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Can Ecolabeling Schemes Preserve The Environment?
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Abstract: A three-stage game of production technology, digaad price
competition is developed to study the impact of-katx@ling, in a duopoly model
of vertical product differentiation. The productitechnology and the subsequent
pollution level are non observable by consumerse Dimly way to inform
consumers about the environmental quality of theglpet is to stick an ecolabel
on it. However, a polluting firm may also usurp #edlabel by incurring a certain
cost. By assuming that consumers are altruistic anding to pay for
environmental quality, we show that ecolabels casuce the pollution level.
Finally and importantly, under restrictive conditgoon labeling cost, ecolabeling
can constitute to some extent an environmentalfgcefe and economically
efficient policy. However, ecolabeling cannot alom&rnalize the whole negative
externality until the optimum point.
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Can Ecolabeling Schemes Preserve The Environment?

1. Introductory remarks

Some consumers derive utility from buying and usprgducts produced under specific
processes, such as environmentally friendly prestigCason and Gangadharan, 2002). At
first glance, environmentally friendly products &imilar to the conventional version of the
same product, except than they are less harmfuthrenvironment and frequently more
expensive. In order to capture the consumers’ ngiiess to pay, some producers market
products labeled as ‘environmentally friendly’. time United States, the percentage of new
product introductions which were claimed to be smwnentally friendly rose from 1.1
percent in 1986 to 9.5 percent in 1999 (Wasik, 1986ted in Kirchoff, 2000; Market
Intelligence Service, quoted in Kotchen, 2006). 998 study of on-pack claims in Belgium,
France, Italy, Portugal and Spain found that 78% X8 detergent products were carrying a

green claim (Leubuscher, 1998).

On the consumer side, a 1996 survey in France gdfthet 54 percent of households indicated
that they would be willing to pay up to 10 percenore for environmentally preferable
products (EPA, 1998). Teisl et al. (2002) providarket-based evidence that consumers
responded to the implementation of dolphin-safeelialy. The dolphin-safe label tuna
affected consumer behaviour and increased the insiilaee of canned tuna. Consumers were
willing to pay a price premium in order to avoidrganally contributing to dolphin mortality
as a result of tuna fishing. More recently, usingnlBh consumer diary data, Bjgrner et al.
(2003) found statistically significant levels of consumamoice of more expensive, eco-

labeled laundry detergents and toilet paper brands.
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Nevertheless, markets for environmentally friengigpducts are dysfunctional because most
promised environmental attributes are baqgihblic (non-rival and non-exclusive) and
unobservablgcredence attributes). For example, claims abbetharmlessness of certain
products for the ozone layer promise the provisiba public good, which is also unverifiable
at the consumer level. Neoclassical theory prednasconsumers will attempt to free ride by
enjoying the public good without incurring the pigign costs. Despite a willingness to pay
for public environmental attributes, problems of@de selection (Akerlof, 1970) can occur
where important product attributes are credenceature (Darby and Karni, 1973). Price is
not a good signal of the product’s value becausmig®f different quality can be purchased
at the same price. An adverse selection situatisesawhen consumers cannot detect a fixed
attribute of the product before purchase, while thformation is available to sellers. Adverse
selection could occur, for example, where some ywes provide false or misleading
labeling about environmental attributes and undegly production practices causing
consumers to choose products that do not in face hlae attributes they want (Grodsky,

1993).

To overcome these market dysfunctions, environniignfaendly firms need altruistic
consumers, at least to some extent, and credilgaalling. Unlike some preceding
contributions that consider ecolabeling schemes alicy instrument, we study ecolabeling
as a firm device. Ecolabeling encompasses sewgres tof labels related to the environment
preservation like third party certification schenwesself declaratory statements. Each type of
ecolabel implies specific cost issues which caateel to design, verification and advertising
procedures. Our objective is to determine whethelabeling schemes in their diversity may
allow the market to mitigate by itself the previgusentioned market failures without policy
intervention. To address this question, we consae&tuopolistic market. We analyze the

ecolabeling decision of each firm by taking int@@ant price competition and the possibility
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for the polluting firm to usurp the environmentalliendly firm by ‘purchasing’ the ecolabel.
Consumers can only rely on labels to know the emvirental quality of firms. We show that
pollution can be reduced without public interventidout only by combining the force of
voluntary consumers’ participation and efficiergrslling. The outcome depends directly on

ecolabeling costs.

The remainder of the paper is organized as follovr& next section discusses the existence
of different types of ecolabels and their relatedtdssues. Section 3 briefly overviews the
related literature. Section 4 lays down the masuagtions and presents a duopoly model
with vertical differentiation. Section 5 analyzescp, signal and technology decisions. In
section 6, we study the impact of consumers’ renisif beliefs on firms’ behavior. We show
the conditions related to ecolabeling costs forclwhpollution emissions can be reduced
without governmental intervention. Section 7 codel and stresses some policy

implications.

1. A brief presentation of ecolabels and related sbissues

Broadly speaking, eco-labels are on product claietsted to environmental friendliness.

Indeed, it is widely admitted that consumers redavily on the information provided on

labels to make their product selection decisiorsvextheless, ‘ecolabel’ is a fuzzy and ill-

defined term that may encompass different meaniigene extreme, ecolabels are “labels
issued by independent organizations and displag&dhtarily by manufacturer who submit

to inspection or in some other way meet the orgditias environmental or advertising

standards” (Wynne, 1994, p.55). At the other ex&reetolabels are just on product claims
or logos related to some extent to environmentahflliness. Such claims may be vague,
undefined, unverified and unverifiable (Wynne, 19Bdubuscher et al., 1999). The term is

frequently used without indicating clearly indicagito the readers the definition used by the
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author. Examples of such ecolabels are statements lmox of detergent that the product
contains no phosphates or a label on a washinginechaiming that it is energy efficient.
In such a confusing context, indicating clearly thederlying definitions is not just

unimportant quibbles over words but can changevidnyewe think.

In order to decipher the variety of voluntary eabdls, we suggest three distinctive criteria.

» the way the standard underlying the eco-label imee
» the way the claim is verified

* the way it is signaled to consumers.

Each criterion or stage can be refined accordinthéopursued objective. For example, the
standard setting process may include a broad asfagtakeholders and cover several
environmental fieldsg.g., Nordic Swan) rather than an manufacturer selfraigdin of the

standard covering only one environmental fieddy(, CFC free). On the basis of the identity

of participants in the different stages, we maygasg) the following table (Table 1).

Table 1: Characterizing ecolabels according to thearticipating agents (Examples :
ABC : Manufacturer’s self declaration ; DEF : Label Eco-OK)

Agent in charge of achieving the stage

Manufacturer Independent party All stakeholders
Definition A D G
Verification B E H
Signaling C F I

We consider that sticking an ecolabel on produsts icostly process. This contention is
intuitively evident when we refer to a process veheach stage is achieved by an independent
and competent party (DEF). For example, it is Walbwn that the certification stage, carried

out by a third party, aimed at evaluating the estvinental impact along the entire life-cycle
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can be time consuming and very expensive (Piotroasé Kratz, 1999). At the end of the
assessment, the label is granted if the produisfigatthe pre-requirements set by the auditor,
or if the applicant submits a product which theitarcevaluates as the best available product
in terms of environmental performance. The relevambducer costs notably include
ecolabeling fees, meeting scheme requirements aridication costs. Additional producer
costs may include transaction costs involved with standard setting process, changing

suppliers and so forth.

According to an OECD report (Vitalis, 2002), “feésr eco-label certification are also
reasonably significant (...). Colombia estimated, fostance, that compliance with the
Flower Labelling Programme scheme in Germany waokt the producer at least US$2,500
annually, on top of a US$1 charge per label per dfosut flowers. Given the tight margins
operating in the market for cut flowers these fegurepresented a very significant investment.
Certification costs for timber eco-labels are samijl substantial, at between 5-10% of
existing logging costs, though some estimates igteeh” According to Piotrowski and Kratz
(1999), “the costs of testing and verification foreign producers are significantly higher,
especially if they entail plant visits. It was refgal in a study carried out in India that for
some firms the costs of testing for compliance itk Netherlands ecolabel requirements for
footwear could lead to a cost increase of up top8O cent.” Environmental report cards
(notably delivered by Scientific Certification Sgsts, Inc., Wynne 1994) are not eco-seal of
approvals because they do not offer a judgementevah products but provide a synthetic
‘identidy card’ of a product’s environmental burdeim terms of energy consumption, and
pollution of the soil, air, and water during itoguctiort. The costs for completing the report

cards was estimated to cost between $25,000 t@@®3Pper firm (Halverson,1992).

! This ecolabel is similar to the well-known nutitifact label.
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Even candidates using misleading claims can inourtnivial costs, like expenses related to
possible prosecution and reputation loss. Indeeaukt developed countries have "truth-in-
advertising” laws that make it illegal and somewhigky to misrepresent products to
consumers (Grodsky, 1993; Leubuscher et al., 1998ns may attempt to avoid prosecution
by using vague, generic, non-specific claimg.,"environmentally friendly". Even in these
cases such, if polluting firms made generic claihthis sort, the abating firms could respond
by making their claims specific - for example, tpi®duct is "phosphate free" or was "not
tested on animals" - and polluting firms would et able to follow suit without incurring
regulatory penalties or reputational losses (Grpdd©93). Indeed, competition between
firms may reinforce the consumer’s ability to deeluelatively complete information about
the hidden quality dimensions of products (Ippolénd Mathios, 1990). For instance, a
producer might use a generic claim. A competitahva similar product having specific and
well defined and desirable properties (pesticid®)frwould have an incentive to advertise
precisely these desirable attributes. This competdisclosure results in explicit claims for
all positive aspects of products and allows congante make appropriate inferences about
products making only partial or generic claims orctaims at all. In some cases, the polluting
firm can acquire the same label granted to a gfieenby affording extra certification costs
or exploiting asymmetric information between thengipal (the auditor) and the agents

(applicant firms) or bribing the auditor.

3. Related literature
There is a fairly sizeable literature that has yred (eco)labeling in different perspectites

On the one hand, several contributions questiomituket share green products can obtain, if

2 There is a growing and recent literature devotetthé analysis of ecolabeling policies. An exhasasteview is
beyond the scope of this paper. In addition to rdoutions devoted to the willingness to pay of aamsrs or to
the determinants of green purchases (e.g., Mo@h.,e2002; Bjgrner, et al. 2003), let us just iradéc several
other fronts. Kotchen (2005, 2006) analyzes thdipuimension of green products. Hamilton and Zithan
(2006) investigate linkages between ecocertificafiolicies and equilibrium fraud. On another fravigtoo and
Singh (1994), Dosi and Moretto (1998) and Bougleetral. (2005) examine under what circumstances ec
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we assume perfectly informed consumers. Auriol 8obilizzi (2003) argue that the market
size is determined by certification cost. They shbat the higher the certification cost, the
fewer will be the number of firms that are ableatiford a certification process. Using a
duopoly model with vertical product differentiatioldmacher et al. (2004) show that
incentives for firms to invest in green technolagieco-labeling) also depend on the relative

cost structure.

On the other hand, other contributions study whethe low quality firm decides to imitate
the high-quality producer. De and Nabar (1991) wmharsefficient but imperfect third-party
certification in a competitive market. High qualggllers, with a higher likelihood to obtain a
high ranking, expect revenues to be higher if potgl@are certified. Since the certification
process is imperfect, some low quality sellers algofor certification if relative certification
costs are sufficiently low. This outcome resultanirthe price setting assumption: prices are
equal to the willingness to pay for expected gualirampes and Ibanez (1996), Linnemer
and Perrot (2000), consider a monopolistic markkdrket prices of labeled and unlabeled
products depend on consumer beliefs, in other warvdehat extent they belief the green
claim is true. Crampes and lbanez (1996) showabedrding to labeling costs and consumer
beliefs on the green label, the monopolistic pelluhight have an incentive to claim it is an
environmentally friendly producer. And in some cadbe environmentally friendly producer
is not willing to signal its low pollution level.ihnemer and Perrot (2000) analyze quality
signalling strategies of a monopoly considering tivae the firm uses a label, certificate or
even both. They suppose that certification revpalfectly the product quality whereas the
use of a label only indicates a minimum quality elevThey show that numerous
configurations are possible which may explain comsuconfusion. Bourgeon and Coestier

(1998) consider perfectly competitive markets utlg in what manner monitoring policies

labeling may generate an adverse res@t,an environmental degradation rather than an impneve. Lastly,
Bruce and Laroiya (2007) examine how the achievémpermises of ecolabeling schemes are threatendkeon
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influence the quality level of labeled products dssuming that too much adoption of the
label by low quality producers will undermine ttadél credibility. Mason (2006) analyses a
market characterized by asymmetric information imcl firms decide whether to seek an
ecolabel. Market equilibrium is discussed in thestings: where both technologies and
outputs are fixed (so the only choice is whethesdek certification), where technologies are

fixed but outputs are not, and where firms can skdmoth technology and output.

4. The model

Consider a duopoly model of vertical product défatiation with endogenous technology and
signal choices. We assume that firms have only ways to produce a homogeneous
product : a ‘good’ technology that preserves the enviromin{élenoted byg) and a ‘bad’
technology that harms the environment (denotetl)byechnologies are differentiated by the
associated production costs and pollution levelse Tinit cost for the environmentally
friendly production technologygy=c, is higher than the unit cost for the pollutingtteclogy,
c,=0. The use of a polluting technology implies a piddin emissionB>0. Given the
structural disadvantage for environmentally frignpfoducers and the inability of consumers
to distinguish between green and polluting produfttsis can stick a green label on their
producté. Using a green label is costly and even pollufings might be willing to imitate
high environmental quality producers. We supposg tie ecolabel is unique. The adoption
of the green label entails a fixed sunk cBff) for a producer that uses technolagyThe

producer bears no extra cost if he decides to markenlabelled product.

g)roduction side, e.g., by increasing returns tdesaad complexities in production.
In other words, consumers have identical valugsm whatever the technology used.

* If the green producer cannot signal its high eminental quality to consumers, it is impossibladise its
price above the price of the polluting version. the equilibrium, products will be sold at one ur@qprice
(Akerlof, 1970) and no green products will be maekiedespite a potential demand (Crampes and 1ba888).



Published irEnvironmental and Resource Econom&308: 40 (2)
DOI 10.1007/s10640-007-9150-3

We consider a three-stage game. In the first sthges choose simultaneously their
production technologyt) which is either a polluting oneb) or one that respects the
environment @); ti/4/b,g}. After the first stage, choices become common kadgg for both

firms. On the other hand, consumers are not ablebserve the technology choices. They
observe signal choices made in the second stageeViimas decide simultaneously whether

they stick a label on their producs. (Either the firm sticks a label on its produasi() or do

not (s=0). In the last stage, firms fix simultaneouslgghuct pricesp; /7" .

Consumers purchase only one unit of produd determine demand functions, let us assume

that consumers have the following utility function:

6-p(s,s;) —nEB(p;(s,s;))—P if hebuysaproduct wthsignals, fromfirmi
U@)=16-p,(s;,s)—17EB(p;(s;,s))—P if hebuysaproduct wth signals; fromfirm |
-P if hedoesnt buyatall

whereP is the overall pollution lev&| andpi(s,s) the price paid for the product with sigrsal

to the firmi, knowing that another product with sigrsals sold by firmj. Consumers obtain a
direct utility from consumptiond represents the value in use of products, eitieepolluting
version or the environmentally friendly ong.represents consumer’s altruistic parameter,

which can be interpreted as consumer’s willingntespay for environmental qualityWe

® A necessary condition to ensure a full consumpitioposes the value in use parameter to be sufflgidagh
(0 >B+c).

® P corresponds to the pollution level generated hyy alggregation of all other consumers’ decisionds Th
pollution is exogenous for consumerhatever his consumption decision. We supposethiegpollution created
by his consumption decision does not affect his atitity. Consumeri’s utility is however affected by the
expected pollution level of his consumption depegdon whether he is concerned not polluting other
individuals in society.

" Environmental quality is a public good and necsilzl predicts that consumers will free ride. Néveless,
real world examples and experimental economicstattet people do not free ride as much as pretlizyethe
neoclassical theory and contribute to some extepublic goods. This behavior may be notably exw@diby
introducing altruistic preferences that encompase and impure altruism. Eisenberg and Miller (1)98&fine

1C
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define altruisnmas the internalization of negative effects oneterean the utility of others. In
other words, altruistic consumers are sensitivih¢ofact that other consumers are harmed by

a higher pollution level if they buy the pollutimgroduct instead of the environmentally
friendly version. The degree of altruistic prefares (7)) measures to what extent the
consumer is concerned with the environmental haencduses to the whole society. We
suppose that consumers are uniformly distributexraling to their altruistic behavior, on

the interval [0,1]f(/7)=1 andF(7)=7.

Potential buyers are conscious that two productemhnologies can be used but cannot
distinguish from product inspection or use whicbht®logy has been adoptdeB(p) is the
expected pollution level of the product which degeenn consumer beli€fsConsumers form
beliefs by observing signals on produgigs,s) is the probability that the firmis a green

producer when the consumer observes products firomi fwith signals and products from

firm j with signals. Let us make two assumptions on beliefs:

Assumption 1 Beliefs are symmetricp, (s S)= p;(s; S) Wwheres =s, ,DsD{O,l}

Assumption 1 reflects the idea that consumers dadistinguish between identically labeled
products since the physical aspect is completetyséime. It might also mean that even if

trademarks are mentioned on products, consumetstatly indifferent.

Assumption 2 Beliefs fit the monotone likelihood rati p,(1,s;) 2 p;(0,s;) Us; D{O,l}

altruism as an intentional voluntary behavior thahefits another and is not performed with the etgign of
receiving external rewards in return. Another débn of altruism given by Rushton (1982) is a sddiehavior
carried out to achieve positive outcomes for anothther than for themselves. Of particular releeato the
analysis of ‘green’ markets is the concept of “wagiow,” or “joy-of-giving,” motivations (Andreoni1990).
Simply put, the idea is that individuals may der&velistinct private benefit from their own purchakision
rather than from the overall level of pollution.

11
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Assumption 2 means that consumers consider thaleldbproducts are more likely to

preserve the environment than unlabeled versions.

If both firms decide to adopt the same signal (grizel or nothing), consumers consider
products to be identical and will turn to the lesstly product. We suppose that each firm is
able to serve the entire market. In the case oftica prices, demand is equally divided. If
only one producer sells products with the greerllatonsumers choose between vertically

differentiated products according to their tasteapeeter for altruistic behavior.

5. Environmental quality and labeling behavior

51. Price competition
Using backward induction, we first study price demis. At this stage, firms have already
made their signal and technology choices. Howesansumers only rely on signals when
making their consumption decision. In order to ghkte sub-game perfect equilibria, two
distinct cases need to be distinguished, eithen bons sell identically labeled products or

both sell differently labeled (vertically differeated) products.

Lemma 1 If firms market identically labeled products, firfexe perfect price competition.
Then, the sub-game perfect equilibrium follows Begtrand paradox when firms use the
same technology and the “lemon market” outcome kérildf when firms adopt distinct

technologies.

Given that identically labeled products are peredias identical product by consumers and
firms are able to serve the whole market, we havg one price at the equilibrium. Price

decisions will be as follows:

8 We suppose that the prior probability of a prodiatbe environmentally friendly, is equal p for all

12
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c(t,) if bothfirms usethesameproductiontechnolog, t; =t;

(1)

When firms have adopted the same production teolygplsub-game equilibrium will be

marginal cost pricing (Bertrand Paradox). In thesecavhere one firm uses a polluting

technology and the other one, an environmentaknély technology that is also more costly,

the environmentally friendly producer is disadvgeith because it cannot signal its high

environmental quality to consumers. Consequenttly,dolluter drives out of the market the

environmentally friendly producer by selling itsoducts just below the marginal cost of its

rival (Akerlof, 1970).

When firms sell differently labeled products, imieet price competition arises as consumers

perceive differentiated products. Without loss dagnerality, we suppose that firm

(respectively firmj) sells labeled (respectively unlabeled) produ@sb-game perfect

equilibrium prices can then be written:

2 .
o) 5A+c(ti) |fti=tj
p (1,0)=
2c(t. )+ c(t
2 4, 20)  olyy) ift, £t
3 3
1 .
§A+c(tj) if t, =1t
p;(0,1)=
2c(t, )+ c(t.
1 200D e oy
3 3

for the labeled product (2),

for the unlabeled product  (3).

consumers and all products.

13
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where4=[ p(1,0)-9(0,1)]B represents the perceived difference in pollutiorission between

a labeled and a unlabeled product. We obtain thesidal vertical differentiation equilibfia
(Gabzsewicz and Thisse, 197B., an equilibrium with unique production costs andther
one with a structural advantage for the pollutingdoicer. The extensive form of the game in
appendix 1 summarizes the pay-off results for Bwths according to their price, signal and

technology decisions.

52. Labeling behavior
Taking into account the pricing behavior of firntiseir signaling strategies can be analyzed
by determining sub-game perfect equilibria. Simply, two questions must be solved. First,
what are the necessary conditions for an enviromatignfriendly firm to signal its high
environmental quality? Second, does a pollutingp fivant to imitate a “green” producer? The
answers depend on the technology choices made ifir¢h stage. Indeed, the outcome of the
first stage, which is common knowledge for bothduwers, determines whether firms face

balanced competition or not.

When firms use the same production technology, timeyir the same production and
signaling cost. Firms produce identical productd,donsumers cannot assess product quality
and only rely on signals. The normal form of thelabeling subgame if both firms adopt
identical technologies can be resumed in table 2.

Table 2: Normal form of ecolabeling subgame if firns have adopted identical production
technologies

I No ecolabel Ecolabel
No ecolabel (0,0) ($0,40-F))
Ecolabel (40-F,iA0) (-FR.-F)

° Market segmentation is explained by willingnespag for preservation of environment (altruistieferences)

14
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If the adoption costs of an ecolabel are too hF(t, )> gzl), none of the firms adopts an
ecolabel. Indeed, the benefit of selling differated products does not cover labeling costs. If
signaling costs are sufficiently low F(t, )sgA), the benefit from selling vertically

differentiated products will be higher than thetdmssignal the environmental superiority of
the firm. As the adoption of an ecolabel by botm8 cancels out product differentiation, it is
in their mutual interest that only one of themlstia green label on its products. In this case
the subgame has two pure symetric Nash Equilibthcan be refered to as the “battle of the
sex” game. To resolve the best equilibrium outcom#ferent solutions exist: mixed
strategies, correlated equilibria, or sequentialkg both equilibria are perfectly symetric,
none of the two is more likely to appear. In preetifirms do not take long term decisions
such as ecolabeling adoption simultaneously. Amdikknow they are better off if they
differentiate their products, we suppose that dneetwo firms is the leader and so only one
of the equilibria occurs. This assumption allowstasnot to introduce probabilities and
complicated consumer revisions into the games. Veeathat this assumption is more
adapted on a practical and technical level and doesilter the interest and objective of the
paper. So, sub-game perfect equilibria of the se#sbage of the game (ecolabeling decisions)

are unique and stable and depend on labeling costs.

Proposition 1 Producers, having adopted the same the technolddigerentiate their

products to relax price competition F(t, ) < gzl

We should point out that if the two firms adopt 8&ne production technology, ecolabeling

by the two firms at the second stage will neverabeequilibrium. This result is directly

instead of income dispersion.

1t
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derived from Lemma 1. As each firm can serve th@emarket, selling identically labeled

products implies a perfect price competition. Givleat ecolabeling is costly and consumers
are unable to distinguish environmental qualitigath firms ecolabel their products, a firm is
always better off by differentiating its produdits,, by selling unlabeled products. Then, the

firm will earn positive profits and incur no lab@gj costs.

When firms adopt distinct production technologipspducts are vertically differentiated.
However without the possibility of ecolabeling, saomers perceive products as identical and
firms face perfect price competition. As the palubas lower production costs, it can drive
the environmentally friendly producer out of therke (Akerlof, 1970). The normal form of

the ecolabeling subgame is represented in table 3.

Table 3: Normal form of ecolabeling subgame if firns have adopted different production
technologies

i=b,j=g No ecolabel Ecolabel
No ecolabel (c,0) (A1+$)%4(2-2)%-F,)
Ecolabel | (4@2+9)°-F,$0-D") (c-FymF,)

Lemma 2 We suppose that producers adopt distinct produdiehnologies. Therefore, the
polluter benefiting from a structural productionstaadvantage achieves a trade-off between

product differentiation and competitor exclusion.

The polluting firm has a structural advantage rmte of production cost and can exclude the
environmentally friendly producer from selling psoducts by adopting an identical signal.
As consumers cannot distinguish between identicatiglabeled products, the polluter will
prevent the environmentally friendly producer fregiling by fixing product price just below

the marginal cost for the environmentally friendéchnology,c. If the labeling cost for a
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polluter is sufficiently low, then the polluter pees usurping the identity of a high
environmental quality producer. If the labeling ttésr a polluter is sufficiently high, the

polluter does not usurp the identity of the envimamtally friendly firm.

Proposition 2 We suppose producers have adopted distinct prazluttichnologies. Then,

(i) The two firms market unlabeled products if:

2 _ 2 2
F,2 2 7CHC ngr 224 1- S
94 9" 24

(i) The environmentally friendly producer onlybks its products if:

42 _ 2 2
Fol4C 47 7C Jndr <241-CS
94 979" 24

(i) The polluting producer only labels its prodsaf:

44% -54c+ c?

F. <
b 9

Proof: We supposé&=g andtj=b. We have the following equilibria:

o>ﬁ{1—i}2—|: aaf, ¢ T
- =s =0if andc=>—|1+—| - F

4 c’ Al cT
—AM1-—| -F, 2> —|1+=| =c-
- §=1s,=0if gd[l 24} |:g_oand 9{1 A} =¢=hy

2 2
Y| c 44 c
—|1-=| =- —l1+=| -F, 2
- SI:O,szlif9|:1 A} 2"F andg[zL 211} Fo=¢

End of proof.
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If signaling costs are high for the two producersne of them wants to market ecolabeled
products. Given the structural advantage of théupeasl it will drive out of the market the
environmentally friendly producer (Akerlof, 197®estrictive conditions on labeling costs
are needed to allow the environmentally friendlpdurcer to differentiate itself from the
polluter by adopting an ecolabel. Ecolabeling costst be high (respectively low) for the
producer using a polluting (respectively environtaéy friendly) technology. If ecolabeling
means sufficiently low costs for the polluter, wean a sub-game perfect equilibrium where
the polluter uses an ecolabel to sell its prodacts the environmentally friendly producer
adopts no signal. The polluter earns higher prdifjtsmitating a green producer rather than
by driving out of the market its competitor. Thevieanmentally friendly producer prefers
selling 'no green' products rather than not belrlg o sell at all. And for this reason it will
accept that the polluter earns the 'high qualityfip Noteworthy, if it is neither too costly nor
too cheap for a polluter to use a green [Ebéitere are no sub-game perfect equilibria in pure
strategy. The environmentally friendly and pollgtiproducers have opposite interests. The
polluter would like to adopt the same signal ascampetitor whereas the environmentally
friendly producer prefers distinguishing its prottufrom the polluter in order to sell them at

a price above marginal cost of production.

53. Technology choice: polluting technology versesvironmentally friendly
technology
Now we turn to the first stage, where firms choa@multaneously their production
technologies. The main question is: under whichdd@ans a firm wants to adopt voluntarily
a more costly but environmentally friendly prodoctitechnology? The firm decision to adopt

an environmentally friendly technology or a polhgi one depends on the signaling

'°The exact conditions ar F, [J

A4% =54c+c? T7Ac—- A% -c? a4 c T
, and Fg <—1-—1 .
94 94 24

18



Published irEnvironmental and Resource Econom&308: 40 (2)
DOI 10.1007/s10640-007-9150-3

possibilities in the second stage and thereforéhersignaling costs for the polluting and the
environmentally friendly production technology. Taere three possible outcomes: either the
two firms adopt the technology that preserves therenment or the polluting technology, or

they choose different production technologies.

Proposition 3 It is never optimal for the two firms to adopt teevironmentally friendly

technology.

Proof: We can easily show thr;(b,9) = 7,(g,9) for Us s;,li =1,2.

End of proof.

The adoption of environmentally friendly technoldmyboth producers cannot be a sub-game
perfect equilibrium. Indeed, each producer wouldfgr deviating. Technology choices are
not observable by consumers. Only the signalinglleletermines whether firms set prices
above marginal cost. By adopting a polluting tedbgy (knowing its rival uses an
environmentally friendly production technology).etlirm acquires a structural advantage.
This means that pollution cannot be totally redut@dugh the market mechanism even if
consumers internalize pollution in their consumptidecision (proposition 3). However,
proposition 4 shows that the negative externalign cbe partially reduced without
governmental intervention. Indeed, we can deternsine-game perfect equilibria in pure
strategies, where firms differentiate their produby the pollution level they emit during
production despite a higher marginal cost for tmwirenmentally friendly production
technology. Of course, such equilibria only holdden specific conditions on ecolabeling
costs: the polluter needs to be discouraged (hagitabeling costs and/or high penalties)
whereas the environmentally friendly producer ndedse encouraged (low ecolabeling costs

and/or credibility).
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Proposition 4: Firms will adopt different production modes if

2 2 2 + 2
eithengDFA 24c-c ,3A adc+c }and F,=5A

94 94

34% —=24c—-c? 34% —44Ac+c? 74c-% —c® 44
F O , F O ————= —= | and h—-Fs>C(@4-<
or "o { 94 94 } " [ 94 9} gt )

Proof: From proposition 2, we know that the environmdntéliendly producer labels if

2 g2 _ 2
F, s% 1-° | and F EM. If F, >ﬂA, the polluter will never adopt an
9 24 94 9

ecolabel and thus the environmentally friendly piwEt never has an incentive to become a

_2 _ 2
polluter. If F, D{MCQ—AC 4—;} the environmentally friendly producer has no moe

2
to change its production technology if%’{l—i} —ng4—A—Fb and

2. 9
2
L
9| 24 9

2
The polluting producer will not deviate gsg[H %} which is always true, and if

2
44 _ F, gé[ﬂ E} which implies, F, =
9 9] 4

34> -24c-c?
94 '

End of proof.

If the conditions of proposition 4 are not satidfienve turn to the ‘lemons’ outcome (Akerlof,
1970): none of the two firms wants to make an étimreduce the pollution level by adopting

an environmentally friendly production technology.
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Proposition 5 Both firms will adopt a polluting production mode

2 2 )
- +
eitherF, 2%[1_1} oY%
9 24 oA
2+ 2
or F, <24 +24c-c” OF,
94

2 2 422
or Fgﬂ{ﬁ{l—i} —4&{1-1” FbD{M"‘_A} .

9 24 9 9 24 94 9
c c
F,-F, <= 4-—
v 9( Aj
a4 ¢ 447 -5Ac+ ¢? .
Proof. If F, 2?[1—2—} anck, ZT’ then the alternative strategy for the

firm to choose an environmentally friendly techrgytowill imply that in the second stage, it

will be driven out of the market. Sd,(b) will always be an equilibrium under these

2 _ + 2
conditions. If F, < M:# 0F, , then the alternative strategy for the firm to ab®

an environmentally friendly technology will implpat, in the second stage, the polluter will

2
ecolabel its products. Sadp,p) will be an equilibrium ifé{l—%} sg, which is always

2 ) ,
+ —
true, anc 2 [1-S | <% _F, which implies thaF, < 24 *2467C"
9 4 9 Y
— A2 _ 2 2
If F 2% ancF, 54—;[1—2—2} , then the alternative strategy for the firm to

choose an environmentally friendly technology witiply that, in the second stage, the

environmentally friendly firm will label its prodt& So, b,b) will be an equilibrium if
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0> 4—"[1—1
2.1

2
9 }—Fg for szgzl, which is never true, and foersgA,

2 2
M-S p < ana®)1- C | —F <M F
9" 24 9 " 9| 24 9

End of proof

Proposition 5 shows that if labeling costs are highatever the production technology
adopted, environmentally friendly products will eebe produced. We have an equilibrium
where only polluting products will be marketed.nk% do not want to invest in an expensive
technology preserving the environment because #gative effect of adopting such a
technology (higher production cost) is not compatséay the positive effect (lower signaling
cost). If labeling costs for a polluter are veryjowe also return to an economy with only
polluting productsij.e., the lemon market of Akerlof (1970), as the envinemtally friendly
producer will never be able to distinguish its prodfrom the polluting one and will be

driven out of the market by the polluter.

The most interesting situation is depicted in pspon 4 and shows that pollution can be
reduced partially without governmental interventibat requires a willingness to pay for
environmental quality by consumers, and specifieditions on labeling costs. If labeling is
much more costly for a polluter than for an envimemtally friendly producer, firms will

choose voluntarily distinct production technologgesl the environmentally friendly producer
will label its products. We then have an economyhwecolabeled products as well as
polluting and unlabeled products. Pollution is @it reduced through the market
mechanism. Sufficiently low labeling cost for emrimentally friendly technology is a
necessary condition but not a sufficient one fer fihm to become environmentally friendly.

Indeed, it also depends on labeling cost for thikupieg technology. Indeed, if the labeling
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cost for a polluter is sufficiently low, it becomemsich harder for the environmentally friendly
producer to distinguish its products from pollutioges. Consequently, the environmentally
friendly producer is unlikely to adopt an expensifteough less polluting) production

technology. A sub-game perfect equilibrium where plolluter markets ecolabeled products
and the environmentally friendly producer unlabeledes never exists because the
environmentally friendly producer prefers to becomeolluter, facing lower production

costs. In the next section, we analyze what hapgezmsumers can revise their beliefs on

the ecofriendliness of green labeled products.

6. Voluntary pollution reduction under rational consumer behavior

In section 5, we presented sub-game perfect eqgaillwhere consumers have fixed beliefs on
ecolabels. In other words, consumers attribute neakgronmental value to labeled products

than to unlabeled ones. If we assume rational acoesiehavior and common knowledge of

the structure of the game, consumers revise tledigfb on technology choices made by firms
for different labeling costs by observing theirdébg strategies. Of course, firms anticipate
that consumers will revise their beliefs in the@tdion making, this anticipation being also

anticipated by consumers, and so forth. In this,aagosterioribeliefs can be deduced. The

assumption of consumer revision of their beliefglies that consumers can deduce from the
labeling costs structure as well as the observatiothe adopted signal (label choice), the

optimal behavior (technology choice) of firms.

Consequently the question can be formulated aswsltl under which conditions of labeling
costs can we obtain a market differentiation basednvironmental quality where an ecolabel
truly signals environmental friendliness? Let ussider the most relevant case whes®:

i.e., where the pollution emission per unit is highearththe marginal abatement cost to

prevent this pollution emission. Indeed, an intati@ promoting environmentally friendly
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technology would improve social welfare if the magj external benefit of pollution

abatementR) is higher than the marginal pollution abatemest ¢) (Coase, 1960).

" 4B 7Bc-B°—’
Proposition 6 For all values (k,Fg) such that sz?’ szT and

2_ _ 2 2_ + 2
= 3B” -2Bc-c ,4B 4Bctc , there is a separating PBE (Perfect Bayesian
g 9B 9B

Equilibrium) where firms adopt distinct productiorechnologies and where only the

environmentally friendly firm ecolabels its protiic

Proof: Consumers interpret perfectly production techn@sghrough label behavior; Thus,

2 2
A= B. Equilibria profits are therng:ij[l—z—;} -F, and ”b:g[“%} . The

environmentally friendly producer who ecolabelsl wéver abandon ecolabelinz, > 0, the

alternative case implies perfectly substitutabtedpicts) and will have no incentive to become

a polluter =, > 0; the polluter will have no incentive to label geoducts if F, > 4—5). The
polluter who does not ecolabel its products wilt tebel them ifz, > c-F, and has no

. : : . . 4B B
incentive to become an environmentally friendlydareer if z,, > s F, andz, > 9

End of proof.

24



Published irEnvironmental and Resource Economi308: 40 (2)
DOI 10.1007/s10640-007-9150-3

F, label co§)

c=B

I
?

B, marginal social cost

Figure 1. Ecolabeling costs conditions for separatg PB equilibrium where two firms

distinguish their production mode and ecolabeling tsategy™*

Proposition 6, depicted in figure 1, shows that saestrictive conditions on labeling costs

are necessary to reduce pollution through the maneehanism despite a higher willingness

to pay for environmentally friendly products by somers. First of all, labeling costs should

be sufficiently dissuasive for a polluter (F1 U F@therwise, it would want to drive out of

the market its environmentally friendly competitoy adopting a green label. The labeling

conditions for the polluter become less restrictgethe marginal social cost increases (F2).

On the other hand, the labeling cost for the emwvitentally friendly producer should neither

be too high nor too low, depending on the levelhaf marginal social cost (F3F4) . If the

social marginal cost is low (high), the labelingttor the environmentally friendly producer

should be low (high). Of course, the labeling dostthe environmentally friendly producer

u _ g _4B _7Bc-B*—¢? _4B? -4 Bctc?
The ecolabeling conditions can be expresse F 9 F 9B . 9B
F _3B2-2Bc-c?

ancF,=——gg——.
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should not exceed expected profit gains. But e¥ehis cost is too low, the polluter might

want to deviate and become a green producer. Ihtnggin higher profits by sharing profits
with another green producer. However, this gainascertain as it can also gain 0%, o)

an equilibrium where the two firms adopt an envinemtally friendly technology will never
exist (see proposition 3). Consequently, if theérretsre conditions stipulated in proposition 6
are not satisfied, it is not possible to regulatarkat imperfections without intervention.
Firms will not adopt an environmentally friendly goluction technology even though
consumers are willing to pay more for less pollgtproducts. Indeed the adverse selection
outcome occurs because the firm adopting the emviemtally friendly technology cannot

inform consumers about its greenness.

7. Conclusive remarks

Ecolabeling is not a well-defined category. It ks a broad variety of environmental
claims going from third party certification schentesself declaratory statements. According
to the institutional context, this ecolabel variggnerates different levels of ecolabeling costs.
The main result of our analysis is to show thatkeacan partly mitigate imperfections of
"green" markets if certain restrictive conditiona tabeling costs are satisfied. If it is
sufficiently more costly for a polluter to use &e¢n label than for an environmentally friendly
producer, the informational problem is solved. ®Emironmentally friendly producer will
stick a green label on his products and informguly consumers about the environmental
quality of the product. At the same time, the pidin emitted during production (negative
externality) is reduced. However, we show thatyiah cannot be totally regulated through
market mechanisms. This result is coherent witlsehaf Foulon et al. (2002). The number of
egoist consumers in the economy determines to @xtant pollution will be reduced. In our

model, we suppose that consumers are uniformlyilgdised on a continuum from pure
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egoism to pure altruism. A logical extension of tme@del will be to consider different

consumers’ behaviour in relation to the preservatibthe environment.

Even though this paper does not give an answepwo & governmental intervention might
promote the use of less polluting production tedbgies, it provides an economic rationale
to assess the ability of ecolabeling to be an @ffeand efficient policy instrument. As the
outcome of the game depends on the levels of lapebsts, it will be interesting to know to
what extent these costs can be influenced. Gro@s893) points out the necessity of an
optimal labeling policy not to get the ‘lemon’ oatoe. The author suggests either the "carrot”
approach (by rewarding firms that sell environmbytiiendly products with an exemplary
ecolabel) or the "stick" approach (legally bindistandards). In our analysis, these two
approaches may respectively correspond to (1)dtaation of labeling costs for firms who
preserve the environmeatg., by subsidizing a recognized labeling organizatod (2) the
increase of labeling costs for polluting firms byf@cing stricter labeling guidelines and

severe punishment in case of deceptive use of@mwiental claims.
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