve the product quality and the foreign firm to reduce the product quality, as

shown in the following proposition:

Proposition 4 Marginally tightening the criterion for eco-label from qe
0 (i) increases

qh and decreases qf , (ii) increases both q̃h and q̃f , and (iii) reduces r̃ in equilibrium.

The results in the proposition are intuitively explained in the following way. When

the home eco-labelling programme exists, the perceived qualities of the two products

are given by (10). With the actual qualities fixed, a marginal increase in qe yields

∂q̃h/∂qe = ∂q̃f/∂qe = (1 − ρ)/2. This causes the ratio of the perceived qualities r̃

to decrease because ∂r̃/∂qe = (1 − ρ)(q̃f − q̃h)/2(q̃f)2 < 0. The price competition

is hence intensified by reducing the degree of perceived quality differentiation. Since

8Given the fact that the criteria for eco-labels are revised on average three or four years (OECD, 1997), this is quite

realistic.
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firms have an incentive to relax price competition by increasing the degree of actual

quality differentiation, the home firm’s quality best-response curve shifts up and the

foreign firm’s quality best-response curve shifts down. In equilibrium, a higher qh

and a lower qf are chosen. The perceived quality of the home product is higher in

equilibrium. With regard to the foreign product, an increase in the perceived quality

due to a marginal increase in qe dominates a decrease in the actual quality and hence

the perceived quality of the foreign product is also higher in equilibrium.

Based on the results in Proposition 4, the effects of marginally tightening the crite-

rion for eco-label on firms’ profits and home welfare are as follows:

Proposition 5 Marginally tightening the criterion for eco-label from qe
0 (i) has am-

biguous effects on πh and πf , (iii) increases CS, and (iv) has ambiguous effects on W

in equilibrium.

The positive effect on consumer surplus is quite intuitive because the perceived quality

increases for both products and the price competition is intensified. An interesting

possibility is that foreign firm’s profits may be increased by tightening the criterion

for eco-label for which its product is not eligible. This possibility can be confirmed

by a numerical example. When q̄ = 0.15/k, ρ = 0.7, F h(qh) = k(qh)2, and F f(qf ) =

2k(qh)2, where k > 0, foreign firm’s profits are πf ≈ 0.000629/k for qe = 0.05/k and

πf ≈ 0.000637/k for qe = 0.051/k. Thus, as opposed to the criticisms from developing

countries, tightening criteria for eco-labelling in developed countries may be beneficial

to those who export unlabelled products.

In the above example, home firm’s profits and home welfare are also increased by

tightening the criterion for eco-label.

4.2 Foreign eco-labelling programme

I now turn to the case in which the foreign eco-labelling programme is also introduced

and the home country recognizes the foreign eco-label. Let qef be the criterion to be

satisfied for a product to be awarded a foreign eco-label. Consider that the criterion

for the foreign eco-label is set at the quality level of the foreign product when only the
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home eco-labelling is operated, i.e., qef = qf
e . The foreign firm can obtain a foreign

eco-label without increasing the product quality from qf
e . One may think that the home

firm is not affected by the introduction of such foreign eco-labelling. This is not true.

In fact, introducing the foreign eco-labelling programme may increase both the actual

and perceived qualities of the home product, as shown in the following proposition:

Proposition 6 Compared to the equilibrium with the home eco-labelling only, intro-

ducing a foreign eco-labelling programme with qef = qf
e (i) increases or does not change

qh and q̃h, (ii) increases or does not change qf , (iii) strictly increases q̃f , and (iv)

reduces r̃ in equilibrium.

The intuition is as follows. Introducing the foreign eco-labelling increases the perceived

quality of the foreign product from (10) to

q̃f = (1 − ρ)
qef + qe

2
+ ρqf . (11)

The perceived quality of the home firm, on the other hand, is not affected by the

introduction of the foreign eco-labelling and hence is given by (10). Since the ratio

of the perceived qualities r̃ decreases, with the rival’s quality choice fixed, the home

firm has an incentive to choose a higher quality and the foreign firm has an incentive

to choose a lower quality. Thus, as shown in Figure 3, the home firm’s quality best-

response curve shifts up and the foreign firm’s quality best-response curve shifts to

the left in the part qf ≥ qf
e . When the criterion for home eco-labelling is set at qh

ur

and the home firm’s product quality is determined by corner solution without foreign

eco-labelling, the home firm’s product quality may still be given by corner solution

after the foreign eco-labelling is introduced. In that case, the home firm’s product

quality remains the same before and after the introduction of the foreign eco-labelling.

Otherwise, the home firm’s quality choice is higher than the level without foreign eco-

labelling and the foreign firm’s quality choice is at least as high as the level without

foreign eco-labelling. In Figure 3, the case in which the criterion for the home eco-

labelling is set at qe < qh
ur is depicted. Since the qualities of both products are at least

as high as before, the perceived quality of the home product may be the same or higher
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and that of the foreign product strictly increases in equilibrium.

Based on the results in Proposition 6, the effects on profits and home welfare are as

follows:

Proposition 7 Compared to the equilibrium with only the home eco-labelling, intro-

ducing a foreign eco-labelling programme with qef = qf
e (i) has ambiguous effects on πh

and πf , (iii) increases CS, and (iv) is likely to increase W in equilibrium.

The positive effect on consumer surplus in this case is similar to that in Proposition 5.

Since q̃h is at least as high as the level without foreign eco-labelling and q̃f is strictly

increased by the introduction of foreign eco-labelling, and since the price competition

is intensified, consumer surplus is necessarily higher with foreign eco-labelling. Home

welfare is also likely to be higher with foreign eco-labelling. While home firm’s revenue

may be lower after the foreign eco-labelling is introduced, a gain in consumer surplus

is more than enough to compensate for a (possible) loss in home firm’s revenue and

hence Rh+CS is strictly higher with foreign eco-labelling. The aggregate environment-

friendliness E is also higher with foreign eco-labelling because the actual product qual-

ities do not decrease and the ratio of the perceived quality r̃ is reduced, meaning larger

outputs for both products. Thus, when an eco-labelling programme is introduced in a

developing country to certify its exporting products, developed countries are likely to

be better off by recognizing the eco-labelling programme in the developing country.

Although the effect on πf is generally ambiguous, a numerical example can be used to

show that there exits a case in which an introduction of foreign eco-labelling is actually

beneficial to the foreign firm. In the example I used in the previous subsection where

q̄ = 0.15/k, ρ = 0.7, F h(qh) = k(qh)2, and F f(qf) = 2k(qh)2, foregin firm’s profits are

πf ≈ 0.000629/k for qe = 0.05/k without foreign eco-labelling and πf ≈ 0.000698/k

for qe = 0.05/k and qef ≈ 0.00904/k.
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5 Conclusions

In this paper, I have investigated the effects of voluntary eco-labelling on the

environment-friendliness of the domestic and imported products in a vertically dif-

ferentiated duopoly. The environment-friendliness of products is treated as a credence

attribute and hence is not observable for consumers both ex ante and ex post. However,

consumers construct some perception about the quality (environment-friendliness) of

each product from the partially credible information on the actual quality and the

range of feasible product quality. Eco-labelling, which is exogenously introduced prior

to firms’ quality choices, provides a certification to the products whose environment-

friendliness satisfy the criterion for the eco-label. I have focused on the case in which

the domestic firm produces a more environment-friendly product than the foreign firm

due to sufficiently large technology gap.

I have first shown that even without eco-labelling firms choose distinct qualities

under some conditions. I have next considered the case in which an eco-labelling

proramme is introduced only in the importing country and its criterion is set at the

quality level of the domestic product in the unregulated market. In this case, the

domestic firms choose to obtain an eco-label but the foreign firm does not. Nevertheless,

the quality of non-eligible imported product is increased by introducing the domestic

eco-labelling programme. This is mainly because the introduction of eco-labelling

affects the perceived qualities of both eligible and non-eligible products. Moreover,

when the criterion for eco-labelling is tightened from some level that is not binding for

the domestic product, the environment-friendliness of the eligible domestic product is

increased and that of non-eligible foreign product is decreased. It has been shown that

a higher criterion is not necessarily harmful for the non-eligible foreign firm.

I have also considered the case in which an eco-labelling programme is introduced

in the foreign country in addition to the domestic eco-labelling. The criterion of the

foreign eco-labelling is assumed to be set at the quality level of the foreign product

in the case where only the domestic eco-labelling programme is operated. It has been

shown that this additional eco-labelling is likely to improve domestic country’s social
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welfare but does not necessarily increase foreign firm’s profits.

These results I have shown in this paper imply that eco-labelling prgrammes may

have some unexpected effects on the environment-friendliness of both eco-labelled and

unlabelled products and on firms’ profits and welfare. These effects are mainly derived

through the changes in the perceived qualities of products.
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Figure 1: Quality best-response functions and Nash equilibrium
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Figure 2: The effects of home eco-labelling
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Figure 3: The effects of foreign eco-labelling
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