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Abstract:We compare the relative efficiency of second-best policies designed to pro-
mote the private provision of public goods. We use the provision of local public goods
as our central example and discuss settings in which the model extends to choices
over energy-consuming durables. We introduce preference heterogeneity by allowing
a subset of agents to value the public good more than others, reflecting a form of
prosocial preference. We further assume that agents face convex costs of provision,
an assumption that accords well with individually provided public goods such as
neighborhood amenities. We show that minimum standards are often more efficient
than uniform price-based incentives in this setting. Extending our model to allow for
both benefit and cost heterogeneity, we show how policy choice depends on the
strength and correlation between the two forms of heterogeneity.
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WE CONSIDER the choice among policies to increase the private provision of a public
good, comparing price instruments (e.g., a subsidy to public goods) to standards (a
minimum level of provision). We develop a model in the spirit of Bergstrom, Blume,
and Varian (1986) and use it to explore this choice when there is heterogeneity among
individuals in the economy. Specifically, we consider an economy with two types of
consumers who differ in the value they place on the underlying public good and
who face increasing marginal costs of provision.

While the impact of preference heterogeneity on attendant public good provision is
relatively well understood, its impact on the choice of regulatory instrument and the
design of first- and second-best policies remains underresearched. This is the gap in
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the literature we aim to fill. We motivate our model using examples from local public
good provision: as in Bergstrom et al. (1986), individual agents can affect the level of
local public goods such as water quality, neighborhood amenities such as green spaces,
and contributions to local charities.1 Heterogeneity in preferences means that, without
regulation directed at increasing provision, the level of provision will vary across agents.
We consider what this heterogeneity implies for optimal policy choice in a setting in
which regulators wish to increase provision above the baseline level.

We demonstrate in our basic framework that agents with a higher value for the pub-
lic good invest more in it than others. When combined with increasing marginal costs
of provision, this private equilibrium involves agents with a higher value for the public
good paying higher costs at the margin. As a result, the first-best policy for promoting
increased provision is a Lindahl pricing scheme that induces more provision among
agents with lower marginal cost; in a simplified framework all agents would provide
the same level of the public good at the optimum in order to minimize total cost of
provision. While theoretically appealing, such policy is operationally and information-
ally costly. We therefore focus in what follows on the relative efficacy of two second-
best policies—uniform subsidies andminimum standards—that are easy to implement
and are commonly observed in practice.2 In our model, a uniform public good subsidy
directly subsidizes provision of the public good by all agents (e.g., all agents get lawn
care subsidies or rebates reducing the cost of sidewalk repair) while minimum stan-
dards require all agents to provide some minimum amount of the public good (e.g.,
minimum lawn care practices set by a homeowner association or minimum standards
on sidewalk quality).

We find that the costs of achieving any given provision level are lower under stan-
dards than a uniform tax/subsidy, assuming all agents face the same increasing mar-
ginal cost curve for provision. The intuition for this result is straightforward: uniform
taxes/subsidies induce all agents to provide more of the public good and hence preserve
the wedge in the marginal cost of provision across types. Standards, in contrast, have
asymmetric effects across types and serve to equalize (or, as we show, come closer to
equalizing) the marginal cost of provision in the second-best. In contrast to the liter-
ature we demonstrate the possible superiority of standards even without behavioral
1. The model could also fit a variety of other public good settings such as the decision to
volunteer time or provide pro bono services.

2. Homeowner associations with landscaping requirements are a common example of stan-
dards. Subsidies to sidewalk repair are paid in some cities (e.g., San Diego) while other cities
(e.g., San Francisco) mandate only minimum quality levels. Martinot and Borg (1998) highlight
a set of 10 similar policies in the energy sector, including subsidies to energy-efficient windows
under home energy audit programs. Jacobsen, Kotchen, and Vandenbergh (2012) discuss pro-
grams that instead place minimum standards on building efficiency.
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anomalies such as limited attention (Allcott, Mullainathan, and Taubinksy 2012) or
temptation (Tsvetanov and Segerson 2014).3 Our results highlight that for any fixed
level of provision, the welfare advantage of standards is (i) increasing in the weight
the high-valuation types place on the returns to providing the public good and (ii) single-
peaked in the proportion of such types in the economy. Importantly, though, this result
relies on identical increasing marginal costs faced by all agents.

Next, we extend themodel to allow heterogeneity in the cost of provision in addition
to heterogeneity in preferences for the public good. We show that the relative superi-
ority of standards is typically eroded as cost heterogeneity becomes large, with policy
choice depending on both the degree and correlation of the two types of heterogeneity.
We thus urge caution in interpreting our results: we find that standards will be more
efficient than uniform prices (in lieu of agent-specific first-best Pigouvian taxes) in cer-
tain cases but more generally that the two types of heterogeneity will compete to deter-
mine the best policy.

Our consideration of preference heterogeneity in the context of public goods ac-
cords well with prior studies showing that individuals differ in their willingness to pay
for public goods. Heterogeneity in provision of local public goods, such as landscap-
ing around private homes, is self-evident in any suburban neighborhood.4 Laboratory
and field experiments also demonstrate significant variation in public good provision
(Dana, Cain, and Dawes 2006; Dana,Weber, and Kuang 2007; Lazear, Malmendier,
and Weber 2012; DellaVigna et al. 2013; Andreoni, Rao, and Trachtman 2017).

While we develop the theory in a public goods setting, under additional assump-
tions our work can also complement the large body of research on first- and second-best
regulatory instruments for reducing environmental externalities (e.g., Weitzman 1974;
Bovenberg et al. 2008; Fowlie and Muller 2013; Jacobsen 2013; Carson and LaRiviere
2017). Because our model considers provision of a single public good, we limit our dis-
cussion here to cases in which the only elastic margin for reducing energy use is in the
choice of an energy-using durable.5 This abstracts from settings in which a second, uti-
lization, choice influences the externality and could interact with both policy and pref-
erences, most typically favoring price-based instruments that can act on both margins
3. In the context of second-best policies designed to reduce deadweight loss from external-
ities, standards may also be preferred to taxes in the presence of compensation requirements
(Bovenberg, Goulder, and Jacobsen 2008).

4. Tiebout sorting can manifest directly as a result of preference heterogeneity over local
public goods.

5. Households face choices over energy efficiency levels that embed an amount of carbon
generated, therefore providing environmental quality as a public good. In the United States,
household-level choices over energy use account for approximately 40% of all greenhouse gas
emissions.
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simultaneously. We discuss refrigeration and lighting below as examples in which the
product choice margin is likely most important in determining the externality, though
we note that some intensive use elasticity may still be present.6 We show how the op-
timal policy depends critically on the motivation for prosocial behavior: If “green”
agents choose energy-saving durables because of lower cost (e.g., because the agent re-
ceives utility from being an early adopter or a warm glow from personally providing the
good), the resulting cost heterogeneity means that price-based policy will dominate
standards, a familiar result in this literature. However, we also show that in certain
cases, preference heterogeneity—and therefore a policy involving minimum standards—
could dominate instead. This requires that preferences for the public good differ sharply
enough that individuals provide different amounts even though their contributions pro-
duce only tiny changes in the aggregate. We show how the social efficiency preferences
described in Charness and Rabin (2002) produce this effect; these preferences scale up
an individual’s value for the public good along with population. The opposing policy
implications depending on the underlying motivation of agents suggest the importance
of further empirical work before applying the model to settings with large numbers of
agents.7

Our approach differs from the existing literature on public goods along a number of
important dimensions. First, we take the perspective of optimal second-best policy,
comparing two broad classes of second-best policy (price incentives or mandates ap-
plied uniformly) aimed at increasing the private provision of public goods. The litera-
ture discussing choice of prices or mandates has more typically built on the externalities
model (as in, e.g., Weitzman 1974; Segerson 1988; Hoel and Karp 2001; Bovenberg
et al. 2008; Holland 2012) and treated preferences over the public good as uniform
with heterogeneity instead affecting the cost of provision. Our public goods model is
a special case of an externality problem in which each agent’s utility is a function of
the sum of all agents’ contributions to the public good.8While we cannot make general
statements on the externalities model, this does allow us some extensions and potential
6. Prior work explores behavior along multiple margins—e.g., the choice of fuel economy
and subsequent miles driven—and how optimization errors interact to influence policy mix
(e.g., Allcott et al. 2012). Our results apply even in the absence of such interactions, but this
does limit direct application of our model to cases in which adjustments along the intensive mar-
gin are small.

7. A variety of studies demonstrate substantial heterogeneity in provision of energy conser-
vation (e.g., Kotchen and Moore 2007; Saphores et al. 2007; Jacobsen 2013) or willingness to
take costly actions to conserve resources to improve environmental quality (e.g., Allcott 2011;
Costa and Kahn 2013; Ferraro and Price 2013; Ito, Ida, and Tanaka 2013; Metcalfe and Dolan
2013), but the form of the motivation in utility is not studied specifically.

8. We note, though, that this particular additive structure is used in much of the externality
literature.
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applications in the space of policies directed at problems such as externalities from ag-
gregate energy use. Our theoretical approach remains grounded in the public goods set-
ting and builds most closely on the Bergstrom et al. (1986) model of public good pro-
vision in which marginal utility of provision of the public good decreases at different
rates across heterogeneous agents.

Second, our model allows for a more general preference structure than prior work
exploring the private provision of public goods. The key feature of our model is that
agents have heterogeneous values for aggregate provision of the public good. This
can appear through a variety of mechanisms explored in the literature including agents
who (i) exhibit heterogeneous concerns for efficiency or overall public good provision
(Becker 1974; Charness and Rabin 2002), (ii) face social pressures when forming pref-
erences for the level of overall public good provision (Levine 1998; Akerlof and Kran-
ton 2000; DellaVinga, List, and Malmendier 2012), or (iii) make optimization errors
or succumb to temptation when valuing overall public good provision (Allcott et al.
2012; Allcott and Taubinsky 2014; Tsvetanov and Segerson 2014). We also consider
the implications of a different type of preference in which individuals receive utility
benefit associated only with their own contribution (irrespective of the overall level)
that appears as warm glow, social identity, or prestige (Andreoni 1989; Hollander
1990; Glazer and Konrad 1996; Kessler and Milkman 2014). We show how this type
of heterogeneity manifests as cost heterogeneity for the agent and competes with het-
erogeneity in preferences for the overall level of the public good in determining which
policy will be optimal.

The remainder of the paper is organized as follows: Section 1 introduces the theo-
retical model and derives analytical results. Section 2 provides a simple algebraic exam-
ple of the model, highlighting the trade-off between the two types of heterogeneity in
determining policy. Section 3 discusses application of the theory to local public goods
and extensions to the context of refrigeration and lightbulb efficiency. Section 4 pre-
sents conclusions.

1. PUBLIC GOODS PROVISION AND INDIVIDUAL PREFERENCES

We begin by outlining a theoretical model of public goods provision in a world in which
agents face identical and linear costs of provision but have heterogeneous preferences
for the public good. This is the baseline model analyzed in Bergstrom et al. (1986)
and provides us a framework to analyze the cost of alternative policies designed to pro-
mote increased provision. We then extend the model such that agents face increasing
marginal costs of provision. Increasing marginal cost is relevant to a broad range of pub-
lic goods provided by individual households directly and is the key focus of our theo-
retical results. We begin with the linear costs model to make salient the differences
(from the perspective of determining optimal policy) that emerge when we introduce
increasing marginal costs. Section 1.4 goes on to extend the model to allow a second
form of heterogeneity: we relax the assumption of identical costs and allow heteroge-
This content downloaded from 132.239.148.097 on December 20, 2017 11:41:37 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



248 Journal of the Association of Environmental and Resource Economists March 2017
neity both in costs and in preferences. We explore how the two sources of heterogene-
ity compete in determining optimal policy choice. Proofs appear in appendix A.

1.1. Modeling Preference Heterogeneity

We define utility over a numeraire private good, c, and a public good,X. Provision ofX
will be the sum across N members of the economy, where xi is the contribution of the
ith member, ∑N

i51xi 5 X. First, following Bergstrom et al. (1986), individuals provide
the public good subject to a constant marginal cost, p, such that the total cost of pro-
viding xi units of the good is pxi.

We consider the provision of a public good such as donations to or time spent work-
ing at a local charity, purchases of landscaping services or improved sidewalks, or in later
extensions the purchase of a more expensive product that reduces pollution. In these
latter examples we model the choice of a given product as embedding pollution reduc-
tion and thus providing a public good: environmental quality. For example, the decision
between two refrigerators that are identical in every way except that one uses less elec-
tricity than another presents one way to provide public goods associated with lower
electricity use. In this regard, the extension of our model to energy use externalities
is limited to decisions along a single margin of durable choice without regard to later
utilization decisions.

Preferences over the two goods will be given by

Ui(ci,X) 5 ci 1 eVi f (X) s:t: yi 5 ci 1 pxi

⇒ Ui(ci,X) 5 yi – pxi 1 eVi f (X):
(1)

In equation (1) utility is assumed linear in the numeraire good and weakly concave
in the agent’s valuation of the public good. As is standard in the public goods literature,
we will assume that limx→ 0 f

0(X) 5 ∞ and f 0(X) ≥ 0 for all X. In the model, xi is ac-
tual units of the public good. For example, in the context of landscaping, it could mea-
sure how well manicured a house’s lawn is. In the context of refrigerators it would be
the increase in net present cost of owning a particular refrigerator (purchase price plus
energy use) that is associated with lower pollution. For now we assume the net costs are
the same no matter which household provides the cleaner refrigerator; households that
under- or overvalue future energy costs in different ways will appear in our examples
of cost-side heterogeneity in section 1.4 below.

Consistent with Bergstrom et al. (1986), this modeling approach implies that the
marginal benefit agents receive from contributing to the public good will be a function
of extant levels ofX provided by other agents in the economy. We show in appendix B
that this formulation is equivalent to a model with decreasing marginal utility over the
consumption good and a linear budget constraint, such that our results are not driven
by the quasi-linear functional form assumption. The appendix follows existing work on
the private provision of public goods (e.g., Bergstrom et al. 1986; Andreoni 1989).
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The heterogeneity we consider in our model arises through the term eVi, which
scales each agent’s preference for the public good.9 For simplicity we will allow two
types of agents, a share α with eVi > 1 and a share (1 – a) with eVi 5 1.

There are several interpretations for heterogeneity in eV . First, the differences could
be due to strict neoclassical preference heterogeneity. Indeed, there is significant field
evidence that agents have varying preferences for privately provided public goods
(Kotchen and Moore 2007; Saphores et al. 2007) or attitudes toward different strat-
egies they may take to provide more environmental quality (Poortinga et al. 2003).10

Second, variation in eV could embed heterogeneity in marginal benefits for the public
good from any source as long as it enters multiplicatively (e.g., social norms as in models
described by Benabou and Tirole [2006] or DellaVigna et al. [2012]).11

Third, heterogeneity in eV nests a number of preference structures explored in the
prior literature. The most important for our paper here are efficiency preferences
modeled in Charness and Rabin (2002). The efficiency preference interpretation in
Charness and Rabin’s study provides a strong link between preferences here and the
earlier behavioral literature. They consider the following utility structure:

Ui(ci,XjΘ) 5 ci 1 fi(X) 1 eo
j≠ i

fj(X):

Added to the standard neoclassical specification is a term that includes the sum of all
other agents’ valuation of the public good (multiplied by a weight e). This implies that
individual i will adjust their own provision of the public good toward social efficiency,
while an agent without this added term will not. In our setting this is equivalent to set-
9. We assume that the shape of preferences for the public good given in f(X) is common
across agents. This assumption provides transparency in the analysis but is not necessary in that
heterogeneity in f would also produce our result to the extent it introduces differences in mar-
ginal benefit across types.

10. There is also an immense body of evidence from laboratory experiments suggesting het-
erogeneity in the willingness of individuals to contribute to a group fund. For example, Brandts
and Schram (2001) explore behavior in a setting in which subjects report a contribution func-
tion that states contribution levels for various rates of transformation between public and pri-
vate accounts (returns to the public good). They find that some subjects behave in accordance
with a utility function defined solely over own earnings while others behave in a manner con-
sonant with social preference or other-regarding behavior. This closely matches our setting here.
Fischbacher and Gaechter (2008) identify substantial heterogeneity in preferences and discuss
the decline in public good provision over time. Kurzban and Houser (2001) use a circular public
goods game and classify individuals into three distinct types whose underlying motives for giving
differ.

11. Similarly, Krupka and Weber (2013) elicit beliefs about the social appropriateness of
various allocation decisions in variants of the dictator game and show similar heterogeneity
in perceived norms for giving.
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ting eV 5 1 1 e(N – 1). We allow heterogeneity in that some agents have the
prosocial term while others do not. Note that this differs from models in which utility
benefits accrue from the act of giving in and of itself and so would be a function of xi
rather than X.12 Appendix C shows how this preference structure works to maintain
differences in preference for the public good even as N grows large. We focus first on
local public goods in whichN is relatively small and this particular form is not needed.

Finally, heterogeneity in eV could reflect optimization errors that arise through lim-
ited attention or temptation as in Allcott et al. (2012) or Tsvetanov and Segerson
(2014). We focus on the differences created in the final value an agent places on the
public good but note that the form of the model generating that difference could
imply very different welfare analyses and different aggregate levels of provision at the
social optimum. We focus only on the relative efficiency of the two second-best pol-
icies above, holding fixed the level of public good provided.

Assuming an interior solution, private agent optimization leads to first-order con-
ditions characterizing the following Nash equilibrium:

p ≥ eVi f
0(xi* 1 Xi≠j

* Þ with equality if xi* > 0: (2)

There are two important features of this expression. First, the marginal cost of pro-
viding an additional unit of the public good, p, is identical for every agent in the economy.
Second, in the private equilibrium, it is quite possible that only the high-value agents
provide positive levels of the public good. Specifically, as eVi increases, f

0(xi* 1 Xi≠j* Þ
must decrease so that their product equals the price of provision p. Heterogeneity ineVi gives rise to the free-rider problem: agents with a larger value for the public good pro-
vide it while the others free ride. As a result, the agents with lower valuation might not
provide any of the public good.

From a policy perspective there are two parts to the first-best solution. First, a reg-
ulator must find the optimal level of the public good, X*. The optimal level will set the
marginal value of the public good across all agents in the economy equal to marginal
cost such that p 5 ∑i

eVi f
0(X*). Second, the regulator must distribute the cost of pro-

vision across agents in the economy. Most generally this can involve a Lindahl price
scheme in which each agent pays for public good provision proportional to their
ownmarginal benefit. In this simple model of quasi-linear utility and constant marginal
cost, if the social welfare function sums agents’ utility with equal weight, the allocation
of provision does not matter for social welfare. Put another way, once the social planner
decides X*, a symmetrically weighted total social welfare function takes the same value
12. We also do not directly nest relativistic preferences in which one agent’s level of provi-
sion relates to other agents’ level of provision, though we believe our results will extend and dis-
cuss this situation below.
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regardless of how aggregate provision is allocated across agents. This result is driven by
the identical, and linear, costs of provision. As a result, asymmetric Lindahl pricing is
not needed to achieve a first-best outcome, and a uniform subsidy to provision sufficient
to reachX* will be first-best. Similarly, a minimum standard inducing all agents to pro-
vide X*/N units of the public good would also achieve a first-best outcome.

1.2. Increasing Marginal Costs

Wenow extend themodel such that, in place of linear costs, individuals provide the pub-
lic good subject to a strictly convex cost function h(xi) with h0(xi) > 0 and h00(xi) > 0.
This assumption accords well with household-level provision of local public goods such
as landscaping, where increases in effort produce decreasing amounts of the public good.
Our later examples of energy conservation and the associated private provision of envi-
ronmental quality also fit an increasing marginal costs framework: For example, in the
context of energy conservation provided through lighting choice, the switch from in-
candescent to compact fluorescent (CFL) bulbs may be relatively cheap. However, if
an individual wishes to provide even more conservation, they may switch to more expen-
sive light-emitting diode (LED)-based products, effectively moving out a rising marginal
cost curve. Similarly, electricity-intensive durable goods such as refrigerators increase in
cost at an increasing rate as energy efficiency of the product rises.13

Preferences over the two goods, now including convex costs h(xi), will be given by

Ui(ci,X) 5 ci 1 eVi f (X) s:t: yi 5 ci 1 h(xi)

⇒ Ui(ci,X) 5 yi – h(xi) 1 eVi f (X):
(3)

The standard first-order conditions for the privately optimal provision of the pub-
lic good are given in our model by

h0(xi*) ≥ eVf 0(xi* 1 Xi≠j
* ) ∀ i, (4)

with equality if xi > 0 and where Xi≠j
* is the sum of all agents’ j ≠ i privately supplied

optimal levels of the public good. Unlike the linear cost of provision case considered
above, with convex costs the marginal cost of provision will differ across agents de-
pending on how much of the good they elect to provide. As a result, differences in
the marginal benefits from the public good (i.e., heterogeneity in eV) across agents cre-
ate differences in the costs of provision across agents at the margin (e.g., evaluated at
xi*).
13. Our assumptions in this simple version of the model will be met to the extent consumers
face similar costs in the marketplace and the technologies are close substitutes in providing a
final good (e.g., refrigeration to a certain temperature or lumens of light).
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A critical component of the model with increasing marginal costs is based on the
level of provision of the two types of agents in the private equilibrium. Lemma 1 sum-
marizes these differences:

Lemma 1: Agents with higher valuation of the public good provide more than
those with lower valuation.

The intuition is straightforward: since the marginal benefit associated with each
unit of the public good is higher for some agents, they will always provide more of
the public good than those with lower valuation. Moreover, given our assumption
of a common underlying cost structure, this creates a wedge in the marginal cost of
provision. Figure 1 shows this graphically and illustrates the privately optimal levels
of provision, x̂g and x̂u, for agents with higher and lower valuation, respectively.

Next, we consider the cost-minimizing allocation rules. Assuming increasing mar-
ginal costs, the model immediately leads to the following:

Proposition 1: For any level of public goods provision eX, it is cost minimizing to
have all agents provide identical quantities.
Figure 1. Basic equilibrium
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Corollary 1: Private provision of the public good is socially efficient if all agents
value the public good as would the social planner.

Proposition 1 is simply the classic equimarginal principle in the context of our
model. Since the marginal cost of provision is increasing and symmetric across agents
and the benefits to increasing the aggregate eX do not depend on the identity of the
contributor, the minimum-cost provision of eX will involve xi 5 xj. However, as noted
in figure 1, the marginal cost of provision for some agents is larger than for others. As a
result, the private equilibrium cannot minimize cost since there is a wedge in marginal
costs across agents. Hence, reallocating production of the last unit produced by a high-
cost agent to a lower-cost agent would lower the overall costs of provision.

Proposition 1 implies that the private equilibrium in this model is inefficient since
the two types of agents provide different levels of the public good and thus have differ-
ent costs of provision on the margin. There are two assumptions driving this result.
First, we must assume preferences for the public good are heterogeneous. However,
as shown in the previous section, that assumption in and of itself is not sufficient to
create violations of the equimarginal principle if the cost of provision is linear. The dif-
ferences in the marginal cost of provision across types require combination with a sec-
ond assumption—increasing marginal costs of provision. Those two assumptions, both
of which accord with empirical evidence, produce heterogeneous costs of provision on
the margin between the two types of agents.

Corollary 1 includes two important features that make it different from the classic
definition of equilibrium public goods provision (e.g., in Bergstrom et al. 1986). First,
each agent provides their own contribution of the public good through independent
convex cost functions, h(⋅). These agents must therefore have the same preferences
in order to guarantee provision of identical quantities as required for cost minimization.
Second, these preferences must place enough weight on the public good to bring the
aggregate level of provision up to the efficient level. Note that the social planner here
implicitly considers only direct benefits of provision, contained in fi(X).

14 We will ab-
stract from the optimal level of public good provision in what follows by considering
the planner’s problem as a cost minimization subject to reaching a given level of provi-
sion in aggregate.

1.3. Preference Heterogeneity and Policy Choice

We now turn to the motivating question about cost-minimizing policy. In this subsec-
tion and the remainder of the paper we maintain the assumption of increasing marginal
14. If the planner also considers feedbacks in the efficiency preference term (i.e., accounting
for s > 0 as opposed to only fi(X)), it leads to an increase in the optimal level of public good
provision but will not affect our results below, which focus on cost minimization.
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costs of provision.We first describe the optimal policy: Lindahl pricing. Given the prac-
tical difficulties in implementing individual-specific policies for public good provision,
we focus most on second-best policies that are not differentiated across individuals.

The first-best Lindahl prices set the marginal price of the public good for each agent
such that the absolute value of the price ratio is equal to the social marginal rate of sub-
stitution between the public good and the private good. This is the pricing scheme de-
veloped in Bergstrom et al. (1986). The increasing marginal costs in our model mean
that the prices (subsidies in this case) must simultaneously account for differences in
valuation of the public good and rising costs of provision. Specifically, the first-best
Lindahl pricing scheme will set agent-specific subsidies, si, such that eVi f (X*) 1 si 5
h0(X*/N), where X* is the first-best level of the public good. Importantly, increases
in eVi are associated with decreases in si since marginal cost h0(X*/N) will be constant
across agents at the efficient point.

Proposition 2: There is an asymmetric price instrument that leads to efficient pro-
vision of any level of the public good, eX. Under such a policy, the subsidy for agents
with low valuation, τu, is strictly larger than the subsidy for agents with high val-
uation, τg .

The intuition for proposition 2 is related to the classic Lindahl price solution in pub-
lic goods problems. The difference here comes from our assumption of convex costs,
which necessitates equal provision of the goods across types for efficiency. An asymmet-
ric price policy can achieve this. Under any such policy, the social planner uses targeted
subsidies to shift each agent’s marginal benefit curve such that it intersects the marginal
cost curve at the same point.15 The resulting equilibrium would entail each agent pro-
viding the same level of the public good at the same cost, thereby making the provision
efficient.

However, this policy would be quite difficult to implement in most settings because
of the difficulty in accurately identifying each type.16 Those with high valuation for the
public good would have an incentive to imitate low-valuation types, removing the cor-
rective effects of the Lindahl pricing and returning the model to a case in which all
agents face the same cost curve for provision.

We therefore compare the performance of two second-best policies, both of which
are observed commonly in practice: (i) uniform price instruments (subsidy to public
15. This is similar to the setting in Diamond (1973), where different agents produce differ-
ent externalities and so would require targeted Pigouvian taxes or subsidies.

16. Resale trade could also lead to inefficient levels of public good provision. Intuitively, the
problems would be akin to those faced by a third-degree price discriminator under resale, though
we leave questions of strategic resale and third-degree price discrimination to future work.
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good provision) and (ii) standards that enforce a minimum level of public good provi-
sion.17 For simplicity, we assume perfect enforcement of both policies and we consider
policies designed to get the economy to a fixed level of the public good. All analysis pre-
serves the increasing marginal cost of provision and heterogeneous benefits assump-
tions. In the next subsection we extend the model to also allow the costs of provision
to vary across agents.

Understanding the mechanics of how uniform subsidies or standards in our model
map to practical policies is important: subsidies to landscaping, sidewalks, or efficient
durables (e.g., through rebate programs) appear directly as a price policy in our model;
any agent may receive the rebate if they choose to supply more of the good. Minimum
standards, in contrast, change the choice set, making actions that do not provide a basic
level of the public good illegal or impossible, for example, a minimum frequency of lawn
maintenance or minimum allowable efficiency ratings for durable goods. These policies
do not reward agents for going above the minimum standard (the key difference for the
purposes of our model), but they do make it difficult or impossible to choose a level of
provision below the standard.

The relative efficiency of a minimum standard versus a uniform price instrument is
summarized in the following two propositions:

Proposition 3: For any level of regulated public goods provision eX such that the
standard binds for all agents, eX/N ≥ x̂g , a standard is always more efficient than
a uniform price instrument.

Proposition 4: For any level of regulated public goods provision eX such that the
standard binds for agents with low valuation but not for those with high valuation,
x̂g ≥ eX/N ≥ x̂u, a standard is always more efficient than a uniform price instru-
ment.

The intuition behind proposition 3 follows from our assumption of a common cost
function. If the standard binds for all agents, then they all provide eX/N ≡ �x units of
the public good and reach aggregate provision at minimum cost. A uniform price sub-
sidy, on the other hand, preserves a wedge in the level of provision between types. The
difference in provision, and therefore marginal costs across types, means that the price
17. Note that in our setting standards placed at the producer level could still be passed
through to consumers (the agents in our model) as price effects. For example, an emissions quota
applying to electricity production will appear as a higher electricity price for all households; from the
perspective of the agents in our model, it appears as a price instrument. An emissions tax would
similarly manifest as a price instrument to consumers. Conversely, a technology standard limiting
the types of goods thatmay be producedwould eliminate some products from our agents’ choice set,
constraining them to a minimum level of provision.
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policy will always be less efficient than a standard as long as all agents face identical in-
creasing marginal cost functions.We show below that when we relax the identical costs
assumption, the advantage of standards can be eroded or overturned depending on the
degree of cost heterogeneity. Finally, as discussed above, subsidies targeted by type can
still produce efficiency, though we will argue that these are infeasible in most situations
and share an important similarity to standards in our context; they have a greater im-
pact on the decision of those with low valuation for the public good.

Although the mechanics are more complex, proposition 4 results from the same
mechanism: subsidies preserve a greater wedge in the marginal cost of provision across
types. Since the standard in this case is not binding on all agents, some will provide
more of the public good than others under either policy. The key intuition for the result
is that the subsidy increases provision from both types of agents while the standard in-
creases provision only from agents with low valuation who also have lower marginal
costs of provision. The concavity of benefits from the public good introduces an indi-
rect effect reinforcing this result: if, because of declining marginal benefits, the uncon-
strained agents provide somewhat less of the good, the wedge between the two types of
agents will only be further reduced. The standard is therefore unambiguously preferred
for any level of provision greater than the privately optimal level.

The effect of the price instruments and standards considered by proposition 4 is
shown graphically in figures 2 and 3. In figure 2, the subsidy for public good provi-
sion shifts the marginal benefit curve for both types up by the level of the subsidy, τ.
Each type sets private marginal benefit (now including the subsidy) equal to marginal
cost, preserving a wedge in the marginal cost of provision across types: MC(xu(t)) <
MC(xg(t)). The size of the wedge is directly related to the inefficiency of the price in-
strument: on the margin it would be cheaper to have those with low valuation provide
more of the good. As a result a price instrument cannot be efficient because it preserves
this wedge. Figure 2 abstracts from the Nash equilibrium with best-response functions
in order to highlight this first-order effect. A more precise graph would also show the
indirect effects (which we consider fully in the propositions) coming from extant pro-
vision by other agents. For reference we do include indirect effects in figure 3.

Figure 3 shows the effect of a standard that binds only for agents with low valuation.
In this case, they must provide at a level greater than their private optimum (�x > x̂u).
This brings the marginal cost of provision for the two types closer together, holding the
choice of the high-valuation agent fixed. As a result, the wedge in marginal costs across
types is lower with a standard than with a price instrument. Since the wedge in mar-
ginal cost across types is lower, it is less costly to provide the same level of the public
good.

In both figure 2 and figure 3 there are possible indirect effects of the policy instru-
ment that also act to increase the relative efficiency of the standard. In both cases ag-
gregate provision of the public good is rising, which tends to lower the marginal benefit
of additional private provision. In the case of the standard, provision of agents with low
This content downloaded from 132.239.148.097 on December 20, 2017 11:41:37 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



Public Policy and Private Provision of Public Goods Jacobsen, LaRiviere, and Price 257
valuation is fixed (at the level of the standard), so the indirect effect means the high-
valuation agents will provide (weakly) less than before (xg(eX) ≤ x̂g). The direct and
indirect effects of the standard then both act to narrow the wedge in marginal costs
between agents. Under a price instrument, in contrast, indirect effects will act on both
types simultaneously and therefore preserve the costly wedge in provision.18

In addition to demonstrating the advantage of a standard, the model also permits
consideration of the relative size of this advantage with respect to two key parameters:
the proportion of prosocial agents and the relative strength of their preferences. Cor-
ollaries 2 and 3 below are the first steps toward the comparison and show how provi-
Figure 2. Equilibrium with a price instrument
18. In both cases, the indirect effect arises from the public good modeling assumption: the
amount of the good provided by other agents affects the marginal benefit from provision by
any given agent. If agents ignored the marginal benefit from their own contribution to the public
good, the indirect effect above would not occur. We note that for both standards and taxes the
indirect effects are second-order to the direct effect coming from the wedge in marginal costs.
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sion of each type of agent changes as a function of α, the proportion of prosocial agents,
and eV , the strength of their preferences under the price instrument:

Corollary 2: The provision of prosocial agents in the case of price instruments, xtg ,
and the price instrument/subsidy needed to attain a given level of public good pro-
vision, τ, are both always decreasing in the percentage of prosocial agents, α.

Corollary 3: The provision of prosocial agents in the case of price instruments, xtg ,
is increasing, and the price instrument/subsidy needed to attain a given level of pub-
lic good provision, τ, is decreasing in the strength of the prosocial preference, eV .

The intuition behind corollary 2 is straightforward. The first part of the corollary
follows directly from our assumption on concavity of f(X); displacing one low-valuation
agent with a high-valuation counterpart leads to an increase in aggregate production. At
prevailing provision levels, we thus have that the marginal cost exceeds marginal benefit.
In equilibrium, this implies that each agent will provide less of the public good.
Figure 3. Equilibrium under a standard
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The intuition for the second part of the corollary is as follows. The unregulated
level of public good provision is directly related to the proportion of prosocial agents
in the economy. As the proportion of such agents increases, the change in provision
required to achieve any target level of provision falls. By convexity of the marginal cost
function, the resulting subsidy needed to achieve the desired change in provision falls.
The intuition behind corollary 3 is almost identical, except that now the increase in
unregulated provision comes through increased strength of individual preferences ineV rather than an increase in the number of prosocial agents overall.

The corollaries lead to two results on the size of the cost advantage offered by a
standard:

Proposition 5: For any level of regulated public goods provision, eX, such that the
standard binds on all agents, eX/N ≥ x̂g , the difference in welfare between the two
policies, Δts, is single peaked in the percentage of prosocial agents, α.

The intuition underlying proposition 5 is again straightforward. Consider first the
case in which all agents are of a given type. In this case, the two policies are equivalent
and there is no difference in welfare. However, the welfare effects of the two policies
begin to diverge once we allow for heterogeneity in preferences. In such a world, agents
provide different levels of the public good at different marginal costs under the price
instrument but face identical costs under a binding standard.

Corollary 4: For any level of regulated public goods provision eX such that the stan-
dard binds for all agents, eX/N ≥ x̂g , the difference in welfare between the two pol-
icies, Δts, is everywhere increasing in the strength of the prosocial preference, eV .

The intuition for corollary 4 is as follows: By convexity of the cost function, the wel-
fare gain that arises when reallocating one unit of provision away from the prosocial
agent is greater the greater the initial wedge in costs. As shown above, stronger pro-
social preference, eV , induces more provision from prosocial agents and increases the
wedge in costs between the two types. As a result, the tax leads to progressively greater
costs than the standard as the strength of the prosocial preference increases.

Taken together, the results in this subsection consider the effect on public goods
provision when a fraction of people in the economy have prosocial preferences. We
show how such types provide more of the public good in an unregulated setting, lead-
ing to a wedge in the marginal cost of provision between high-valuation agents and
others in the economy. This wedge is preserved if the government employs a uniform
price instrument to promote increased provision of the public good. Standards, in con-
trast, have a greater impact on low-valuation agents and thus serve to reduce the cost
wedge and lower the costs of obtaining any given level of provision. Finally, we find
that the relative benefit of standards over price instruments is increasing in the degree
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of preference heterogeneity in the economy up to the point at which prosocial agents
constitute 50%. In our model, this comes through two channels: stronger preferences
among individual prosocial agents or an increase in their overall number.
1.4. Asymmetric Costs

We now consider asymmetries across types in the cost of providing the good. To vary-
ing degrees, cost asymmetries are quite likely to exist in many important policy set-
tings; we discuss these in the specific examples below. We show how the two types of
heterogeneity push in opposing directions on efficiency of the policies but do not take
a stand on the relative magnitude of cost versus benefit heterogeneity in general.

To explore cost asymmetries, we assume that prosocial agents, in addition to having
the eV parameter governing the strength of their preferences, also have a parameter δ
differentiating their marginal costs of abatement. The prosocial agent’s maximization
problem thus becomes

Ug(cg ,XjΘ) 5 cg 1 eVf (X) s:t: yg 5 cg 1 dh(xg)

⇒ Ug(cg ,XjΘ) 5 yg – dh(xg) 1 eVf (X),
(5)

where values of δ greater than one scale up the cost of abatement for high-valuation
agents (making cost positively correlated with prosocial preferences), and values less
than one scale it down (introducing a negative correlation).

Allowing for cost heterogeneity is important for three main reasons. First, the act
of providing in itself may create utility that an individual does not get from increases in
aggregate provision by others. This form of individualistic warm-glow preference will
lower the utility cost of providing the public good for some agents but not others.
Second, heterogeneous private benefits that are associated with the public good also
manifest as cost heterogeneity for the same reason. For example, if the private value
to a household of having their own lawn be well manicured is large, this effectively de-
creases the cost of lawn care for that individual, separate from any valuation of the
aggregate public good. Third, in the context of energy-using durables, individuals may
value future reductions in energy use differently (e.g., because of inattention or different
discount rates), making the net costs of a more efficient appliance different, and even
negative if the energy savings are unexpected. Each of these is embedded in the model
as a source of heterogeneity in individual costs of provision.

The extension to cost heterogeneity leads to the following two propositions:

Proposition 6:With asymmetric costs, the amount of public good provided by pro-
social agents is inversely related to their relative cost position. The (uniform) subsidy
needed to reach any level of public goods provision is increasing in the relative mar-
ginal cost of provision for prosocial agents.
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Proposition 6 states two very intuitive results. First, as the cost of provision for
prosocial agents increases, they provide less of the public good. Second, holding the
cost of provision for other agents constant, the subsidy required to induce any given
level of public good provision is increasing in the cost of provision for prosocial agents.

Proposition 7:With asymmetric costs, the relative efficiency of a uniform price in-
strument vis-à-vis a standard is greater when the costs for prosocial agents are neg-
atively correlated with the strength of their preferences.

Proposition 7 states that the relative benefit of a standard over a price instrument
falls if prosocial agents have a lower cost of provision. Conversely, the relative benefits
of standards over taxes can rise if prosocial agents have a higher cost of provision and
the standard binds only for agents with low valuation. The intuition for these results is
shown in figure 4. The figure provides an example in which provision in the unregu-
lated equilibrium is in fact efficient since the prosocial agent’s marginal cost of abate-
ment curve is sufficiently less than the costs of the other agents. In this example, it is
easy to see how a uniform subsidy can maintain efficiency by shifting both types’ pro-
vision up. A standard, in contrast, will introduce a wedge in marginal costs leading to a
reduction in social welfare.
Figure 4. Case of asymmetric costs of abatement
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More broadly, cost heterogeneity will tend to decrease the advantage of a standard
relative to a subsidy. For a given level of benefit heterogeneity, if the magnitude of the
cost heterogeneity is sufficiently large, these results imply—although do not prove—
that the subsidy policy will dominate the standard. The extreme case makes the intu-
ition clear: consider the situation in which benefit heterogeneity is infinitesimally small
and cost heterogeneity is large. Themodel then reduces to a classical public goods prob-
lem with heterogeneous costs in which the price instrument dominates. Below, we pro-
vide a more precise depiction of these competing effects and how they affect the rela-
tive superiority of standards using a simple quadratic approximation.

2. A SIMPLE QUADRATIC EXAMPLE

While the key inequalities appear in the general model above, there is also important
intuition in a parsimonious analytical example. A simple quadratic form makes the key
elements in our model clear and allows us to explicitly compare the trade-off between
heterogeneity in preferences and heterogeneity in costs. We use the quadratic approx-
imation to solve explicitly for the advantage of a standard relative to a price-based in-
strument and investigate how each factor enters. We then add heterogeneity in costs
and again compare the competing effects influencing the optimal choice of policy in-
strument.

In what follows, we assume that the marginal benefit from provision of the public
good is constant and that the marginal cost of provision rises linearly from the origin.
Although this imposes a particularly strong structure, we believe that such a param-
eterization fits well with a number of policy-relevant scenarios. For example, reduc-
tions in carbon emissions in a particular country and year (now treating countries as
the agents in our model) are likely to fit the constant marginal benefits case closely.19

Linearly increasing marginal cost provides a quadratic approximation to public goods
produced with convex costs to individual agents.

Our example then defines

f 0i (X) 5 m ðconstant marginal benefitsÞ,
h0(xi) 5 bxi (marginal cost rises linearly at rate b):

Deriving the solution to the utility maximization problem given in (3) under a tax τ
or standard �x is straightforward. We consider policies that achieve a fixed total pro-
vision of eX and bind on all agents. Specifically, we set eX such that �x ≥ x̂g (as in prop-
osition 3). Defining Δts as the cost advantage that a standard has over a price-based
policy, we obtain the following simple expression:
19. The intuition is that a year’s change in one country will affect global climate only slightly,
while any nonlinearity in benefits is likely to appear only for much larger temperature movements.

This content downloaded from 132.239.148.097 on December 20, 2017 11:41:37 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



Public Policy and Private Provision of Public Goods Jacobsen, LaRiviere, and Price 263
Dts 5 a(1 – a)
m2(eV – 1)2

b
: (6)

First notice that the advantage of the standard is increasing in the square of both
m and eV . The greater the strength of prosocial preferences (eV) or the marginal ben-
efits from the public good (m), the bigger is the initial wedge in choice of provision
across the two types. The standard overcomes this difference, achieving the first-best,
whereas the price-based policy maintains this wedge and is thus a more costly way to
attain eX.

Next we observe that as b declines and marginal costs become flatter, the advantage
of the standard increases even further. This is at first counterintuitive, but notice that
the levels of eV and m alone determine the absolute difference in marginal costs be-
tween types. Holding the difference in marginal costs fixed, small values of b imply
large differences in absolute levels of private provision.20

We next consider how the share of prosocial agents, α, affects the relative advan-
tage of a standard. If everyone is prosocial or no one is (α5 1 or 0), our model reduces
to the standard equivalence between the two policies. Proposition 5 shows that the
advantage of the standard has a single peak in α. In this example the peak occurs at
α 5 ½. Intuitively this is where the degree of heterogeneity in the population is max-
imized and the benefit of reallocating provision across agents is the greatest.

We finally explore the case in which heterogeneity exists in both prosocial pref-
erences and marginal costs of provision. The effect of cost heterogeneity on optimal
policy choice is quite intuitive in this setting. Allowing marginal costs to differ,
h0(xg) 5 bgxg and h0(xu) 5 buxu, and solving as before yields

Dts > 0 ⇔ m(eV – 1) > jbg – bujeX: (7)

That is, the standard is preferred as long as the wedge between the high and low val-
uations is greater than the absolute difference in agents’ marginal costs of provision.
When preference heterogeneity is relatively large, the standard dominates. When cost
heterogeneity is relatively large, the price-based policy dominates.

3. POLICY DISCUSSION

The trade-off between preference heterogeneity across agents (favoring a standard)
and heterogeneity in costs of provision (favoring a price instrument) appears in a range
of policy directed at private provision of public goods. In our setting, a price instru-
ment subsidizes provision of the public good uniformly for all agents. With respect
to local public goods, a homeowner association (HOA) subsidizing lawn maintenance
20. We cannot examine the case as b goes to zero in this parameterization since the prosocial
agent’s private provision, x̂g , tends to infinity, removing the need for policy.
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expenses is a uniform price instrument. Conversely, some minimum level of mandated
maintenance represents our minimum standard.

This section provides discussion of three policy environments that demonstrate the
application of our model: the first is a neighborhood amenities case, with incentives to
provide public goods such as landscaping and sidewalk repair. This is a setting in which
HOA and city-level policies are very common and both types of policy (prices and man-
dates) appear in practice.

We next turn to two energy-efficiency examples. The role for cost heterogeneity in
these cases is much greater, favoring a price-based policy, and we discuss how the dif-
ferent types of heterogeneity might compete. We limit ourselves to examples in which
the public good (energy conservation in these cases) comes from a single margin: du-
rable good choice. When there is an important utilization margin after the durable is
purchased, the benefits of a policy that can influence both margins at the same time
(such as a fuel tax) become first-order relative to the distortions from heterogeneity
that we model.
3.1. Neighborhood Amenities: Landscaping

Privately provided neighborhood amenities such as well-kept lawns, sidewalks, and
home exteriors are local public goods to which the policy implications of our model
may be applied directly. The scale of the public good in these cases is such that every
household can plausibly affect the aggregate level, and different households may have
very different tastes. Improving the appearance of a home and lawn is costly in terms
of both time and money. It is also reasonable that the marginal costs of improving the
appearance of a home are upward sloping: mowing the lawn and trimming are rela-
tively low cost whereas manicuring and fostering an extensive garden are more costly.
Both, though, contribute to improving the visual aesthetics of the neighborhood. Fi-
nally, homeowners have varying degrees of affinity toward the appearance of lawns
in their neighborhood. This is clearest when a homeowner with a strong preference
for manicured lawns lives next door to another who is unconcerned with overgrown
yards.

Neighborhoods often form HOAs to coordinate activities to improve neighbor-
hood public goods such as landscaping. In lieu of an efficient but impractical set of
individual-specific subsidies, the HOA has at least two second-best policy options
to increase public good provision, mirroring the policy choices we model. First, they
could subsidize homeowner spending on landscape services. This policy is akin to of-
fering a uniform (across agents) subsidy for the public good in our model: households
will choose different levels of the public good depending on their preferences and re-
ceive more subsidy if they provide more of the public good. Second, the HOA could
mandate that all homes purchase some common minimum level of service from a land-
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scaper. In this case some households could still provide more than the minimum level
(as in proposition 4 above) but would not receive any additional subsidy or rebate.21

Our model suggests that the minimum standard could be more efficient than the
subsidy incentive if households have heterogeneous preferences for neighborhood
amenities such as landscaping. A subsidy provided for landscaping will increase pro-
vision by households who already have a preference for it, causing them to move far-
ther out the marginal cost curve. The subsidy would be better spent if it could be tar-
geted to those providing the lowest level (where marginal improvements are cheapest).
Conversely, the policy with mandated basic lawn care will enforce public good provi-
sion by households with no preference for it, taking advantage of these low-cost im-
provements.

The key countervailing force in our model, arguing for a subsidy instead of the
standard, comes from cost heterogeneity. In this particular context, cost heterogeneity
could come simply from differing values of time spent gardening or, more subtly,
through differing private valuation of one’s own landscaping that will be correlated
with the degree of public contribution. There is surely at least some amount of cost
heterogeneity faced by individual agents in this setting, and the degree (relative to pref-
erence heterogeneity for the public good in aggregate) will determine which of the pol-
icies is optimal. In practice this is an empirical question and will likely differ across
HOAs; we note that in practice different associations have different policies, and both
minimum standards and subsidies are represented.

3.2. Refrigeration

Refrigeration technologies provide a relatively simple example of the setting we have
in mind for durable goods, subject to prosocial “green” agents being motivated by
Charness and Rabin (2002) efficiency preferences. In this case, households that want
to provide a public good (energy conservation) through the purchase of more efficient
refrigerators face rising marginal costs as reflected in the price of ever more efficient
models. Utilization is nearly fixed since refrigeration is effective in only a narrow tem-
perature range, and marginal costs are close to homogeneous across households if they
face a common market price for appliances. Assuming that agents are motivated to
provide energy conservation via a preference for social efficiency, differing preferences
over large-scale environmental externalities get magnified, and we will see different con-
tribution levels even when agents have the same costs. If green agents are motivated to
21.Whether the minimummandated service is paid for by HOA fees or households directly
is a distributional issue; the key distinction in our model is that provision below the minimum is
not possible and provision above the minimum does not receive any (additional) subsidy.
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provide the public good for other reasons, for example, private utility gains due to warm
glow, then cost heterogeneity is the main factor at play.

In our setting a uniform price instrument subsidizes more efficient durables through-
out the range of energy efficiency and does not discriminate across households. Consider
a household’s decision to purchase refrigerators with different embedded levels of pol-
lution (where the private cost faced is the total price in present value of owning and op-
erating the appliance). If the household considers the public good aspect of their choice
(air pollution from electricity usage), this appears to the consumer as energy-efficient
refrigerators being subsidized and becoming cheaper relative to less efficient ones. Alter-
natively, a minimum standard on the efficiency of refrigerators will appear as a narrowing
of the choice set: it is no longer possible to buy a refrigerator that pollutes more than a
certain amount. Price-based incentives therefore move all consumers (both green and
nongreen) toward more efficient refrigerators than they would choose in the absence
of the policy. This preserves the marginal cost difference between greens and nongreens,
moving greens farther out a rising marginal cost curve while failing to take advantage of
lower-cost improvements available to nongreens. A minimum standard could bring the
two types closer together.

This system again has cost heterogeneity present as well: the degree (and correla-
tion if present) of the two types of heterogeneity will determine optimal policy. In this
case cost heterogeneity can appear in many ways, for example, as differences in elec-
tricity price (from increasing block rates or geographical differences), differences in dis-
count rates changing the present value calculation, individualistic warm glow, and differ-
ing tastes for new technologies. Without the magnification of preference heterogeneity
embedded in efficiency preferences (see app. C), these cost differences almost surely
dominate, making a price instrument the best policy. We argue that additional empir-
ical work is needed to understand the motivations for green purchases and the possi-
bility that preference heterogeneity on the public goods side could also be at work. A
further caveat to applying our model comes through the second margin of choice im-
plicit in refrigerator size. Standards will not incentivize the choice of a smaller refrig-
erator, missing a potentially important margin for reducing energy use; a more complete
model assessing the elasticity along this, and any additional margins of choice, would be
needed.
3.3. Lighting Technology Choice

Lightbulb choice provides an example demonstrating the role of both cost and prefer-
ence heterogeneity. As with refrigerators, the public goods framework applied to light-
ing only if green agents exhibit Charness and Rabin (2002) preferences. In addition,
lighting could have an important use dimension: if lighting costs decrease, it is possible
that households light their homes more intensely. We highlight below how this use
dimension mitigates the applicability of our model to the lighting example.
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Each household works its way out an increasing marginal cost curve by selecting
one of a variety of ever more expensive bulbs: standard incandescents, halogen in-
candescents, CFLs, and LED-based bulbs. Consumers differ widely in their choices,
spreading out across the spectrum of bulb options. Part of this difference may be at-
tributable to green preference heterogeneity of the sort we model here and part of it
to heterogeneity in the utility cost of things such as the color and flicker of light from
different bulbs. We argue that the two forms of heterogeneity compete: in cases in
which the bulbs are almost identical on aspects other than the provision of energy con-
servation (standard vs. halogen incandescents may come close to this case), minimum
standards would dominate. In cases in which utility costs of different bulbs vary widely
across consumers (likely relevant in the next switch from halogen incandescents to
CFLs), the price-based incentives will again dominate.

Lightbulb choice is also the focus of several federal and state policies in the United
States. “Price-based” policies in this case are simply subsidies to more efficient bulbs
and are historically the predominant way to stimulate the purchase of energy-efficient
lighting.22 The alternative, minimum, standards have been introduced more recently.
For example, California’s Assembly Bill 1109 places a minimum standard that phased
out standard incandescents between 2011 and 2013. Under this legislation, halogen
incandescents became the minimum-efficiency bulb permitted by the standard. A fed-
eral minimum standard, roughly 1 year behind the California law in timing, has similar
provisions. Yet the federal law proved contentious to the point that Congress acted to
delay enforcement in late 2011.23

Our model provides a way of considering the trade-offs relevant in this choice of
policy: the more conventional policy of subsidizing efficient bulbs moves everyone’s
choice farther out the technology cost curve, preserving a gap between greens and non-
greens. The minimum standards instead push all consumers only as far as the halogen
bulbs, taking advantage of a low-cost conservation option available to nongreens with-
out distorting the incentives faced by greens. As we argue above, such a policy may be
able to provide the public good (energy conservation) at lower cost: the greens pur-
chasing CFLs or LED bulbs without policy will presumably continue to do so but will
not be pushed any farther out the cost curve. This situation again corresponds to that
considered in proposition 4, where the standard is binding on only one type of con-
sumer.

Cost heterogeneity again enters, in the same ways as the examples above, and now
perhaps through additional factors such as aversion to flicker or certain colors of light,
ability to work with dimmers, bulb shape, and so on. Many of these issues become
22. “The New Light Bulbs Lose a Little Shine,”Wall Street Journal ( January 19, 2011), de-
scribes $548 million paid in subsidies to CFLs in California.

23. See “Let There Be Light Bulbs,”Wall Street Journal ( July 15, 2011), and the temporary
suspension of the law, “Congress Kills Light Bulb Ban—Sort Of,” Forbes (December 16, 2011).
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even more relevant if the standard gets stricter, phasing out the halogen incandescents
and allowing only CFL or LED lighting.24 The greater this sort of heterogeneity, the
greater the likelihood that the price-based instrument and not the minimum standard
will dominate.

A caveat here is that our model considers only one margin of choice. We can com-
pare competing policy interventions for lightbulb choice because they act on exactly
the same margin. However, if households change their lighting intensity as a function
of electricity cost, this creates two different margins that could provide the public
good. Options then might include two policies (one for each margin) or a single policy
such as a tax that can influence both margins at once. We cannot draw comparisons
with other policies in the portfolio that reduce the utilization of lighting, such as nor-
mative messages that promote turning off lights when leaving a room or similar behav-
ioral adjustments (e.g., Allcott 2011; Costa and Kahn 2013; Ferraro and Price 2013;
Ito et al. 2013; Metcalfe and Dolan 2013), without a more complex model to allow in-
teractions between green preferences and private costs along the two margins together.

4. CONCLUSION

Wemodel an economy populated by two types of agents that differ with respect to the
benefits they receive from a public good. If both types of agents face identical, but con-
vex, costs of provision, the private equilibrium involves high-valuation agents working
farther out their marginal cost curve and providing units of the public good that are
more costly on the margin than those provided by low-valuation agents. We use this
basic framework to compare the relative performance of different second-best policies
designed to promote increased private provision of public goods. We show that min-
imum standards can provide an increase in aggregate provision of a public good at lower
cost than price-based incentives if consumers face identical marginal cost curves. In-
tuitively, such standards tend to reduce the differences in marginal cost of provision
across types and therefore reduce total cost. Price-based policies, on the other hand,
place the same incentive on all individuals and so preserve inefficiency stemming from
uneven provision of the public good.

Preferences are not the only dimension along which heterogeneity is likely to arise,
however: in most applied settings agents also face heterogeneous costs of provision.
We show how the two sources of heterogeneity compete in determining the preferred
second-best policy. When cost heterogeneity is relatively large in magnitude a price-
based policy dominates. The opposite holds when heterogeneity in prosocial prefer-
ences is the more important component. Whether preference or cost heterogeneity is
relatively more or less important is an empirical question that must be answered in any
24. Relative to incandescents, the expected life span of CFLs is very different. Similarly, issues
of color, warm-up times, and flicker may be important to some consumers but not to others.
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given policy setting. Our results suggest that optimal policy choice can depend pivotally
on the degree and correlation of heterogeneity along these two dimensions.

Several extensions of the model could lead to applications in more complex policy
scenarios: Perhaps most important, the intensity of utilization, for example, distance
traveled in vehicles, plays a critical role in total energy use.25 In such settings, one would
need to consider a broader set of policies and additional dimensions of preference het-
erogeneity. Two policies may be necessary in the first-best, and effectiveness along the
twomargins simultaneously becomes a critical test for second-best policies. Further, we
employ a model with only two types of agents while a continuum of preferences might
better reflect empirical differences in the provision of public goods. Crowding out, both
within and between types of agents, also reflects an important possibility that could be
incorporated by a more detailed model.

Finally, our model also raises an interesting dilemma concerning incidence: The
cost-minimizing standard places greater burden on those who value the public good
least. An interesting direction for future work is thus to explore the distributional im-
pacts of various policy options and how the costs of providing a given level of the pub-
lic good would change with the imposition of a compensation requirement as in Bo-
venberg et al. (2008). Careful analysis of incidence could also contribute to the larger
political economy question of how the form of heterogeneity in preferences for a public
good, and policy designed with this in mind, affects optimal public good levels.
APPENDIX A

Proof of Lemma 1

By definition, eV is strictly larger for those with high valuation. Private equilibrium pro-
vision for high-valuation agents, x̂g , and low-valuation agents, x̂u, is implicitly defined
by the following system of equations:

h0(x̂g) 5 eVf 0(aNx̂g 1 (1 – a)Nx̂u), (A1)

h0(x̂u) 5 f 0(aNx̂g 1 (1 – a)Nx̂u): (A2)

Since eV > 1, it must be that x̂g > x̂u, giving the desired result.

Proof of Proposition 1

Set up the cost minimization problem directly with a Lagrangian such that

min
x oi h(xi) (A3)
25. Hausman (1979) and a rich subsequent literature consider interactions between pur-
chase and utilization of durables, e.g.
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s:t:o
i
xi 5 eX (A4)

→ L 5 o
i
h(xi) 1 λ eX–o

i
xi

� �
: (A5)

The first-order conditions for this Lagrangian are h0(xi) 5 λ for all i 5 1, 2, . . . , N,
implying that h0(xi) 5 h0(xj) for all i, j, which gives the desired result.

Proof of Corollary 1

Economywide social efficiency preferences are defined by parameters a 5 1 and e 5
1→ eV 5 N (see fn. 10). In this case, the privately provided equilibrium is defined by
the single equation h0(x̂g) 5 Nf 0(Nx̂g). Accounting only for the direct benefits accru-
ing to agents (e.g., not the social efficiency component of their preference), the socially
optimal level of the public good satisfies the following condition:

o
i
h0(x*i ) 5 Nf 0(Nx*i ): (A6)

Equation (A6) states that the sum of the marginal costs for each agent’s provision
must equal the sum of the marginal benefits. Summing up the direct effect of all agents’
private provision gives ∑h0(x̂g) 5 Nf 0(Nx̂g). By strict concavity of h(⋅), xg 5 x*i, giving
the desired result.

Proof of Proposition 2

There are four conditions that must be jointly satisfied in order to have efficient public
good provision with an asymmetric price instrument profile. By proposition 1 and prop-
osition 3, these conditions are

h0(xtg) 5 tg 1 eVf 0(eX),
h0(xtu) 5 tu 1 f 0(eX),eX 5 aNxtg 1 (1 – a)Nxtu,

h0(xtg) 5 h0(xtu):

Substituting in, we get the condition eVf 0(eX) 1 tg 5 f 0(eX) 1 tu. Rearranging
gives (V – 1)f 0(eX) 5 tu – tg . By assumption, V > 1 and f 0(�) > 0, giving the desired
result.
Proof of Proposition 3

Choose a price instrument τ such that ∑ixi 5 eX. The price instrument, τ, enters the
budget constraint as y 5 c 1 h(xi) – txi. Agents still privately optimize such that pri-
vate equilibrium is jointly determined by
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h0(x̂tg) 5 t 1 eVf 0(eX), (A7)

h0(x̂tu) 5 t 1 f 0(eX): (A8)

By convexity of h(⋅), h0(x̂tg) ≠ h0(x̂tu). Under a standard, all agents provide a mini-
mum level of provision eX/N such that h0(eX/N) > eVf 0(eX) > f 0(eX). As a result, eX is
provided such that h0(xi) 5 h0(xj) for all i, j. A standard is a least-cost mechanism for
providing eX whereas by equations (A7) and (A8) a tax is not, giving the desired result.
Proof of Proposition 4

Equilibrium in the price instrument case is given by the system

h0(x̂tg) 5 t 1 eVf 0(eX), (A9)

h0(x̂tu) 5 t 1 f 0(eX): (A10)

By convexity of h(⋅), h0(x̂tg) > h0(x̂tu) and x
t
g > xtu. In the case of the standard, proso-

cial agents’ provision, xsg , is defined by their first-order condition: h0(x̂sg) 5 eVf 0(eX). By
convexity of h(⋅) and τ > 0, it implies xtg > xsg . Further, eX 5 N(axsg 1 (1 – a)xsu). As
a result, low-valuation agents’ provision of the public good in the case of standards can
be expressed as xsu 5 ((eX/N) – axsg)/(1 – a). Since xtg > xsg , it implies xsu > xtu and
subsequently xtg – xtu > xsg – xsu.

Consider a case in which xtg 5 xsg 1 e for e > 0 to reach some eX. Note that the
distribution of provision in the case of a standard would therefore be

aNxsg 1 (1 – a)N xtu 1
a

1 – a
e

� �
:

The average cost of provision for x across agents in the price instrument case is pt 5
ah(xsg 1 e) 1 (1 – a)h(xtu) and in the case of subsidies is therefore

ps 5 ah(xsg) 1 (1 – a)h xtu 1
a

1 – a
e

� �
:

By concavity of h(⋅), pt > ps, giving the desired result.
Proof of Corollary 2

Equilibrium in the case of price instruments is given by equations (A7) and (A8) above
in addition to the level constraint: eX 5 aNxtg 1 (1 – a)Nxtu. Substituting a trans-
formation of the constraint in for low-valuation agents’ provision, xtu 5 ((eX/N) –
axtg)/(1 – a), leaves two equations and two unknowns. Cramer’s rule states that

dxtg
da

5
L1,a

�� ��
Hj j ,

dt
da

5
L2,t

�� ��
Hj j , (A11)
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whereH is the Hessian of the system and Λn,ϕ is the Hessian with the nth column re-
placed with the negatives of the first-order condition derivatives with respect to the pa-
rameter ϕ:

H 5

∂FOCg

∂xtg

∂FOCg

∂t

∂FOCu

∂xtg

∂FOCu

∂t

0BBBB@
1CCCCA 5

–h00(xtg) 1

h00(xtg)
a

1 – a
1

0B@
1CA: (A12)

By inspection, the determinant of the HessianH is negative. Further, Λ1,α andΛ2,τ

are, respectively,

L1,a 5

0 1

h00(xtg)
(eX/N) – xtg
(1 – a)2

1

0B@
1CA,

L2,t 5

–h00(xtg) 0

h00(xtg)
a

1 – a
h00(xtg)

(eX/N) – xtg
(1 – a)2

0BB@
1CCA:

(A13)

Noting that eX/N < xtg by proposition 5, by inspection jL1,aj > 0 and jL2,tj > 0,
implying that dxtg/da < 0 and dt/da < 0, giving the desired result.

Proof of Corollary 3

Equilibrium in the case of price instruments is given by equations (A7) and (A8) above
in addition to the level constraint: eX 5 aNxtg 1 (1 – a)Nxtu. Substituting a trans-
formation of the constraint in for low-valuation agents’ provision, xtu 5 ((eX/N) –
axtg)/(1 – a), leaves two equations and two unknowns. Cramer’s rule states that

dxtg
deV 5

L1,~V

�� ��
Hj j ,

dt

deV 5
L2,~V

�� ��
Hj j , (A14)

whereH is the Hessian of the system and Λn,ϕ is the Hessian with the nth column re-
placed with the negatives of the first-order condition derivatives with respect to the pa-
rameter ϕ. By corollary 2, FHF < 0. Further jL1,~V j and jL2,~V j are defined as

L1,~V 5
–f 0(eX) 1

0 1

 !
,

L2,~V 5

–h00(xtg) –f 0(eX)
h00(xtg)

a

1 – a
0

0B@
1CA:

(A15)
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By inspection, jL1,~V j < 0 and jL2,~V j > 0. Therefore, dxtg/deV > 0 and dt/deV < 0,
giving the desired result.

Proof of Proposition 5

This proof proceeds by construction.We first show that the limit of the total derivative
of the difference, Δts, is positive as a→ 01 and negative as a→ 1–.We then show that
the partial derivative of the difference between the policies, Δts, is positive. We can de-
fine Δts as

Dts 5 aN
ðxtg
~X/N

h0(x)dx – (1 – a)N
ð ~X/N
xtu5((~X/N)–aN)/(1–a)

h0(x)dx: (A16)

The total derivative of equation (A16) can be found using Leibniz’s rule:

dDts

da
5 N

ðxtg
~X/N

h0 xð Þdx 1 aN Mh0 xtg
� �� �

1 N
ð ~X/N
xtu5((~X/N)–aN)/(1–a)

h0 xð Þdx

– 1 – að ÞN –M
eX/N� �

– xtg

1 – að Þ2 h0
eX/N� �

– axtg
1 – a

 ! !
,

(A17)

M ≡
h00(xtu)

eX
N

– xtg

	 

/(1 – a)2

h00(xtg) 1
a

1 – a
h00(xtu)

: (A18)

Note that M < 0 for any α and consider lima→ 01 . The terms with the integrals
converge to zero, leaving only the terms multiplyingM. The first term goes to zero and,
as above, the second term is positive such that lima→ 01 > 0. Similarly, lima→ 1– is
signed by the first term multiplyingM, which is positive, so lima→ 1– < 0. Finally, the
partial derivative ofΔts is

∂Dts

∂a
5 N

ðxtg
~X/N

h0(x)dx 1 N
ð ~X/N
xtu5((~X/N)–aN)/(1–a)

h0(x)dx

– (1 – a)N –M
(eX/N) – xtg
(1 – a)2

h0
(eX/N) – axtg

1 – a

 ! !
:

(A19)

By inspection, equation (A19) is positive, completing the proof.

Proof of Corollary 4

This proof proceeds by construction. We show that the total derivative of the differ-
ence, Δts, is everywhere greater than zero. Again using Leibniz’s rule and simplifying,
we find
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dDts

deV 5 aN
dxtg
deV h0(xtg) – h0

(eX/N) – aN
1 – a

	 
	 

: (A20)

By proposition 5, corollary 3, and convexity of h(⋅), equation (A20) is positive, giv-
ing the desired result.

Proof of Proposition 6

This proof proceeds by construction and is similar to that of corollary 2. Using the
same notation as in corollary 2,

dxtg
dd

5
L1,a

�� ��
Hj j ,

dt
dd

5
L2,t

�� ��
Hj j : (A21)

These matrices are defined as

H 5

∂FOCg

∂xtg

∂FOCg

∂t

∂FOCu

∂xtg

∂FOCu

∂t

0BBBB@
1CCCCA 5

–h00(xtg)d 1

h00(xtg)
a

1 – a
1

0B@
1CA: (A22)

By inspection, the determinant of the HessianH is negative. Further, Λ1,δ andΛ2,δ

are, respectively,

L1,d 5
–h0(xtg) 1

0 1

 !
,

L2,d 5

–h00(xtg)d –h0(xtg)

h00(xtg)
a

1 – a
0

0B@
1CA:

(A23)

By inspection, the determinants of Λ1,δ and Λ2,δ are positive and negative, respec-
tively. As a result, using Cramer’s rule, dxtg/dd < 0 and dt/dd > 0, giving the desired
result.
Proof of Proposition 7

The analogue of equation (A16) in this version of the model is

Dts 5 aN(1 1 d)
ðxtg
~X/N

h0(x)dx – (1 – a)N
ð ~X/N
xtu5((~X/N)–axtg )/(1–a)

h0(x)dx: (A24)

By inspection, ∂Dts/∂d > 0. However, accounting for indirect effects as in propo-
sition 4, we take the total derivative using Leibniz’s rule:
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dDts

dd
5 aN

ðxtg
~X/N

h0(x)dx 1 aN
dxtg
dd

h0(xtg) – h0(xtu) 1 dh0(xtg)
� �

: (A25)

By inspection, the direct effect is still positive but the indirect effect operates in the
other direction since dxtg/dd < 0 from proposition 6. The net effect, though, is still
positive as long as

h(xtg) – h
eX
N

	 

–
dxtg
dd

h0(xtg)

> 1 1 d: (A26)

This condition states that prosocial agents do not have a marginal cost of abate-
ment curve that is so high they provide less of the public good than other agents. This
will be satisfied by the negative correlation between costs and prosocial preferences.
This concludes the proof.
APPENDIX B

This appendix shows equivalence between the model used in this paper and amodel with
a linear budget constraint but decreasingmarginal utility with respect to the private good.

The utility and budget specification in this paper are represented as

Ui(ci,XjΘ) 5 ci 1 eVfi(X) s:t: yi 5 ci 1 h(xi)

⇒ Ui(ci,XjΘ) 5 yi – h(xi) 1 eVfi(X):

As shown above, the first-order condition of the consumer’s problem is

h0(x*i ) ≥ eVf 0(X*) ∀i: (B1)

The function h0(x*i ) is the first derivative of a convex function.
It is possible to instead use a linear budget constraint with decreasing marginal util-

ity of the numeraire consumption good. Assume that utility derived from the numer-
aire consumption good is described by a concave function n(c), n 0(c) > 0, and n 00(c) < 0.
The consumer’s choice problem can then be expressed as

Ui(ci,XjΘ) 5 n(ci) 1 eVfi(X) s:t: yi 5 ci 1 pxxi

⇒ Ui(ci,XjΘ) 5 n(yi – pxxi) 1 eVfi(X):
(B2)

Now consider the private equilibrium of the consumer given the model in equa-
tion (B2). The consumer’s first-order condition is

–pxn
0(yi – pxxi) ≥ ~Vf 0i (X), (B3)
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with equality if xi > 0. The left-hand side of the consumer’s first-order condition in
equation (B3) is the opportunity cost of spending additional resources on purchase
of the public good. Specifically, –pxn

0(yi –pxxi) can be evaluated as a function of xi
in equilibrium as opposed to a function of ci. If n(ci) is concave and increasing in ci, then
by definition it is concave and decreasing in xi. Further, –pxn

0(yi –pxxi) is increasing in
xi. Figure B1 shows this relationship visually.

Importantly, the left-hand sides of equations (B1) and (B3) are both increasing
functions of the arguments xi. As a result, equilibrium in these models will be equiv-
alent. For example, the proof of lemma 1 under this alternative specification is as fol-
lows:

Proof of lemma 1: By definition, eV is strictly larger for high-valuation agents than
for others. Private equilibrium provision for high-valuation agents, x̂g , and low-valuation
agents, x̂u, is implicitly defined by the following system of equations:

–pxn
0(yi – pxx̂g) 5 eVf 0(aNx̂g 1 (1 – a)Nx̂u), (B4)

–pxn
0(yi – pxx̂u) 5 f 0(aNx̂g 1 (1 – a)Nx̂u): (B5)
Figure B1. Equivalence of alternative utility specification
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Since eV > 1, it must be that x̂g > x̂u since –pxn
0(yi –pxx̂g) is increasing in xi , giving

the desired result.
APPENDIX C

The goal of this appendix is to show how the public goods model we work with inter-
acts with cases including a large population, for example, climate change and provision
of energy efficiency by households. Begin by noting two distinct reasons an agent might
contribute to a public good: The neoclassical reason elaborated in Bergstrom et al.
(1986) is that they value, and can individually affect, the aggregate provision of the
good. An alternative explanation is that the agent gets a private benefit from providing
that accrues only if they personally do the provision (e.g., warm glow). We highlight in
the paper how warm glow manifests as cost heterogeneity in our model: it lowers the
cost to the agent of providing relative to other agents. This appendix relates to the neo-
classical justification.

Imagine a public good like the one coming from household energy efficiency and
the associated reduction in climate change impacts for the globe. Suppose for simplic-
ity that global population is 7 × 109 and the total benefit from avoiding a ton of car-
bon emissions is constant at $40/ton. The benefit of provision to any individual agent
( fi (X) in our notation) is clearly very small and is 5:7 × 10–9X. If we add rising mar-
ginal costs, agents would provide only a tiny amount of conservation (such that their
MC 5 5:7 × 10–9). Now suppose some of the agents have a green preference that
makes them like the public good 100 times more than the other agents. Even though
they like the public good much more, the green agents are still very small. They get a
marginal benefit of

(100 × 40)/(7 × 109) 5 5:7 × 10–7:

The green agents would provide a tiny bit more of the public good (following their
individual rising marginal cost curve farther out), so technically the effects from pref-
erence heterogeneity of the sort we model still appear. However, all agents (green or
not) have benefits so close to zero that the effects we study would be insignificant rel-
ative to any form of cost heterogeneity. Our results therefore apply most generally in
settings with a small N.

However, suppose the green agents have a preference for the public good along the
lines of Charness and Rabin (2002):

Vi 5 fi(X) 1o
j≠ i

fj(X):

Agents with Charness and Rabin efficiency preferences effectively internalize the exter-
nalities associated with their own provision. The summation over all the other agents
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nowmakes the green preference quite strong.With these preferences green agents pro-
vide the public good until their marginal cost of provision is equal to

5:7 × 10–9 1o
j≠ i
5:7 × 10–9 5 40:

The summation inside the utility function means that N multiplies the green pref-
erence, so even as the agent’s contribution becomes very small with large N, the value
placed on aggregate provision increases to offset. This creates a substantial wedge be-
tween the greens and nongreens (the nongreens will provide only up to the near-zero
marginal cost described above), and so the distortions from preference heterogeneity
become important.

The key difference between this model and one of individual warm glow is that the
green agents have fj≠ i(X) in their utility functions and so care about the aggregate level
of X directly. This type of prosocial agent would receive utility even if others have
provided the conservation. Since little empirical evidence is available on the form of
underlying preferences, the most general application of our model will be to cases with
a relatively small number of agents; but under certain forms of preference the hetero-
geneity can remain important even as N grows large.
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