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Abstract
In this paper we show that a policy based on incentives to promote prosocial activi-
ties can be counterproductive in a context where the agents’ reputation exhibits per-
sistence over time and there exists a time lag between announcement of the policy 
and implementation. Reputation persistence in our model means that the reputa-
tion gained in past periods constrains the possibilities of changing reputation in the 
future. We present a two-period model in which agents use prosocial activities to 
signal their degree of altruism. If a subsidy is established for the second period, the 
set of agents that undertake social activities in that period enlarges. This worsens the 
reputation of the most altruistic agents, some of whom then react by decreasing their 
involvement in prosocial activities in the first period. We identify a condition under 
which subsidies cause a decrease in the global supply of pro-social activities.

Keywords  Signaling · Incentives · Pro-social behavior · Corporate social 
responsibility

JEL Classification  D82 · H25 · M14

1  Introduction

In recent years, companies are increasingly engaged in activities such as environ-
mental protection, social inclusion or the development of business ethics. As part of 
the sustainable development agenda, governments are concerned with the conduct of 
a company’s administration with respect to its stakeholders and society as a whole. 
Governments also support social behavior in NGOs that seek to promote actions for 
the welfare of others, and design policies to incentivize the philanthropic behavior 
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of individuals who donate to charities or volunteer. The effectiveness of material 
incentives as a device to induce prosocial behavior has been questioned on several 
grounds (see Gneezy et al 2011). This paper deals with the effects of incentives on 
social activities in a dynamic environment where agents are concerned with repu-
tation. Our main finding is that, if reputation exhibits some degree of persistence 
and there exist policy lags, establishing incentives to encourage social behavior may 
prove ineffective.

The formal framework depicted here is especially suited for (but not restricted to) 
the analysis of companies’ Corporate Social Responsibility (CSR hereinafter). For 
the sake of exposition, we will conduct our analysis through this particular example 
throughout the paper, and hence the agents to be incentivized will be named as firms 
and the prosocial actions will be referred to as CSR activities. The nature of CSR 
activities as privately provided public goods might justify governmental intervention 
to mitigate the free-rider problem (the public good aspects of CSR are analyzed in 
Bagnoli and Watts (2003), Besley and Ghatak (2007), and Kotchen (2006)). How-
ever, the role of public policy with regard to CSR is still far from having reached a 
clear path of action.

Governments and public institutions in many countries are firmly committed to 
create a favorable environment for national companies to engage in CSR activi-
ties. For instance, the British Government uses tax incentives to ensure the socially 
responsible investment of public pension funds, and also disburses funds for CSR 
projects and organizations. The Brazilian National Economic Development Bank 
provides funds for entities that comply with national ethical labor codes. In the same 
fashion, the Ministry of Economics in Mexico created in 2004 the “Support Fund 
for Micro, Small, and Medium Enterprises”, one of whose goals is to implement 
CSR programs in small and medium enterprises (SMEs). The Swedish Business 
Development Agency has also disbursed funds to SMEs to encourage CSR activi-
ties. The Dutch Government conditions the disbursement of funds to companies 
being familiar with the OECD guidelines for Multinational Enterprises. These are 
just a few examples of ongoing policy actions that leave little doubt about the inter-
est of governments to encourage CSR activities. But, on which theoretical grounds 
are based such public policies? We claim here that, in a dynamic environment with 
reputation persistence and policy lags, the strategic response that subsidies trigger 
on firms may reduce companies’ aggregate engagement in CSR.

Companies implement CSR policies, motu proprio, to show a positive attitude 
toward society and the environment. To the extent that social activities improve the 
image of the company and its reputation, CSR is an instrument to attract and retain 
consumers. In fact, a two decades survey for American consumers reveals that CSR 
has a positive impact on brand reputation, loyalty and affinity (see http://​www.​conec​
omm.​com/​2017-​CSR-​Study). In 2017, respondents of this survey “have a more posi-
tive image (92%), are more likely to trust (87%) and are more loyal (88%) to com-
panies that support social and environmental issues”. Consumers are willing to pay 
a premium for the provision of credence attributes, and, as pointed out in Baron 
(2011), firms have an incentive to form an organization to assure that credence 
attributes of goods are being supplied.

http://www.conecomm.com/2017-CSR-Study
http://www.conecomm.com/2017-CSR-Study
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A substantial strand of the literature on CSR has been devoted to answer the 
question of why do firms engage in socially responsible behavior (see Kitzmueller 
and Shimshack (2012) for a synthesis of the role of preferences and economic justi-
fication of CSR). Here we adopt the view that firms engage in “profit maximizing” 
CSR, as they use their pro-social actions instrumentally as a means to maximize 
profits. Consumers do not know firms’ degree of altruism (types), and firms under-
take CSR activities to send a credible signal of their types.

Investing in CSR is worthwhile as long as this investment increases the compa-
ny’s profits in the future. For instance, “green” consumers prefer to buy “environ-
mentally friendly” goods, provided by socially responsible companies (Arora and 
Gangopadhyay 1995). In a similar vein, McWilliams and Siegel (2011) argue that 
CSR contributes to firms’ sustainable comparative advantage. Thus, firms’ reputa-
tion can be viewed as an asset whose returns persist over time. In this respect, Rob-
erts and Dowling (2002) find a positive impact of reputation on the path of future 
financial performance. Studies by Ang and Wight (2009) and Schultz et al (2001) 
show that reputation is “sticky”, meaning that it is “durable and tends to reproduce 
itself over time”. Based on the evidence provided in the mentioned articles, we 
assume that reputation exhibits some degree of persistence over time.

A standard assumption in the literature of CSR is that investments in social activ-
ities are valuable to stakeholders, who might reward this pro-social behavior with 
a preference for firms that engage in these activities, therefore having a positive 
impact on firms’ profits (for a survey of the most relevant approaches on this issue, 
see Bénabou and Tirole (2010), for instance). We adopt a slightly different view. In 
particular, we assume that consumers are concerned about the estimated degree of 
altruism of the firms they interact with rather than with the CSR actions themselves. 
Many experiments in social psychology (see Berg et al 1995) show that agents tend 
to reciprocate with each other. Consumers value positively those companies that are 
seen as altruistic and hence are more prone to buy from them. In this line, a study by 
Sen and Bhattacharya (2001) analyzes consumers’ reactions to companies’ behavior 
related to CSR. Firms are aware of the effect that CSR actions cause on consum-
ers’ decisions and then use these actions as signals to inform stakeholders about the 
degree of altruism of the company. We abstract here from any other strategic or mar-
ket consideration to isolate this effect and focus on its implications.

The effectiveness of material incentives to stimulate pro-social behavior has been 
questioned in a number of papers dealing with the so-called Motivation Crowding-
Out Effect. In a prominent contribution, Bénabou and Tirole (2006) (B & T hence-
forth) consider a multidimensional signaling model to analyze the agents’ response 
to material incentives on pro-social activities. They show that, under a certain range 
of parameters, and assuming that types are normally distributed, rewards on the 
social activity reduce its supply. The mechanism that operates in our paper is very 
different to the one considered in B & T. In B & T there is a trade-off between the 
direct effect of rewards and their indirect effects on the perception of the agent’s 
intrinsic motivation and his/her reputation. Therefore, crowding out occurs in B & 
T because the reputation loss associated to rewards is higher than the direct utility 
gained from receiving these rewards. In contrast, in our setting, incentives affect the 
supply of CSR activities in the standard way. There is no crowding out of intrinsic 
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motivation, and the subsidy does not introduce noise in the signal extraction prob-
lem. A subsidy attracts companies to CSR activities, as expected. However, firms 
who are already undertaking CSR activities anticipate a future decline in the reputa-
tion attached to social activities and may react by curtailing their current involve-
ment in CSR. The key to the decline in social activities comes from the dynamic 
nature of the model, not from the structure of multidimensional uncertainty consid-
ered in B & T.

In a similar fashion, Seabright (2009) puts forward a screening game where the 
public authority announces a price p that will be paid to all agents who choose to 
participate in a pro-social activity. Social image is very important for truly altruis-
tic individuals because it leads to future profitable relationships with other altruistic 
agents. Seabright shows that truly altruistic individuals are more likely to choose 
a civic activity when there is no reward for this activity than when the activity is 
rewarded. The reason is that the reward spoils the signaling power of the civic activ-
ity. In our model, instead, rewards induce a reallocation of companies’ involvement 
in social activities across periods. Some companies will embark on CSR activities 
attracted by rewards, while others abandon their current engagement in CSR in view 
of future reputation losses.

We present a two-period signaling model that takes into account explicitly the 
interplay between material incentives and reputation persistence. The model incor-
porates policy lags, meaning that it takes some time for announced incentives to be 
effectively implemented. Firms are heterogeneous in their degree of social concern 
(their type), and the more socially concerned a firm is, the lower the subjective cost 
it faces when undertaking a social activity. Each firm has only two actions available 
in each period: action 1 (the costly social activity), and action 0 (doing nothing). 
The reputation earned by a company is the posterior expectation on its type after the 
company has chosen an action. A separating equilibrium occurs when different types 
of firms choose different actions. We characterize a semi-separating equilibrium as a 
partition of the set of agents’ types: The subset including the most cooperative firms 
choose the social activity and the rest of the firms choose action 0. In a first step, we 
characterize the companies’ equilibrium choices without the presence of external 
incentives. After that, we analyze how this equilibrium is modified by incentives in a 
context of reputation persistence and policy lags.

The major finding of this paper is that a subsidy can lower the aggregate level 
of CSR. Because of policy lags, a subsidy announced today (first period) becomes 
effective tomorrow (second period). The choices made by firms in the first period, 
under the assumption of reputation persistence, affect the range of values for repu-
tation (expected type) available in the second period, and firms are aware of this 
effect. If a subsidy is established in the second period, there will be more firms will-
ing to carry out the social decision in that period. This will lead to a decrease in rep-
utation of the most altruistic companies. As this reputation loss is discounted back, 
the benefits of behaving as an altruist in the first period fall because the subsidy low-
ers second period reputation. This causes some firms (those that were altruist, but 
not too much) not to embark in CSR activities in the first period. Reputation persis-
tence plays a crucial role here because it is the link that connects the decisions inter-
temporally. In the new equilibrium, the level of CSR activities prior to the subsidy 
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(first period) decreases, whereas the level of CSR activities after the subsidy (second 
period) increases. If a specific condition holds, the former effect is larger than the 
latter, leading in this case to a global decrease in the level of companies’ CSR.

It is worth mentioning that this result is not driven by a displacement of intrinsic 
motivation on the part of the companies’ managers, caused by material incentives. 
Although corporate philanthropy may be the reason behind firms’ differential costs 
of undertaking pro-social activities, CSR activities here are used instrumentally to 
signal the degree of altruism and ethical behavior of the firm. Our approach cor-
responds to the vision “doing well by doing good” whereby a socially responsible 
behavior is likely to make the firm more profitable (Orlitzky et  al (2003) provide 
substantial evidence for this claim). Each firm trades-off the cost of sending the sig-
nal against the reputation benefits the signal entails and finds an optimal compro-
mise between these two opposing forces. The novelty of the paper is to consider 
the introduction of material incentives in a dynamic setting where the stickiness of 
reputation plays a crucial role. A newly established subsidy provides incentives for 
companies’ engagement in CSR, but also reduces the benefits that some formerly 
cooperative companies enjoyed from reputation persistence, to the extent that the 
subsidy may lead to a global decrease in the supply of CSR.

The paper is organized as follows. In Sect. 2 we introduce the model. In Sect. 3 
we analyze the effects of setting up a subsidy on the social activity for the static 
case. In Sect. 4 we perform the same exercise for the two-period game. Section 5 
concludes. All proofs are in the Appendix.

2 � Model

We consider a two-period model to analyze firms’ behavior in a simple dynamic 
setting. We first introduce a set of definitions and concepts valid for any period. In 
order to keep notation simple, we do not use time indicators at this stage. Later on, 
we will refer to a specific period using superscript t = 1, 2 . Let Θ ≡ [0, 1] be the set 
of all firms. Each firm i ∈ Θ is indexed by an element of the unit interval, and we 
write as �i ∈ [0, 1] the type of firm i . We interpret the parameter �i as the true degree 
of firm i’s social concern or altruism. Types are private information, constant across 
periods, and distributed in interval [0, 1] according to a continuous cumulative distri-
bution function F(⋅) with associated density function f (⋅).

Let us consider the set of actions 
{
a0, a1

}
 . The costly action a1 represents a social 

activity undertaken by the firm. Imagine, for instance, a pro-environmental policy or 
an action that improves labor conditions. Choosing the costless action a0 means that 
the firm does not carry out any social activity. We are modeling, in a stylized way, 
dichotomous decisions like: The firm develops a “community involvement program” 
or not; the firm launches a campaign to promote fair trade or not; the firm takes 
an action to reduce its carbon footprint or not, etc. Firms may use social activities 
as instruments to signal their types. We consider that companies seek to increase 
their profits by undertaking social activities that improve their reputation and social 
image. Firms are aware that a good reputation exerts a positive influence on profits, 
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and also know that reputation can be built through their engagement in activities 
related to CSR.

Consumers are concerned about the firms’ true types because they prefer to 
engage in a relationship with firms that are somehow altruistic or cooperative. One 
reason for this may be the existence of significant incomplete contracts in the indi-
vidual interactions of consumers (stakeholders in general) with companies. Con-
tracts between firms and consumers include prices and some verifiable conditions 
on quality and additional services, but these contracts cannot include all relevant 
aspects of the good or service bought, like, for instance, the number of phone calls 
needed for the customer service to respond or how efficient and decent the company 
will be when facing unforeseeable problems with the product. These are aspects 
of stakeholders’ interactions with the firm that cannot be easily observable, verifi-
able and included in the contract but are still important in estimating the quality 
and value of the good or service traded. Such aspects might well be positively cor-
related with the kind of “moral capital” that makes some firms devote resources to 
observable public goods and charities. By sacrificing part of the profits through CSR 
investments, firms also prove that they are less prone to fail in fulfilling their non-
contracted obligations with their stakeholders.

The firm acquires reputation when engaging in social activities. The reputation 
of a firm with type �i depends on the information about the firm’s actions in period 
t = 1, 2 . Let at be the vector of actions the firm has undertaken until period t = 1, 2 . 
The reputation function of a firm in period t depends on the consumers’ system of 
beliefs given at , and its expression is given by:

where f (�i|at) is the conditional density function of the types that represents con-
sumers’ beliefs on firms’ types after firm’s actions until period t have been publicly 
observed. As in Bénabou and Tirole (2006) and Seabright (2009), we assume that 
a company’s reputation affects positively its payoff. A meta-analysis of 52 studies 
performed by Orlitzky et al (2003) identifies a positive correlation between the com-
panies’ social responsibility and their financial performance.

On the other hand, carrying out a pro-social activity is costly for the firm. A nec-
essary condition for the signals to reveal information about the types is that their 
cost is different across types. In particular, we assume that the higher the firm’s true 
social concern, the lower the (subjective) cost it faces for any given pro-social activ-
ity. Formally, we denote by c(aj, �i) the cost of action aj(j = 0, 1) for firm with type 
�i in each period t . We assume that cost function c(⋅) is such that: (i) c(a1, �i) ≥ 0 is 
continuous, differentiable and strictly decreasing in �i , with c

(
a1, 0

)
= c > 0 , and 

0 ≤ c
(
a1, 1

)
< c

(
a1, 𝜃i

)
 for all 𝜃i < 1 ; and (ii) c

(
a0, �i

)
= 0 for all �i ∈ Θ . Param-

eter c must be high enough for signals to have an informative value. We denote by 
c′
(
a1, 𝜃i

)
< 0 the derivative of function c(⋅) with respect to �i.

(1)Rt
(
at
)
= E

[
�i|at

]
= ∫

1

0

�if (�i|at)d�i,
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To keep the model tractable, the firm’s payoff in period t is modeled as a “black 
box” with a tradeoff between the benefit of reputation and its cost, with the follow-
ing linear form:

�Rt(at) represents the income associated with the reputation acquired until period t , 
and parameter γ > 0 measures the relative importance of reputation with respect to 
the cost of carrying out a social activity. Parameter γ can be related to the visibility 
of the social activities carried out by the firm, or it may represent the impact on 
firm’s profits of socially concerned (or “ethical”) consumers, the ones who enjoy 
higher utility buying products from “ethical” corporations. The payoff function in 
Eq.  (2) represents the expected net return of the company’s investment in CSR. 
Observe that, while the value for reputation in period t depends upon the pattern of 
actions across periods until period t , the cost function is evaluated only on the action 
that is undertaken in period t.

3 � The effects of incentives in the one‑shot game

In the static case, information about the firm is simply given by the action chosen, 
either a0 or a1 . Then, at in Eqs. (1) and (2) is equal to aj with j = 0, 1 , and we write 
the reputation as R(aj) and the payoff function as �

(
aj, �i

)
 . A strategy for firm i ∈ Θ 

is a mapping from the space of types to the set of actions:

After firm i learns its own type, and knowing the prior distribution of all firms’ 
types, firm i either selects a1 (the pro-social action), or a0 . The choices of all firms 
are publicly observed, and then consumers form expectations on firms’ types. A sys-
tem of beliefs in this scenario is a rule that associates each action with a subset in 
interval [0, 1] . For instance, if a firm i carries out action aj , consumers believe that 
type �i belongs to set Θj . Therefore, after observing aj , beliefs are updated and repre-
sented by the conditional density f (�i|aj) , where f (�i|aj) = 0 for all �i ∉ Θj.

A profile of strategies and a system of beliefs form a Perfect Bayesian Equilib-
rium (PBE) when the strategy of each firm is optimal given the system of beliefs, 
and beliefs can be updated using Bayes’ rule from the equilibrium play of all firms. 
Note that, since the actions set is discrete and the space of types is continuous, any 
action choice only provides partial information about the type.

We focus our attention on PBE where some information is revealed. Specifically, 
as the cost of action a1 is strictly decreasing in the firm’s type, we are able to charac-
terize a semi-separating equilibrium in which higher types select the social activity 
while lower types do not engage in any social activity. Because there are only two 
actions available, a semi-separating equilibrium necessarily implies a partition on 
the type space consisting of two subsets. Our discrete action model allows to under-
stand the process whereby information accrues along both periods and is correctly 
interpreted by the agents, who can gain a more precise assessment on firms’ types 

(2)�t
(
at, �i

)
= �Rt

(
at
)
− c

(
aj, �i

)
.

�i ∶ [0, 1] →
{
a0, a1

}
.
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as time goes by. If we considered instead a continuum of actions, as in Seabright 
(2009), total separation could be obtained in the first period. Then, prosocial behav-
ior in the second period would not add any information that can be relevant to the 
agents.

The next lemma establishes that this partition comprises two sub-intervals of 
interval [0, 1] , separated by threshold z ∈ [0, 1] , where z can be interpreted as the 
type of the firm indifferent between choosing a1 or a0 . (In case where �i = z , we 
assume that firm i chooses a1).

Lemma 1  For any given system of beliefs f (�i|aj) , if a semi-separating equilib-
rium of the one-shot signaling game exists, it must induce a partition on the type 
space consisting of sub-intervals [0, z) and [z, 1] , where all types �i ≥ z choose a1 , 
all types 𝜃i < z choose a0 , and threshold z is uniquely determined by the equality 
�
(
a1, z

)
= �

(
a0, z

)
.

It is worth mentioning that Lemma 1 holds regardless the system of beliefs con-
sidered. Besides, a remarkable consequence of Lemma 1 is that R

(
a1
)
> R

(
a0
)
 . 

Next, we define a notion of equilibrium for this game.

Definition 1  A z-equilibrium is a semi-separating PBE consisting of strategies �∗
i
 

and beliefs f (�i|aj) such that, for all i ∈ Θ,

and

where z is such that �
(
a1, z

)
= �

(
a0, z

)
.

An interesting implication of Lemma 1 is that, if a z-equilibrium exists, it must 
be unique. The reason is that function �

(
aj, z

)
 is monotone in z , provided that 

R
(
a1
)
> R

(
a0
)
 and c′

(
aj, 𝜃i

)
< 0 . To put it simply, if �

(
a1, z

)
 and �

(
a0, z

)
 cross, 

they cross once. Under our assumption that c is high enough, there could be also 
a pooling equilibrium where all firms selected a0 and f (�i|a0) = f (�i) . However, 
this pooling equilibrium would not survive Cho and Kreps’ Intuitive Criterion 
(Cho and Kreps 1987), that restricts out of equilibrium beliefs to be somehow 
“reasonable”. If any firm deviates from a0 , it must be a high type firm for sure (as 
long as c is high enough, a1 is equilibrium dominated for low types). Note that a 
firm with type �i = 1 always bears the lowest possible cost from the social action, 
so this argument holds even for high values of c.

𝜎∗
i

(
𝜃i
)
=

{
a1 ⟺ 𝜃i ≥ z

a0 ⟺ 𝜃i < z,

⎧⎪⎨⎪⎩

f (𝜃i�a1) > 0 ⟺ 𝜃i ∈ [z, 1]

f (𝜃i�a0) > 0 ⟺ 𝜃i ∈ [0 , z)
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For the analysis that follows, it is convenient to write the equilibrium reputa-
tion of a firm as a function of the interval where the firm’s type lies. That is, for 

any a, b ∈ [0, 1] , with a ≤ b , r(a, b) = ∫ b

a
�if (�i)d�i

∫ b

a
f (�i)d�i

 . Thus, r(a, b) can be interpreted 

as the average type (reputation) of firms whose types belong to interval [a, b] . 
Now, based on the notion of a z-equilibrium in Definition 1, we write the equilib-
rium reputation of a firm with type �i as:

For any threshold z ∈ [l, h] ⊆ [0, 1] , we define function Δr(z;l, h) = r(z, h) − r(l, z) . 
This function represents the difference in reputation between companies belonging 
to interval [l, z) (the low interval) with respect to firms whose types are in interval 
[z, h] (the high interval). Let Δr�(z;l, h) stand for the derivative of function Δr with 
respect to z , that is, Δr�(z;l, h) = rz(z, h) − rz(l, z) . The derivative Δr�(z;l, h) measures 
how the difference between “high” and “low” reputation changes in response to a 
marginal change in z . In the next lemma, we derive specific properties of functions 
r(.) and Δr(⋅) that we shall use later.

Lemma 2  (i) For any a, b ∈ Θ , function r(a, b) is continuous and strictly increasing 
in both arguments. Therefore, provided that h ≥ z ≥ l , we have Δr(z;l, h) > 0 ; (ii) If 
cdf F(⋅) is C2 and concave, we have that Δr�(z;l, h) ≥ 0.

The approach followed here to describe reputation is formally similar to the one 
developed in Candel-Sánchez and Perote-Peña (2020) to analyze the effectiveness of 
subsidies when agents can use multiple (substitute) prosocial activities to build rep-
utation. Let us denote by x the amount of a subsidy that is set up by the government 
with the intention to encourage CSR activities. Each firm must select either a0 or a1 , 
and action a1 is rewarded with a monetary subsidy x ≥ 0 . In the next proposition we 
characterize a z-equilibrium in the presence of subsidy x.

Proposition 1  If c is high enough, a z-equilibrium always exists where threshold z(x) 
is implicitly defined by

and f (𝜃i∕a1) > 0 ⟺ 𝜃i ≥ z.

The aggregate level of CSR-related activities in this case is given by 1 − F[z(x)] , 
where z(x) is implicitly defined by equation Δr(z;0, 1) + x = c(a1, z) . We are now 
prepared to analyze the effect of x on aggregate CSR. Note that, to rule out trivial 
situations where x is so high that it always induces all types of firms to choose the 
social action, we consider that x must be small enough relative to c . The following 

R
(
𝜎∗
i

(
𝜃i
))

=

{
r(z, h) ⟺ 𝜃i ≥ z

r(l, z) ⟺ 𝜃i < z

�
(
a0, z

)
= �

(
a1, z

)
+ x,
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corollary to Proposition 1 establishes that a subsidy is effective at incentivizing 
CSR.

Corollary 1  A higher subsidy x induces higher amount of CSR activities, that is

The proof of this corollary is immediate, since

The conclusion is that, in a static setting, the supply of social activities can be 
effectively incentivized by establishing a subsidy on them. As we will see below, 
this rather obvious result no longer holds in a framework where reputation is persis-
tent across periods.

4 � The effects of incentives in the two‑period game with reputation 
persistence

Along this section, we assume a policy lag, so that a subsidy that is announced at 
the beginning of the game becomes effective in period 2. Time lags in the imple-
mentation of policies are pervasive in real life. For instance, the Dutch government 
published 2020 tax plan on September 17, 2019. This plan included tax exemptions 
or reliefs on activities related to companies’ CSR. Likewise, the Disabled Access 
Credit provided a non-refundable credit of up to $5,000 for small businesses that 
incur expenditures for the purpose of providing access to persons with disabili-
ties. This law was introduced July 25, 2019, and was effective after December 31, 
2019.1 The lags associated to environmental policy are particularly long (see Di 
Maria et al., 2012). In dynamic contexts, implementation lags cannot be overlooked 
because the strategic behavior of firms depends critically on the sequence of events 
in the game.

Next, we adapt our basic model in Sect. 2 to the two-periods case to account for 
reputation persistence, and analyze the firms’ equilibrium strategies in the light of 
this fact. In this dynamic case, action aj(j = 0, 1) , undertaken in period t = 1, 2 , is 
denoted by at

j
 . The action profile until period t , at , is given by the first period action 

if t = 1 and by the vector of actions undertaken in both periods if t = 2 . The payoff 
earned in period t = 1 by a firm of type �i that carries out action a1

j
 is denoted by 

�1(a1
j
, �i) , and given by Eq. (2) where a1 = a1

j
 . The second period payoff for a firm 

d[1 − F[z(x)]]

dx
> 0.

z′(x) = − 1
Δr′(z;0, 1) − c′

(

a1, z
) < 0.

1  See the Disabled Credit Act at: https://​www.​congr​ess.​gov/​bill/​116th-​congr​ess/​house-​bill/​4045/​text?r=​
7&s=1.

https://www.congress.gov/bill/116th-congress/house-bill/4045/text?r=7&s=1
https://www.congress.gov/bill/116th-congress/house-bill/4045/text?r=7&s=1
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with type �i that chooses a2
j
 , given the action chosen in the first period a1

j
 , is denoted 

by �2(a2
j
, a1

j
, �i) . The total payoff for the firm is �1(⋅) + �2(⋅) . For simplicity, we 

assume that there is no discount factor for the payoffs realized in the second period.
As in the static case, x represents the amount of the subsidy that is announced 

by the government, and, as before, we assume that the subsidy x is not too large 
relative to cost c . The subsidy is made effective in period 2, so if a firm of type �i 
chooses a2

1
 , it receives a monetary transfer of x , and its payoff in the second 

period becomes �2
(
a2
1
, a1

j
, �

i

)
+ x . If the firm chooses a2

0
 instead, its second 

period payoff remains as �2
(
a2
1
, a1

j
, �

i

)
 . The cost function is c(at

j
, �i) in each period 

t  , and has the same functional form as in the static case. For notational simplicity 
we shall omit superscript t  where obvious.

The timing of the two-period game is as follows:

1.	 In period 1, the government announces a subsidy of amount x on CSR activities, 
to be implemented in period 2. Then, each firm chooses either a1

1
 or a1

0
.

2.	 In period 2, having observed the first period choices of all firms, each firm chooses 
either a2

1
 or a2

0
.

3.	 The payoffs are realized.

Reputation persistence in our context means that the types are constant, and 
that the agents do not forget what they have learned about these types in period 
one. Therefore, for the inference on firms’ types in period two, agents use both 
the action taken in the second period and the first period action choice (which led 
to the inference on the type made in the first period). The term "persistence" then 
refers to the fact that the information inferred in the first period constrains what 
can be inferred in the second.

The scenario of reputation persistence affects critically the way how agents 
form the second period beliefs. Note that, because there are only two actions 
available in each period, and the firm’s payoff is monotonic in its type, the result 
established in Lemma 1 holds for any period t = 1, 2 . Therefore, there exists a 
unique partition of interval [0, 1] that separates the firms’ types in each period. 
For this dynamic case, we call � the separating threshold in the first period. The 
reputation earned by firms in the second period depends on all information avail-
able at the time the belief is formed. This includes the first period actions and 
also the threshold � , that separates firms in two subsets. When firms in the first 
period make their action choices they take into account how these choices will 
influence beliefs about their types both in the present and in the future. In particu-
lar, the value of threshold � determines the interval in which the type of each firm 
(reputation) is expected to lie in the second period. Then, although second period 
decisions affect the inference made on the firms’ types, these are constrained to 
belong either to interval [�, 1] , if the firm chose a1

1
 , or to interval [ 0, �) if the firm 

chose a1
0
 instead. In other words, firms earn some baseline reputation in the first 

period, and, in the second period, they have the possibility to modify, to a cer-
tain extent, their baseline reputation. For instance, a firm that carried out CSR 
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activities in the first period can further improve its reputation by choosing again 
the social action in the second period, or it can avoid the cost of CSR activities in 
that period and still enjoy a reputation above �.

A system of beliefs in this dynamic setting with reputation persistence is given 
by posterior density f (�i|a1j ) in the first period, and by posterior density 

f (�i|a1j , a2j ) in the second period. The value for the reputation acquired in the sec-
ond period, after a pair of actions (a1

j
, a2

j
) has been chosen and threshold α has 

been determined, is given by:

Formally, the constraint on the second period reputation introduced by reputation 
persistence is expressed as: R2(a1

1
, a2

j
) ≥ � and R2(a1

0
, a2

j
) < 𝛼 for all a2

j
.

When choosing the first period actions, firms only know their own type, the dis-
tribution of the types of all firms and the value of subsidy x. With this information, 
each firm can deduce the location of the threshold that separates “good” firms from 
the “bad” ones in the first period. Moreover, since the types are constant and its dis-
tribution does not change across periods, firms are also able to infer the equilibrium 
actions of all firms in the second period. Therefore, for any given subsidy x, the only 
relevant information that affects each firm’s strategy is its own type.

A strategy for firm i ∈ Θ is a pair �i = (�1
i
, �2

i
) that associates each type �i ∈ [0, 1] 

with a pattern of actions, where:

and

There are four possible combinations of actions, namely: (a1
0
, a2

0
) , (a1

1
, a2

0
) , 

(a1
0
, a2

1
) , (a1

1
, a2

1
) . Note that, whatever action was taken by the firm in the first period, 

by Lemma 1 there exists a unique partition of the type space also in period two, 
where a certain threshold, say � , separates the firms that carry out a2

1
 from those that 

carry out a2
0
 . The next lemma establishes that the only possible relationship between 

thresholds � and � at equilibrium is � ≥ �.

Lemma 3  In any semi-separating equilibrium of the two-period signaling game, 
under the assumption of reputation persistence, it holds that � ≥ �.

Notice that, for Lemma 3 to hold, it is necessary that subsidy x is small enough 
so as to guarantee that the cost of the social action in the second period minus x 
is positive. Given the characteristics of the cost function, this holds trivially true 
in a positive neighborhood of zero. This assumption is consistent with the empiri-
cal observation that performance varies non-monotonically with incentives (Gneezy 

R2(a1
j
, a2

j
) = E

[
�i|a1j , a2j , �

]
= ∫

1

0

�if (�i|a1j , a
2

j
)d�i.

�1
i
∶ [0, 1] →

{
a1
0
, a1

1

}
,

�2
i
∶ [0, 1] ×

{
a1
0
, a1

1

}
→

{
a2
0
, a2

1

}
.
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and Rustichini 2000). In general, the maximum possible size for the subsidy x that 
guarantees � ≥ � depends on the particular distribution function assumed for the 
firms’ types, the cost function and other parameters in the model, such as c and � . 
The relationship between all these elements becomes apparent in the specific exam-
ple developed below, after Proposition 3.

The phenomenon of reputation persistence has an interesting implication on 
the equilibrium strategies of firms: information accumulates and is made more 
precise on time, but losing the opportunity for an early disclosure cannot be com-
pensated in the future with higher investments, since a rational agent with a high 
type will always invest in it as soon as she has the opportunity. Therefore, only 
firms that chose a1

1
 can be interested in improving their reputation by doing the 

costly action a2
1
 in the second period. In other words, if a firm chose a1

0
 , it will 

never be interested in getting “redeemed” by carrying out CSR activities in the 
second period. Observe that the “productivity” of early investment in reputa-
tion is higher, since it anchors the range of values possible for future information 
release through new investments. As a consequence, in any semi separating equi-
librium, some types above � will choose the social action in the second period 
while some other types above � will prefer to choose a2

0
 instead. Besides, all types 

below � will choose a2
0
 . We focus our attention now on a semi-separating (�, �)

-equilibrium, that we define as follows:

Definition 3  A (�, �)-equilibrium for the dynamic case is a set of strategies 
�∗
i
= (�∗1

i
, �∗2

i
) and beliefs [f (�i|a1j ) , f (�i|a1j , a2j )]  such that, for all i ∈ Θ, j = 0, 1,

and

where � and � are the thresholds that “separate” firms that choose the social action 
from those that do not, in periods 1 and 2, respectively.

𝜎∗1
i

(
𝜃i
)
= argmax{

a1
j

} 𝜋1
(
a1
j
, 𝜃i

)
+ 𝜋2

(
𝜎∗2
i

(
𝜃i, a

1
j

)
, a1

j
, 𝜃i

)
=

{
a1
1
⇔ 𝜃i ≥ 𝛼

a1
0
⇔ 𝜃i < 𝛼

�∗2
i

(
�i, a

1
j

)
= argmax{

a2
j

} �2
(
a2
j
, a1

j
, �i

)
=

{
a2
1
⇔

{
a1
j
= a1

1
& �i ≥ �

}

a2
0
⇔ otherwise

⎧

⎪

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎪

⎩

f (�i|a11) > 0 ⟺ �i ∈ [�, 1]

f (�i|a10, a
2
0) > 0 ⟺ �i ∈ [0 , �)

f (�i|a11, a
2
0) > 0 ⟺ �i ∈ [� , �)

f
(

�i|a11, a
2
1

)

> 0 ⟺ �i ∈ [� , 1]
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This definition of equilibrium basically extends to the two-period case the con-
cept of a z-equilibrium already defined for the static case. However, the definition 
includes explicit dynamic features and sophisticated (forward-looking) behavior 
on the part of firms. In particular, the inference on the firm’s type made in period 
2 depends on both the action that is currently being taken in that period, but also 
on the action chosen in the first period. Besides, at the time of choosing the first 
period action, the firm anticipates and takes into account her second period opti-
mal behavior.

We are now ready to characterize the firms’ equilibrium choices for the 
dynamic case. Our next proposition establishes conditions that define implicitly 
the equilibrium thresholds � and �.

Proposition 2  If the distribution function of the types, F(⋅) , is concave, a unique 
(�, �)-equilibrium exists, where thresholds � and � are implicitly defined by the fol-
lowing conditions:

Condition (3) is the incentive condition (with equality) that defines threshold � . 
That is, a firm with type strictly higher than (equal to) � is better off (indifferent 
about) choosing the prosocial action (or not) in the second period. Similarly, Condi-
tion (4) is the incentive condition that determines the value of first period threshold 
� . Notice that Condition (3) also depends on � and Condition (4) also depends on 
� . Therefore, both conditions jointly determine equilibrium thresholds � and � . The 
equilibrium thresholds in Proposition 2 fulfill the inequality 0 ≤ � ≤ � ≤ 1 . This 
means that firms with types �i ≥ � will choose the strategy (a1

1
, a2

1
) , firms with types 

�i ∈ [�, �) will select (a1
1
, a2

0
) and firms with types 𝜃i < 𝛼 will choose (a1

0
, a2

0
) . There-

fore, the total supply of CSR at equilibrium is given by 2 − F(�) − F(�).
The values of these thresholds, and the difference between them, depends on sev-

eral elements, namely: (i) the shape of the distribution function of firms’ types; (ii) 
the parameter � ; and (iii) the shape of cost function c(aj, �i) . For instance, for the 

case of a uniform distribution of the types and cost function c
(
a1, �i

)
=
(
1 − �

�

i

)
c , 

it is easy to show that, if parameter � is low enough, the gap between � and � 
increases with c and decreases with � . The difference � − � is a measure of the pro-
portion of agents that follow the strategy 

(
a1
1
, a2

0

)
 . This strategy is optimal for agents 

that, by carrying out a1 in the first period, secure a reputation above threshold � in 
the second period, but for whom it might not be worth to continue carrying out the 
social action in the second period, as the cost of this action outweighs the gain in 
reputation. In general, this will occur for the types that are slightly above �.

Now we turn to the primary question of the section: Is the subsidy x effective at 
incentivizing the supply of CSR activities? To answer this question, we must deter-
mine how does the total supply of CSR activities change in response to a variation 
in subsidy x.

(3)�Δr(�; �, 1) + x = c
(
a1, �

)

(4)�[Δr(�; 0, 1) + Δr(�; 0, �)] = c
(
a1, �

)
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Corollary 2  If the distribution function of the types, F(⋅) , is concave, a higher sub-
sidy x induces higher amount of CSR activities in the second period, but also pro-
vokes a decrease in CSR activities in the first period, namely

and

Denominator D(�, �) is a complex expression of � and � whose value is provided 
in the Appendix. The derivatives in (5) and (6) have been computed using implicit 
differentiation in Eqs. (3) and (4) together. A detailed explanation of the derivation 
of (5) and (6) is included in the Appendix.

The negative value of derivative ��(x) does not come as a surprise. If the subsidy 
on CSR activities increases, the proportion of firms that carry out such activities in 
the second period must increase as well. However, the behavior of threshold � is, at 
first view, surprising: if the amount of the subsidy x increases, firms decrease par-
ticipation in CSR activities in the first period! Therefore, the response of the total 
supply of CSR to a higher subsidy depends on the relative magnitude of these two 
derivatives, and also on the shape of the distribution function of the types.

Proposition 3  The total amount of CSR activities decreases in response to an 
increase in subsidy x if:

Condition (7) means that the reduction in the amount of CSR activities in the first 
period, caused by an increase in x , is higher than the second period increase in such 
activities. The key of this result can be found in Expressions (5) and (6). According 
to them, the equilibrium values of � and � move in opposite directions. Hence, if x 
increases, more firms will engage in CSR in the second period, but less will do it in 
the first period.

What is the rationale of this result? Note that subsidizing CSR activities in the 
second period lowers the reputation (average type) of the most cooperative firms 
(the highest types), because threshold � decreases. This reputation loss comes from 
the fact that the set of cooperative firms enlarges. As in any positional game, what 
is important here is the expectation on the own type relative to others’ types. Hence, 
if more firms are included in the category of “altruistic”, the reputation of all firms 
within this category must fall. At the same time, firms that chose a1

1
 in the first 

period and in the second period select a2
0
 (that is, those firm that are cooperative, but 

not “too much”) also suffer reputation losses due to the subsidy. Therefore, the posi-
tive signal about the firm’s type sent by a firm that is engaged in CSR activities loses 
part of its value after a monetary subsidy on such activities is set up. In other words, 

(5)𝛼�(x) =
𝛾r𝜆(𝛼, 𝜆)

D(𝛼, 𝜆)
> 0

(6)𝜆�(x) = −
𝛾
[
Δr�(𝛼; 0, 1) + Δr�(𝛼; 0, 𝜆)

]
− c�

(
a1, 𝛼

)
D(𝛼, 𝜆)

< 0.

(7)
[
𝛾
[
Δr�(𝛼; 0, 1) + Δr�(𝛼; 0, 𝜆)

]
− c�

(
a1, 𝛼

)]
f (𝜆) < 𝛾r𝜆(𝛼, 𝜆)f (𝛼).
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the benefits of being cooperative in the first period are lower after the subsidy. Con-
sider a firm whose type is slightly above � before the subsidy. This firm will choose 
a1 in the first period. After a subsidy is introduced in the second period, part of the 
benefits from choosing a1 in the first period disappear. It can then be the case that the 
firm now prefers to choose a0 . This means that the indifferent type, � , has increased.

On the one hand, the subsidy discourages some firms to undertake CSR activi-
ties in the first period because they anticipate that the subsidy will cause reputation 
losses in the second period. On the other hand, the proportion of firms that choose 
CSR activities in the second period grows with respect to a no-subsidy scenario. 
The final amount of CSR activities carried out depends on the relative magnitude 
of these two opposite effects. If the condition in Proposition 3 holds, incentives on 
CSR turn out to be counterproductive.

We can illustrate Proposition 3 with a simple example. Let F(.) be the uni-
form distribution, and consider the following family of (convex) cost functions: 
c
(
a1, �i

)
= ce−��i , with 𝛽 < 1 . The uniform distribution of the types implies that 

f (�) = f (�) = 1 , Δr�(�; 0, 1) = Δr�(�; 0, �) = Δr�(�;�, 1) = 0 , and r�(�, �) =
1

2
 . 

Under these assumptions, Condition (7) in Proposition 3 remains as 𝛽ce−𝛽𝛼 <
𝛾

2
 , and 

the equations in Proposition 2 that characterize thresholds � and � are as follows:

Now we consider the following set of parameters: � = 0.4 , � = 0.937 , c = 1 and 
x = 0.5 . We solve (numerically) for � and � the equations system given by Eqs. ( ̂3 ) 
and ( ̂4 ), and obtain: � ≅ 0.5 , and � ≅ 0.75. Condition (7) holds for � = 0.5 and the 
parameters considered in this example. Namely, 0.4e−0.2 = 0.327 <

0.937

2
= 0.468. 

Therefore, in this example, a subsidy on activity a1 reduces the total amount of CSR.
Our model implicitly considers that both periods are of the same length. How-

ever, one can think of a context where the effects of the subsidy remain in the future 
(possibly along several periods), so the long-term payoff following the enacting of 
the subsidy might be greater than the payoff earned between the announcement of 
the subsidy and the enacting of it. A simple way to model this would be to put a 
higher weight on the second period reputation. In this case, as the reputation loss 
caused by the subsidy lasts more periods, the proportion of agents who do not wish 
to behave prosocially in period one increases. Although from the point of view 
of agents’ reputation, the longest the length of the second period, the stronger the 
incentive to abandon prosocial behavior in the first period, it is also true that if the 
subsidy is active from period 2 on, and anything else changes from period 2 on, then 
the global amount of prosocial behavior must increase proportionally to the length 
of the second period (and also the budgetary cost of the subsidy).

𝛾
1 − 𝛼

2
+ x = ce−𝛽𝜆, (3̂)

𝛾
1 + 𝜆

2
= ce−𝛽𝛼 . (4̂)
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In our model, the assumption of reputation persistence is critical. If we alterna-
tively considered that agents do not recall the actions taken in period one, the sub-
sidy would be effective. In this case, agents do not update beliefs and we would be 
dealing with the static framework analyzed in Sect. 3, played twice. However, we 
think it is natural to assume that (at least) part of the information accrued by the 
agents in the first period can be used in the second to form expectations about the 
types. In this context, even if there is only partial recall, our qualitative results with 
respect to the ineffectiveness of the subsidy still hold.

The shape of the distribution function of the types influences the results in the 
paper. Without concavity, we cannot guarantee that the same results will hold. The 
assumption of concavity of function F(.) is not, however, a necessary condition. It 
is just sufficient to obtain a clear sign of the effects of x on thresholds � and � and it 
can also be used to prove uniqueness of the equilibrium. In particular, assuming that 
the distribution function of the types is concave ensures that the sign of Δr�(z;l, h) is 
positive. Therefore, the difference in reputation between types above a threshold and 
those below it increases as the threshold increases, which is a sufficient condition for 
Eqs. (5) and (6) to hold. Other shapes for the distribution function F(⋅) could also be 
compatible with our results.

Although Proposition 3 presents a mainly negative result, our model also admits 
situations where incentivizing CSR through subsidies can be effective. For instance, 
if the effect of reputation persistence is sufficiently small (because consumers are 
short sighted or because visibility of firms’ CSR is low), the appropriate modeling 
would be the one-shot game in the paper, and incentives would have the desired 
effect. It can also be the case that reputation persistence is important, but the vari-
ables in the economy are such that Condition (7) does not hold.

In general, the model presented here applies to situations where (rational) agents 
use social activities as a signal of altruism and reputation exhibits some degree of 
persistence. In this context, if a subsidy aimed to promote prosocial behavior is 
announced and implemented with a policy lag, the resulting total amount of proso-
cial activities may fall. The reputation formation process is linked to the subsidy pol-
icy. The announcement of a subsidy gives agents the opportunity to update expecta-
tions on firms’ types. The fact that reputation exhibits inertia is critical to obtain the 
(possible) ineffectiveness of the subsidy. By carrying out a prosocial activity today, 
agents can secure that future reputation will be above a certain level. This fact intro-
duces strategic dynamic considerations in the model: A subsidy incentivizes proso-
cial behavior in the second period (as expected), but it may also trigger a strategic 
(negative) response from the agents in the first period. Provided that the average 
reputation of agents who carry out the social activity in the second period falls after 
the subsidy is implemented, being prosocial tomorrow entails lower benefits for the 
cooperative agents. This effect is discounted back by the agents who are cooperative, 
but not "too much" (the ones whose type is slightly above the value of threshold � 
in the scenario before the subsidy scheme). After the subsidy, some of these agents 
will be better off not behaving prosocially in period one. In general, the total effect 
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of the subsidy is undetermined: although it increases the proportion of agents car-
rying out prosocial activities in period two (� decreases), it also lowers this propor-
tion in period one (� increases). Our model should be seen as a counterexample to 
the general assertion that establishing a subsidy is an effective means to incentivize 
social activities. Considering the effectiveness of material incentives in a dynamic 
context with reputation persistence adds a novel element to the theoretical explana-
tions in Bénabou and Tirole (2006) and Seabright (2009), among others.

5 � Conclusions

The main message of this paper is that setting up material incentives for social activ-
ities can be counterproductive in a dynamic environment where reputation exhibits 
persistence over time. We develop our argument using a signaling model in which 
prosocial (CSR) activities are instruments that increase the agents’ payoffs via repu-
tation. A policy based on future subsidies for social activities may, paradoxically, 
induce some altruistic agents to abandon these activities. The subsidy attracts more 
agents towards prosocial activities, and hence lowers the average reputation of the 
most altruistic agents. This reputation loss provokes that some agents reverse their 
decisions regarding prosocial behavior, to the extent that the aggregate supply of 
social activities may decrease.

The use of economic incentives in this paper is embedded in a dynamic frame-
work, where the agents’ strategic behavior depends crucially upon two features of 
the model: reputation persistence and policy lags. We show that the phenomenon 
of reputation persistence is important for the agents as it constitutes a link between 
the decisions taken in the present and the payoffs earned in the future. On the other 
hand, the time lag between announcement and implementation of the subsidy allows 
the agents to react before the policy is in force. Both effects together may induce a 
global reduction in the activity that was intended to incentivize.

If the subsidy was implemented without any delay, or if, in general, the length 
from announcement to implementation was shortened in such a way that no deci-
sion could be made in between, we would face a one-shot game, and our conclu-
sions would be similar to the ones established for the static case, also analyzed in the 
paper. However, as long as policies are subject to unavoidable regulatory and imple-
mentation lags, and considering that the sole announcement of any measure triggers 
a quick response from the agents, the dynamic approach taken in the paper depicts a 
realistic framework to assess the effectiveness of subsidies to promote social behav-
ior. Any policy aimed at promoting prosocial activities by means of subsidies should 
be designed taking into account the dynamic features of the framework in which the 
policy is to be developed. Otherwise, the economic incentive will interact with the 
agents’ reputation concerns in such a way that their strategic response may lead to a 
global reduction of the activity that was intended to incentivize.
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Appendix

Proof of Lemma 1

The system of beliefs f (�i|aj) induces reputation R(a1) for firms that choose a1 and 
reputation R(a0) for firms that choose a0 . First, we prove that if some type �̃i chooses 
a0 , then, all types below �̃i must also choose a0 . We prove it by contradiction. If a 
firm with type �̃i chooses a0 , this firm obtains reputation R(a0) . Since it bears zero 
cost from taking the action a0 , its payoff is �R

(
a0
)
 . Because in a separating equilib-

rium every firm maximizes payoffs given beliefs, it must be true that 
�R

(
a0
) ≥ �R

(
a1
)
− c(a1, �̃i) . We show now that any other type �̂i ∈

[
0, �̃i

]
  must 

also choose a0 . If type �̂i chose a1 in equilibrium, the following inequality should 
hold: �R

(
a1
)
− c(a1, �̂i) ≥ �R

(
a0
)
 . However, this would imply that 

c(a1, �̃i) ≥ c(a1, �̂i) , which is not possible because the cost function is decreasing in 
the type and �̃i ≥ �̂i . We conclude that, if some type �̃i selects a0 , all other types 
below �̃i must also select a0 . It is easy to see that this conclusion implies that, if 
some type, say 𝜃̌i , chooses a1 , then all types above 𝜃̌i must also choose a1 . Suppose 
that 𝜃i > 𝜃̌i and �i chooses a0 . Then, this would imply that 𝜃̌i should also choose a0 , 
which is a contradiction to the initial hypothesis. So, when the cost of the social 
action is strictly decreasing in the type, the only possible partition of the types in a 
separating equilibrium is given by sub-intervals [0, z) and [z, 1] , where the value of z 
depends on the system of beliefs f (�i|a1) and is implicitly defined by the following 
equation:

Proof of Lemma 2

Statement (i) follows immediately from our assumptions on function F(⋅) (see Kotz 
et al (2004)). A version of Statement (ii) was proven, in a different setup, in Can-
del-Sánchez and Perote-Peña (2020). We replicate here this proof with the adequate 
changes in notation and introducing the specific features of the present model. Let us 
denote by rz(z, h) and rz(l, z) the derivatives of functions r(z, h) and r(l, z) with respect 
to z , respectively. We now prove that Δr�(z;l, h) = rz(z, h) − rz(l, z) ≥ 0 . First of all, 
we compute

�

[
∫

1

0

�if (�i|a1)d�i
]
− c

(
a1, z

)
= �

[
∫

1

0

�if (�i|a0)d�i
]
− c

(
a0, z

)
.

rz(z, h) =
f (z)

F(h) − F(z)
[r(z, h) − z] ≥ 0,
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and

We prove that

If l → h , in the limit, we would have rz(l, z) → rz(z, h) . For the inequality above to 
be true, it is sufficient that rz(l, z) is increasing in l , that is,

Clearly, function rz(l, z) is increasing in l if and only if r(l, z) ≤ z+l

2
 . Now, we con-

sider the truncation of cdf F(⋅) to interval [l, z] . Let f (�|l ≤ � ≤ z) be the associated 
density function. On the other hand, let us consider the truncation of the uniform 
distribution to interval [l, z] . The associated density function is constant and equal to 
1

z−l
 . Provided that the cdf F(⋅) is concave in all its domain (the interval [0, 1]) , it holds 

that F(�) ≥ � for all � . This is also true if we restrict the domain of � to the interval 
[l, z] . Therefore, the cdf of the uniform distribution on this interval is first order sto-
chastic dominant over the cdf F(⋅) , which implies that

The above expression proves that Δr�(z;l, h) ≥ 0.

Proof of Lemma 3

To conclude that � ≥ � , we must prove that, under the assumption of reputation 
persistence, it does not exist any PBE where: (i) all types �i ≥ � choose the strat-
egy 

(
a1
1
, a2

1

)
 ; or (ii) all types �i ≥ � choose the strategy 

(
a1
1
, a2

0

)
 ; or (iii) some types 

choose the strategy ( a1
1
,a2

0
 ) and other types choose ( a1

0
,a2

1
 ). If there is no PBE such 

that either (i), or (ii), or (iii) hold, then, necessarily, any PBE of the signaling game 
must be such that � ≥ � . We prove each one of the statements separately.

Statement (i): There is no PBE such that all types higher than � choose the social 
action in the second stage. Suppose that there exists a PBE in which all types �i ≥ � 
choose the strategy 

(
a1
1
, a2

1

)
 . This means that, for the beliefs corresponding to this 

equilibrium, all firms with type �i ≥ � maximize their payoff by choosing 
(
a1
1
, a2

1

)
 . 

That is, all firms that chose the prosocial action in the first period prefer to choose 
the prosocial action also in the second period. Can this be an equilibrium? Notice 
that, given all actions taken by all agents in the first period, the value of threshold 

rz(l, z) =
f (z)

F(z) − F(l)
[z − r(l, z)] ≥ 0.

r(z, h) − z

F(h) − F(z)
≥ z − r(l, z)

F(z) − F(l)
.

drz(l, z)

dl
=

f (l)

(F(z) − F(l))2
[z + l − 2r(l, z)] ≥ 0.

z + l

2
= �

z

l

�
1

z − l
d� ≥ �

z

l

�f (�|l ≤ � ≤ z)d� = r2(l, z).
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� is fixed and publicly known in the second period. If all types above � select the 
social action again, there is no updating of beliefs with respect to the first period. 
But this implies that the reputation of these firms in the second period holds constant 
with respect to the one already acquired in the first period, i.e., R1

(
a1
1

)
= R2

(
a1
1
, a2

1

)
 . 

Since there is no reputation gain to firm i by choosing a2
1
 , and firms with types 

�i ≥ � must pay a net cost of c
(
a2
1
, �i

)
− x , it is not possible that all firms with types 

�i ≥ � are maximizing their payoff when choosing action a2
1
 . This contradicts the 

initial hypothesis.
Statement (ii): There is no PBE such that all firms with types higher than � 

choose a2
0
 . We prove that a situation where all firms above � select a2

0
 and beliefs 

are not updated does not constitute an equilibrium either, provided that out of equi-
librium beliefs fulfill the Intuitive Criterion. The reason is that, for firms with low 
types, choosing a2

1
 is equilibrium dominated, but this is not true for high types. If 

a company deviates from the (pooling) equilibrium where all types choose a2
0
 , this 

firm must have a high type for sure, and the prior should be updated accordingly. 
Then, a situation where all types above � choose a2

0
 is not an equilibrium when the 

system of beliefs satisfies Cho and Kreps’ Intuitive Criterion.
From statements (i) and (ii), we conclude that there is no possible PBE in 

which all types above � are pooled in the second period (that is, either all choose 
a2
1
 or all choose a2

0
 ). Therefore, in any equilibrium there must be some firms 

above � choosing a2
1
 and other firms above � choosing a2

0
 . Next, we show that, if 

( a1
1
,a2

0
 ) is an equilibrium strategy for some types, then ( a1

0
,a2

1
 ) cannot be an equi-

librium strategy for any type. This result, together with claims (i) and (ii) allows 
us to conclude that � ≥ �.

Statement (iii): There is no PBE where some types choose the strategy ( a1
1
,a2

0
 ) 

and other types choose ( a1
0
,a2

1
 ). Recall that we are ruling out (extremely high) 

values for the subsidy that induce all firms, regardless of their type, to carry out 
the social action. Let us assume that there exists an equilibrium in which some 
agents choose the strategy ( a1

1
,a2

0
 ) and other agents choose ( a1

0
,a2

1
 ). This hypoth-

esis will lead us to a contradiction. Let us suppose that (a1
1
,a2

0
) is the equilibrium 

strategy for some firm, say �h , and ( a1
0
, a2

1
) is the equilibrium strategy for a firm 

with type �l . Since ( a1
1
,a2

0
 ) is the equilibrium choice for a firm with type �h , the 

payoff from ( a1
1
,a2

0
 ) for this type is higher than the payoff it gets from ( a1

0
,a2

1
 ), that 

is,

By the same reason, the payoff from ( a1
0
,a2

1
 ) to �l is higher than the payoff this 

type gets from choosing ( a1
1
,a2

0
 ). Therefore:

Provided that the cost of the social action is the same across periods for any 
given type, the two inequalities above imply that:

�
[
R1

(
a1
1

)
+ R2(a1

1
, a2

0
)
]
− c

(
a1
1
, �h

) ≥ �
[
R1

(
a1
0

)
+ R2

(
a1
0
, a

2

1

)]
− c

(
a2
1
, �h

)
+ x.

�
[
R1

(
a1
0

)
+ R2(a1

0
, a2

1
)
]
− c

(
a2
1
, �l

)
+ x ≥ �

[
R1

(
a1
1

)
+ R2(a1

1
, a

2

0
)
]
− c

(
a1
1
, �l

)
.
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However, we know that R1
(
a1
1

)
> R1

(
a1
0

)
  by Lemma 1, and 

R2(a1
1
, a

2

0
) ≥ R2(a1

0
, a2

1
) by reputation persistence. Hence, for small values of x , 

we have

which is a contradiction to the initial hypothesis.

Proof of Proposition 1

Let us note that r(z, 1) > r(0, z) for any z ∈ [0, 1] . Given the equilibrium beliefs, 
we prove that 𝜋

(
a0, 𝜃

i
)
< 𝜋

(
a1, 𝜃

i
)
+ x for 𝜃i > z and 𝜋

(
a0, 𝜃

i
)
> 𝜋

(
a1, 𝜃

i
)
+ x for 

𝜃i < z . We define the continuous function Δ�
(
�i
)
= Δr

(
�i, 0, 1

)
+ x − c(a1, �i) . 

Since c(a1, �i) is strictly decreasing in �i , and Δr�
(
�i, 0, 1

) ≥ 0 , it is straight-
forward that Δ�

(
�i
)
 is strictly increasing and continuous in �i . We just need 

to show that Δ𝜋
(
𝜃i
)
> 0 for 𝜃i > z and Δ𝜋

(
𝜃i
)
< 0 for 𝜃i < z . Clearly, we 

have that Δ𝜋(1) = Δr(1;0, 1) + x > 0 . If c is high enough we have also that 
Δ𝜋(0) = Δr(0;0, 1) + x − c < 0 . Then, by Bolzano’s theorem, there exists a type, 
say z , for which Δ�(z) = 0.

Proof of Proposition 2

We first obtain the characterizing conditions and then prove uniqueness of the equilib-
rium. In the second period, a firm with type �i that chose a1

1
 , will choose a2

1
 instead of 

a2
0
 whenever

Then, if �i = � we have:

In the first period, and being aware of the second period threshold � , a firm with 
type 𝜃i < 𝜆 chooses a1

1
 instead of a1

0
 if

Therefore, � is the value of type �i for which:

We now take the total differential in Eq. (3) with respect to � and � and reorder 
the resulting expression to obtain:

�
[
R1

(
a1
1

)
+ R2

(
a1
1
, a2

0

)]
= �

[
R
(
a1
0

)
+ R2

(
a1
0
, a2

1

)]
+ x.

𝛾
[
R1

(
a1
1

)
+ R2

(
a1
1
, a2

0

)]
> 𝛾

[
R
(
a1
0

)
+ R2

(
a1
0
, a2

1

)]
+ x,

�r(�, 1) − c
(
a1, �i

)
+ x ≥ �r(�, �).

�Δr(�, �, 1) + x = c
(
a1, �

)
.

�r(�, 1) − c
(
a1, �i

)
+ �r(�, �) ≥ 2�r(0, �).

�[Δr(�; 0, 1) + Δr(�; 0, �)] = c
(
a1, �

)
.
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where Δr�(�;�, 1) = r�(�, 1) − r�(�, �) . Therefore, for d𝜆
d𝛼

> 0 it is sufficient (but not 
necessary) that Δr�(�;�, 1) ≥ 0 , provided that c′

(
a1, 𝜆

)
< 0. We call �(�) the implicit 

function derived from Eq.  (3). From Lemma 2-(ii), the concavity of F(⋅) implies 
𝜆�(𝛼) > 0.

We proceed in a similar way in Eq. (4) and obtain:

where Δr�(�; 0, 1) = r�(�, 1) − r�(0, �) and Δr�(�; 0, �) = r�(�, �) − r�(0, �) . For d�
d�

 
to be negative, it is sufficient that Δr�(�; 0, 1) + Δr�(�; 0, �) ≥ 0 , since c′

(
a1, 𝛼

)
< 0 

and r𝜆(𝛼, 𝜆) > 0.
The concavity of F(⋅) is sufficient for Δr� ≥ 0 , which in turn is sufficient to have a 

positive relationship between � and � in Eq. (3) and a negative one in Eq. (4). There-
fore, the functions implicit in both equations cannot cross more than once.

Let us substitute �(�) (the implicit function between � and � in Eq. (3)), in Eq. (4). 
Then, Eq. (4) is as follows:

We call �(�) the function in the left-hand side of the above equation. Function 
�(�) is continuous and differentiable, under our assumptions. Furthermore, this 
function is monotone increasing since

By Bolzano’s Theorem, we only need 𝜑(0) < 0 and 𝜑(1) > 0 to ensure that there 
exists �̂ such that �

(
�̂
)
= 0. Observe that

For c
(
a1, 0

)
= c high enough, we have 𝜑(0) < 0 . On the other hand,

Therefore, if the cdf of the types, F(⋅) , is concave, and the cost c faced by a firm 
whose type is �i = 0 is high enough (i.e., the maximum subjective cost of a social 
action is high enough), then, thresholds � and � uniquely characterize a (�, �)-equi-
librium as described in Definition 3.

Proof of Corollary 2

The equations that characterize thresholds � and � can be rewritten as

d�

d�
=

�r�
�Δr�(�;�, 1) − c�(a1, �)

,

d�

d�
= −

Δr�(�; 0, 1) + Δr�(�; 0, �) − c�
(
a1, �

)
r�(�, �)

,

�[Δr(�; 0, 1) + Δr(�; 0, �(�))] − c
(
a1, �

)
= 0.

𝜑�(𝛼) = 𝛾
[
Δr�(𝛼; 0, 1) + Δr�(𝛼; 0, 𝜆(𝛼))𝜆�(𝛼)

]
− c�

(
a1, 𝛼

)
> 0.

�(0) = �[r(0, 1) + r(0, �(0))] − c
(
a1, 0

)
.

𝜑(1) = 2𝛾[1 − r(0, 1)] − c
(
a1, 1

)
> 0.
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In order to ascertain the sign of derivatives ��(x) and ��(x) , we resort to implicit dif-
ferentiation of Eqs. (3) and (4):

Now we solve for d� in Eq. (3′):

We substitute d� computed above in Eq. (4′), and rewrite the equation as:

This is the expression that appears in Eq.  (5) in the paper (with the value for the 
denominator denoted asD(�, �) ). Finally, we divide by dx the expression of d� just 
computed, and substitute in it the expression for d�

dx
 , yielding

This is the same expression as in Eq.  (6) in the paper, where the denominator is 
denoted by D(�, �).

Proof of Proposition 3

The marginal change in the supply of CSR caused by a marginal change in the amount 
of the subsidy is given by

Using Eqs. (5) and (6), we find that the sign of the expression above is negative if 
and only if Condition (7) holds.

Funding  Open Access funding provided thanks to the CRUE-CSIC agreement with Springer Nature. 
Funding was provided by ministerio de economía y competitividad (Grant No ECO2016‐75631‐P), Fran-
cisco Candel-Sánchez and Juan Perote-Peña  (Grant No ECO2016‐75631‐P).

Data availability statement  Data sharing not applicable to this article as no datasets were generated or 
analyzed during the current study.

(3)�r(�, 1) − c
(
a1, �

)
+ x = �r(�, �)

(4)�r(�, 1) − c
(
a1, �

)
+ �r(�, �) = 2�r(0, �)

(3’)�
[
Δ

�

r(�;�, 1)d� − r�(�, �)d�
]
+ dx = c�

(
a1, �

)
d�

(4’)�
[
Δ

�

r(�; 0, 1)d� + Δ
�

r(�; 0, �)d� + r�(�, �)d�
]
= c�

(
a1, �

)
d�

d� =
�r�(�, �)

�Δr�(�;�, 1) − c�
(
a1, �

)d� −
1

�Δr�(�;�, 1) − c�
(
a1, �

)dx.

d�
dx

=
�r�(�, �)

[

�[Δr′(�; 0, 1) + Δr′(�; 0, �)] − c′
(

a1, �
)][

�Δr′(�;�, 1) − c′
(

a1, �
)]

+ �2r�(�, �)r�(�, �)
.

d�
dx

= −
�
[

Δr′(�; 0, 1) + Δr′(�; 0, �)
]

− c′
(

a1, �
)

[

�[Δr′(�; 0, 1) + Δr′(�; 0, �)] − c′
(

a1, �
)][

�Δr′(�;�, 1) − c′
(

a1, �
)]

+ �2r�(�, �)r�(�, �)
.

d[2 − F(�(x)) − F(�(x))]

dx
= −f (�)��(x) − f (�)��(x).
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