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Certification of firms’ socially responsible behavior by non-governmental organizations (NGOs) is important in understanding the social impact of industry: the
labels available govern the socially responsible actions available to firms. A model of
label design by NGOs is considered where labels are horizontally differentiated and
there is endogenous entry of NGOs, with particular attention paid to the normative
implications of label proliferation. Existing literature considers labels as vertically
differentiated and does not allow for entry. Competition among NGOs does not
produce a first-best allocation of labels, and can also fail to deliver a second-best
allocation. Amalgamation of NGOs, however, can lead to a worse allocation; the
inefficiencies associated with market power on the part on an NGO can outstrip
those associated with competition. In equilibrium, firms can engage in an excessive
amount of corporate social responsibility, both with respect to the variety of issues
addressed and the intensity with which these issues are addressed.
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Introduction

Non-governmental organization (NGO) labels that attest to the social footprint of a
product, or the firm that supplies it, are common or growing in many product markets.1
To be clear, the term social labeling implies communication of an externality: “A social
label is best understood as [a symbol]... about the impact of a business process on
another group of stakeholders.” (Zadek et al., 1998, p. 20). Since pro-social behavior
on the part of a firm is often a credence characteristic of a good—a consumer cannot
observe that a firm employs socially responsible behavior in producing a good, even
after consuming the good—certification by a third party is required to communicate
this information to consumers.2 To the extent that consumers are willing to pay for prosocial behavior by firms, there is a potential rent that a firm can extract, and labeling
provides the means for a firm to gain access to this rent. The design of labels on offer
is then important in understanding voluntary pro-social behavior by firms; the set of
labels available details the set of actions a firm can take.
An important characteristic of social labeling is that a label stipulates both what
issue(s) must be addressed and the stringency with which these issues must be met; a
label outlines what behavior a firm must engage in and how much of this behavior is
required. Existing analyses of label design have engaged with this second characteristic:
labels apply to the same issues and the question of interest lies in the stringencies
that emerge. In the language of the product differentiation literature, existing analyses
have been primarily interested in the vertical aspect of label design while ignoring the
1

Consider eco-labels as an example. The website http://www.ecolabelindex.com/ catalogs eco-labels
by country and industry: as of writing, there are 458 labels across 197 countries and 25 industries.
In terms of value, 16 of the largest producer oriented eco-labeling initiatives in the agricultural sector
account for about 36.1 billion US (2012) dollars, and adoption of these labels is growing rapidly (Potts
et al., 2014, p. 27). On the consumer side, sales of certified coffee and tea grew by 433 and 2000 percent
respectively from 2005 to 2010 (Steering Committee of the State-of-Knowledge Assessment of Standards
and Certification, 2012, p. 9). With respect to organizational structure, NGOs are the largest provider
of eco-labels (Vermeer and Michalko, 2010, p. 21).
2
In some contexts the good behavior of firms is directly observable by consumers, or firms may
be able to communicate information in a credible way. For example, in the case of a search good, a
consumer can learn the quality of a good after expending effort to do so. But typically this will not be
the case: “Conscientious consumers may be interested in supporting responsible companies but find it
difficult to assess the accuracy of their self-serving claims. Given this information problem, the market
for responsible production is expected to fail unless credible systems of certification can be created. . . ”
(Bartley, 2011, p. 445). Often labels apply to elements of a firm’s supply chain, making observation
by individual consumers difficult. A label, however, is able to extract this information by virtue of a
monitoring or auditing component; see Auld (2014, p. 4) or Bartley (2011, p. 443). This differentiates a
label from a code or principle of good conduct as the labeler can monitor performance “on the ground”
(Bartley, 2011, p. 443). A labeler may then have a comparative advantage in inferring a product’s social
footprint compared to consumers so that, even if a consumer can learn the social characteristics of a
product, it is less costly for a consumer to simply follow the label.
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horizontal dimension.
Another important feature of the labeling landscape is the recent proliferation of
labels (Vermeer and Michalko, 2010; Bartley, 2011; Auld, 2014; Fischer and Lyon, 2014).
In particular, entry of labels is often seen as undesirable because competition produces a
“race to the bottom” in terms of label stringency; increasing competition among labelers
will then lead to weak labels (Bartley, 2011; Auld, 2014). Existing models of label design
do not address questions of entry and so cannot speak to this issue.
Lastly, while many different organizations such as NGOs or industry groups offer
labels, NGOs are the most prevalent labelers (see footnote 1). Existing papers have
considered label design with heterogeneous labeling agencies. Since NGOs comprise the
bulk of social labelers, it is important to understand competition between NGO run
labels.3
The purpose of this paper is to develop a theoretical model of strategic label design
by NGOs where labels are horizontally differentiated and NGOs can freely enter into
the “labeling market.” Of particular interest are the normative implications of label
proliferation: paralleling competition among firms, is there a tendency for entry to
produce a more desirable allocation labels, even if market power on the part of an
individual label produces some inefficiencies.
The main result of the model is that competition among NGOs does not produce an
efficient allocation of labels, and can even fail to be second best. While NGOs engage in
a “race to the top” in stringency, an entering NGO imposes a negative externality on all
other NGOs by reducing the stringency of their labels. These competing effects create
labels that are either inefficiently strict or inefficiently weak. Coordination of actions,
however, is not sufficient to generate a superior allocation of labels: the cost associated
with monopoly power on the part of an NGO can outweigh the inefficiencies associated
with competition. With respect to corporate social responsibility, firms can engage in
an inefficiently large amount of pro-social behavior, both with respect to the array of
issues addressed and the intensity with which these issues are addressed.
To illustrate the notion of horizontally differentiated labels, consider the market for
tea. Consumers face products that are essentially the same but feature different social
labels that apply to different element of the product’s social footprint. For example, Co3
At face value, competition between NGOs seems less obvious than competition between, say, an
industry group and an NGO. The literature on donations and fundraising between NGOs, however,
often characterize NGOs as competitors (for example, Rose-Ackerman (1982); Aldashev and Verdier
(2009, 2010); Scharf (2014)). Competition between labeling agencies, including NGOs, is a theme seen
throughout Auld (2014). For a specific example see TransFair USA (2000, Section IV), where competition
from other NGOs is explicitly considered.
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Figure 1: Examples of tea with varying social labels (circled in red).
operative, Taylors of Herrogate, and Café Direct offer Fair Trade certified tea, whereas
Tetley, Red Rose, and PG Tips offer the Rain Forest Alliance label, and Typhoo offers no
label at all. See figure 1 for an example. While both labels require the firm to engage in
pro-social behavior, the required behavior and corresponding standards differ. A similar
exercise applies to coffee, where there are even more labels. (See Auld (2014, Chapter
5) for a discussion of certification in the coffee sector.) Even for labels related to a particular topic—say environmental sustainability—“[c]urrent standards often focus on one
aspect or dimension of sustainability” (Steering Committee of the State-of-Knowledge
Assessment of Standards and Certification, 2012, p. 51).
The remainder of this paper proceeds as follows: section 2 outlines the existing literature; section 3 details the basic model; section 4 examines the normative implications
of the model; section 5 examines an extension; section 6 concludes. Longer proofs are
in the appendix.

4

2

Existing literature

While the existing literature on labels, especially eco-labels, is sizable, few papers look
at competition between labeling agencies and the design of labels. In particular, no
paper examines competition between NGO run labels; competition takes place between
heterogeneous labelers. The relevant literature for competition among labeling agencies
is: Heyes and Maxwell (2004); Bottega and De Freitas (2009); Fischer and Lyon (2014).
None of these papers examine entry of labels: labeler’s participation is given exogenously. There are also few papers that examine labels in a horizontally differentiated
framework; see Mahenc (2009) and Saak (2011). In both cases the horizontal dimension
is product variety, either point-of-origin for food products (Saak, 2011) or greenness of
the production process (Mahenc, 2009). To the best of my knowledge, no paper examining competition between labelers or the design of labeling schemes uses a horizontal
framework.
The major strand in the theoretical literature on labels deals with issues associated with communication of label standards (Lizzeri, 1999; Albano and Lizzeri, 2001;
Hamilton and Zilberman, 2006; Lerner and Tirole, 2006; Baksi and Bose, 2007; Roe
and Sheldon, 2007; Mahenc, 2008; Ben Youssef and Abderrazak, 2009; Mahenc, 2009;
Harbaugh et al., 2011; Mason, 2011; Saak, 2011). Issues of consumer confusion, label
credibility, and strategic provision of information by labelers arise because of the informational asymmetry present with labeled products. Other strands include labels as an
impediment to trade (Nimon and Beghin, 1999; Greaker, 2006); the effect of labeling
on investment and competition between firms (Dosi and Moretto, 2001; Amacher et al.,
2004; Mason, 2006; Ben Youssef and Lahmandi-Ayed, 2008; Ibanez and Grolleau, 2008;
Ben Youssef and Abderrazak, 2009); and adverse effects of eco-labeling on the environment (Mattoo and Singh, 1994; Ibanez and Stenger, 2000; Dosi and Moretto, 2001;
Bougherara et al., 2005). This last group of papers focuses on intensive margin decisions
on the part of consumers leading to an “over consumption” of green goods (Mattoo and
Singh, 1994; Bougherara et al., 2005) and adoption of “brown” technology (Dosi and
Moretto, 2001). Neither of these mechanisms are present in the model to be developed.
Lastly, there is a large empirical literature that focuses on labels in food and agriculture market (see, for example, Teisl et al. (2002)), although there are papers that
specifically examine eco-labels (see, for example, Bjørner et al. (2004)).
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2.1

Competition between labelers

There are four types of agents that can design and offer a label: government (minimum quality standard), industry, for-profit certifiers, and NGOs. The objectives for
each labeler are, respectively, welfare, profit for all firms in the industry, profit from
certification, and the impact of pro-social behavior. Heyes and Maxwell (2004) examine
competition between a government label and an NGO run label, with a focus on the political economy of public labeling; Bottega and De Freitas (2009) examine competition
between government and for-profit and government and NGO run labels; Fischer and
Lyon (2014) examine competition between an industry label and an NGO label. Each
of these papers builds a model where design of a label entails choosing the stringency of
the label; all labels apply to the same issue.
Heyes and Maxwell (2004) setup a simple model of vertical differentiation where
firms vary in their marginal cost of compliance with a label and adoption of a label
gives a firm a price premium. There is no explicit characterization of consumers or
product markets. In the simplest setting, a government labeler designs a minimum
quality standard to maximize welfare and an NGO designs the stringency of a label to
maximize environmental quality. The interest then lies in the potential for an interest
group to lobby against the quality standard. In the absence of an NGO, resistance to a
government label leads to a weaker standard. The ability of an NGO to set up a label
in the event of a failure of a proposed government standard, however, can allow the
government labeler to propose a stronger standard; the NGO acts as a back stop in the
event that political opposition prevents implementation of a minimum quality standard.
When an NGO label coexists with a government label, the government label can be
made weaker to capture more firms, letting the NGO run label set a higher standard
attractive to the firms that find it cheapest to comply. In the face of political resistance,
co-existence of standards improves welfare; there is less resistance to a government standard as it is now weaker with an NGO label.
Bottega and De Freitas (2009) is similar in spirit to Heyes and Maxwell (2004). Using
a standard vertical differentiation model with a monopolist, they consider the strategic
interaction between an NGO and government label, and a for-profit and government
run label. In all cases, NGO and for-profit labels can engage in advertising to influence
demand for the labeled variety of a good. Similar to Heyes and Maxwell (2004), coexistence of an NGO and government standard reduces the scope of public intervention:
the government labeler employs a weaker standard. The result for a for-profit certifier is
in the same direction, allowing an even smaller role for the public certifier. In both cases,
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the role of the government standard is to correct for excessive product differentiation
since both private certifiers impose socially excessive standards.
Fischer and Lyon (2014) is again in the spirit of Heyes and Maxwell (2004), extending
the latter’s model to focus on competition between an NGO label and an industry group
label. As before, an NGO designs the stringency of a label to maximize the impact of
compliant firms. An industry group, by contrast, designs its label to maximize profit
of all firms. As should be expected, considered in isolation an NGO chooses a more
stringent standard than an industry label. Allowing the two labelers to interact produces
generally ambiguous results. Either agent can produce the more stringent label and
environmental impact can increase or decrease relative to the case of only an NGO run
label. An important case, however, has the NGO produce the more stringent label and
competition produce a Pareto superior outcome to only an NGO label (environmental
impact is unchanged and firms receive higher profit).

3

Model

The model is presented in several pieces: first, the basic environment in terms of issues,
consumers, and NGOs is described (section 3.1); then, the game played by consumers,
firms, and NGOs is outlined (section 3.2); lastly, the game is solved (sections 3.3, 3.4,
3.5).

3.1

Basic environment: issues, consumers, and NGOs

There is a set of social issues I ⊂ R2 generated or impacted by the operations of firms
in production of a good. These issues are represented by points on the circumference of
a circle with diameter

1 4
π.

See figure 2 for an illustration.5 The principle advantage of

4

The circumference of a circle is used in models of horizontal product differentiation to represent a
product variety space; see Schmalensee (1978) or Salop (1979) for classic examples. Baron (2010) uses
the circumference of a circle as a social space for individuals where distance between points is interpreted
as socio-economic distance. As a final example, Aldashev and Verdier (2009, 2010) represent the ideology
of a charity with respect to addressing an issue as a point on the circumference of a circle.
5
The issue space I is rightfully seen as a subset of R2 . While the metric structure of R2 is useful
in characterizing the notion of distance between
 issues, the
 linearity of the space is at odds with the
1
1
notion of issues. For example, the points 2π
, 0 and 0, 2π
span I. The fundamental problem is that
the notions of addition and multiplication do not make much sense
context
of issues:√ how does
 √in the
√ 
√


1
1
one add or scale issues? What does it mean to represent the issue 4π2 , 4π2 as 22 2π
, 0 + 22 0, 2π
?
Note that this is not particular to the notion of issues; product varieties and ideologies also face the
same algebraic awkwardness. An agnostic view is to take I as a notional issue space: an element of I
does not literally represent an issue, but rather captures the notion that issues can be mapped into a
linear space.
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`i = carbon
footprint

`j = child labor
content

Figure 2: Issue space.
this particular characteristic space is the ability to consider entry, a point not shared by
models using a closed interval as a characteristic space or standard models of vertical
differentiation.
A subset of consumers purchasing this good care about the social impact of their
consumption decision and derive a “warm glow” benefit from purchasing a good that embodies positive social attributes.6 Both Steering Committee of the State-of-Knowledge
Assessment of Standards and Certification (2012, p. 24) and Zadek et al. (1998, p. 28)
attribute warm glow in the decision to buy a labeled product. In this regard, the decision to purchase a labeled good is similar to the decision to donate; a consumer does not
directly benefit from pro-social behavior on the part of the firm, or cannot directly influence its provision, but has preferences over the act of purchasing a socially responsible
good.7 Importantly, embodiment of pro-social behavior is a “good” and a consumer’s
willingness to pay for a product increases with pro-social behavior.
Consumers have preferences over the set of issues, with the value of a good embodying
positive social behavior diminished for issues further from a consumer’s ideal issue. This
6
This setup is similar to Bagnoli and Watts (2003): by engaging in positive social behavior, a firm ties
production of a private good to production of a public good. For a consumer to voluntarily contribute
to the public good, he must prefer allocations where he contributes to the good. The direct benefit
associated with provision of the public good is insufficient to encourage contribution since there are an
uncountably infinite set of consumers. (This assumption is detailed shortly.)
7
Zadek et al. (1998, p. 20) define a social label as

. . . words and symbols associated with products or organisations which seek to influence the
economic decisions of one set of stakeholders by providing an assurance about the impact
of a business process on another group of stakeholders.
Implicit in this definition is the notion of ameliorating an externality. A consumer is willing to pay a
premium for a socially responsible good not because of any direct value from such social responsibility,
but because of an altruistic tendency to reduce the burden of the production of this good on another
party.
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is easiest motivated by seeing the purchase of a labeled good as akin to a donation. As
is standard in the literature on donations (see, for example, Rose-Ackerman (1982)),
consumers (donors) have preferences over the issues available for donation. Distance in
I can also been as a form of social distance (see, for example, Baron (2010)), where a
consumer can identify with issues closer to their socio-economic type. Let Θ = I be
the set of consumer types and assume consumers are uniformly distributed on Θ with
measure 1. A consumer of type θ ∈ Θ has a preferred issue θ ∈ I. This characterization
of consumer types is analogous to that of product differentiation or spatial voting, with
θ is analogous to a consumer’s address or ideal point.
There is a set of firms, each of which produces a homogeneous good x in terms of
its use value. Embodiment of positive social attributes then differentiates a good both
horizontally and vertically. It is within the power of a firm to address only one issue
so that goods are only differentiated along a single horizontal dimension. (Recall that
an issue is an element of I ⊂ R2 , not an element of R.) Consumers buy at most one
good. Importantly, embodiment of positive social behavior is a credence characteristic
of a good; a consumer cannot determine if a good is provided in a socially responsible
way, even after consuming the good.
Consumers have quasi-linear utility functions: for a consumer of type θ, utility from
purchasing x from firm i, denoted xi , provided pro-social behavior is observed, is given
by
u(si , `i ; θ) = ū + v(si ) − |θ − `i |I[si > 0] − pi ,

(1)

where si is the amount of positive social behavior embodied in xi , ū is the use-value of
the good, `i is the issue that firm i helps ameliorate, I is the indicator function, and
pi is the price of xi .8 The function v : R+ → R+ gives the utility associated with
si units of pro-social behavior by firm i. Assume v ∈ C 2 , v(0) = 0, v 0 (s) > 0 and
v 00 (s) ≤ 0 for all s ∈ R++ , and lims→0 v 0 (s) > 0. The term |θ − `| measures how utility
is eroded by distance between a consumer’s preferred issue and the issue addressed by a
firm.9 Assume a fraction α ∈ [0, 1] of v(s) − |θ − `| represents use value associated the
labeled good because of, say, higher quality correlated with pro-social behavior and the
8

Consumers that have no preference for pro-social behavior have utility u(p) = ū − p. This is similar
to Besley and Ghatak (2007), where there are two types of consumers with preferences for pro-social
behavior by firms.
9
While an additive, absolute value loss function is common in models of spatial differentiation, such
a loss function can also be seen approximating an exponential spatial discount function, such as that
in Baron (2010) (see Smith (1975) for an axiomatic treatment of spatial discount functions). With an
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remaining (1 − α)(v(s) − |θ − `|) is warm glow.10 (Recall that a labeled good can also
contribute to a public good; see footnote 6.) In words, the utility function (1) says that
a consumer prefers greater pro-social behavior embodied in x, although at a diminishing
marginal rate, and prefers the positive social behavior embodied in x to be applied to
issues closer to his preferred issue.
Pro-social behavior on the part of a firm is costly. Firms are homogeneous with
respect to the constant returns technology of producing x.11 Without loss of generality,
assume the marginal cost of producing x in the cost minimizing way, without engaging
in any positive social behavior, is zero. Engaging in pro-social behavior increases the
marginal cost of production; there is a mapping c : R+ → R+ that gives the marginal cost
of producing a good embodying s units of pro-social behavior. Assume c ∈ C 2 , c(0) = 0,
c0 (s) > 0 and c00 (s) > 0 for all s ∈ R++ , lims→0 c0 (s) = 0, and lims→∞ c0 (s) = ∞. The
function c can include a certification/monitoring fee.12
The quasi-linear form of utility makes explicit consumers’ willingness to pay for a
good that embodies pro-social behavior. It is this willingness to pay that gives rise to a
rent that a firm can capture and hence provides an incentive for firms to engage in costly
pro-social behavior. The role for certification then comes from the credence nature of
positive social behavior: a firm requires third-party certification in order to gain access
to consumers’ willingness to pay for pro-social behavior.
Third-party certification of a product comes in the form of a label. To focus on
competition between NGOs, assume that only NGOs can offer a label. As is usually the
case in practice, assume an NGO can offer only one label and two NGOs cannot offer
exponential spatial discount function, (1) becomes
ũ(s, `; θ) = ū + v(s) exp(−|θ − `|) − p.
It follows that
u(s, `; θ) − ũ(s, `; θ) = v(s)[1 − exp(−|θ − `|)] − |θ − `|.
As such, for any v(s), u(s, `; θ) − ũ(s, `; θ) ≈ 0 for some neighborhood of θ = `.
An advantage of absolute value loss is that no position is taken on the marginal disutility of distance.
With quadratic loss, marginal disutility is increasing in distance; with exponential spatial discounting,
marginal disutility is decreasing with distance.
10
An oft-cited example of a labeled good that is also of higher quality is organic food. Note, however,
that consumers do not varying in their preference for quality, similar to Deltas et al. (2013). To do so,
as in Economides (1993), would complicate the model in a direction that is not relevant to the analysis.
11
Issues associated with adoption of technology and labeling can be found in Amacher et al. (2004) or
Ibanez and Grolleau (2008).
12
It is standard to have certifiers offer labels freely to firms (Heyes and Maxwell, 2004; Fischer and
Lyon, 2014). A fixed certification fee per unit of output can be included in the model, but doing so
complicates the analysis (slightly) without generating any insights.
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the same label. A label run by NGO j is then an ordered pair
Lj = (`j , sj ) ∈ I × R+ .
A label stipulates what issue must be addressed and the stringency with which this
issue must be addressed. A firm that engages in sj units of pro-social behavior with
respect to issue `j is then entitled to carry the label Lj . Assume that a firm can freely
adopt a label so that there is no rationing of labels, an NGO can perfectly monitor a
firm’s behavior, and consumers understand all labels. Issues of imperfect monitoring and
consumer confusion are not of interest here. Importantly, a label is assumed credible so
that consumers believe the label.13 While these are strong assumptions about NGOs,
they represent the ideal and allow the analysis to focus on competition. (See footnote
2 for a discussion of an NGO’s ability to observe firm behavior.) The assumption that
a firm can only address one issue amounts to assuming that a firm can only adopt one
label, a standard assumption (Fischer and Lyon, 2014).
Lastly, for each issue there is a mapping b : R+ → R+ that gives the social benefit
generated by applying s units of good behavior to this issue. Note that b is the same for
all issues, emphasizing the horizontal nature of issues: issue `i is not objectively better
to address than issue `j . Assume b ∈ C 2 , b(0) = 0, b0 (s) > 0 and b00 (s) ≤ 0 for all
s ∈ R++ .
Letting q(Lj , L−j ) be the demand for x with label Lj , an NGO’s objective is
max b(sj )q(Lj , L−j ) − F,
`j ,sj

where F is a fixed cost to setting up a label.14 In words, an NGO cares about the amount
of social benefit produced by its label. The function b can be net of any certification costs
13

Credibility of labels is an important aspect of labeling that NGOs often pay attention to (see, for
example, Iseal Alliance (2012)). Heyes and Maxwell (2004, Note 6) discuss credibility of NGOs, citing the
need to maintain reputation or avoid legal redress due to “slander.” The stakeholders associated with the
governance of a label are also important in maintaining the credibility of the label (Steering Committee
of the State-of-Knowledge Assessment of Standards and Certification, 2012, p. 22). As an example,
World Wildlife Fund and Greenpeace are both stakeholders for the Forest Stewardship Council label
with a vested interest in credibility (Auld, 2014, p. 99). Bartley (2011, p. 441) claims that “the most
credible way [companies make claims about social responsibility] is through third-party systems that set
standards, require external monitoring, and certify compliance.” Credibility is a standard assumption
in models of label design (Heyes and Maxwell, 2004; Bottega and De Freitas, 2009; Fischer and Lyon,
2014). Important issues associated with lack of credibility can be found in Mahenc (2008) and Harbaugh
et al. (2011).
14
F need not represent a financial outlay associated with certification/monitoring, but can represent
an opportunity cost for the social entrepreneur(s) setting up a label.
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imposed on the NGO, or the entire incident of certification costs not related to production
can be borne on firms through c; funding for NGOs is not explicitly modeled.15
Before moving on, it is worth discussing the objective of an NGO. Counter to standard producer theory, there is no easy counterpart to profit as an objective for an NGO.
Here the NGO’s objective implies that an NGO is rational, self interested, and acts independently of other NGOs. Rationality and independent actions focus on the point of
the model; more difficult is self interest. Since each NGO addresses a different issue, self
interest reflects an interest for amelioration of that particular issue, with no regard to
other socially detrimental issues or the actions of other NGOs. In the words of Duncan
(2004), such a motivation corresponds to “impact philanthropy”. Scharf (2014, p. 50)
further explains this point.
To the extent that charities (or the non-profit entrepreneurs who run them)
are prosocially motivated, they care about what they provide. However, they
also typically favour their own output relative to that of other providers—
which is why, for example, they compete with charities similar to themselves
for available funds.
Agents with such motivations working in the non-profit sector can be seen in Besley and
Ghatak (2005) or Francois (2007). With respect to labeling, Heyes and Maxwell (2004),
Bottega and De Freitas (2009), and Fischer and Lyon (2014) employ similar objective
functions for NGOs.
Note that an NGO’s objective does not reflect preferences over issues. First, it is short
sighted to view all NGOs as motivated to address a particular issue; nothing precludes
an NGO from emerging to address an issue not because of an intrinsic interest in that
issue but rather to fill a gap in existing coverage. NGOs may be motivated to simply
do good, without much interest in where this good is done. However, even if NGO’s are
only interested in one issue, so long as there is a potential NGO for every issue then the
only NGOs that develop a label will be those that are interested in the particular issues
that get labeled in equilibrium. In this case, an NGO j only chooses sj if `j is addressed
15

If NGOs are funded by donors then the self-interested objective of an NGO may be inappropriate:
donors may care about a wider range of issues. As is often the case in the literature on charitable
donations, donors have single-peaked preferences over issues and so the interests of donors and NGOs
are aligned, even though there are donors who’s preferred issue is not addressed (Rose-Ackerman, 1982;
Aldashev and Verdier, 2010). More generally, stakeholders to a label with prefers over a broader set of
issues may make the assumption on NGO’s interests more difficult. While important, stakeholders to
an NGO are not modeled and a discussion of stakeholder preferences and their influence would take the
analysis far afield. (NGOs are often assumed to be fully funded and can act independently of donors
(Heyes and Maxwell, 2004; Fischer and Lyon, 2014).)
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in an equilibrium. This is similar to the approach taken in Rose-Ackerman (1982). In
the context of the model to be developed, these two conceptualizations of NGOs are
equivalent. With respect to previous literature, Economides and Rose-Ackerman (1993)
and Aldashev and Verdier (2009, 2010), for example, do not view NGOs as having
preferences over product variety or ideology (i.e., the relevant spatial dimension). An
NGO simply cares for (its own) output.

3.2

The game

The following sequence of events characterize the game played by consumers, firms,
and NGOs. The solution concept is sub-game perfect Nash and so the game is solved
backwards. Only symmetric equilibria are examined.16
1. NGOs choose to set up a label or not.
2. NGOs that establish a labeling scheme choose an issue and the stringency of the
label (i.e., choose Lj ).
3. Firms choose whether to adjust their operations to comply with an offered label
or not.
4. All firms engage in price competition.
5. Consumers choose which goods to purchase.

3.3

Stage 5: Demand for products by consumers

Let p0 be the price of a good that embodies no pro-social behavior. A consumer purchases
a labeled good if and only if (1) is greater than max{ū − p0 , 0}. Assume that ū ≥ p0 so
that a consumer will always purchase x, at least in its unlabeled form.17
Consider first a single label. While this case will not be useful later, it is helpful in
illustrating the mechanics of the model. A consumer of type θ will purchase the labeled
16

The analyses of Heyes and Maxwell (2004); Bottega and De Freitas (2009); Fischer and Lyon (2014)
consider asymmetric equilibria and develop some interesting results from this. However these analyses
deal with heterogeneous labelers. In the case of homogeneous labelers, restricting attention to symmetric
equilibria does not seem too onerous an assumption, and is standard for models with homogeneous agents.
17
This point differs from other analyses using a similar horizontal framework, where it is assumed
that consumers always purchase a differentiated good because of the high use value associated with the
good, irrespective of its variety (Economides, 1993; Brekke et al., 2010). Since labels are voluntary, it is
important to keep stock of an unlabeled variant.
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u(Lj , pj )
pj
θ0

θ00

`j

Figure 3: The interval of consumer that buy a labeled good for a given sj and p0 = 0.
good if and only if
v(s) − |θ − `| ≥ p − p0 .
Assuming v(s) > p − p0 > 0, there are two types, θ00 and θ0 such that
v(s) − |θ00 − `| = v(s) − |θ0 − `| = p − p0 ,
with the convention that θ00 ≥ θ0 . For a given price premium p − p0 , only consumers in
a neighborhood of ` will purchase the labeled version of x. It follows that demand for
the labeled product is
q(p, p0 , s) = min{v(s) − p + p0 , 1}.
As should be expected, demand is decreasing in own price, increasing the price of the
“brown” version, and increasing in the stringency of the label. See figure 3 for an
example.
Consider now n ≥ 2 labels. Assume the market is covered so that all consumers
purchase a labeled good and labels are spaced

1
n

apart on I.18 A consumer must now

choose the label Lj to maximize (1) subject to the constraint that
v(sj ) − |θ − `j | ≥ pj − p0 .
Let p̄ and s̄ denote the price of all labeled goods other than j and the stringency of all
18

This is the standard approach to these models. Entry of labels ensures the market is covered and
spacing n1 apart is the symmetric Nash equilibrium strategy. See, for example, Aldashev and Verdier
(2010) or Economides (1993).
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u s̄, − n1



u s̄, n1

u (s̄, 0)



B
p
A

− n1

θ0

θ00

0

p̄
1
n


Figure 4: Demand for a label with stringency s̄ and price p. Section A = u s̄, n1 , θ00 − p̄
and section B = u (s̄, 0, θ00 ) − p are equal.
labels other than j. Demand for a good carrying Lj is then



0


q(p, s) = 1



v(s ) − v(s̄) − p + p̄ +
j
j

if v(sj ) − pj < v(s̄) − p̄ − n1 ,
if v(sj ) − pj > v(s̄) − p̄ +
1
n

n−1
2n ,

(2)

otherwise,

where p = (pj , p̄, p0 ) and s = (sj , s̄). See figure 4 for an example.

3.4

Stages 3 and 4: Firms

A firm will adopt a label if and only if it earns positive profit from doing so. Firms that
do not adopt a label simply produce x without a label. Since c is strictly increasing, a
firm will never over comply with the requirements of a label. With respect to pricing,
firms act as Bertrand competitors in a label.19 Provided at least two firms adopt a label
j and both firms can meet all demand, pj = c(sj ) is the Nash equilibrium for stage 4.
(This implies that p0 = 0.)
There is free entry of firms into labels such that as many firms as desire to can adopt
a label so long as they meet the requirements of the label. NGOs do not ration labels.
For this stage of the game, it is a Nash equilibrium to have at least two firms for each
label: with at least two firms per label there is no deviation for a firm that can make
strictly greater profit.
19

In the context of corporate social responsibility, this assumption on firm behavior is similar to that
in Besley and Ghatak (2007). Homogeneous firms act as Bertrand competitors, except in the model here
firms choose to adopt a label, whereas in Besley and Ghatak (2007) firms choose the amount of public
good to provide.
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f (s̄)

f (s)
f (s̄) −

1
n

[

]

1
n

[

s̄

s0

S̄

s1

]

s

S̄

Figure 5: The sets S̄ and [s0 , s1 ], where f (s) = v(s) − c(s).
An alternate approach is to have an infinite set of firms that can adopt a label, with
firms acting as Cournot competitors in a label, and the market for x without a label
as perfectly competitive. All firms that adopt a label enjoy strictly positive profit for
a finite number of adopting firms in the symmetric Nash equilibrium for stage 4. With
free entry, in the limit pj = c(sj ).20
Having price equal marginal cost is a desirable outcome for this stage of the game. No
distortion in the product market keeps the analysis focused on NGOs: any inefficiency
that arises is because of competition between labels, not because of an inefficiency in
product markets.

3.5

Stages 1 and 2: NGOs

Consider now stage 2 of the game. From the previous section, pj = c(sj ) in equilibrium
for any label j and p0 = 0. It follows that (2), demand for x with label j, is


0


q(sj , s̄) = 1



v(s ) − c(s ) − v(s̄) − c(s̄) +
j
j
Let


S̄ =

s̄ ∈ R++

if v(sj ) − c(sj ) < v(s̄) − c(s̄) − n1 ,
if v(sj ) − c(sj ) > v(s̄) − c(s̄) +
1
n

n−1
n ,

(3)

otherwise.


1
: v(s̄) − c(s̄) − ≥ 0 .
n

Any admissible s̄ must belong to S̄. Assume S̄ is not a singleton. See figure 5.
20
Note the importance of no fixed cost for adopting a label. If there were a fixed cost for adoption,
p = c(s) cannot be an equilibrium. With Cournot competition, provided the fixed cost is sufficiently
small relative to the monopoly rent from the label, p ≈ c(s). The results of the model without fixed
costs may then be a good approximation for the case with small fixed costs.
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Lemma 1. S̄ has the following properties: i) S̄ is compact for n > 0 and convex, ii)

there exist s0 , s1 ∈ S̄ with s0 < s1 such that v(s) − c(s) ≥ max v(s̄) − c(s̄) − n1 , n1 if
and only if s ∈ [s0 , s1 ], and iii) the correspondence given by s̄ 7→ [s0 , s1 ] is continuous.
Proof. See appendix.
The immediate importance of lemma 1 is simple: for any s̄ such that the market is
covered, there is an interval of possible stringencies such that demand for x featuring
label Lj is positive.
Let

T =

s ∈ R++

n−1
: v(s) − c(s) ≤ v(s̄) − c(s̄) +
n


.

Lemma 2. The set [s0 , s1 ] ∩ T has the following properties: i) non-empty, ii) compact,
and iii) continuous in s̄.
Proof. See appendix.
An NGO’s problem is now
max
w(sj , s̄) = b(sj )q(sj , s̄) − F.
s
j

Clearly an NGO will always choose sj ∈ [s0 , s1 ] ∩ T and so



1
w(sj , s̄) = b(sj ) v(sj ) − v(s̄) − c(sj ) + c(s̄) +
− F.
n
Lemma 3. The function w(·, s̄) defined on (s0 , s1 ) is strictly quasi-concave in sj .
Proof. See appendix.
Since an NGO’s problem is to maximize a continuous function21 w on a compact set
[s0 , s1 ] ∩ T , there is a solution s∗j to the NGO’s problem. Since w ∈ C 1 , any interior
solution will by characterized by
0

b

(s∗j )





1
∗
∗
v(sj ) − v(s̄) − c(sj ) + c(s̄) +
= −b(s∗j ) v 0 (s∗j ) − c0 (s∗j ) .
n

21

(4)

Strictly speaking, w can be discontinuous at s = 0. However, 0 ∈
/ [s0 , s1 ] ∩ T and so, since w ∈ C 2 ,
its restriction is continuous on [s0 , s1 ] ∩ T .
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f (s), w(s)

f (s̄) +

n−1
n

f (s̄) −

1
n

w(s)

[

s0

s∗

s1

]

s

S̄
Figure 6: Solution to an NGO’s problem.
With respect to sufficiency,


Ds2j w(s∗j , s̄) = b00 (s∗j )q(s∗j , s̄) + 2b0 (s∗j ) v 0 (s∗j ) − c0 (s∗j ) + b0 (s∗j )[v 00 (s∗j ) − c00 (s∗j )] < 0
since v 0 (s∗j ) < c0 (s∗j ). Therefore s∗j is a local maximum. Since w is strictly quasi-concave
in its first argument (lemma 3), any local maximum is a unique, global maximum by a
variant of the local-global theorem. See figure 6 for an example. If s∗j is not interior,
then it is (uniquely) given by either
v(s∗j ) − c(s∗j ) = v(s̄) − c(s̄) +

n−1
n

or
v(s∗j ) − c(s∗j ) =

1
.
n

(5)

Remark 1. There is a unique, symmetric Nash equilibrium in the choice of s.
Proof. See appendix.
Clearly any symmetric equilibrium will involve either condition (4) or (5). While
there is no strategic interdependence between NGOs if the equilibrium is given by (5),
condition (4) gives rise to an interesting result in a neighborhood of the Nash equilibrium.
Proposition 1. Labeling stringencies are strategic complements in a neighborhood of
18

the Nash equilibrium s∗ ;
Ds∗j (s∗ )

b0 (s∗j )[v 0 (s∗j ) − c0 (s∗j )]
=
∈
Ds2j w(s∗j , s∗ )



1
0,
2


.

Proof. Application of the implicit function theorem to (4) gives Ds∗j (s∗ ), noting that
v 0 (s∗j ) < c0 (s∗j ). Since Ds∗j (s∗ ) > 0 in a convex neighborhood V about s∗ , the mean value
theorem gives that s∗j is strictly increasing in s for all s ∈ V .
If a competing NGO increases the stringency of its label, it causes firms to increase
the price of their product. In a neighborhood of the Nash equilibrium however, labels are
sufficiently stringent that this increase in price outstrips the increase in willingness to pay
by consumers, decreasing demand for firms carrying the label as consumers flock to firms
carrying similar labels. A neighboring NGO now faces increased demand for its label
by consumers and is able to increase the stringency of its label. The increased demand
gives the NGO more cushion to design a stringent label. Strategic complementarity in
stringency between labelers is also found in Fischer and Lyon (2014), suggesting that
this may be an important facet of competition between labels.
It is straightforward to see that each label spaced

1
n

apart is a symmetric Nash

equilibrium. For label j,
θ00 (sj , s̄) = max



v(sj ) − v(s̄) − c(sj ) + c(s̄) n − 1
,
2
2n


+

1
+ `j
2n

and
0

θ (sj , s̄) = − max



v(sj ) − v(s̄) − c(sj ) + c(s̄) n − 1
,
2
2n


−

1
+ `j .
2n

Any change in θ00 from a change in `j is exactly offset by a change in θ0 ; an NGO cannot
be made strictly better off by deviating from the symmetric case.22
Consider finally the first stage of the game. An NGO will enter the quasi-market for
labels if and only if it receives a positive payoff. For an interior, symmetric equilibrium,
22

Interpreting NGOs as only caring about one issue with an NGO for each issue, a symmetric equilibrium will simply have NGOs spaced n1 apart; there is not need to check that this is a Nash equilib
1
rium. Only the NGOs
spaced n1 apart
will participate (say the NGOs that care about issues 2π
,0 ,


1
1
sin 2π
, cos 2π
, 2π
sin 4π
, cos 4π
,. . . ).
2π
n
n
n
n
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s∗ is characterized by
b0 (s∗ )
= −b(s∗ )[v 0 (s∗ ) − c0 (s∗ )].
n

(6)

Remark 2. There is a C 1 function s∗ : [2, ∞) → (ŝ, γ], with γ finite, such that Ds∗ (n) <
0 if and only if n > n̂, with n̂ ≥ 2.
Proof. See appendix.
Intuitively, as more labels emerge, competition between labels increases causing a
reduction in stringency to attract consumers based on the price of the good. Competition
per se does not lead to a race to the bottom, rather entry gives the driving mechanism
that can lead to weak labels; entry impose a negative externality on all other NGOs and
hence gives NGOs too much incentive to set up labels. The participation constraint for
an NGO then gives the free-entry equilibrium number of NGOs.
b(s∗ (2))
2
given by n∗

Proposition 2. Let F be such that

> F . With free entry of NGOs, the unique

equilibrium number of NGOs is

> 2 such that

b(s∗ (n∗ ))
=F
n∗

(7)

and s∗ is given by (6).
Proof. See appendix.
Together with (6), (7) completely characterizes the symmetric Nash equilibrium for
the game. (A caveat is worth noting: n∗ must be a natural number. As is often the case
with these sorts of model, an explicit characterization of the solution in terms of natural
numbers is ignored.) See figure 7 for an example.
Before concluding this section, it is worth emphasizing the importance of stages 1
and 2 of the game. The allocation of labels that results determines the choice set for
firms with respect to voluntary social behavior. To the extent that competition produces
a desirable allocation of labels, voluntary pro-social behavior by firms is desirable.

4

Normative implications of competition

While the positive model of the previous section outlines a way of thinking about competition between labeling schemes, the real interest lies in the normative implications of
competition between labelers. Since the set of labels available govern the set of actions
20

L0

Firms 3, 7, and 10

Firms 2,5, and 6

Firms 4 and 8

L3



1
− 2π
, 0 , s∗

L2

1
2π , 0



, s∗



s∗
L4

1
0, 2π



L1


, s∗

 ∗
1
0, − 2π
,s

1
n∗

Firms 11 and 12

Firms 1 and 9

Figure 7: Example of an equilibrium with n∗ = 4 and 12 firms. (L0 denotes the unlabeled
variety.)
a firm can take with respect to voluntary pro-social action, the normative implications
of competition relates to the normative implications of corporate social responsibility.
One source that may cause competition among NGOs to deliver sub-optimal results has
already been identified: an entering NGO imposes an externality upon all other NGOs.
Following Andreoni (2006), Diamond (2006), and Bernheim and Rangel (2012), social
welfare does not include warm glow from consumers. A planner simply wishes to balance
the real costs and benefits of a labeling scheme. While warm glow motivates the actions
of agents, it is misleading to include this mechanism in the calculus of social welfare;
what matters is the allocation that results, not the process by which it is achieved. (See
Andreoni (2006, p. 1228, note 25) for an example.)
A social planner’s objective is
Z
W (s, n) = b(s) + 2nα

1
2n

0

= b(s) + αv(s) −

[v(s) − τ ]dτ − c(s) − nF + ū

α
− c(s) − nF + ū.
4n
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A planner’s problem is then
max W (s, n) = b(s) + αv(s) −
s,n

s.t. v(s) − c(s) ≥

α
− c(s) − nF + ū
4n

1
,
2n

n ≥ 2.
A planner wishes to maximize the sum of social impact and consumer utility from all
labels less the real cost of all labels. To ensure a meaningful comparison with the previous
section, the constraint ensures the market is covered; the problem of the planner is to
choose the optimal suite of labels that covers the market. The first-order conditions for
an interior solution to this problem are
b0 (s∗∗ ) + αv 0 (s∗∗ ) − c0 (s∗∗ ) =
n∗∗ =

hα
2

− 2n∗∗ 2 F

2[v(s∗∗ )

i


v 0 (s∗∗ ) − c0 (s∗∗ )

1
− c(s∗∗ )]

(8)
(9)

if the participation constraint binds, where n∗∗ and s∗∗ denote the number and stringency
of labeling schemes in the socially optimal suite.23 Otherwise the participation constraint
is slack so that
b0 (s∗∗ ) + αv 0 (s∗∗ ) = c0 (s∗∗ )
r
α
∗∗
n =
.
4F

(10)
(11)

Without more structure on v, c, and b, nothing can be said about the magnitude of
(s∗ , n∗ ) compared to (s∗∗ , n∗∗ ). Some partial results, however, prove instructive in understanding the difference between the decentralized solution and the planner’s solution.
Remark 3. If i) n∗ = n∗∗ then s∗ > s∗∗ , ii) s∗ < s∗∗ then n∗ > n∗∗ (with a weak
23

It is straightforward to see that the constraint set is closed and bounded, hence compact, so that
1
the planner’s problem has a solution. The constraint functions 2n
− v(s) + c(s) and 2 − n are convex in
1
(s, n) and there will be some (s, n) such that 2n
< v(s) + c(s) ≤ n1 and 2 < n, thus satisfying constraint
qualification. The Lagrangian




1
1
L(s, n) = b(s) + α v(s) −
− c(s) − nF − λ
− v(s) + c(s) − µ[2 − n]
4n
2n
is jointly concave in (s, n) so that the first-order conditions are sufficient for a global maximum (since
the constraint set is convex).
It is possible that the solution is at a corner so that n∗∗ = 2. Most of the analysis is not affected if
this is the case; only proposition 5 is difficult to maintain.
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inequality in the case of a corner solution).
Proof. See appendix.
The first result, combined with the strategic complementarity of stringency, implies
that competition between NGOs produces a “race to the top” in stringency: NGOs have
too much incentive to create stringent labels. It is the decentralized nature of a label
that creates this problem. Even though product markets are efficient and consumers face
the marginal cost of stringency, that NGOs do not embody directly the cost of their label
leads to an inefficient result. This is in contrast to the concern sometimes expressed that
“... given the existence of competing programs, it would appear that certification would
be plagued by a ‘race to the bottom,’ leading to an overall decline in the stringency of
[labeling] standards.” (Bartley, 2011, pp. 446-447).
The second result formalizes the conventional wisdom in terms of a race to the
bottom: necessary for competition to produce weak labels is excessive entry of NGOs.
Note that entry is important here; competition between labels is not enough to produce
a race to the bottom.
Proposition 3. The decentralized equilibrium is not first best; W (s∗ , n∗ ) < W (s∗∗ , n∗∗ ).
Proof. By construction W (s∗∗ , n∗∗ ) ≥ W (s, n) for all (s, n) such that v(s) − c(s) ≥

1
2n

and n ≥ 2. Since (s∗∗ , n∗∗ ) is unique, W (s∗∗ , n∗∗ ) > W (s, n). From remark 3, (s∗ , n∗ ) 6=
(s∗∗ , n∗∗ ).
While competition does not produce a first-best allocation of labels, as should be
expected, competition among NGOs in the determination of stringency can lead to
labels that are either too stringent or not stringent enough. It is not necessarily the case
that competition results in weak labels.
Proposition 4. Competition between NGOs can produce labels that are more stringent
than those in the first-best allocation; it is possible that either s∗ > s∗∗ or s∗ < s∗∗ .
Proof. See figure 8.
This result reinforces the potential for a race to the top in stringency. While entry
dilutes the standards of labels all else equal, that competition produces a race to the top
can counteract this effect, resulting in a competitive equilibrium with super-stringent
labels. This is counter to the standard result is models of product differentiation where
quality is always under provided (Brekke et al., 2010). This result also relates to the
existing literature on labels design where NGOs produce super-stringent labels (Bottega
23

and De Freitas, 2009): the possibility of entry allows for NGOs to produce sub-stringent
labels.
The degree to which the labeled good confers private value to the consumer by virtue
of being labeled provides an interesting comparative static to help understand when the
competitive equilibrium can produce super- or sub-stringent labels.
Proposition 5. The socially optimal stringency increases as the private value of the
good increases; s∗∗ is strictly increasing in α.
Proof. See appendix.
This result provides scope for the competitive equilibrium to produce super-stringent
labels for goods where use value is relatively uncorrelated with pro-social behavior by
the producing firm (α ≈ 0) and sub-stringent labels when use value is highly correlated
with pro-social behavior (α ≈ 1). See figure 8 for an example.

Figure 8: Example for b(s) = 3s0.1 , v(s) = s, c(s) = s2 , and F =
is in log scale.
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1
20 .

Relative stringency

4.1

Competition and second-best labeling

While the failure of competition to produce a first-best allocation of labels provides an
impetus for intervention in the labeling market, competition may still produce a secondbest outcome. To be explicit, second best here refers to second best with respect to
the number of labels. Since interest lies in understanding the normative implications
of entry of labels, this is the correct interpretation of second best. In other words, an
allocation of labels is second best if there is a feasible number of labels consistent with
competition among NGOs that produces greater welfare.
The following proposition outlines when competition can fail to produce a desirable
outcome locally; there can be a neighborhood about n∗ such that fewer NGOs acting
competitively would increase welfare.
Proposition 6. Fewer NGOs acting competitively can produce a superior allocation of
pα
labels. If b0 (s∗ (n∗ )) + αv 0 (s∗ (n∗ )) ≥ c0 (s∗ (n∗ )) and n∗ > 4F
then there is an n̂ < n∗
such that welfare is greater for n̂.
Proof. If b0 (s∗ (n∗ )) + αv 0 (s∗ (n∗ )) ≥ c0 (s∗ (n∗ )) and n∗ >

p

α
4F

DW (n∗ ) = [b0 (s∗ ) + αv 0 (s∗ ) − c0 (s∗ )]Ds∗ (n∗ ) +

then

α
− F < 0.
4n∗ 2

Since b0 , c0 , v 0 and Ds∗ are all continuous, there is some n̂ < n∗ such that
DW (n̂) = [b0 (s∗ ) − c0 (s∗ )]Ds∗ (n) +

α
−F <0
4n̂2

for all n ∈ (n̂, n∗ ). From the mean value theorem


α
W (n∗ ) − W (n̂) = [b0 (s∗ ) − c0 (s∗ )]Ds∗ (n) + 2 − F (n∗ − n̂) < 0
4n
for some n ∈ (n̂, n∗ ).
This is an important result: increasing competition among NGOs can reduce welfare.
Not only does the competitive equilibrium fail to be first-best, it can also fail to be
second-best. The intuition is simple: if the competitive equilibrium produces more
labels that are weaker than what a planner would set, then restricting entry improve the
allocation of labels. Note that there are two effects at work here: an entry effect due
to the fixed cost of entry that is always negative, and a stringency effect that can be
positive or negative. For sufficiently small s, the stringency effect is negative whereas
for sufficiently large s the effect is positive.
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Figure 9: Examples of social welfare when n∗ is locally inefficient.
For the purpose of illustration, figure 9 gives examples of how social welfare can vary
with the number of competitive labels. An instrument to regulate entry, such as a tax,
can then bring about a superior allocation of labels, even if this new allocation is not
first-best.
An important case where this proposition can fail is if v = b; if consumers value the
labeled good for the social benefit it creates.
Corollary 1. If v = b and F ≥

1
8

then there is an n̂ < n∗ such that welfare is greater

for n̂.
Proof. From (4), b0 (s∗ ) < c0 (s∗ ) so that [b0 (s∗ ) − c0 (s∗ )]Ds∗ (n∗ ) > 0. Now
DW (n∗ ) =

n2

b0 (s∗ )[b0 (s∗ ) − c0 (s∗ )]
 − F.
b00 (s∗ ) n1 + b0 (s∗ ) [b0 (s∗ ) − c0 (s∗ )] + b(s∗ )[b00 (s∗ ) − c00 (s∗ )]

Since
n2
if F ≥

1
8

b0 (s∗ )[b0 (s∗ ) − c0 (s∗ )]
∈
b00 (s∗ ) n1 + b0 (s∗ ) [b0 (s∗ ) − c0 (s∗ )] + b(s∗ )[b00 (s∗ ) − c00 (s∗ )]



1
0,
,
8

then DW (n∗ ) < 0 and a mean value theorem argument gives that there is some

n̂ < n∗ such that W (n̂) > W (n∗ ).
Proposition 6 is familiar in the product differentiation literature. The standard “too
many varieties, too little quality” results resembles the left hand side of figure 9. Care
must be taken, however, in making this comparison. When quality is a choice variable
of firms as in Economides (1993), firms choose the optimal quality conditional on the
number of firms. The reason there is sub-optimal quality is because there is excessive
26

entry. In the language developed here, s∗ = s∗∗ if n∗ = n∗∗ . In the context of the
model developed here, the comparison is even more stark.24 Ignoring any notion of
social product and labeling (or equivalently if there is perfect information), a firm i’s
problem is


1
max π(s, p) = [pi − c(si )] v(si ) − v(s̄) − pi + p̄ +
− F.
s,p
n
The symmetric, sub-game perfect Nash equilibrium (pe , se , ne ) is given by
pe = c(se ) +

1
ne

c0 (se ) = v 0 (se )
r
1
e
n =
.
F
Except for determination of quality, this equilibrium is the same found in Salop (1979).
The choice of quality in this case is simple: choose s to maximize demand.
A planner’s problem is
max W (s, n) = v(s) − c(s) −
s,n

1
− nF.
4n

The solution to the problem (sp , np ) is given by
c0 (sp ) = v 0 (sp )
r
1
np =
.
4F
Paralleling Salop (1979), firms have too much incentive to enter. Quality, however,
is chosen optimally, counter to Economides (1993). This example also illustrates that
excessive entry is due entirely to fixed costs. With NGOs, however, proposition 6 gives
that entry of NGOs can reduce welfare by reducing the social product of pro-social
behavior by firms through the stringency effect.
Competition between NGOs, conditional on the number of NGOs, matters for the
determination of stringency, and this in turn influences entry of NGOs in equilibrium.
It follows that even though restricting entry of NGOs can improve welfare, an optimal
24

In Economides (1993), cost of quality is a fixed cost, whereas quality affects marginal cost here. This
small distinction has a large impact on the model. While both approaches are acceptable in models of
vertical differentiation, having stringency affect marginal costs keeps with existing papers on label design
and is the more obvious approach for thinking about pro-social behavior.
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Figure 10: Example for v(s) = 2s0.5 , c(s) = 0.5s2 , b(s) = s0.75 , F = 12
, α = 0.
Stringency (log ratio of competition to planner) is plotted on left. Welfare (difference of
planner to competition) is plotted on right.

second-best allocation of labels will not correspond to first-best. (This is counter to
Economides (1993) where second-best and first-best coincide.) It could very well be that
the competitive equilibrium produces super-stringent labels and reducing entry, thereby
further increasing stringency, produces a superior outcome. See figure 10 for an example.
Corollary 2. A labeling scheme under a competitive regime need not be a Pareto improvement to no labeling scheme.
Proof. See figure 10.
This result is in contrast to existing models of label design where any labeling scheme
is a Pareto improvement over no labeling scheme (Fischer and Lyon, 2014). Note the
importance of entry here. Considering only an NGO duopoly, a labeling scheme can
be Pareto improving, even if not first-best. Entry, however, can render a competitive
allocation of labels inferior to no labeling. This can arise because labels are available
that enable firms to engage in social responsible behavior that is inefficient.

4.2

CSR with perfect information

As a benchmark, suppose there is perfect information so that firms do not need a label
and simply act a monopolistic competitors. As seen in the previous section, stringency
is chosen to maximize demand.
Proposition 7. The perfect information equilibrium has the following properties: i)
as F tends to zero, the perfect information equilibrium converges to the competitive
28

equilibrium with labels, ii) stringency is always larger in the competitive equilibrium with
labels, iii) as F tends to zero, the perfect information equilibrium converges to the firstbest equilibrium if and only if v 0 (s) =
v 0 (s) <

b0 (s)
1−α

b0 (s)
1−α

for all s, otherwise se < s∗∗ if and only if

for all s.

Proof. i) Clearly ne → ∞ and pe → c0 (se ) as F → 0. From (7), n∗ → ∞ and F → 0
since s∗ (n) ∈ [ŝ, ∞) and (7) is invertible with a strictly decreasing inverse. From remark
2, s∗ → se as n → ∞.
ii) This is immediate from remark 2.
iii) If v 0 (s) =

b0 (s)
1−α

for all s, then αv 0 (s) + b0 (s) =

b0 (s)
1−α

= v 0 (s) for any s. Therefore

v 0 (s) = c0 (s) if and only if b0 (s) + αv 0 (s) = c0 (s). If v 0 (s) <
b0 (s) =

b0 (s)
1−α

b0 (s)
1−α

for all s, then αv 0 (s) +

> v 0 (s) for any s. Clearly n∗∗ → ∞ as F → 0.

Compared to the case with perfect information, NGOs inflate the amount of prosocial behavior embodied in goods as there is a race to the top in stringency. In the
limit, however, NGOs and firms behave the same and so the informational asymmetry
becomes irrelevant. Whether firms provide the first-best allocation of goods, however,
depends on how consumers value pro-social behavior. If consumers value marginal prosocial behavior less than marginal social benefit (the most reasonable case), then firms
do not embody enough pro-social behavior in their goods. In this regard, NGOs can
produce a superior allocation of labels, even in the presence of asymmetric information.

4.3

Cooperation between NGOs

Failure of competition to produce an efficient allocation of labels arises because of a
failure in cooperation. If NGOs can cooperate, essentially acting as a monopoly NGO,
the inter-label inefficiencies from competition can be internalized. The problem of a
monopolist NGO is
max B(s, n) = b(s) − nF
s,n

s.t. v(s) − c(s) ≥
n ≥ 2.
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1
,
2n

(Note that q(s, n) = 1 since the market is covered.) The first-order conditions for an
interior solution to this problem are
b0 (s# ) = −F

v 0 (s# ) − c0 (s# )

(12)

2

2 [v(s# ) − c(s# )]
1
n# =
,
2[v(s# ) − c(s# )]

(13)

where (s# , n# ) solves the monopolist’s problem.25
With respect to normative implications, the following result is counter-intuitive.
Proposition 8. The welfare ranking between the allocation of labels produced by competitive NGOs and the allocation produced by a monopoly NGO is ambiguous. It is possible
that either W (s∗ , n∗ ) > W (s# , n# ) or W (s∗ , n∗ ) < W (s# , n# ) when W (s∗∗ , n∗∗ ) > 0.
Proof. For v(s) = s, c(s) = s2 , b(s) = 3s0.1 , and α = 0, W (s# , n# ) = 2.187 and
W (s∗ , n∗ ) = −0.248 for F =
and α = 0,
W (s∗∗ , n∗∗ )

W (s# , n# )

1
40 .

For v(s) = 5s0.8 , c(s) =

= −3.5 and

W (s∗ , n∗ )

1 2
2s ,

b(s) = 5 log(1 + s),

= −0.349 for F =

1
50 .

In both cases

> 0.

While a monopolist NGO will not choose a welfare maximizing suite of labels, as
should be expected, it can still perform worse than competition. Internalizing the cooperation failures among NGOs can decrease welfare.

5

Extension

This sections extends a point of the model: taxation as a means to achieve a second-best
allocation of labels.

5.1

Regulating entry of NGOs

Section 4.1 alluded to the use of a tax to restrict entry of NGOs with the purpose of
producing a superior allocation of labels. With a tax imposed on an entering NGO, the
entry condition (7) becomes
b(s∗ (n∗ ))
= F + t,
n∗
where t is an entry tax.
25

Similar to the planner’s problem these conditions are also sufficient for a global maximum.
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(14)

Remark 4. Ds∗ (t) > 0 and Dn∗ (t) < 0; t acts to increase the fixed cost of entry.
Proof. From (6) and (7),
"

Ds∗ (t)

#

1
=
∗
|J0 |
Dn (t)

"
b00
n

+ b0 [v 0 −

b0
n2
c0 ]

#
+ b[v 00 − c00 ]

,

where
|J0 | =

b00
n

0

+ b0 [v 0 − c0 ] + b[v 00 − c00 ] − nb2
b0
n

− nb2

> 0,

with all derivatives evaluated at (s∗ , n∗ ). It follows that Ds∗ (t) > 0 and Dn∗ (t) < 0.
From proposition 6, it is obvious that a tax has the potential to improve welfare in
certain circumstances. The question is now one of optimal taxation. Let t̂ be given by
t̂ =

b(s∗ (2))
− F > 0.
2

Any optimal tax t∗ must be such that t∗ ∈ [0, t̂]. A tax authority’s problem is then
max W (t) = b(s∗ (t)) − c(s∗ (t)) − n∗ (t)F.
t∈[0,t̂]

Since both s∗ and n∗ are continuous in t on [0, t̂],26 the tax authority’s problem has a
solution. There is an optimal tax that can support a second-best allocation of labels.
Clearly t∗ 6= 0 from proposition 6. If b0 (s∗ (2)) > c0 (s∗ (2)), then t∗ = t̂ is optimal. In
cases where t∗ ∈ (0, t̂), it is given implicitly by
[b0 (s∗ (t∗ )) − c0 (s∗ (t∗ ))]Ds∗ (n∗ ) = F.
Necessary for the solution to be interior is that b0 (s∗ (t∗ )) < c0 (s∗ (t∗ )), implying that
b0 (s∗ (2)) < c0 (s∗ (2)).
Proposition 9. Sufficient for an optimal tax to establish an NGO duopoly is that the
marginal social benefit of stringency exceeds the marginal social cost for an NGO duopoly.

Proof. The proof is immediate for the preceding paragraph.
Equation (14) defines s∗ and n∗ as C 1 functions from (−F, t̄), where t̄ > t̂. The restrictions of these
functions to [0, t̂] are then continuous.
26

31

6

Discussion and conclusions

The normative implications of a model of competition between NGOs in label design give
some interesting results. The first is that a competitive equilibrium is not first-best, and
increasing competition between labelers need not be welfare improving. If one suspects
that NGOs produce an inefficient allocation of labels, increasing competition may not
be a solution. The second interesting result is the failure of cooperation among NGOs to
produce a superior allocation of labels to competition. While there is no reason to expect
a monopolist NGO to act as a social planner, correcting the failures of competition need
not produce a better outcome.
An example of NGOs setting overly strict standards can be seen in the Forest Stewardship Council (FSC). Its historically small focus on economic consequences of certification led some of the industry to find the label overly stringent, leading to the emergence of
other certifiers (Auld, 2014, pp. 83-84). The FSC label can create adverse consequences
because it leads to higher costs of production (Winegarden and Rieck, 2013).
The reason these results are important is that they highlight the difficulty in thinking
about competition among NGOs in designing labels. Competition is no panacea, but
cooperation can lead to even worse results. With respect to label proliferation, free
entry of NGOs may not be such a bad thing. Consolidating competing labels by creating
unified standards can reduce welfare; even though competition creates some inefficiencies,
monopoly power on the part of an NGO can create more. This runs counter to much
discussion in the non-academic sphere on labels where label proliferation is often seen
as undesirable.27
As an example, the early 1990’s saw a proliferation of certifiers for organic coffee,
leading to calls for harmonization of standards and efforts to create barriers to entry for
fear of a “race to the bottom” in stringency (Auld, 2014, p. 138). There are two points
to address here: harmonization and entry. While entry reduces the standards of labels
(remark 2), this analysis ignores the interaction of labelers in designing their labels. It
is possible that, even though free entry reduces stringency holding all else equal, NGOs
can still bring to bear labels that are overly stringent (proposition 4). Compared to a
monopolist NGO, free entry of labels can produce a superior allocation of labels precisely
because it reduces the stringency of labels. Cooperation in the design of labels need not
produce a superior allocation of labels compared to competition (proposition 8).
In terms of creating barriers to entry, reducing the number of labelers can improve
welfare (proposition 6). However, this need not arise because of a race to the bottom.
27

See, for example, Organic Monitor (2013).
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There can be no general presumption that competition between NGOs produces weak
labels and that restricting entry of NGOs can produce a better allocation of labels
because it helps compensate for weak labels. At the same time, it may also be that
there is not enough label proliferation, and that more labels would be beneficial because
of a decrease in stringency.
From a policy perspective, failure of competition to provide even a second-best allocation of labels gives impetus for intervention. The ambiguity of this result, however,
means that little can be said about what policy is appropriate. A tax to discourage
entry of NGOs can lead to an optimal second-best allocation of labels. The information
burden of designing such a tax, however, is great, requiring knowledge of marginal benefits, costs, and preferences of consumers. One exception is when the marginal benefit
of addressing an issue is larger than the marginal cost, in which case a tax to create an
NGO duopoly is optimal (proposition 9).
Counter to the literature on product differentiation, there is no tendency for too
little investment in “quality”; competition can deliver super-optimal levels of stringency
(Economides, 1993). Minimum quality standards need not help here, again muddying
the direction for policy.
Lastly, creating incentive for NGOs to merge and design a unified set of standards is
another potentially perilous option. Again, the specifics of the environment need to be
known in order to make any general claims about the efficacy of a unified approach to
labeling.
From the perspective of firms, there may be too much voluntary pro-social behavior,
in contrast to much literature on corporate social responsibility (CSR) (Bagnoli and
Watts, 2003; Besley and Ghatak, 2007; Kitzmueller and Shimshack, 2012). This applies
not only to the intensity of CSR, but also the variety. Moreover, CSR on the part of
firms need not represent a Pareto improvement from no CSR (corollary 2). This occurs
because of how NGOs interact to define the incentives for firms, a realization not present
in the CSR literature.
Much is still needed in terms of future research to understand the design of social
labels. An obvious question that arises from this analysis—and one that was purposefully avoided—concerns what issues get labeled. Recognizing the horizontal dimension
associated with labeling, a natural point for future research concerns the scope of labels.
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Appendix
Proof of lemma 1. It should be clear that S̄ ⊇ [s0 , s1 ]. To simplify the notation, let
f (s) = v(s) − c(s). It follows from the properties of v and c that f (0) = 0, f 00 (s) < 0 for
all s ∈ R++ , f 0 is onto (−∞, β), with β > 0, and lims→∞ f (s) = −∞. This last property
comes from the concavity of f . To see this, denote by ŝ the unique point given by
f 0 (ŝ) = 0. This point exists and is unique since f 0 is one-to-one and onto (−∞, β). Since
f 0 is strictly decreasing, f 0 (ŝ + ε) < 0 for any ε > 0. It also follows from concavity of f
that f (ŝ + δ) < f (ŝ + ε) + f 0 (ŝ + ε)(δ − ε). Taking δ → ∞ gives that lims→∞ f (s) = −∞.
i) Closedness and convexity follow as S̄ is the upper contour set of a continuous,
quasi-concave function. Compactness follows as S̄ is bounded and S̄ ⊂ R. 0 is an obvious
lower bound for S̄. Since lims→∞ f (s) = −∞, there is some s such that f (s) < 0; this is
then a suitable upper bound for S̄.
ii) Since f is continuous and quasi-concave, the upper contour set is closed, and
hence compact as S̄ is compact, and convex. Therefore, it must be a closed interval. A
more instructive proof, however, is as follows. Since f is strictly decreasing on [ŝ, ∞),
hence one-to-one, and maps onto (−∞, f (ŝ)], there is one and only one s1 such that

f (s1 ) = max v(s̄) − c(s̄) − n1 , n1 . Since f is strictly increasing on [0, ŝ], f is a one-toone mapping on [0, ŝ] and maps onto [0, f (ŝ)]. As such, there is one and only one s0

such that f (s0 ) = max v(s̄) − c(s̄) − n1 , n1 , with s0 < ŝ < s1 since, for all s ∈ (s0 , s1 ),

f (s) > max v(s̄) − c(s̄) − n1 , n1 as S̄ is not a singleton. (A similar proof also establishes
that S̄ is a closed interval in R+ , hence compact and convex.)
Since f is a continuous bijection on [ŝ, ∞), it is a homeomorphism and so the inverse


s1 = f −1 max v(s̄) − c(s̄) − n1 , n1
is continuous in s̄. By the same reasoning, s0 is
also a continuous function of s̄.
iii) Begin with lower hemi-continuity. Consider some s̄ and an open set U such that
[s0 , s1 ] ∩ U 6= ∅. It suffices to consider U = (s0 + ε, s1 − ε) for any ε > 0 (the case
where U ⊃ [s0 , s1 ] is covered for upper-hemicontinuity). Since s0 and s1 are continuous
functions of s̄, there is some δ such that [s0 , s1 ] ∩ U 6= ∅ for all (s̄ − δ, s̄ + δ). As such,
the correspondence is lower hemi-continuous.
Now consider upper hemi-continutity. Without loss of generality, let [s0 , s1 ]∩(s−ε, s+
ε) = [s0 , s1 ]. Again since f is continuous, there is some δ such that [s0 , s1 ]∩(s−ε, s+ε) =
[s0 , s1 ] for all (s̄ − δ, s̄ + δ).
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n−1
n

Proof of lemma 2. i) Since n ≥ 2,

≥ n1 . Therefore



n−1
1 1
.
v(s̄) − c(s̄) +
> max v(s̄) − c(s̄) − ,
n
n n
It follows that s1 ∈ T so that [s0 , s1 ] ∩ T is non-empty.
ii) T is the lower contour set of a continuous function and hence closed. Since [s0 , s1 ]
is compact, [s0 , s1 ] ∩ T is compact.
iii) If [s0 , s1 ] ∩ T = [s0 , s1 ] then there is nothing to show. Otherwise there is a t such
that [s0 , s1 ] ∩ T = [s0 , ŝ − t] ∩ [ŝ + t, s1 ]. (The proof is readily adapted from that of lemma
1.) Clearly the correspondence given by s̄ 7→ [s0 , ŝ − t] ∩ [ŝ + t, s1 ] is continuous.
Proof of lemma 3. Consider some sa and sb , sa 6= sb such that, without loss of generality,
b(sa )q(sa , s̄) ≤ b(sb )q(sb , s̄). Since b is concave, q is strictly concave, and both are strictly
positive definite on (s0 , s1 ), log[b(s)q(s, s̄)] is strictly concave on (s0 , s1 ). It follows that
log b(λsa + (1 − λ)sb ) + log q(λsa + (1 − λ)sb , s̄) > λ[log b(sa ) + log q(sa , s̄)]
+ (1 − λ)[log b(sb ) + log q(sb , s̄)]
b(λsa + (1 − λ)sb )q(λsa + (1 − λ)sb , s̄) > [b(sa )q(sa , s̄)]λ [b(sb )q(sb , s̄)]1−λ
≥ b(sa )q(sa , s̄),
for any λ ∈ (0, 1) and so b(si )q(si , s̄) is strictly quasi-concave on (s0 , s1 ).
Proof of remark 1. Existence From lemma 3, an NGO’s problem is to maximize a continuous function over a non-empty, compact, convex-valued, and continuous constraint
correspondence. (Note that if [s0 , s1 ] ∩ T 6= [s0 , s1 ], then [ŝ + t, s1 ] is the relevant restriction.) From the continuous maximum theorem, the solution to an NGO’s problem
s∗ : S̄ → S̄ is a continuous function. Since S̄ is a compact, convex set, there will be a
fixed point by the intermediate value theorem, which is a symmetric Nash equilibrium.
Uniqueness In a symmetric Nash equilibrium, denoted by s∗ , it must be the case
that either

1
b(s∗ ) 
= − 0 ∗ v 0 (s∗ ) − c0 (s∗ )
n
b (s )

(15)

or
v(s∗ ) − c(s∗ ) =
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1
.
n

(16)

0
0
Let g(s) = − bb(s)
0 (s) [v (s) − c (s)]. In general, g is not one-to-one. However, there is a

unique ŝ > 0, defined by v 0 (ŝ) = c0 (ŝ), such that g(ŝ) = 0. Furthermore,

lim g(s) = − lim

s→∞

s→∞

b(s)
b0 (s)





lim v 0 (s) − c0 (s)

s→∞

= ∞,
since lims→∞ [v 0 (s) − c0 (s)] = −∞ and lims→∞
g 0 (s) = −

h

b(s)
b0 (s)

i

∈ (0, ∞). Finally,

 b(s)  00

b0 (s)2 − b(s)b00 (s)  0
v (s) − c0 (s) − 0
v (s) − c00 (s) > 0
0
2
b (s)
b (s)

if v 0 (s) − c0 (s) ≤ 0.
Given that v(s) − c(s) is strictly concave, v 0 (s) − c0 (s) ≤ 0 if and only if s ≥ ŝ. As
such, g : [ŝ, ∞) → R+ is one-to-one and onto and so there is a unique s∗ such that
g(s∗ ) = n1 . (Note that g(s) < 0 for any s < ŝ.)
If instead s∗ is given by (16), then the restriction of v − c to [ŝ, ∞) is bijective and so
there is a unique s∗ such that (16) is true (recall the proof of lemma 1). While there is
a point in (0, ŝ) such that (16) is true, it is clear that this cannot be a Nash equilibrium.
Since either (15) or (16) is a necessary condition for a Nash equilibrium, and there
will always exist a Nash equilibrium s∗ ∈ S̄, any Nash equilibrium is unique.
Proof of remark 2. The proof proceeds in several steps: i) s∗ is characterized by v(s∗ ) −
c(s∗ ) =

1
n

if and only if 1 ≥ g(s∗ )n; ii) if 1 ≥ g(s(2))2, where v(s) − c(s) = n1 , then there

is a unique n̂ ∈ [2, ∞) such that 1 < g(s(n))n for all n > n̂; iii) s∗ is a C 1 function of n
such that Ds∗ (n) < 0 if and only if n > n̂.
i) If 1 ≥ g(s∗ )n for v(s∗ ) − c(s∗ ) =

1
n,

then w is increasing in its first argument.

(Recall that g is strictly increasing and any s∗ must belong to S̄.) Since there is no
feasible deviation that produces a strictly greater payoff, s∗ given by v(s∗ ) − c(s∗ ) =

1
n

is the Nash equilibrium.
If the Nash equilibrium s∗ is such that v(s∗ ) − c(s∗ ) = n1 , then w must be increasing
in its first argument, implying that 1 ≥ g(s∗ )n.
ii) Since v − c is a homeomorphism on [ŝ, ∞), s(n) given by v(s) − c(s) =
on [2, ∞) with
s0 (n) = −

1
> 0.
− c0 (s)]

n2 [v 0 (s)
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1
n

is C 1

It follows that g(s(n))n is strictly increasing with limn→∞ g(s(n))n = ∞ since
limn→∞ s(n) ∈ (ŝ, ∞). Now if g(s(2))2 ≤ 1, then there is some n̂ such that g(s(n̂))n̂ = 1
and g(s(n))n > 1 for all n > n̂. If g(s(2))2 > 1, set n̂ = 2.
iii) Recall that g is a continuous bijection on [ŝ, ∞) so that s(n) = g −1
[ŝ, ∞) is an interval, g is a homeomorphism so that s ∈
Ds(n) =

n2

C1

1
n



. Since

and

b0 (s)
 < 0.
b00 (s) n1 + b0 (s) [v 0 (s) − c0 (s)] + b(s)[v 00 (s) − c00 (s)]

For n̂, g(s∗ (n̂))n̂ = [v(s∗ (n̂) − c(s∗ (n̂))]n̂; for n > n̂, s∗ is given by g(s∗ )n = 1 and for
n < n̂, s∗ is given by v(s∗ ) − c(s∗ ) = n1 . As such, s∗ is a C 1 function of n.
Now limn→n̂ s∗ (n) = s∗ (n̂) = γ < ∞, noting that s∗ (n̂) ∈ S̄. From (15),

limn→∞ s∗ (n) = ŝ. To see this, limn→∞ s∗ (n) = limn→∞ g −1 n1 = ŝ since g(ŝ) = 0.
As such, s∗ is onto (ŝ, γ].
Proof of proposition 2. Let h(n) =
limn→2

s∗ (n)

b(s∗ (n))
.
n

Note that h is continuous on [2, ∞). Now

≤ γ < ∞ implies that limn→2 h(n) =

b(s∗ (2))
2

and limn→∞ s∗ (n) = ŝ implies

that limn→∞ h(n) = 0. Finally,
b0 (s∗ (n))Ds∗ (n)n − b(s∗ (n))
.
n2

i
For all n > n̂, h0 (n) < 0 and so h is one-to-one and onto 0, b(γ)
2 . Since h(2) > F and
h0 (n) =

h is decreasing, there is a unique n∗ > 2 such that h(n∗ ) = F .
For all n ≤ n̂, h0 (n) < 0 if and only if g(s∗ )n > 1, a contradiction (remark 2).
Therefore h(n) = F only if s∗ is an interior equilibrium.
Proof of remark 3. i) Equations (6) and (7) can be combined to give
2b0 (s∗ )
= −2F n∗ 2
− c0 (s∗ )

v 0 (s∗ )

and (8), allowing for n∗∗ = 2, can be written as
b0 (s∗∗ ) + αv 0 (s∗∗ ) − c0 (s∗∗ ) α
− − 2µn∗∗ 2 = −2F n∗∗ 2 ,
v 0 (s∗∗ ) − c0 (s∗∗ )
2
with µ ≥ 0, so that
2b0 (s∗∗ ) + αv 0 (s∗∗ ) − (2 − α)c0 (s∗∗ )
v 0 (s∗∗ ) − c0 (s∗∗ )
≥
.
4b0 (s∗ )
v 0 (s∗ ) − c0 (s∗ )
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If s∗ ≤ s∗∗ , then
v 0 (s∗∗ ) − c0 (s∗∗ )
≥ 1,
v 0 (s∗ ) − c0 (s∗ )
implying that 4b0 (s∗ ) ≤ 2b0 (s∗∗ ) + αv 0 (s∗∗ ) − (2 − α)c0 (s∗∗ ), a contradiction since b is
concave and αv 0 (s∗∗ ) − (2 − α)c0 (s∗∗ ) < 0 for α ≤ 1.
If the participation constraint does not bind and n∗∗ > 2, setting n∗ = n∗∗ in (7)
and (11) gives
r
∗

b(s ) =

aF
.
4

If s∗ ≤ s∗∗ , then b0 (s∗ ) ≥ b0 (s∗∗ ). From (6), (7), and (10), this implies that
c0 (s∗∗ ) − αv 0 (s∗∗ )
α
≤ ,
0
∗
0
∗
c (s ) − v (s )
4
a contradiction since c0 (s∗∗ ) − αv 0 (s∗∗ ) > c0 (s∗ ) − v 0 (s∗ ) for s∗∗ ≥ s∗ and α ≤ 1. If
n∗∗ = 2, then v(s∗∗ ) − c(s∗∗ ) >

1
4,

implying that s∗∗ is smaller compared to the case

when the participation constraint binds. Therefore s∗∗ < s∗ .
ii) If s∗ < s∗∗ and the participation constraint binds, then
2F n∗∗ 2 =

2b0 (s∗∗ ) + αv 0 (s∗∗ ) − (2 − α)c0 (s∗∗ )
4b0 (s∗ )
<
= 2F n∗ 2 ,
2[c0 (s∗∗ ) − v 0 (s∗∗ )]
2[c0 (s∗ ) − v 0 (s∗ )]

implying that n∗∗ < n∗ . If n∗∗ = 2, then it must be that n∗ ≥ n∗∗ . If the participation
constraint does not bind, s∗ < s∗∗ implies that
r
∗

n >

1
>
F

r

α
= n∗∗ .
4F

Proof of proposition 5. From (8) and (9),
Ds∗∗ (α) =

− 21 [v 0 (s∗∗ ) + c0 (s∗∗ )]

b00 (s∗∗ ) + α2 v 00 (s∗∗ ) − 1 − α2 c00 (s∗∗ ) +
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F
∗∗
2 φ(s )

> 0,

by the implicit function theorem, where
φ(s∗∗ ) = −

[v 0 (s∗∗ ) − c0 (s∗∗ )]2
v 00 (s∗∗ ) − c00 (s∗∗ )
+
< 0.
[v(s∗∗ ) − c(s∗∗ )]3
[v(s∗∗ ) − c(s∗∗ )]2

If the participation constraint does not bind, then (10) gives that
Ds∗∗ (α) = −

v 0 (s∗∗ )
> 0.
b00 (s∗∗ ) + αv 00 (s∗∗ ) − c00 (s∗∗ )

Since W is a continuous function of α and the constraint correspondence is non-empty,
compact valued, and continuous in α, s∗∗ is continuous in α by the continuous maximum
theorem. From the mean value theorem, s∗∗ is strictly increasing on [0, 1].
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