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1 Introduction

Targeting is a fundamental problem in the design of public policy. For example, policymakers often

want to target redistributive transfers but do not perfectly observe individual need. Alternatively,

as in Diamond (1973), we may want to levy corrective taxes when agents impose heterogeneous

externalities, but only uniform taxes may be feasible. In these examples, we think of a policy

as "well-targeted" if it successfully allocates transfers to the neediest or preferentially a¤ects the

behavior of agents that impose large externalities.

Aside from redistributing wealth and regulating externalities, governments sometimes regulate

"internalities," a term coined by Herrnstein et al. (1993) to describe welfare losses that misopti-

mizing agents impose on themselves. Cigarette taxes, seat belt laws, and bans of addictive drugs

are examples of policies that might generate welfare gains by reducing internalities. If internalities

are homogeneous across agents, the resulting misallocation can be fully corrected with a homo-

geneous internality tax (O�Donoghue and Rabin 2006). Imagine, however, a simple case where

some consumers misoptimize, while others are rational. A homogeneous internality tax distorts the

already-optimal decisions of rational consumers even as it improves allocations for misoptimizers.

In this example, an internality tax is "well-targeted" if it preferentially a¤ects the behavior of agents

subject to larger internalities. If misoptimizers are relatively inelastic to a tax, then alternative

policy approaches might be much preferred.

One important area where internalities motivate corrective policies is in the purchase of energy-

using durables such as cars and air conditioners. Since a seminal paper by Hausman (1979), it has

frequently been asserted that consumers "undervalue" energy costs relative to purchase prices when

they choose between di¤erent goods, perhaps because they are inattentive to or imperfectly informed

about these costs. Although the empirical evidence is under continued debate, this assertion would

be consistent with �ndings that we are inattentive to other ancillary product costs such as sales taxes

(Chetty, Looney, and Kroft 2009), shipping and handling charges (Hossein and Morgan 2006), and

the out-of-pocket costs of insurance plans (Abaluck and Gruber 2011). Undervaluation of energy

costs has become an important policy issue: along with energy use externalities such as local air

pollution and climate change, it is a key justi�cation for signi�cant regulations such as Corporate

Average Fuel Economy (CAFE) standards and for billions of dollars in subsidies for energy e¢ cient
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durable goods. Despite the policy implications, however, there is little formal guidance on the

implications of undervaluation for the design of energy policy, and little discussion of whether

existing policies are well-targeted.

In this paper, we take as given the assertion that some consumers undervalue energy costs and

derive optimal policies in the context of externalities and heterogeneous internalities. We begin with

a theoretical analysis of consumers that choose between two energy-using durable goods. One good,

which can be thought of as the "gas sipper," has lower energy costs compared to the other, the "gas

guzzler." Consumers have some distribution of utilization demand: some have long commutes, while

others live close to the o¢ ce. When choosing between the two goods, some consumers misoptimize:

while they should be indi¤erent between $1 in purchase price and $1 in energy costs because

both equally a¤ect consumption of the numeraire good, they undervalue energy costs relative to

their private optima. To address internalities and externalities, we model a policymaker with two

instruments: "energy taxes," by which we mean carbon taxes, cap-and-trade programs, gas taxes,

and other policies that change the retail energy price, and "product subsidies," by which we mean

subsidies for hybrid vehicles, home weatherization, and energy e¢ cient appliances, fuel economy

standards, feebates, and other policies that a¤ect the relative purchase price of gas sippers vs. gas

guzzlers.

We show that adding undervaluation reverses two basic results from a canonical Pigouvian

framework where energy use externalities are the only market failure. The �rst canonical result is

that while Pigouvian taxes increase social welfare, they reduce "consumer welfare," by which we

mean social welfare with zero weight placed on the externality. In the current context of climate

change policy, this traditional result is extremely relevant: some policymakers place little weight

on the externality reduction from a carbon tax and argue against such a policy because it damages

the economy in the short term. However, we show that when consumers undervalue energy costs,

this result is reversed: a carbon tax can actually increase consumer welfare, independent of the

reduction in externalities. Intuitively, this is because undervaluation is a pre-existing distortion

that increases demand for gas guzzlers above consumers� private optima, and increasing energy

taxes helps to correct this distortion. Conceptually, this result is related to the Double Dividend

hypothesis explored by Bovenberg and Goulder (1996), Parry (1995), and others in the very basic

sense that it identi�es an additional bene�t from environmental taxation other than externality
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reduction. As such, we call this the e¤ect the Internality Dividend from Energy Taxes.

The second canonical result from the Pigouvian framework is that when energy use externalities

are the only market failure, product subsidies are an ine¢ cient second best substitute for Pigou-

vian energy taxes (Jacobsen 2010, Krupnick et al. 2010, Sallee 2011a). One key reason for this

canonical result is that unlike energy taxes, product subsidies do not impose the correct social cost

of energy use on consumers�utilization decisions: while product subsidies can induce consumers

to buy the �rst best quantity of gas sippers, they will still drive too much. However, we show

that undervaluation of energy costs is more e¤ectively addressed with product subsidies than with

higher energy taxes. Intuitively, one reason for this is that while the energy tax can indeed be

raised high enough to induce consumers that undervalue energy costs to purchase the �rst best

quantity of gas sippers, once they own the vehicles they drive too little because the tax-inclusive

energy price is too high. Thus, once there are both externalities and internalities, these two sources

of ine¢ ciency are best addressed through two instruments: the energy tax targets the externality,

while the product subsidy targets the internality. We call this the Internality Rationale for Product

Subsidies. Because product subsidies are e¤ectively "internality taxes" on gas guzzlers, this result

parallels O�Donoghue and Rabin�s (2006) result that a policymaker would optimally impose sin

taxes if consumers misoptimize by over-consuming a sin good.

In order to provide theoretical guidance on how the several billion dollars of energy e¢ ciency

subsidies disbursed each year in the U.S. might be set optimally, we derive a formula for the optimal

product subsidy. Our result is quite intuitive: the optimal product subsidy equals the weighted

average of the internalities of the marginal consumers, with weights related to the price derivatives

of demand. Thus, what matters for policy design is not the average population internality; it is

the average marginal internality. The optimal product subsidy could in fact be quite small even

if the average consumer in the population signi�cantly undervalues energy e¢ ciency. A subsidy

should be larger if it is "well-targeted" - that is, if the types of consumers that undervalue energy

costs are more responsive to the subsidy. This is analogous to the Diamond (1973) result that the

optimal externality tax in the presence of heterogeneous externalities is the weighted average of the

externalities, the weights being the price derivatives of demand.

To complement the theoretical analysis, we calibrate a discrete choice model of US automobile

demand, using an assumed distribution of undervaluation and a set of utility function parameters
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from the literature. We calibrate the Internality Dividend from Energy Taxes, showing that in-

creasing the energy tax by the estimated climate change externality increases consumer welfare by

$6.90 per metric ton of carbon dioxide abated. We also document the Internality Rationale for

Product Subsidies by calibrating the socially optimal combination of product subsidies and energy

taxes. Under our base case assumptions, the optimal product subsidy is signi�cant: it increases

the relative price of a 20 mile-per-gallon (MPG) vehicle such as the Subaru Outback by about $800

relative to a 25 MPG vehicle such as the Toyota Corolla.

In the vehicle market simulations, we set aside the concept of targeting by assuming that all

consumer types are equally elastic to the product subsidy. However, there are several reasons why

the types of consumers that undervalue energy costs might be relatively inelastic to energy e¢ ciency

subsidies. For example, many people are unaware that they are eligible for large cash rebates and

tax credits if they weatherize their homes or purchase energy e¢ cient appliances. The kinds of

consumers that are imperfectly informed about or inattentive to energy costs may be more likely to

be the kinds of consumers that are imperfectly informed about these subsidies. As another example,

some energy e¢ cient products have small market shares and primarily appeal to consumers with

"green" preferences, and thus subsidies may primarily draw in additional green consumers. Such

consumers that are interested in conserving energy and receive warm glow utility from reducing

energy use externalities may be exactly the kinds of consumers that are well informed about and

highly attentive to energy costs.

We illustrate the importance of targeting in the context of a �eld experiment with lightbulb

buyers at a large home improvement retailer. Lightbulbs are an especially compelling example of

government regulation that is partially justi�ed by internalities. There are two major technologies:

incandescent lightbulbs and compact �uorescent lightbulbs (CFLs). Although CFLs cost more

to purchase, the energy cost savings quickly pay back the incremental upfront price, and it may

be puzzling why only 11 percent of lightbulbs in American homes are CFLs (U.S. DOE 2009).

One explanation is that CFLs and incandescents are not perfect substitutes: the light quality is

di¤erent, CFLs often take some time to fully turn on, and if they break, they can release mercury.

A second potential explanation is that consumers are misoptimizing when they buy incandescents:

we may be unaware of or inattentive to the potential energy cost savings from CFLs. The idea that

consumers would be better o¤ if induced to buy CFLs is popular, and as a result, there were 71
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federal, state, and local programs in the U.S. that promoted or subsidized CFLs in 2008, costing a

total of $175 million (U.S. DOE 2010).1

In the �eld experiment, we randomly varied the amounts of a CFL rebate coupon, which allows

us to consistently estimate the average elasticity to the subsidy. We also implemented a carefully

designed informational intervention that we believe left consumers aware of and correctly informed

about the energy cost di¤erences between CFLs and incandescents. This allows us to estimate the

extent to which shoppers undervalue the bene�ts of CFLs in the absence of the information inter-

vention. We then show that the optimal subsidy and the welfare e¤ects thereof depend signi�cantly

on whether the subsidy has larger e¤ects on purchases by the types that undervalue energy costs.

This example calibration highlights the following basic insight: when consumers are heterogeneous,

the welfare analysis depends not just on how much energy is conserved, but also on who is induced

to conserve. This contrasts with the current standard approach to welfare analysis (e.g. NHTSA

2010), which implicitly assumes homogeneous internalities.

Although our analysis centers on energy policy, this should not obscure the general importance

of behavioral targeting and the average marginal internality. Consider the examples of calorie

consumption, cigarette smoking, or other addictions. In the very plausible world where some

consumers misoptimize and others do not, it is crucial to understand the tax elasticities of di¤erent

consumer types. If misoptimizing types are inelastic and rational types are not, then the welfare

e¤ects of an internality tax could be negative even if the average consumer overconsumes and the

tax reduces consumption. For example, this might be the case when the consumers believed to

be misoptimizing are addicted to the sin good, as discussed in Bernheim and Rangel (2005).2 If

internality taxes are poorly targeted, this increases the relative appeal of other policies such as

information provision, "nudges," asymmetric paternalism, and other policies that are designed to

a¤ect misoptimizers without a¤ecting rationals (Camerer et al. 2003; Sunstein and Thaler 2003;

Thaler and Sunstein 2008). In our conclusion, we lay out a framework for thinking about these

1The idea that consumers would be better without even the option to buy incandescents is also popular. California
will ban incandescents by 2018, and some kinds of incandescents are to be banned nationwide beginning in late 2012.
A number of other countries have begun or will soon begin to ban incandescents, including Argentina, Australia,
Brazil, Canada, China, Cuba, the European Union countries, Israel, Malaysia, Russia, and Switzerland.

2Gruber and Koszegi (2004) calibrate a model where smokers misoptimize and di¤erent consumer types have
di¤erent price elasticities. They show that modeling misoptimization reduces or even reverses the regressivity of
cigarette taxes. By contrast, our argument is about e¢ ciency, not equity, and we are interested in the tax elasticity
of di¤erent misoptimization types, not di¤erent income types.
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other policies in the context of energy-using durables.

Aside from the work we cite elsewhere in this paper, our paper is also related to a theoretical and

empirical literature that analyzes public policies when agents misoptimize, including in the context

of health care (Baicker, Mullainathan, and Schwartzstein 2012), cellular phone contracts (Grubb

and Osborne 2012), and drug addiction (Gul and Pesendorfer 2007).3 Perhaps the most closely

related paper in this broader literature is by O�Donoghue and Rabin (2006), who study optimal sin

taxes for a hypothetical good ("potato chips") that is overconsumed by misoptimizing consumers.

When we interpret energy ine¢ cient goods as potato chips, several of our basic theoretical results

parallel their arguments. However, our application to energy-using durables leads us to a theoretical

framework with additional features: two ine¢ ciencies (externalities and internalities), two margins

(purchase and utilization), and two policy instruments (energy taxes and product subsidies). These

additional features of energy-using durables generate additional theoretical results and motivate our

vehicle market simulation and lightbulb �eld experiment. In addition, we di¤er from O�Donoghue

and Rabin (2006) in that we focus more intensely on the importance of heterogeneous internalities

and the targeting of internality taxes. This focus is motivated by an observation in O�Donoghue

and Rabin�s paper that internality taxes will not improve welfare if misoptimizing consumers are

not sensitive to the market price.

The paper proceeds as follows. In Section 2, we provide more background on undervaluation of

energy costs and relevant energy e¢ ciency policies. Section 3 presents our theoretical model and

formal results on optimal tax policy. Section 4 details the auto market simulation and results. Sec-

tion 5 presents the lightbulb rebate �eld experiment and welfare calculations. Section 6 concludes

with a discussion of "behavioral targeting" and policies other than product subsidies that might

preferentially target inattentive consumers.

3This literature is reviewed in Mullainathan, Schwartzstein, and Congdon (2012). In a discussion in the Journal of
Economic Literature, Kroft (2011) argues that there is much progress yet to be made: �The public �nance literature
is only recently beginning to consider behavioral welfare economics, and there exist few theoretical explorations of
optimal policy with behavioral agents.�
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2 Background

2.1 Undervaluation of Energy Costs

In this paper, we use the generic word "undervaluation" to capture a set of factors that reduce

demand for energy e¢ cient durable goods below consumers�private optima. Several factors are

commonly proposed. The �rst is systematically biased beliefs: consumers may underestimate the

energy cost savings from energy e¢ cient durables. For example, the o¢ cial cost-bene�t analysis of

the current U.S. fuel economy standard argues that consumers have incorrect "perceptions" of fuel

cost savings (NHTSA 2010, page 2). Attari et al. (2010) and Larrick and Soll (2008) document

particular systematic biases in the way that we perceive energy costs of di¤erent durable goods.

A second factor is that it takes time and thought to acquire energy cost information for di¤erent

goods. For example, it is commonly suggested that renters or home buyers cannot costlessly observe

whether an apartment or home is energy e¢ cient. Consumers who do not incur the information

cost may implicitly choose as if all options are equally energy e¢ cient, and could therefore choose

a home that is less energy e¢ cient than the one they would choose under costless information.

Davis (2010) and Gillingham, Harding, and Rapson (2010) provide empirical evidence of equilibria

consistent with this form of imperfect information.

A third potential factor is inattention. The idea that consumers are inattentive to a product�s

energy costs would be consistent with empirical evidence from other domains that we are inattentive

to other ancillary product costs. Consumers on eBay, for example, are less elastic to shipping

and handling charges than to the listed purchase price (Hossain and Morgan 2006). Mutual fund

investors appear to be less attentive to ongoing management fees than to upfront payments (Barber,

Odean, and Zheng 2005). Chetty, Looney, and Kroft (2009) show that shoppers are less elastic to

sales taxes than to prices. Abaluck and Gruber (2011) show the seniors choosing between Medicare

Part D plans place more weight on plan premiums than on expected out-of-pocket costs. Some

suggestive evidence on inattention comes from the Vehicle Ownership and Alternatives Survey

(Allcott 2011a), in which 40 percent of Americans report that they "did not think about fuel costs

at all" when buying their most recent vehicle.

A set of empirical papers dating to the 1970s have tested for undervaluation in di¤erent contexts.

Hausman (1979) estimated that the "implied discount rate" that rationalizes consumers�tradeo¤s
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between purchase prices and future energy costs for air conditioners was 15 to 25 percent, above

the rates at which most consumers borrowed and invested money. His results were corroborated by

Gately (1980), who showed that buyers of energy ine¢ cient refrigerators needed to have discount

rates of 45% to 300%, and by Dubin and McFadden (1984), who found that choices and utilization

of home heating equipment implied a 20 percent discount rate. Hausman (1979) argued that

consumers were making mistakes by not buying more energy e¢ cient appliances, but that this

was unsurprising because "at least since Pigou, many economists have commented on a �defective

telescopic faculty.�"

A number of papers have tested for whether automobile consumers appear to undervalue future

gasoline costs relative to purchase prices, including Allcott and Wozny (2011), Austin (2008),

Busse, Knittel, and Zettelmeyer (2011), Dreyfus and Viscusi (1995), Goldberg (1998), Kilian and

Sims (2006), Sallee, West, and Fan (2011), Sawhill (2008), and Verboven (1999, 2002). Greene

(2010) reviews 25 studies, of which 12 suggest that consumers tend to undervalue gas costs, �ve

suggest that we overvalue gas costs, and eight indicate that the average consumer makes the tradeo¤

correctly. Section 5 provides an example of how our framework is relevant for policy design when

the average consumer correctly values energy costs, but some consumers overvalue while other

consumers undervalue.

2.2 Existing Energy Taxes, Subsidies, and Standards

In the U.S., a wide array of state and federal policies encourage energy e¢ ciency. Our analysis

focuses speci�cally on what we call "product subsidies": taxes or subsidies that reduce the relative

prices of energy e¢ cient durable goods. Such policies include tax credits of up to $3400 for hybrid

vehicles, which were available for the bulk of the last decade, as well as the "gas guzzler tax," an

excise tax ranging from $1000 to $7700 on the sale of low fuel economy passenger cars. Another

example is the Weatherization Assistance Program, which heavily subsidizes weatherization for

about 100,000 low-income homeowners each year. Furthermore, in many states, there are an array

of rebates and subsidized loans for weatherization and energy e¢ cient appliances; these "Demand-

Side Management programs" cost about $3.6 billion per year (U.S. EIA 2010).

Importantly, our model of product subsidies also captures the e¤ects of the Corporate Average
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Fuel Economy (CAFE) standard. This policy requires that the �eets of new cars and trucks sold

by each auto manufacturer attain a minimum average fuel economy rating. This constraint adds a

relative shadow cost to the sale of low fuel economy vehicles, inducing automakers to increase their

relative prices. Thus, the CAFE standard a¤ects consumers in the same way as a product subsidy,

by changing relative product purchase prices. In the long run, of course, both explicit subsidies

and the CAFE standard induce changes in the characteristics of vehicles o¤ered, but this is well

beyond the scope of our analysis.45

Why do we have these policies? As discussed in Allcott and Greenstone (2012), potential reasons

include externalities, internalities, and a set of other market failures largely deriving from imperfect

information that could cause consumers and �rms to underinvest in energy e¢ cient goods. The

informal policy logic is well-summarized in Hausman�s (1979) discussion of consumers�high esti-

mated discount rate: "Since this individual discount rate substantially exceeds the social discount

rate used in bene�t-cost calculations, the divergence might be narrowed by policies which lead to

purchases of more energy-e¢ cient equipment." The idea that energy e¢ ciency policies can correct

consumer misoptimization plays an important role in some discussions, including a central role

in the U.S. government�s o¢ cial cost-bene�t analysis of recent increases in the CAFE standard.6

Several other analysis explore this idea theoretically or analytically, including Allcott and Wozny

(2011), Fischer, Harrington, and Parry (2007), Krupnick et al. (2010), and Parry, Evans, and Oates

(2010). In particular, Heutel (2011) is a nice related paper that studies command-and-control vs.

4Our study is related to other studies of CAFE standards and other potential policies to decrease the relative
purchase prices of energy e¢ cient vehicles, including Anderson, Parry, Sallee, and Fischer (2010), Austin and Dinan
(2005), Fischer, Harrington, and Parry (2007), Fullerton and West (2010), Gallagher and Muehlegger (2011), Goldberg
(1998), Greene, Patterson, Singh, and Li (2005), Jacobsen (2010), Kleit (2004), and Sallee (2011a).

5Since the mid-1980s, there have also been a set of minimum energy e¢ ciency standards for refrigerators, air
conditioners, hot water heaters, and many other household appliances. These standards can also be captured in our
model, as product subsidies so large as to completely eliminate sales of the energy ine¢ cient good. Since the set of
policy options we consider places no restrictions on the level of the product subsidy, we know that a minimum energy
e¢ ciency standard is not the optimal policy if the optimal product subsidy is below the level that implies zero sales
of the energy ine¢ cient good. However, our model does not include a cost of public funds, which should factor into
a full evaluation of product taxes or subsidies versus minimum energy e¢ ciency standards.

6 In its Regulatory Impact Analysis of the recently strengthened CAFE standard (2010, page 2), the National
Highway Tra¢ c Safety Administration (NHTSA) writes, "Although the economy-wide or "social" bene�ts from re-
quiring higher fuel economy represent an important share of the total economic bene�ts from raising CAFE standards,
NHTSA estimates that bene�ts to vehicle buyers themselves [original emphasis] will signi�cantly exceed the costs of
complying with the stricter fuel economy standards this rule establishes . . . However, this raises the question of why
current purchasing patterns do not result in higher average fuel economy, and why stricter fuel e¢ ciency standards
should be necessary to achieve that goal. To address this issue, the analysis examines possible explanations for this
apparent paradox, including discrepancies between the consumers�perceptions of the value of fuel savings and those
calculated by the agency . . . "
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market based environmental regulation under hyperbolic discounting.

Di¤erent readers will have di¤erent assessments of the empirical evidence on whether consumers

undervalue energy costs in particular contexts, as well as di¤erent philosophies on whether this is

even theoretically possible and whether policymakers should intervene. However, the fact is that

energy policies that cost many billions of dollars are partially or even largely justi�ed as responses

to some form of consumer undervaluation. This paper is motivated by the idea that aside from

empirically testing if and when consumers undervalue energy costs, it is also crucially important

to provide formal theoretical analysis that can help improve the design of these policies. We begin

this task in the next section.

3 Optimal Taxation of Energy-Using Durables

3.1 Setup

3.1.1 Consumer Utility

We model consumers who choose between an energy ine¢ cient durable I, and an energy e¢ cient

durable E. Concretely, we have in mind a choice between hybrid versus non-hybrid cars, compact

�uorescent lightbulbs versus incandescents, and standard versus energy e¢ cient versions of air

conditioners, washing machines, and other appliances. Consumers have single unit demand, and

the durables di¤er in their energy e¢ ciency. A durable j 2 fI; Eg consumes ej units of energy per

unit of utilization m, with eI > eE .

Consumers are di¤erentiated by a parameter �, which corresponds to how much a consumer

will utilize his durable. A high-� consumer is one who has a long commute to the o¢ ce or lives in

a hot climate that requires lots of air conditioner use. We assume that each consumer chooses a

utilization levelm > �, from which he derives utility u(m��). To ensure the existence of an interior

optimum, we assume u0 > 0, u00 < 0, limx!0 u0(x) =1 and limx!1 u0(x) = 0. We also assume that

jxu00(x)=u0(x)j > 1 to ensure that the price elasticity of utilization is less than one in absolute value,

consistent with empirical estimates such as Davis (2008), Gillingham (2010), Hughes, Knittel, and

Sperling (2007), and Small and Van Dender (2007). This implies that consumers use less energy

when they purchase the more energy e¢ cient durable. The parameter � is distributed according to
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some atomless distribution F with positive support on the positive reals.

For simplicity, we assume that the two durable goods di¤er only in energy e¢ ciency and not

in how they directly impact a consumer�s utility. However, the basic logic of our results also goes

through when the goods are di¤erentiated on another attribute which consumers value heteroge-

neously. For example, we could allow some consumers to derive warm glow utility from owning

hybrid vehicles, or we could allow that some consumers prefer the light quality from incandescent

lightbulbs.

We also assume that there is no outside option. We abstract away from the outside option for

two reasons. First, this allows us to remain agnostic about how exactly consumer inattentiveness

to di¤erences in energy costs impacts their choice of an outside option. Second, this also allows us

to interpret our model as a model of consumer choice of e¢ ciency enhancements such as weather-

ization. Indeed, I can be viewed as the status quo of all consumers who have not weatherized their

homes, whereas E is the improved e¢ ciency of consumers who have weatherized their homes.

Whatever consumers don�t spend on purchasing the durable and subsequent energy use, they

spend on the numeraire good. Therefore, if pg is the cost of energy, pj is the price of durable j, T

is a transfer from the government and Y is the budget constraint, then a consumer derives utility

fY + T � pj � pgmejg+ u(m� �) (1)

from purchasing durable j and choosing m units of utilization. Notice that the term in brackets is

consumption of the numeraire good: the amount of money from income Y and transfers T that the

consumer has left over after purchasing the durable good and paying for energy. Each consumer�s

budget constraint is large enough so that the optimal choice m� is an interior solution.

3.1.2 Consumer Choice

We assume that while a consumer�s utility is determined by � alone, consumer choice may also be

driven by a valuation parameter 
.

It is helpful to de�ne the function v as follows:

v(�; e; pg) � max
m
fu(m� �)� pgmeg: (2)
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Think of v(�; eE ; pg) � v(�; eI ; pg) as the gross utility gain from the energy e¢ cient good, and

pE � pI as the incremental price. A fully optimizing consumer chooses durable E if and only if

v(�; eE ; pg)� v(�; eI ; pg) > pE � pI : (3)

Misoptimizing consumers, on the other hand, do not fully value how di¤erences in energy

e¢ ciency will impact their future utility, and choose E if and only if


[v(�; eE ; pg)� v(�; eI ; pg)] > pE � pI (4)

for some 
 2 (0; 1).

Misoptimizing consumers in our model are similar to "myopic" consumers in Gabaix and Laib-

son (2006) that do not fully value "add-on costs" when purchasing a good or service. These

consumers do not rationally acquire information about add-on costs or rationally infer their mag-

nitude. Therefore, this model most closely captures exogenous inattention or exogenously biased

beliefs. It also directly maps into a naive quasi-hyperbolic discounting model if purchase prices

reduce consumption in the present and energy costs reduce consumption in the future.

Of course, di¤erent readers may have in mind other models. The core theoretical results of the

paper, the Internality Dividend from Energy Taxes to be derived in Proposition 1 and the Internality

Rationale for Product Subsidies to be derived in Proposition 2, are likely to go through in other

models with two features: consumers do not maximize experienced utility, and this misoptimization

reduces demand for the energy e¢ cient good. In Online Appendix II, we show that Propositions 1

and 2 hold in an alternative model of costly information acquisition.

We will use the following additional notation throughout the paper: p will refer to the price

vector (pI ; pE ; pg) and �(�; 
; p) will denote the consumer�s choice of durable I or E (at prices p).

3.1.3 The Government

Products j 2 fE; Ig are produced in a competitive economy at a constant marginal cost cj , with

cI < cE . Similarly, energy is produced in a competitive market at constant marginal cost cg. The
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government chooses a subsidy �E for product E and an energy tax � g.7 Prices are then given by

pI = cI , pE = cE � �E , pg = cg + � g. We will use � to refer to the tax policy vector (�E ; � g), and

use T (�) to refer to the tax revenue from that policy (which could be negative).

The government maintains a balanced budget. Because T (�) is a lump-sum tax or transfer,

taxing or subsidizing durables purchases or energy use has no distortionary e¤ects on other dimen-

sions of consumption. We are therefore abstracting to a simpli�ed scenario in which the cost of

public funds is 1.

De�ne � as the marginal damage per unit of energy used, Qg(p) as the amount of energy used

at prices p, and H as the joint distribution of (�; 
). For a consumer of type (�; 
), also de�ne

V (j; �; 
) � v(�; ej ; pg)� pj (5)

to be the experienced utility from purchasing durable j. Notice that for 
 6= 1, consumers

undervalue energy costs and therefore do not necessarily choose j to maximize V (j; �; 
). The

government wishes to set � so as to maximize consumer utility net of the damage caused by energy

use:

W (�) �
Z
[V (�(�; 
; p); �; 
) + Y + T (�)]dH � �Qg(p): (6)

We will call W the social welfare and call WSB � max� W (�) the second best. We will use

WFB to refer to the �rst best : the maximum social welfare that is obtainable under any possible

combination of choices of durables and utilizations by consumers.8

At times we will be interested in a slightly di¤erent objective function that doesn�t consider

the marginal damage and focuses solely on consumer utility. We use W0 to denote this objective

function and de�ne it exactly the same way as W except without the �nal term �Q(p). We will

refer to W0 as consumer welfare. Unless otherwise stated, however, we focus our analysis on the

social welfare W .

Figure 1 illustrates the setup of equilibrium in the durable goods market. The two goods are

supplied perfectly elastically, and the incremental price of good E is the horizontal black line. The

7Because there is no outside option, we do not lose any generality by not considering only the subsidy for E. In
our model, subsidies � 0I and �

0
E for products I and E, respectively, are choice and welfare equivalent to subsidies

� I = 0, �E = � 0E � � 0I .
8To be more precise, set w(�) � maxm;i2fI;Egfu(m� �)� (cg + �)mei � cig. Then WFB =

R
w(�)dF .
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�rst best demand curve, if consumers all have 
 = 1, is the solid blue line through points c and a.

The shape of the demand curve is determined by the distribution of gross utility gain from good E,

v(�; eE ; pg)� v(�; eI ; pg), which itself is determined by the distribution of utilization needs �. The

�rst best equilibrium is at point a, with quantity demanded q�. For the marginal consumer at that

point, the gross utility gain just equals the incremental price. However, if consumers undervalue

the gross relative utility gain v(�; eE ; pg) � v(�; eI ; pg) by factor 
 < 1, their demand curve for

good E shifts downward proportionally. The equilibrium with undervaluation is at point b, and

the consumer welfare loss from undervaluation is the triangle abc.

3.2 The Internality Dividend from Energy Taxes

To keep our results simple and sharp, we work with a simple distribution of 
 in which a fraction

� of consumers have valuation parameter 
L 2 (0; 1] and a fraction (1 � �) of consumers have

valuation parameter 
H 2 [
L; 1]. The distribution of 
 is independent of the distribution of �.

A canonical result is that when consumers perfectly optimize, their welfare W0 (which does not

take into account damages from energy use) cannot be increased with taxes, since in our framework

these can only be distortionary. Similarly, when consumers optimize perfectly, social welfare W

(which takes damages into account) is maximized simply by setting equating the energy tax to the

marginal damage. We note this as Claim 1:

Claim 1 Suppose that consumers optimize perfectly (
L = 
H = 1). Then then consumer welfare

W0 is maximized by ��g = 0 and �
�
E = 0. Similarly, social welfare W is maximized by ��g = � and

��E = 0.

Notice how in the model with externalities only, the Pigouvian tax ��g = � increases social

welfare but reduces consumer welfare.

When some consumers undervalue energy e¢ ciency, however, some additional intervention is

optimal even when energy use externalities are not taken into account. When at least some con-

sumers underconsume E, it is optimal to encourage more purchase of E with either a subsidy or a

higher energy tax. In particular, if the government does not rely on subsidies, then a higher energy

tax improves consumer welfare.
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Proposition 1 Suppose that 
L < 1. If the government maximizes W0 then the energy tax that

maximizes consumer welfare is ��g > 0.

Online Appendix I includes the proof of this and all other propositions in the paper. The basic

intuition behind this proposition is that undervaluation is a pre-existing distortion that reduces

demand for the energy e¢ cient good E below consumers�private optima. A positive energy tax

induces some consumers that had misoptimized by choosing good I to instead choose good E,

increasing consumer welfare. It should be emphasized that this proposition holds even if 
H = 1.

That is, even if some consumers choose optimally, then additional intervention is still bene�cial,

even at the cost of making these consumers�choices less e¢ cient. The reason is that if a consumer

with valuation parameter 
H is indi¤erent between E and I at the policy (�E ; � g) = (0; 0), then

the bene�t of giving E to this consumer equals the bene�t of giving I to this consumer. Thus

the e¢ ciency loss from changing the choices of optimizing consumers who are close to indi¤erent

between E and I is �rst-order zero. On the other hand, the gain to encouraging more consumers

with 
L < 1 to purchase E is �rst-order positive. This intuition, which is similar to the basic

logic underlying the Envelope Theorem, is emphasized by O�Donoghue and Rabin (2006) in their

analysis of optimal sin taxes.

This proposition illustrates how undervaluation reverses the traditional result that energy taxes

reduce consumer welfare. Why is this important? One reason is that some policymakers argue

against carbon taxes or other energy taxes because they are "bad for the economy," which in

our model formally means that they are bad for consumer welfare. Our result shows that even a

policymaker who places zero importance on externality reductions might still support an energy

tax. This result relates to the Double Dividend hypothesis in the basic sense that it identi�es a

potential bene�t of environmental taxation other than externality reduction. As such, we call this

the Internality Dividend from Energy Taxes.

Notice that the basic reason for this result is that the internality distorts the extensive margin

decision in the same direction as the externality. If we instead thought that consumers overvalued

energy e¢ ciency, then an energy tax at the level of marginal damages would reduce consumer

welfare more than in the fully optimizing case. In fact, with su¢ cient overvaluation, imposing

an energy tax could reduce social welfare. If this were the case, overvaluation would provide an
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example of Lipsey and Lancaster�s (1956) theory of the second best, in which an intervention that

would increase welfare in the absence of other distortions could actually decrease welfare.

Figure 1 illustrates how an energy tax increases consumer welfare. For simplicity, imagine that

all consumers have homogeneous 
 < 1 such that the dashed red line is now the market demand

curve, and qL is the quantity demanded of E. An energy tax rotates up the demand curve, shifting

the equilibrium to point d. The set of consumers between qL and q0L now purchase good E, as they

do in the �rst best, and consumer welfare is higher. Although consumers also pay more in taxes, this

money is recycled to them through transfer T . The energy tax that maximizes consumer welfare

trades o¤ these gains from improved product allocation with the allocative losses from reduced

utilization due to higher energy prices.

3.3 The Internality Rationale for Product Subsidies

Claim 1 reminds us that when externalities are the only market failure, not only does the optimal

energy tax give the �rst best, but the optimal product subsidy is zero. In practice, the evidence

suggests that product subsidies are a highly ine¢ cient substitute for the energy tax. For example,

Krupnick et al. (2010) show that proposed energy e¢ ciency standards have �ve times more con-

sumer welfare cost per ton of carbon abated than energy taxes, and Jacobsen (2010) shows that

CAFE standards cost 2.5 times more per ton abated than gas taxes. One of the main reasons for

this is that if the energy price is not at the �rst best level, a product subsidy will cause consumers

to buy more energy e¢ cient goods but then use them too much.

In this section, however, we show that when consumers undervalue energy e¢ ciency, product

subsidies can now increase welfare. Furthermore, the policy problem is essentially one of two

market failures and two instruments, where the energy tax primarily targets the externality and

the product subsidy primarily targets the internality. We call this logic the Internality Rationale

for Product Subsidies.

The basic Internality Rationale result is that when consumers sign�cantly undervalue energy

e¢ ciency, an optimal combination of subsidy and energy tax must include a positive product

subsidy. The next two propositions characterize what the optimal tax policy must look like. Any

optimal policy must have either a positive subsidy or an energy tax above marginal damages, and
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as consumers become more and more inattentive, the optimal subsidy gets very large.

Proposition 2 Suppose that 
L < 1. Then @
@�E

W > 0 and @
@�g

W > 0 at (�E ; � g) = (0; �). If

(��E ; �
�
g) is an optimal tax policy, then either �

�
E > 0 or �

�
g > �.

We now show that under certain conditions, more undervaluation implies that product subsidies

are more "important" in two senses. First, we show that holding heterogeneity in 
 constant, more

undervaluation implies a larger product subsidy.9 More formally, consider two di¤erent distributions

of 
, G and G0, that have valuation weights f
H ; 
Lg and f
0H ; 
0Lg, respectively. G0 implies more

undervaluation: 
0L < 
L. Suppose that "
 heterogeneity" is the same in these two distributions: �

is the same, and 
H=
L = 
0H=

0
L. Proposition 3 shows that the optimal product subsidy is larger

under G0:

Proposition 3 Suppose that (��E ; �
�
g) is an optimal tax policy under G, and suppose that �

��
E > ��E

satis�es cE � cI � ���E =

0L

L
(cE � cI � ��E). Then (���E ; ��g) is an optimal tax policy under G0.

When 
0L=
L � 0, meaning that G0 implies very substantial undervaluation, Proposition 3 shows

that ���E � cE� cI . Thus when consumers are very inattentive, the optimal tax policy must involve

a subsidy so large that the tax-inclusive price of E becomes is almost as low as the price of I. More

generally, the expression in Proposition 3 can be used to show that that for 
0L low enough, the

optimal combination of a subsidy and energy tax must always involve a positive subsidy.

The second sense in which increasing undervaluation makes the product subsidy more important

is that the social welfare that can be achieved by the energy tax alone is decreasing in the amount

of undervaluation. De�neW TB
energy to be the "third-best" level of social welfare that can be achieved

by the energy tax alone when the subsidy is constrained �E = 0.

Proposition 4 Suppose that jxu00(x)j=ju0(x)j > 2.10 Then W TB
energy is smaller under G

0 than under

9We emphasize the importance of holding heterogeneity constant, as the simple intuition that more inattention
calls for more intervention is not necessarily correct. Consider, for example, the e¤ect of varying 
L while 
H is �xed
at 
H = 1. For intermediate values of 
L, the optimal intervention might be quite sizable. However, as 
L gets close
to zero so that the less attentive consumers are nearly insensitive to the advantages of purchasing E, any taxes that
fall short of making pI � pE will have very little e¤ect on the less attentive consumers. To make this e¤ect very clear,
consider the limit case 
L = 0, so that unless pI = pE , consumers will not purchase E. Thus any intervention that
impacts the choices of the 
L consumers forces all consumers with 
H = 1 to purchase E. So if there are enough
consumers with 
H = 1, then no intervention may be optimal at all.
10As is shown in the proof of the proposition, assuming that the price elasticy of utilization is less than 1=2 ensures

that the savings from energy costs are substantial for all consumers, and thus that all consumers, including ones with
very low utilization levels, would save substantially more in energy costs if they were to purchase E.
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G and WSB �W TB
energy is larger under G

0 than under G.

Essentially, these two sources of ine¢ ciency require two corrective instruments. Why is the

energy tax alone ine¤ective at addressing internalities? One key reason is the utilization elasticity.

If utilization demand were fully inelastic, an energy tax could be set higher and higher to correct for

increasing undervaluation, as long as consumers do not fully undervalue energy costs. The problem

with this approach is that the increasingly large energy tax increasingly distorts utilization choices

away from the �rst best: consumers buy more energy e¢ cient goods but use them too little. Thus,

the problem with using energy taxes as an instrument to address undervaluation of energy e¢ ciency

is not just that consumers undervalue the tax: it is that the energy tax also distorts decisions on a

second margin where it is not asserted that consumers misoptimize.

Given that internalities provide a rationale for some product subsidy, what is the optimal

product subsidy? We now derive a formula for the optimal subsidy given any energy tax � g. Two

pieces of notation are required. First, let Dk denote the total demand for product E by consumers

with valuation parameter 
k, and let D
0
k be the derivative of Dk with respect to �E . Second, let

GkD
0
k be the marginal change in total energy consumed when the subsidy �E is perturbed.

By Equation (4), the social bene�t of obtaining E rather than I to the 
k consumer who thinks

he is indi¤erent between E and I is (cE � cI � �E)=
k � (cE � cI) + Gk(� g � �). Thus the total

impact of a marginal increase in �E is given by

X
k

[(cE � cI � �E)=
k � (cE � cI) + (� g � �)Gk]D0
k (7)

Equation (7) is a weighted sum of how each 
k group is impacted by the subsidy, with the weights

D0
k corresponding to how how many consumers with weights 
k are marginal to the subsidy. The

�rst order condition determining the optimal value of �E is given by setting Equation (7) equal to

zero. When 
L < 
H , the �rst order condition will trade o¤ gains to the low-
 consumers with

losses to the high-
 consumers. Setting Equation (7) equal to zero and solving for the optimal ��E

yields

��E = (cE � cI)

0@1� P
kD

0
kP

k
D�0
k

k

1A+ (�� � g)PkGkD
0
kP

k
D0
k

k

: (8)

The above equation covers the case when the energy tax does not equal marginal damages.
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When � = � g, we obtain a simpler expression:

��E = (cE � cI)

0@1� PkD
0
kP

k
D0
k

k

1A (9)

To build additional intuition, consider the case when consumers have homogeneous undervalu-

ation, i.e. 
L = 
H � 
. Furthermore, recall that there is an optimal marginal utilization type ��

for whom the gross utility gain from the energy e¢ cient product is just equal to the incremental

cost: v(��; eE ; pg) � v(��; eI ; pg) = (cE � cI). This means that the optimal product subsidy under

homogeneous 
 is:

��E = (v(�
�; eE ; pg)� v(��; eI ; pg))(1� 
) (10)

This shows the intuitive result that the optimal product subsidy is equal to the internality of

the consumer who is marginal in the social optimum. It corrects relative product prices by exactly

the amount that this optimal marginal consumer misperceives the gross utility gains.

One can also see that Equation (9), the optimal uniform internality tax in the presence of het-

erogeneous internalities is the weighted average of internalities, the weights being related to the

price derivatives of demand. Although not identical, this is analogous to the result of Diamond

(1973), who shows that the optimal uniform externality tax in the presence of heterogeneous ex-

ternalities is the weighted average of the externalities, the weights being the price derivatives of

demand.

Notice that the optimal value of �E is positive as long as 
k � 1, � g � �, and 
k < 1 for at

least one k. Notice also how the formula makes explicit that what drives subsidies to be high is

not just lower 
k, but also the share of the di¤erent 
 types on the margin; that is, Dk=(
P
kD

0
k)

determines how responsive the optimal subsidy is to the types with valuation 
k. Put di¤erently,

what matters here is not the average internality, but an average marginal internality.

Although for the propositions, we assume that 
 � 1, the optimal subsidy formula only requires

that 
 > 0. The basic logic of the Internality Rationale also translates to a world with some

consumers that overvalue energy costs. If the average marginal consumer undervalues energy costs,

a positive subsidy is optimal. This means that even if the population average 
 is one, a positive
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product subsidy is still optimal if the low-
 types have larger demand derivatives than the high-


types. Interestingly, a negative product subsidy is optimal in the opposite case when the high-


types have larger demand derivatives. We return to these issues as we analyze the lightbulb �eld

experiment in Section 5.

3.4 Heterogeneity and Targeting

We now examine the welfare e¤ects of heterogeneity in 
. How close to the �rst best can we get with

tax and subsidy policies that are uniform across consumers, when the internality is non-uniform?

Proposition 5 states that when consumers are homogeneous in their valuation (
H = 
L), a

proper choice of subsidy recovers the �rst best.

Proposition 5 Suppose that 
L = 
H � 
 < 1. Then the �rst best is uniquely achieved with

��g = � and ��E > 0. Moreover, the optimal subsidy �
�
E is strictly decreasing in 
.

The basic intuition for the previous proposition can be illustrated by returning to Figure 1.

Here again, the line connecting points c and a would be the demand curve if 
 = 1, and the dashed

line through point b is the true demand curve if consumers all have homogeneous undervaluation

parameter 
L = 
H = 
 < 1. At � g = �, consumers will choose in a socially e¢ cient way on the

intensive margin. However, when �E = 0, consumers will underpurchase E relative to the social

optimum: the equilibrium quantity will be qL < q�. A subsidy that reduces the relative price of E

to the point where the equilibrium quantity demanded is q� achieves the �rst best.

When consumers are heterogeneous in their degree of undervaluation (
L 6= 
H), the �rst best

is no longer possible. Figure 2 illustrates this point. Imagine that the solid blue line is the demand

curve for a perfectly attentive subset of consumers with 
 = 
H = 1, and the dashed red line is the

demand curve for the subset of consumers with 
 = 
L < 1. The �rst best quantity demanded of

the energy e¢ cient good is qH . A subsidy that brings the relative price of E to the dotted horizontal

line will improve allocations for consumers that undervalue, increasing quantity demanded from qL

to q0L. However, the subsidy also distorts the decisions of the 
 = 1 types, increasing quantity

demanded from qH to q0H . The subsidy level drawn in Figure 2 is too large for some consumers and

not strong enough for others: there is remaining welfare loss in the white triangle (agh) and the
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shaded red triangle (amn) relative to the �rst best. The simple intuition is that a homogeneous

subsidy cannot correct misoptimization by heterogeneous types.

Notice that whether or not the �rst best can be achieved does not depend on how much the

agents undervalue energy costs, but rather on whether or not they are homogeneous in their val-

uation. On Figure 2, imagine shrinking the di¤erence in slopes between the two lines. The white

and red welfare loss triangles (agh and amn) shrink, and as the heterogeneity disappears, the �rst

best is obtained.

We now show this result formally, using two di¤erent ways of thinking about heterogeneity.

First, we can ask what happens as we increase or decrease the fraction of low-
 agents in the

population. As would be suggested by Proposition 5, when � � 0 or � � 1, so that the agents

are concentrated around one particular level of 
, the second best should be very close to the �rst

best. As we increase heterogeneity by moving � further away from 1 or from 0, however, the gap

between the �rst and second best increases. This is part 1 of Proposition 6.

Second, we can ask what happens when we broaden the support of the distribution of underval-

uation. It turns out that what determines the second best is not the absolute di¤erence 
H � 
L,

but rather the ratio 
H=
L. For example, if 
L = 0:8 and 
H = 0:9, so that 
H � 
L = 0:1 and


H=
L = 1:125, then the second best may be quite close to the �rst best. On the other hand, if


L = 0:2 and 
H = 0:1, so that 
H=
L = 2, the second best is now much further from the �rst

best, even though we still have 
H � 
L = 0:1. Intuitively, this is because the relation between the

marginal high-
 consumer and the marginal low-
 consumer is determined by 
H=
L. For example,

if the marginal high-
 consumer assigns twice as much weight to energy costs than the marginal

low-
 consumer, then his energy cost savings from purchasing E will be approximately 50% of the

energy cost savings of the marginal low-
 consumer. Part 2 of Proposition 6 is that the allocation

under the optimal policy is less socially e¢ cient the bigger the di¤erence between the marginal

consumers from the di¤erent 
 groups.

Proposition 6 Let WFB denote the �rst best welfare and let WSB be the maximum achievable

welfare using taxes �E and � g. Then

1. Holding 
L and 
H constant, there is �y 2 (0; 1) such that WFB �WSB is increasing in �

when � > �y but decreasing in � when � < �y.
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2. Holding � constant, WFB �WSB is continuous and strictly increasing in 
H=
L.

Propositions 6 illustrates one of our main points about heterogeneity and the e¢ cacy of taxes:

as consumers become more and more heterogeneous in their levels of undervaluation, tax policy

becomes more and more of a blunt instrument. Intuitively, this is because as the distance between

di¤erent consumers�levels of misoptimization grows, any "compromise" tax policy becomes further

from each type�s own optimal level.

Heterogeneity also implies that the targeting of a policy is important: an ideal policy would

preferentially a¤ect the decisions of consumers that undervalue more. This is true not just for tax

policies, but also information disclosure or any other mechanism in general. To see this mathemat-

ically, consider some policy instrument, denoted n, that increases demand for the energy e¢ cient

good. Denote by DL(n) and DH(n) the demand curves for the energy e¢ cient good of the two 


types as a function of n. The social bene�t of a marginal increase in the strength of the policy is

D0
L(n)bL +D

0
H(n)bH (11)

where bL and bH are the marginal social bene�ts corresponding to the marginal consumer of

type L or H purchasing E. Again, we see here that what matters is the bene�t of moving the

average marginal consumers to the e¢ cient good, not the bene�t of moving the average consumer

in the population. As illustrated by Figure 2, bL > bH : the marginal low-
 type is making a larger

mistake by failing to purchase E than the marginal high-
 type, and the social welfare gains from

moving the marginal low-
 type to the energy e¢ cient good are larger. At some levels of a policy,

bH will be negative while bL is positive: moving the marginal high-
 type to the e¢ cient good will

reduce welfare, while moving the marginal low-
 type will still increase welfare. The implication

is that other things equal, a marginal increase in a policy n produces larger social welfare gains

when D0
L is large relative to D

0
H , i.e. to the extent that the types that misoptimize more are more

responsive to the policy.

In the context of addiction, Bernheim and Rangel (2005) suggest reasons why misoptimizing

consumers might not be price elastic. In our context, we can highlight two potential reasons why

D0
L < D0

H , which would imply "poor targeting." First, 
 could be correlated with awareness of

energy e¢ ciency subsidies. For example, market research provided to us by a large electric utility
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suggests that just over one-third of their residential customers are unaware that the utility o¤ers

rebates and loans for energy e¢ cient goods, despite the fact that these subsidies are quite generous.

Because this utility is considered one of the most e¤ective energy e¢ ciency program operators and

is located in a relatively environmentally-conscious city, it is likely that a higher proportion of

people elsewhere are unaware of the subsidies. It seems natural that the kinds of consumers that

are imperfectly informed about or inattentive to energy costs would also be the kinds of consumers

that are imperfectly informed about the subsidies, which would make D0
L < D0

H and reduce the

welfare bene�ts.

This e¤ect can be exacerbated by the way that energy e¢ ciency programs publicize their subsidy

programs. Some utilities market energy e¢ ciency programs to consumers that have previously

participated in other utility-run programs. This is a natural strategy if the utility�s objective

is simply to reduce energy use and the managers believes that previous participants are more

responsive to marketing. However, it is likely that the kinds of consumers who are interested

in energy conservation are high-
 types. To the extent that the energy e¢ ciency programs are

justi�ed by 
 < 1 and 
 is heterogeneous, the welfare gains would likely be larger if the subsidies

were publicized to consumers who have not previously been engaged with other energy-related

programs.

A second case when D0
L might be less than D

0
H is when the subsidy is for a low-market share

good that appeals primarily to environmentalist consumers. For example, less than one percent of

US households take up weatherization subsidies each year, only two percent of new vehicles sold

are hybrids, only a few percent of taxpayers �led for the federal Energy E¢ ciency Tax Credit, and

energy e¢ cient natural gas water heaters have a 12 percent market share. The average buyer of

a "green" good will mechanically have green preferences, and if the distribution of preferences is

unimodal, the marginal buyers of a "green" good with small market share will also be more likely

to be environmentalists. Kahn (2006) shows that consumers who live in "green" zip codes are more

likely to drive hybrid vehicles. It seems likely that these environmentalist consumers are also the

types of people who are more likely to be well-informed about and attentive to energy costs of

di¤erent products.

Of course, a subsidy can increase welfare even if poorly targeted. Why does targeting matter?

First, despite the fact that there is substantial discussion of the idea that 
 < 1, to our knowledge
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there is no discussion of heterogeneity in 
 in the cost-bene�t analyses of energy e¢ ciency programs.

A welfare analysis that assumes homogeneous 
 substantially miscalculates the e¤ects of a policy

if D0
L 6= D0

H . We �esh this idea out more in the analysis of the lightbulb experiment in Section 5.

A second reason why targeting matters is that the subsidy provider can choose the consumers to

whom it publicizes subsidies. It can attempt to identify the types of consumers that are more likely

to be low-
 and market the subsidies to them. Third, if a subsidy is poorly targeted, this increases

the relative appeal of alternative policies that preferentially target the types that undervalue. We

will return to these issues in the conclusion.

4 Optimal Policy in the Vehicle Market

We have shown that in theory, undervaluation means that an energy tax may improve consumer

welfare and that some subsidy for energy e¢ cient durable goods is optimal. In practice, how large

is this Internality Dividend from Energy Taxes, and how large should the optimal product subsidy

be? In this section, we calibrate the magnitudes of our theoretical results in a simulation model of

the automobile market. We �rst set up the simulation by detailing the supply side of the model,

the choice set, and the calibration of demand parameters. We then present simulation results.

In this section, we will abstract away from targeting by assuming that di¤erent 
 types are

equally elastic to product subsidies. Section 5 then focuses on targeting.

4.1 Setup

The model of the supply side is straightforward. We assume a perfectly competitive market, mean-

ing that prices equal marginal costs. We also assume a �xed choice set, meaning that we abstract

away from technological change. While markups and investments could in principle respond dif-

ferently to di¤erent tax policies, they are not part of our theoretical arguments about consumer

choice and optimal taxation, and endogenous changes to product o¤erings are particularly di¢ cult

to model credibly.

Our choice set is the set of model year 2007 new cars and trucks.11 Models j are de�ned at

the level of a manufacturer�s model name, such as the "Honda Civic" or "Ford F-150." There are
11More precisely, this is the set of 2007 new cars and trucks that have fuel economy ratings from the U.S. En-
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a total of 301 models in the choice set. As in the theoretical analysis, we model that there is no

substitution between the new vehicle market and an outside option: a consumer will buy a new

vehicle in the counterfactuals if and only if he actually did buy a new vehicle in 2007. Table 1

presents an overview of the choice set and simulation assumptions.

Vehicle prices pj are from the JD Power and Associates "Power Information Network," a network

of more than 9,500 dealers which collects detailed data on about one third of U.S. retail auto

transactions. Each model�s price is the mean of the �nal transaction price across all sales, including

any customer cash rebate received from the manufacturer or dealer. If the buyer traded in a used

vehicle, the new vehicle�s price is further adjusted for the di¤erence between the negotiated trade-in

price and the trade-in vehicle�s actual resale value. Market shares are from the National Vehicle

Population Pro�le, a comprehensive national database of vehicle registrations obtained from R.L.

Polk. Energy intensity ej is the inverse of the U.S. Environmental Protection Agency (EPA) miles

per gallon (MPG) fuel economy ratings. Di¤erent submodels within a model - for example, the

manual vs. automatic transmission Honda Civic - may have di¤erent energy intensities, so we use

each model�s sales-weighted average energy intensity.

As in the theoretical model, the policymaker has two instruments, an energy tax and a product

subsidy, and the government maintains a balanced budget through lump sum transfers. In this

context, the "energy tax" can be thought of as a gasoline tax. Given that the choice set includes

many models with many di¤erent energy intensities, the "product subsidy" now takes the form

of an "energy intensity tax" �p that scales linearly in each model�s energy intensity, increasing

purchase price by amount �pej . As in the theoretical model, because there is no substitution to

an outside option, this energy intensity tax can equally be interpreted as an "MPG Subsidy" for

energy e¢ cient vehicles, a "feebate" that combines a fee on low-MPG vehicles with a rebate for

high-MPG vehicles, or an average fuel economy standard that imposes a relative shadow cost on

the sale of low-MPG vehicles.

The most uncertain parameters in the simulations are the magnitudes of the internalities and

externalities. We assume that 
 has a triangular distribution with mean of 0.75 and support [0:5; 1].

vironmental Protection Agency. We exclude vans as well as the following ultra-luxury and ultra-high performance
exotic vehicles: the Acura NSX, Audi R8 and TT, Chrysler Prowler and TC, Cadilliac Allante and XLR Roadster,
Chevrolet Corvette, Dodge Viper and Stealth, Ford GT, Plymouth Prowler, and all vehicles made by Alfa Romeo,
Bentley, Ferrari, Jaguar, Lamborghini, Maserati, Maybach, Porsche, Rolls-Royce, and TVR.
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We assume that the marginal damages from uninternalized externalities � from gasoline use are

$0.18 per gallon. This re�ects a marginal damage from carbon dioxide emissions of $20 per metric

ton, as estimated by the U.S. Government Interagency Working Group on Social Cost of Carbon

(2010). We use a pre-tax gasoline price cg of $3 per gallon.

We model consumers with the same utility functions as in the theoretical model, with three

changes. First, we add heterogeneous preferences for di¤erent models. These preferences enter

through a model-level mean utility shifter  j and a consumer-by-model unobserved utility shock

�ij . In reality, some models are more popular than others. We capture this by calibrating the mean

utility shifters  j such that the baseline simulated market shares equal the observed 2007 market

shares. In reality, consumers�idiosyncratic preferences are often correlated within vehicle classes:

some consumers have large families and prefer minivans, while rural consumers often prefer pickup

trucks, and others are in the market only for sedans. To capture this, we assume that the utility

shocks �ij have a distribution that gives nested logit substitution patterns, where the nests are nine

vehicle classes de�ned by the U.S. EPA: pickups, sport utility vehicles, minivans, two-seaters, and

�ve classes of cars (mini-compact, sub-compact, compact, mid-size, and large).

The second change to utility is that we add a term � which scales consumers�relative preferences

for the numeraire good. The parameter � is calibrated such that the mean own-price elasticity of

demand across all models is -5. This value was chosen to be consistent with the mean own-price

elasticity estimated by Berry, Levinsohn, and Pakes (1995, Table V).

Third, we impose a Constant Relative Risk Aversion functional form on u(m��). We calibrate

the parameters such that the price elasticity of demand at the mean VMT is -0.15, which is in the

range of recent empirical estimates.12 The mean � is calibrated such that the average VMT over a

potential 25-year vehicle lifetime is 236,000, which matches observed odometer readings from the

National Household Travel Survey. We translate this undiscounted sum over a potential lifetime

to a discounted sum over an expected lifetime by multiplying by a scaling factor � � 0:436, which

accounts for observed vehicle scrappage probabilities and applies a six percent annual discount rate.

See Online Appendix III for additional details.

After these modi�cations, we now have a modi�cation of the utility function in Equation (1).

12Hughes, Knittel, and Sperling (2007) �nd that between 2001 and 2006, this elasticity was between -0.034 and
-0.077. Small and Van Dender (2007) estimate that between 1997 and 2001, this elasticity was -0.022. Using data
from California between 2001 and 2008, Gillingham (2010) estimates a short-run elasticity of -0.15 to -0.2.
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The utility that consumer i experiences from purchasing product j, choosing optimal utilization

m�
ij , and receiving a transfer T is:

�
�
Yi + T � pj � �pgm�

ijej
	
+ �u(m�

ij � �i) +  j + �ij (12)

Notice that the term in brackets is consumption of the numeraire good: the amount of money

from income Yi and transfers T that the consumer has left over after purchasing the durable good

and paying for gasoline. The three terms on the right represent the utility that the consumer

derives from owning and using the vehicle.

As in Section 3, consumers with 
i 6= 1 do not necessarily choose the vehicle that maximizes

experienced utility. Instead, they choose vehicle j over vehicle j0 if and only if the perceived bene�ts

are larger than the perceived relative costs:
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(13)

To calculate welfare e¤ects, we follow the Allcott and Wozny (2011) approach to calculating

consumer surplus in logit models when consumers misoptimize. In brief, the approach exploits

the fact that experienced utility can written as the di¤erence between a decision utility function,

which represents a function that the consumer acts as if he is optimizing, and the internality,

which captures the magnitude by which the consumer misoptimizes. Decision consumer surplus

is the integral over consumers of decision utility, which can be calculated using the nested logit

version of standard discrete choice consumer surplus formulas from Small and Rosen (1981). The

total internality is simply the sum over consumers of the internality. The change in experienced

consumer welfare W0 is the change in decision consumer surplus minus the change in the total

internality. Interested readers can refer to Allcott and Wozny (2011) for formal details.

4.2 Simulation Results

Table 2 presents simulation results. We simulate seven cases. Case 1 is the base equilibrium with no

product subsidy or additional energy tax. The average new vehicle sold in 2007 has harmonic mean
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fuel economy 19.9 MPG. It will be driven 153,580 miles over its lifetime given observed scrappage

probabilities, and as a result will emit 67.2 metric tons of CO2. The present discounted value of

lifetime fuel costs for the average vehicle is $15,420.

Cases 2 and 3 assume that there are uninternalized externalities at � = $0.18 per gallon, but

that there are no internalities, i.e. that 
 = 1 for all consumers. Case 2 is the �rst best policy: an

energy tax at � g = �. Case 3 applies the product subsidy that abates the same amount of carbon

dioxide emissions as the �rst best policy in Case 2.

Cases 4-7 assume that there are both uninternalized externalities and undervaluation, using

the triangular distribution of 
 with mean 0.75. Case 4 mirrors Case 2 by applying an energy

tax at � g = �. Case 5 is the combination of product subsidies and energy taxes that maximize

social welfare. Case 6 is the product subsidy that maximizes social welfare when the energy tax

is set at exactly � g = �. Case 7 is the social optimum, or "�rst best." This could be generated

by a combination of an energy tax at the level of the externality and individual-speci�c product

subsidies that exactly correct for each individual�s level of internality.

Before continuing to the core results, it is worth highlighting the importance of studying un-

dervaluation. This can be seen by comparing the simulated welfare losses from externalities versus

internalities. The welfare losses from externalities alone are the social welfare gains from the �rst

best policy in Case 2: $5.51 per vehicle. The welfare losses from internalities and externalities

combined are the social welfare gains from the �rst best policy in Case 7: $59.50 per vehicle.

Intuitively, the additional welfare losses from undervaluation are so large because uninternalized

carbon externalities are assumed to be $0.18 cents per gallon, or about six percent of gasoline costs,

while the average undervaluation is assumed to be 
 = 0:75, which leaves 25 percent of gasoline

costs uninternalized into product choices. Both sources of ine¢ ciency act on the extensive margin

the same way, by inducing consumers to buy vehicles that have lower fuel economy than in the

social optimum, but under these parameter assumptions, undervaluation generates larger allocative

distortions and therefore much larger welfare losses. Economists have extensively studied optimal

policy under externalities. Based on these potential welfare consequences, internalities seem to

merit similarly extensive study, both theoretical and empirical.
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4.2.1 The Internality Dividend from Energy Taxes

Case 2 of Table 2 illustrates the traditional Pigouvian result that when externalities are the only

market failure, the energy tax at the level of marginal damages reduces consumer welfare. Of

course, social welfare increases from baseline: we estimate an increase of $5.50 over the life of each

new vehicle sold. However, this change in social welfare is the sum of the change in consumer

welfare and the externality reduction. The externality reduction is worth $10.90 per vehicle,13

while consumer welfare decreases by $5.40 per new vehicle. Aggregated over the 16 million vehicles

sold in a typical year, the consumer welfare losses from Pigouvian energy taxes are $86 million.

Case 4 shows how adding internalities to the model reverses this traditional result. The addi-

tion of the energy tax helps to reduce the pre-existing allocative distortion from undervaluation,

increasing consumer welfare by $5.10 per vehicle sold. Thus, the energy tax abates carbon while

increasing consumer welfare by $6.90 per metric ton of carbon dioxide abated. Aggregated over all

new vehicles sold, a Pigouvian tax increases consumer welfare by $81 million per year the policy is

in place.

Figure 3 presents the gains in consumer and social welfare at di¤erent levels of the energy

tax, assuming undervaluation and constraining the product subsidy to zero. The energy tax that

maximizes consumer welfare is $0.19 per gallon, which coincidentally is very close to the assumed

level of marginal damages. Any energy tax below about $0.38 per gallon increases consumer welfare.

The social welfare-maximizing energy tax is of course larger than the consumer welfare-maximizing

energy tax, as the former is set to correct distortions from externalities as well as internalities. This

social-welfare maximizing level is about $0.40 per gallon. Not coincidentally, this is slightly above

the point at which a marginal increase begins to decrease consumer welfare. To see the intuition

for this, consider the �rst order condition: the energy tax that maximizes social welfare is such

that a marginal increase has zero e¤ect on the sum of externality damages and consumer welfare.

13 Intuitively, basic the reason why this is small relative to total lifetime gasoline costs is that the assumed carbon
externality is only six percent of gasoline costs. By comparing the "Resulting Allocations" in Cases 1 and 2 of Table 2,
we see that an increase in retail gasoline prices of $0.18 per gallon does not cause a large change in either the average
fuel economy of vehicles sold or the amount that they are driven. Of course, if the extensive or intensive margin
elasticities were larger, the distortions would be larger, but the parameter assumptions we use are not controversial
in the empirical literature.
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4.2.2 The Internality Rationale for Product Subsidies

Comparing Cases 2 and 3 in Table 2 gives the traditional Pigouvian result that when externalities

are the only market failure, the product subsidy is a highly ine¢ cient substitute for the Pigouvian

energy tax. Because marginal and average abatement costs increase in the amount of carbon dioxide

abated, our comparison between the two policies must hold total abatement constant. The product

subsidy that generates the same carbon dioxide abatement as the �rst best in Case 2 is $67,215 per

gallon per mile (GPM). To put this in perspective, a 20 MPG vehicle, such as a Subaru Outback

Wagon, uses 0.05 gallons per mile, while a 25 MPG vehicle, such as a Toyota Corolla, uses 0.04

GPM. This �p therefore implies a relative price increase of $672 for the 20 MPG vehicle. At this

level of the product subsidy, the consumer welfare loss is $23.40 per vehicle. This is so large that

despite the gains from externality reduction, the change in social welfare is actually negative. While

a smaller product subsidy could abate less carbon with smaller consumer welfare losses and thus

generate positive social welfare gains, a smaller energy tax could still generate that smaller amount

of abatement much more e¢ ciently.

Case 5 shows how adding internalities to the model reverses this traditional result that product

subsidies are highly ine¢ cient. In Case 5, we search for the combination of energy tax and product

subsidy that maximizes social welfare. The optimal level of the product subsidy is $81,404 per

GPM. Using our example pair of vehicles from above, this implies a relative price increase of $814

for the 20 MPG Subaru Outback compared to the 25 MPG Toyota Corolla.

Notice that the optimal energy tax in Case 5 is $0.19 per gallon, just slightly above the $0.18

per gallon externality �. To see the intuition, it is useful to contrast the vehicle market with the

assumptions for Proposition 5. In that Proposition, we showed that in a world without heteroge-

neous product preferences �ij and with a homogeneous valuation parameter 
, the �rst best can

be obtained by setting an energy tax equal to the externality and a product subsidy equal to the

marginal internality. However, the vehicle market simulations include heterogeneous preferences

�ij and heterogeneous 
, which generates variation in the utilization types � of consumers on the

margins between vehicles. Because higher-utilization consumers have higher energy costs and thus

larger internalities, it is optimal to target them with larger relative price changes. As long as

consumers are su¢ ciently attentive, the energy tax can do this.
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Whether the socially-optimal energy tax is above or below marginal damages depends on the

joint distribution of 
, �, and �.14 Given that the average 
 is di¢ cult to infer empirically, one can

expect that inferring the distribution of 
 would be even more di¢ cult. It is for this reason that

we focus attention on Case 6, a policy where we set the socially-optimal �p under the restriction

that � g = �. Importantly, the tax and subsidy levels, as well as the welfare e¤ects, are nearly

identical between the "unrestricted optimum" in Case 5 and the "restricted optimum" in Case 6.

Furthermore, even as we increase the variance of 
, which causes the unrestricted optimal energy

tax to di¤er somewhat more from �, the restricted optimum with � g = � achieves no less than 95

percent of the social welfare gains of the unrestricted optimum. Figure 4 illustrates this by graphing

the welfare gains in each case as the halfwidth of 
 increases from 0 to 0.75. The line representing

welfare gains in the restricted optimum sits only a hair below the line representing welfare gains in

the unrestricted optimum.

In the next section, we will show that this story changes markedly if the di¤erent 
 types have

di¤erent elasticities to the product subsidy. However, in these simulations, where the 
 types are

assumed to have the same elasticities to the subsidy, the optimal policy and the welfare gains

thereof depend on the population average 
, not the variance of the distribution. This is useful to

know for policy design, as the population average 
 is more easily estimated than the variance.

Online Appendix Table A1 shows how the results vary under di¤erent parameter assumptions.

When we maintain our set of standard assumptions except set the average 
 at 0.5, the product

subsidy with � g = � is almost exactly twice the optimal product subsidy when 
 = 0:75. In

fact, other simulation runs show that both the restricted and unrestricted optimal �p scale close

to linearly in 
. This illustrates how these two sources of ine¢ ciency require two instruments:

the energy tax primarily targets the externality, while the product subsidy primarily targets the

internality.

In Appendix Table A1, we also test the sensitivity of the results to the marginal utility of

14For example, in the costly information acquisition model of Appendix II, there is a negative covariance between

 and �, which makes high utilization types less likely to undervalue and eliminates the need to target them with
larger relative price changes. Even within the generic undervaluation model in the body of the paper, the optimal
energy tax depends on the variance of 
: as the variance increases, the optimal energy tax drops. Intuitively, a larger
product subsidy is used to reduce extensive margin distortions for low-
 consumers, while the reduced energy tax is
used to correct the extensive margin distortions that the large product subsidy causes for high-
 consumers. Because
a well-targeted correction of the extensive margin misoptimization is relatively important from a welfare perspective
and because utilization is fairly inelastic, it does not matter as much that an energy tax below marginal damage
distorts utilization away from the �rst best.
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money �, the nested logit substitution parameter �, and the utilization elasticity. In each case,

the magnitude of the optimal product subsidy when � g = � changes very little, because as we saw

in Equation (9), the optimal policy depends on the average marginal internality, not these other

elasticity parameters. However, as one might expect, the e¤ects of the optimal policy on average

fuel economy, vehicle-miles traveled, carbon emissions, and welfare are sensitive to these elasticities.

4.2.3 The Welfare E¤ects of Heterogeneity

In Proposition 6, we showed that as the heterogeneity in 
 increases, the second best combination

of product subsidies and energy taxes leaves an increasingly large remaining di¤erence between the

second best and �rst best level of welfare. Figure 4 illustrates this in the vehicle market simulations

by plotting the welfare gains relative to no policy from the �rst best allocations, compared to the

welfare gains from the second best policy. As we hold 
 constant but increase the heterogeneity,

the optimal combination of energy tax and product subsidy performs worse and worse relative to

what is theoretically possible.

Why is this important? It means that under the reasonable supposition that consumers misop-

timize in di¤erent ways - or that some consumers don�t misoptimize at all - policymakers can

perhaps do much better than uniform product subsidies. Ideally, the policymaker would have

available other instruments that preferentially target inattentive consumers, and we discuss such

policies in the conclusion. However, heterogeneity also means that subsidies can be well-targeted

or poorly-targeted: low-
 and high-
 types may have di¤erent elasticities to the subsidy. While we

assumed away this potential issue for the vehicle market simulations, it is quite plausible, and we

explore it in the context of the next section.

5 The Lightbulb Experiment

In this section, we provide a concrete example of the welfare importance of targeting, using a ran-

domized experiment with buyers of energy e¢ cient lightbulbs. We �rst give a conceptual overview

of our goals in designing the experiment, then detail the experimental design and descriptive sta-

tistics, then present empirical results, and �nally carry out the welfare calibration.
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5.1 Conceptual Overview

As we argued in the introduction, lightbulbs are a compelling context where governments are

intervening to reduce internalities. Lighting accounts for about nine percent of household electricity

use (U.S. EIA 2005), which adds up to about $11 billion per year. Incandescents are cheaper, but

they are very ine¢ cient at converting electricity into light: about 90 percent of the electricity that an

incandescent bulb consumes is converted into heat.15 A basic 60 watt incandescent lightbulb costs

about $0.50 but consumes more than $5 in electricity over its 1000-hour lifetime. Meanwhile, a basic

60 watt-equivalent CFL costs about $2 but uses only one-quarter the electricity of the incandescent.

Policies that induce American consumers to switch from incandescents to CFLs could reduce energy

costs by many billions of dollars annually. However, this statement says nothing about the welfare

e¤ects of such a policy.

The lightbulb experiment will be used to calibrate a welfare analysis that resembles Figure

2 from earlier in the paper. The basic goal is to show how the optimal subsidy amount and the

welfare implications can depend signi�cantly on the relative elasticity of consumers who undervalue

energy costs. We focus on the subsidy that maximizes consumer welfare, which is also the subsidy

that maximizes social welfare when energy is priced at social cost. It is debatable whether retail

electricity prices are above or below long run marginal social cost due to various retail pricing

ine¢ ciencies, and we choose to abstract away from these issues.

Recalling Equations (11) and (9), one needs three basic parameters to calibrate a welfare analysis

with two undervaluation types and two goods. First, one needs D0
L and D

0
H , the slopes of the

demand curves for each type. Second, one needs to know the valuation parameters 
L and 
H ,

which are then used to determine the marginal bene�ts bL and bH from moving consumers of each


 type to the energy e¢ cient good. Third, one needs �, the share of consumers of each type.

A randomized �eld experiment o¤ers a clean opportunity to measure D0 and 
 for the experi-

mental population. To identify the demand slopes, we experimentally vary the amounts of rebate

coupons given to each consumer. To infer 
, we propose an approach di¤erent than what has been

done in prior literature: we carry out an informational intervention which should leave the treated

group correctly informed about and fully attentive to energy costs. This assumption is reasonable

15 In fact, incandescents are so cheap and so good at producing heat that for almost 50 years, the toy manufacturer
Hasbro produced an Easy-Bake Oven that used an incandescent lightbulb to heat food.
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in situations where an informational intervention is plausibly powerful and correctly understood by

all consumers that receive it, and if the intervention is purely informational, and does not involve

social pressure or environmental messaging. Under the assumption that the consumers treated by

the informational intervention have 
 = 1, the population average 
 in the absence of the inter-

vention can be inferred from the intervention�s e¤ect on the market share of the energy e¢ cient

good.

Because heterogeneous preferences can rationalize any individual�s choice of CFLs vs. incan-

descents, we do not know if any individual consumer has misoptimized. Thus, while we believe the

�eld experiment o¤ers reasonable estimates of the sample average 
 and D0, we do not know these

parameters as a function of 
. Purely for the purpose of this illustrative calculation, we decided

to ask consumers to tell us the one or two most important factors in their purchase decision. We

categorize them as high-
 types if their response has to do with "energy," "energy e¢ ciency," or

"energy costs."

5.2 Experimental Design

To implement the experiment, we partnered with a large nationwide home improvement retailer

that sells upwards of 50 million lightbulb packages each year. Between July and November 2011,

we sent research assistants (RAs) to four stores, one in Boston, two in New York, and one in

Washington, D.C. The RAs approached customers in the stores� general purpose lighting areas,

which stock incandescents and CFLs that are substitutable for the same uses. Customers who

consented were given a brief survey via iPad in which they were asked, among other questions, the

most important factors in their lightbulb purchase decision, the number of bulbs they were buying,

and the amount of time each day they expected these lightbulbs to be turned on. At no time did

the survey bring up energy costs. Respondents were then randomized into a two-by-two matrix of

experimental conditions that included an Information treatment and a CFL Rebate treatment.

The iPad randomized half of respondents into the Information Treatment group. This group

was given personally-tailored information on the energy costs. The iPad would display the annual

energy costs for the bulbs they were buying, given the respondent�s estimated usage per day. It also

displayed the total energy cost di¤erence over the bulb lifetime and the total user cost, including
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energy cost and purchase price. The iPad information treatment screen is included as Figure A1

in the Online Appendix. The RAs would interpret and discuss the costs with the customer but

was instructed not to advocate for a particular type of bulb and to avoid discussing any other

issues unrelated to energy costs such as mercury content or environmental bene�ts. A typical

informational intervention lasted about three minutes, and the RAs report that the information

was well understood. The Information Control group did not receive the information intervention,

and the RAs did not discuss energy costs with Information Control customers.

At the end of the survey and potential information intervention, the RAs gave respondents a

coupon in appreciation for their time. The iPad randomized respondents into either the Rebate

Control group, which received a coupon for 10 percent o¤ all lightbulbs purchased, or the Rebate

Treatment group, which received the same 10 percent coupon plus a second coupon valid for 30

percent o¤all CFLs purchased. Thus, the Rebate Treatment Group had an additional 20% discount

on all CFLs. Given that the incremental price of a typical 60 Watt bulb is $1.50, this maps to a

product subsidy of $0.30 per bulb. After giving customers their coupons, the RAs would leave the

immediate area so as to avoid any potential external pressure on customers�decisions. The coupons

had bar codes which were recorded in the retailer�s transaction data as the customers submitted

them at the register, allowing us to observe what each respondent purchased.

The �rst column of Table 3 presents descriptive statistics on the population of interview re-

spondents. Notice in particular that 25 percent of consumers reported that energy cost was an

important factor in their purchase decision. The second and third columns present di¤erences in

characteristics between treatment and control groups in the Rebate and Information randomiza-

tions, respectively. In one of the 18 t-tests, a characteristic is statistically di¤erent with 95 percent

con�dence, and F-tests fail to reject that the groups are balanced.

Recall that our theoretical model does not include an outside option: all consumers buy either

the energy e¢ cient or energy ine¢ cient good. To remain consistent with and to otherwise maintain

simplicity, we restrict our regression sample and welfare analysis to the set of consumers that

purchase a "substitutable lightbulb," by which we mean either a CFL or any incandescent or halogen

that can be replaced with a CFL. The bottom part of Table 3 shows that 77 percent of interview

respondents purchased any lightbulb with a coupon, and 73 percent of survey respondents purchased

a substitutable lightbulb. While the treatments could in theory a¤ect whether or not to purchase a
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substitutable lightbulb, Table 3 shows that in practice the percentages are not signi�cantly di¤erent

between treatment and control groups. The signi�cance levels and interpretation of our upcoming

regression results do not change when we run the regressions with the slightly larger sample of

people who purchased any lightbulb or with the full sample of survey respondents.

5.3 Empirical Results

The parameters needed for the welfare analysis can be inferred from the following linear probability

model:

1(Purchase CFL)i = �1 � 1(Information Treatment)i + �2 � 1(Rebate Treatment)i (14)

+�3 � 1(Rebate Treatment)i � 1(Energy an Important Factor)i

+�4 � 1(Energy an Important Factor)i + �0 + "i

In this equation, i indexes individual consumers, and 1(�) denotes the indicator function. Table

4 presents the results. Column (1) is the exact speci�cation above, while subsequent columns

include di¤erent subsets of the right-hand-side variables. The coe¢ cients are highly robust across

speci�cations. Column (2) shows that the rebate increased CFL purchase probability by about 10

percent.

Column (3) shows that the information intervention had no statistically signi�cant average

treatment e¤ect on CFL purchase probability. In fact, the standard errors are tight enough to

bound the e¤ect to being less than about 2/3 the e¤ect of the CFL rebate, which at about $0.30

per bulb was not very large. In the welfare analysis, we show the implications of two competing

interpretations of this result. First, one could interpret it to mean that all consumers have 
 = 1.

This is consistent with the fact that our partner retailer already has a substantial amount of easy-

to-understand informational and promotional materials about CFLs in the general purpose lighting

section of each store. Second, one could interpret it to mean that consumers have an average 
 = 1,

and that some consumers in the absence of the information intervention have 
 < 1, while others

have 
 > 1. This is consistent with the idea that some consumers underestimate energy cost savings
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from CFLs, while others overestimate. Because the consumers that shop in home improvement

stores in large east coast cities may be di¤erent than consumers that buy lightbulbs elsewhere,

and because our partner retailer has better existing informational materials than supermarkets and

hardware stores that also sell a large number of lightbulbs, this zero e¤ect does not provide any

generalizable evidence that could be used to argue for or against any nationwide regulation.

Column (4) shows that those who report that energy is an important factor in their purchase

decision are just under 40 percentage points more likely to buy CFLs than those who do not. The

CFL market share for these consumers that we have categorized as "high-
" is almost twice the

CFL market share for the consumers categorized as "low-
." While this would be consistent with

the assumption that this variable can be used to categorize consumers into two 
 types, it certainly

does not prove the assumption, as consumers who do not report that energy is an important factor

could simply have stronger preferences for incandescents. For example, they could have lower

marginal utility of money or feel less warm glow utility from saving energy. As such, this approach

to categorizing low-
 and high-
 consumers is purely for the purposes of our illustrative welfare

calculation.

Column (5) tests whether more vs. less attentive types have di¤erent elasticities to the rebate.

We interact the Rebate Treatment indicator with the indicator for whether energy is an important

factor in the purchase decision. Taking the point estimates literally, the "less attentive" types have

a 12.9 percentage point response to the rebate, while the "more attentive" types have a 12.9-9.4 =

3.5 percentage point response. These responses are not statistically signi�cantly di¤erent. Thus,

instead of taking the point estimates literally, we use the standard errors to generate bounding

cases: the minimum and maximum possible di¤erence in demand slopes that can be admitted by

the 95 percent con�dence interval. These provide best and worst case scenarios for the targeting

of the subsidy.

5.4 Welfare Calibration

Table 5 uses the empirical results to calibrate the optimal product subsidy and welfare e¤ects.

The parameter � = 0:25 re�ects the fact that one-quarter of survey respondents list energy as an

important factor in their purchase decision. We set 
 = 1 to re�ect the zero Average Treatment
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E¤ect of the information intervention. The parameters 
L and 
H are pinned down by the fact

that the weighted average 
 is one and the fact that the di¤erence in CFL purchase probabilities

between the low-
 and high-
 types is about 40 percentage points, as estimated in Table 4.16 D0

is the average slope of the demand curve in purchase probability per dollar; this is determined by

dividing the treatment e¤ect of the rebate (9.5 percentage points) by the average amount of the

rebate per bulb ($0.30). The optimal subsidy is determined by an appropriate version of Equation

(9), and the welfare gains and losses are simply the trapezoids illustrated by Figure 2.

Column 1 of Table 5 assumes that 
 is homogeneous in the population, meaning that all con-

sumers correctly value energy e¢ ciency. This column simply reminds us that the optimal product

subsidy is zero when the average marginal internality is zero. Any non-zero product subsidy would

reduce consumer welfare.

Column 2 shows the case where the average population internality and the slope of aggregate

demand are held constant, but the di¤erence in slopes between the low-
 and high-
 types is as

large as can be admitted by the 95 percent con�dence interval of Column (5) in Table 4. (In this

case, the 95 percent con�dence interval actually allows upward sloping demand for the high-
 type,

so we bound D0
H at zero.) This provides an upper bound on the average marginal internality, and

thus an upper bound on the optimal product subsidy. This upper bound optimal product subsidy

is $0.40 per bulb, which is just larger than the experimental rebate and about 27 percent of the

incremental price of a basic 60 watt equivalent CFL compared to a 60 watt incandescent.

Column 2 illustrates how a subsidy could have positive welfare e¤ects even if the average con-

sumer does not undervalue energy costs. This is an important result if one believes that 
 might be

heterogeneous but that "consumers get it right on average." What matters is the average marginal

internality, not the average population internality.

Column 3 presents the opposite case to Column 2: when the di¤erence in slopes between the

more attentive versus less attentive types is as large as can be admitted by the 95 percent con�dence

interval. This would imply that the high-
 types are more responsive to the rebate than the low-


16Speci�cally, the two equations that determine 
 are:

�
H + (1� �)
L = 1
pgm(eI � eE) � (
H � 
L) �D

0 = Pr(PurchaseCFLj
 = 
H)� Pr(PurchaseCFLj
 = 
L) � 0:4:
We calibrate pg at $0.10 per kilowatt-hour, which is the national average retail electricity price. We set m at 1000

hours, the typical life of an incandescent bulb. The parameters eI and eE are 60 and 15 Watts, respectively.
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types, and thus that the average marginal consumer misoptimizes by buying too many CFLs. The

harmonic mean marginal 
, weighted by the demand slopes, is 1.09, meaning that the average

marginal consumer overvalues energy e¢ ciency. In this case, the optimal CFL subsidy is negative:

the policymaker would want to subsidize the energy ine¢ cient good. While this causes welfare

losses for low-
 consumers, these are outweighed by welfare gains to the high-
 types. As we

discussed at the end of Section 3, high-
 types may be exactly the kinds of people who are more

responsive to changes in the relative price of energy e¢ cient goods. It is therefore not implausible

that it might be optimal to tax energy e¢ cient goods instead of subsidizing them.

6 Conclusion

Many analysts and policymakers believe that consumers misoptimize in ways that cause us to

underinvest in energy e¢ cient durable goods. In this paper, we study optimal policy design when

some consumers undervalue the bene�ts of energy e¢ ciency. We show that undervaluation reverses

two traditional results from a world where externalities are the only market failure: there is now

an Internality Dividend from Energy Taxes and an Internality Rationale for Product Subsidies.

However, heterogeneity across consumers in the magnitudes of their internalities means that policies

that preferentially target misoptimizers have larger welfare gains. We present a case study of this

fact using a �eld experiment with lightbulb buyers, which highlights that the average marginal

internality is a crucial object for optimal policy design and welfare analysis.

How can policies be designed to target inattentive or imperfectly-informed consumers? Here we

suggest four economically-motivated ideas and examples of existing policies that implement them.

First, in the spirit of Akerlof�s (1978) discussion of targeted social programs, policymakers can use

behavioral tagging : limiting eligibility to individuals with observable characteristics correlated with

misoptimization. For example, many utilities mail energy conservation reports to some of their

residential customers, but only send them to homeowners with relatively high energy use, who are

more likely to be inattentive or poorly informed (Allcott 2011b). As we suggested earlier, utilities

could also limit subsidies to �rst-time participants in energy e¢ ciency programs if they believe that

repeat participants are more likely to be fully informed and attentive.

Second, policymakers can use behavioral screening : o¤ering incentives that misoptimizing con-
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sumers are more likely to adopt. For example, some energy e¢ ciency programs subsidize the cost of

weatherization investments equally for all households, while others make the household�s subsidy a

function of estimated energy savings. The latter structure is better targeted at inattentive types, as

the marginal inattentive types will tend to have larger potential energy savings than the marginal

attentive types. This is a behavioral version of the Nichols and Zeckhauser (1982) argument that

social programs can be designed to screen out unobservably less needy types.

Third, policymakers can exploit nudges: factors that a¤ect misoptimizing consumers without

a¤ecting the behavior of rational consumers (Thaler and Sunstein 2008). Information provision

programs such as appliance and vehicle energy use tags are one example, as these both draw

attention to energy costs and inform the uninformed. Another example is "on-bill �nancing"

programs, in which the utility pays part of the upfront cost of a home energy e¢ ciency investment

and amortizes that cost over several years on the homeowner�s energy bills. While these have

traditionally been justi�ed as a way to alleviate credit constraints, another useful feature of on-bill

�nancing is that it puts upfront investment costs and future energy costs into the same payment

stream, eliminating the possibility that the consumer could attend di¤erently to the two types of

costs.

Fourth, electric utilities and retailers of energy-using durables often have more powerful ca-

pacity to inform or nudge consumers than the government: they can provide their own energy

cost informational materials to complement any mandated information disclosure, or alternatively

hide the required materials at the back of the retail �oor. Firms can also direct their retail sales

sta¤ either to make extra e¤ort to inform consumers about the energy costs of di¤erent models,

or to instead focus on other attributes. A policymaker can induce �rms to nudge consumers by

externalizing the internality : implementing a tax, subsidy, or other policy instrument that inserts a

correlate of the internality into �rms�pro�t functions. One potential example of a "nudge-inducing

policy" is the Energy E¢ ciency Resource Standard, which requires electric utilities to induce their

customers to conserve a required amount of energy per year. These policies are imperfect, however,

as they incentivize energy conservation from any consumer, not just from consumers that appear

to misoptimize. As we have seen, it matters not just how much energy is conserved, but who is

conserving.
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Tables

Table 1: Vehicle Market Simulation Overview
Mean Std. Dev. Min Max

Choice Set
Number of Models 301
Price pj ($) 36,267 24,795 12,038 174,541
Gallons per Mile ej 0.053 0.011 0.022 0.084
2007 Quantity Sold 46,459 72,078 93 616,275

Energy
Pre-Tax Gasoline Price pg ($ per gallon) 3
Marginal Damage � ($ per gallon) 0.18

Consumers
Valuation Parameter 
 0.75 0.10 0.5 1
Nested Logit Substitution Parameter � 0.6
Mean Own-Price Elasticity -5
Utilization Elasticity 0.15
Baseline Lifetime Potential VMT m� 237,220 72,870 108,400 382,840
Annual Discount Rate 6%

Notes: All dollars are real 2005 dollars.

Table 2: Vehicle Market Simulation Results
Source of Ine¢ ciency
Externalities Only Yes Yes
Externalities and Undervaluation Yes Yes Yes Yes
Case 1 2 3 4 5 6 7

No First �g = 0, �g = � �g and �p �g = �, First
Policy Best: �p to �p = 0 to Max �p to Max Best

�g = �, Abate Social Social
�p = 0 Same Welfare Welfare

CO2 as
Case 2

Policies
Gas Tax �g ($/gallon) 0.00 0.18 0.00 0.18 0.19 0.18 0.18
Product Subsidy �p ($/GPM) 0 0 67,215 0 81,404 81,992

Resulting Allocations
Average MPG 19.9 19.9 20.2 19.9 20.3 20.3 20.3
Average Lifetime VMT 153,580 152,330 153,930 152,310 152,660 152,730 152,730
Average PDV of Gas Cost 15,420 16,152 15,235 16,186 15,986 15,948 15,924
Average CO2 Tons Emitted 67.2 66.4 66.4 66.5 65.5 65.5 65.4

Welfare vs. No Policy
�Consumer Welfare/Vehicle -5.4 -23.4 5.1 26.1 26.5 34.4
�CO2 Damages/Vehicle -10.9 -10.9 -10.2 -24.0 -23.6 -25.0
�Social Welfare/Vehicle 5.5 -12.4 15.3 50.2 50.1 59.5
�Consumer Welfare/ton CO2 -6.8 -29.2 6.9 15.0 15.4 19.0

Notes: All dollars are real 2005 dollars. Carbon emissions and damages are denominated in metric tons
of carbon dioxide. Welfare e¤ects are per new vehicle sold, discounted at 6 percent per year.
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Table 3: Lightbulb Experiment Descriptive Statistics

Experimental CFL Rebate Information
Individual Characteristics Population Mean T - C Di¤erence T - C Di¤erence
Energy an Important Factor 0.25 -0.024 0.009

( 0.43 ) ( 0.026 ) ( 0.026 )
Expected Usage (Minutes/Day) 333.0 2.7 12.8

( 280.0 ) ( 17.0 ) ( 17.0 )
Age 43.8 -0.3 0.7

( 11.4 ) ( 0.7 ) ( 0.7 )
Male 0.66 0.003 0.009

( 0.47 ) ( 0.029 ) ( 0.029 )
African American 0.16 -0.008 -0.001

( 0.37 ) ( 0.022 ) ( 0.022 )
Asian 0.06 0.005 -0.030

( 0.24 ) ( 0.015 ) ( 0.014** )
Caucasian 0.66 -0.005 0.037

( 0.47 ) ( 0.029 ) ( 0.029 )
Hispanic 0.07 0.011 0.001

( 0.25 ) ( 0.015 ) ( 0.015 )
Middle Eastern 0.01 0.007 0.002

( 0.12 ) ( 0.007 ) ( 0.013 )

F-Test p-Value 0.896 0.742
Number of Observations 1087 1087 1087

Regression Sample
Purchased Any Lightbulb 0.77 0.027 0.011

( 0.42 ) ( 0.025 ) ( 0.025 )
Purchased Substitutable Lightbulb 0.73 0.011 -0.008

( 0.44 ) ( 0.027 ) ( 0.027 )
Notes: The �rst column presents means of individual characteristics in the survey population, with

standard deviations in parenthesis. The second and third columns present di¤erences in means between
treatment and control groups, with robust standard errors in parenthesis. *, **, ***: Statistically signi�cant
with 90%, 95%, and 99% con�dence, respectively. The bottom panel of the table shows the determination
of the regression sample, which was the subset of the survey population that purchased a substitutable
lightbulb.
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Table 4: Lightbulb Experiment Regression Results

I II III IV V
(1) (2) (3) (4) (5)

Information Treatment -.003 -.010
(0.033) (0.035)

Rebate Treatment 0.128 0.095 0.129
(0.042)��� (0.035)��� (0.042)���

(Rebate Treatment)x(Energy an Important Factor) -.094 -.094
(0.067) (0.067)

Energy an Important Factor 0.426 0.38 0.426
(0.047)��� (0.034)��� (0.047)���

Const. 0.341 0.477 0.528 0.402 0.339
(0.034)��� (0.025)��� (0.025)��� (0.021)��� (0.029)���

Obs. 794 794 794 794 794
R2 0.137 0.009 0.0001 0.125 0.137
F statistic 35.494 7.173 0.082 128.21 47.384

Notes: This table presents the results of estimating Equation (14). Robust standard errors in parenthesis.
*, **, ***: Statistically signi�cant with 90%, 95%, and 99% con�dence, respectively.

Table 5: Lightbulb Experiment Welfare Calculations

Scenario 1 2 3
� 0.25 0.25

 1 1 1

L 0.91 0.91

H 1.27 1.27
D0
L 0.42 0.29

D0
H 0.00 0.41

D0 0.32 0.32 0.32
Harmonic Mean Marginal 
 1 0.91 1.09

Optimal Product Subsidy
Optimal CFL Subsidy ($/bulb) 0 0.40 -0.01
Optimal CFL Subsidy (% of Relative Price) 0 26.7 -0.6

Subsidy E¤ect on
CFL Purchase Probability
Low-
 Consumers 0.169 -0.003
High-
 Consumers 0.000 -0.004
Average Consumer 0 0.127 -0.003

Subsidy E¤ect on
Consumer Welfare
Low-
 ($/Consumer) 0.101 -0.001
High-
 ($/Consumer) 0.000 0.004
Average ($ /Consumer) 0 0.076 0.0003
�Consumer Welfare ($/million bulbs) 0 76,000 315

Notes: This table presents optimal CFL subsidies and welfare e¤ects under di¤erent assumptions for
how di¤erent valuation types respond to the subsidy.
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Figures

Figure 1: Equilibrium with Energy Taxes or Product Subsidies

Notes: The solid blue line on this �gure is the demand curve for the energy e¢ cient good under the
standard model. The dashed red line is the demand curve under undervaluation. Triangle abc is the consumer
welfare loss from undervaluation. The dot-dashed green line re�ects the demand curve with undervaluation
after the energy tax �g is applied. The dotted black line re�ects the new supply curve after the product
subsidy �E is applied.

Figure 2: Heterogeneity and Targeting

Notes: This �gure illustrates the consumer welfare e¤ects of the subsidy when there are two types, one
that undervalues energy costs and one that does not. The solid blue trapezoid represents allocative gains
for type that undervalues. The lined red triangle represents allocative losses for the type that does not.
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Figure 3: The Internality Dividend from Energy Taxes

Notes: This �gure shows the simulated vehicle market welfare gains from di¤erent levels of energy taxes,
with the product subsidy set to zero.

Figure 4: Implications of Heterogeneous Undervaluation

Notes: This �gure shows that social welfare gains relative to the no policy case as a function of the
halfwidth of the triangular distribution of 
. In all simulations, the peak of the triangular distribution is

 = 0:75.
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Appendix I: Proofs

Preliminaries

We begin with a series of auxillary lemmas that will be used throughout subsequent proofs.

Lemma 1 Set m�(�; e; pg) � argmaxfu(m� �)� pgmeg. Then @
@�m

�(�; e; pg) = 1.

Proof. Follows from di¤erentiation of the �rst order condition for m� and algebra.

Lemma 2 em�(�; pg; e) is increasing in e

Proof. We have
@

@e
em�(�; pg; e) = m�(�; pg; e) + e

@

@e
m�(�; pg; e): (15)

Di¤erentiating the �rst order condition u0(m���)�pge = 0 with respect to e yields u00(m���)@m�

@e =

pg: Thus
@

@e
em� = m� � epg

u00(m� � �) = m� � u0(m� � �)
u00(m� � �) :

But m� � > u0(m��)
u00(m��) by assumption, and thus the expression (15) is positive.

Lemma 3 v(�; eE ; pg)� v(�; eI ; pg) is increasing in � and pg.

Proof. From the envelope theorem and lemma 1, we have that

@

@�
v(�; e; pg) = �pge:

Thus
@

@�
[v(�; eE ; pg)� v(�; eI ; pg)] = pg(eI � eE) > 0: (16)

We also have
@

@pg
v(�; e; pg) = �m�e

and thus
@

@pg
[v(�; eE ; pg)� v(�; eI ; pg)] = m�(�; eI ; pg)eI �m�(�; eE ; pg)eE (17)

The next lemma derives comparative statics on the marginal consumer�s utilization type. To

begin, de�ne the perceived bene�t to purchasing E over I for consumers with valuation parameter


 to be

B(�; 
; pg;�p) � 
pg[eIm
�(�; eI ; pg)�eEm�(�; eE ; pg)]+
[u(m

�(�; eE ; pg)��)�u(m�(�; eI ; pg)��)]��p

where �p = pE�pI is the di¤erence in prices. Notice that by Lemma 1, however, u(m�(�; eE ; pg)�
�)�u(m�(�; eI ; pg)��) is constant over all �, and thus we can de�ne�u(eE ; eI ; pg) � u(m�(�; eE ; pg)�
�)� u(m�(�; eI ; pg)� �). De�ne �y to satisfy B(�y; k; pg;�p) = 0. Then we have:
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Lemma 4 1. @
@
 �

y = � �p

2pg(eI�eE) < 0

2. @
@�p�

y = 1

(pg(eI�eE)) > 0

3. @
@pg

�y = ��p��u(eE ;eI ;pg)

(p2g(eI�eE))

< 0

Proof. First, note that @
@�B = 
pg(eI � eE), as shown in equation (16).

To prove 1, notice that @
@
B = v(�; eE ; pg)�v(�; eI ; pg). By de�nition,v(�y; eE ; pg)�v(�y; eI ; pg) =

�p=
. Thus

@

@

�y = �

@
@
B

@
@�B

= � �p


2pg(eI � eE)
:

Part 2 is proven likewise. Note that @
@�pB = �1, and then di¤erentiate B(�yL; k; pg;�p) = 0

with respect to �p.

Part 3 is proven similarly. We have @
@pg

B = �p=pg � 
[eIm
�(�; eI ; pg) � eEm

�(�; eE ; pg)] =


[u(m�(�; eE ; pg)� �)�u(m�(�; eI ; pg)� �)]=pg. Dividing through by @
@�B yields the desired result.

Lemma 5 The function M(�; e; pg) � v(�; e; pg) + (pg � cg � �)em�(�; e; pg) is di¤erentiable in pg
and attains its maximum at pg = cg + �.

Proof. Since
@

@pg
v(�; e; pg) = m�e

some algebra shows that

@

@pg
M(�; e; pg) = (pg � cg � �)e

@

@pg
m�(�; e; pg):

Since
@

@pg
m�(�; e; pg) < 0

we know that @
@pg

M(�; e; pg) is positive for pg < cg + � and negative for pg > cg + �.

Lemma 6 M(�; eE ; pg)�M(�; eI ; pg) is increasing in �.

Proof. Di¤erentiating the quantity with respect to � and using Lemma 1 and equation (16) yields

@

@�
[M(�; eE ; pg)�M(�; eI ; pg)] = (cg + �)(eIpg � eEpg) > 0:

Proofs of claims and propositions in paper

Proof of Claim 1. Obviously the proposed policy achieves the �rst best.
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We now check that no other policy achieves the �rst best. First, notice that by Lemma 5, � g = �

in any policy that achieves the �rst best; otherwise the intensive margin choice will be ine¢ cient.

Now with � g �xed at �, notice that �E 6= 0 creates an ine¢ ciency in the extensive margin choice
of durables.

Proof of Proposition 1. A bit more generally, we show that ��g > � if the government maximizes

W . This will prove the desired result by setting � = 0.

Let �yL and �
y
H correspond to the utilization needs of the marginal agents for the two 
 types

and set �c � cE � cI . We calculate @
@�g

W :

@W

@� g
= [M(�yL; eE ; pg)�M(�

y
L; eI ; pg)��c]

@�yL
@� g

f(�yL)

+

"Z
���yL

@

@pg
M(�; eI ; pg)dF (�) +

Z
���yL

@

@pg
M(�; eE ; pg)dF (�)

#

+[M(�yH ; eE ; pg)�M(�
y
H ; eI ; pg)��c]

@�yH
@� g

f(�yH)

+

"Z
���yH

@

@pg
M(�; eI ; pg)dF (�) +

Z
���yH

@

@pg
M(�; eE ; pg)dF (�)

#

where f is the probability density function of F . Lines 1 and 2 (3 and 4) correspond to the impact

on agents with valuation parameters 
L (
H). Lines 1 and 3 correspond to the extensive margin

e¤ects, while lines 2 and 4 correspond to the intensive margin e¤ects.

By Lemma 5, the intensive margin e¤ect of perturbing � g is zero when � g = �. Next, let ��

be the type such that in the �rst best allocation, any type with � > �� must purchase E and

any type with � < �� must purchase I. Now when � g = �, M(�; e; pg) = v(�; e; pg). Moreover,

if �yL > �� then since v(��; eE ; pg) � v(��; eI ; pg) � (cE � cI) = 0 by de�nition, Lemma 3 implies

that v(�yL; eE ; pg) � v(�yL; eI ; pg) � (cE � cI) > 0. A similar calculation shows that v(�
y
H ; eE ; pg) �

v(�yH ; eI ; pg)� (cE� cI) � 0 if �
y
H � ��. Combining this with Lemma 4 then implies that @

@�g
W > 0

whenever �E = 0 and � g = �.

Last, we show that �E � 0 and � g < � can not constitute an optimal tax policy. Suppose that

� g < � and �E = 0. Consider a consumer with utilization need �. If this consumer sees a bene�t

of B to purchasing E, then the social bene�t from this consumer purchasing E is at least

B=
 + (� g � �)[eEm�(�; eE ; pg)� eIm�(�; eI ; pg) > B:

The inequality follows from the assumption that � g < � and because eEm�(�; eE ; pg) < eIm
�(�; eI ; pg)

by Lemma 2. Thus under the proposed tax policy, it is socially optimal for any consumer who is

indi¤erent between E and I to purchase E. By Lemma 4, @
@pg

�y > 0, and so the marginal impact

of increasing � g has a positive extensive margin e¤ect. And increasing � g when it is less than the

marginal damage � will also have a positive intensive margin e¤ect.

54



Proof of Proposition 2. We have already shown that @
@�g

W > 0. The proof that @
@�p

W > 0

follows similarly. As was also shown in the proof of Proposition 1, �E � 0 and � g < � can not

constitute an optimal tax policy.

Proof of Proposition 3. We will show that WSB is achieved under the policy �� = (��E ; �
�
g)

when the distribution is Gif and only if WSB is achieved by ��� = (���E ; �
�
g) when the distribution

is G0. To do this, let �yL and �
y
H be the utilization needs of the marginal 
L and 
H consumers

under �� and G. Then

v(�yL; eE ; pg)� v(
y
L; eI ; pg) = (cE � cI � ��E)=
L

v(�yH ; eE ; pg)� v(
y
H ; eI ; pg) = (cE � cI � ��E)=
H

if and only if

v(�yL; eE ; pg)� v(
y
L; eI ; pg) = (cE � cI � ���E )=
0L

v(�yH ; eE ; pg)� v(
y
H ; eI ; pg) = (cE � cI � ���E )=
0H

where cE � cI � ���E =

0L

L
(cE � cI � ��E) =


0H

H
(cE � cI � ��E):

Proof of Proposition 4. Let G be a distribution of 
 with parameters 
H and 
L, and let G(k)

be a �scaled down�version of G with parameters k
H and k
L. Let W
TB
energy(k) be the third-best

welfare corresponding to G(k). We will show that W TB
energy(k) is decreasing in k. This will complete

the proof as Proposition 6 will show that WSB is constant in k.

Lemma 4 shows that
@
@
 �

y
L

@
@
 �

y
H

=

�

H

L

�2
: (18)

and that
@
@pg

�yL
@
@pg

�yH
=
cE � cI � 
L�u(eE ; eI ; pg)
cE � cI � 
H�u(eE ; eI ; pg)

�

H

L

�
: (19)

Now since �xu00(x) > 2u0(x) by assumption, we have that

�xu00(x)� u0(x) > u0(x): (20)

Now @
@xxu

0(x) = u0(x) + xu00(x). Since u0�(�; ei; pg)) = eipg, integrating equation (20) from

m�(�; eE ; pg) to m�(�; eI ; pg) shows that

pgeIm
�(�; eI ; pg)� pgeEm�(�; eE ; pg) > u(m�(�; eE ; pg))� u(m�(�; eI ; pg)) = �u(eE ; eI ; pg)

for all �. But since pgeIm�(�; eI ; pg)� pgeEm
�(�; eE ; pg) + �u(eE ; eI ; pg) < cE � cI for � = 0, this

shows that �u(eE ; eI ; pg) < (cE � cI)=2.
Moreover, because cE�cI�
L�u(eE ;eI ;pg)

cE�cI�
H�u(eE ;eI ;pg)
is increasing in �u, this quantity is maximized at �u =
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(cE � cI)=2 and thus
cE � cI � 
L�u
cE � cI � 
H�u

<
2� 
L
2� 
H

Because the function x(2 � x) is increasing on [0; 1], we also have that 
L(2 � 
L) < 
H(2 � 
H)

and so
2� 
L
2� 
H

<

H

L

:

Comparing (18) and (19) shows that increasing k by a small amount has a larger relative

e¤ect on the extensive margin choice of the 
L agents than does increasing the energy tax by a

small amount. This means that as long as a small increase in the energy tax would have a positive

extensive margin e¤ect, increasing k by a small amount would also have a positive extensive margin

e¤ect. So all we have left to show is that the optimal energy tax is set such that a small increase

in the tax would have a positive extensive margin e¤ect.

The optimal energy tax satis�es ��E > � by Proposition 1. As in the proof of Proposition 1,

we decompose the e¤ects of increasing � g into the extensive margin e¤ect and the intensive margin

e¤ect. By Lemma 5, the intensive margin e¤ect is negative, and thus the assumption that � g is set

optimally implies that the extensive margin e¤ect is positive.

Proof of Proposition 5. Let �� be the type such that in the �rst best allocation, any type with

� > �� must purchase E and any type with � < �� must purchase I.

For this type, the perceived gain from purchasing E is


[v(��; eI ; pg)� v(��; eE ; pg)]� (pE � pI):

Thus this type will be indi¤erent between E and I when � g = � if and only if

�E = (1� 
)[v(��; eI ; pg)� v(��; eE ; pg)]:

By Lemma 3, a consumer will purchase E if and only if � > ��, and thus the consumer choice

will be �rst best at this policy. An argument analogous to the proof of Claim 1 shows that no other

policy achieves the �rst best.

Proof of Proposition 6, part 1. LetWL(�) andWH(�) correspond to the social welfare of each


 type 
L and 
H , so that W (�) = �WL(�) + (1� �)WH(�). Now keep 
L and 
H constant, and

let A be the set of � such that there is an optimal tax policy �� under which WL(�
�) > WH(�

�).

Set �y = supA. First, we claim that WSB is decreasing in � for � < �y. This follows simply

because �WL+ (1��)WH is decreasing in � when WL > WH , and thus if �1 < �2 < �y, then any

second best welfare level achievable under �2 is also achievable under �1. Analogous logic shows

that WSB is increasing in � when � > �y.

Proof of Proposition 6, part 2. Set r = 
H=
L and assume that r > 1. Let �
y
L(r) and �

y
H(r)

be the utilization needs corresponding to the 
L and 
H consumers that are on the margin when

a second best tax policy �� = (��E ; �
�
g) is implemented. Now consider a di¤erent distribution of

valuation G0 in which 
0H=

0
L = r0 < r, and consider a tax policy (���E ; �

�
g) such that the utilization
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need of the 
H consumer who is indi¤erent between E and I under this policy is still �yH(r). We

will be done if we can just show that under ���, the utilization need �yL(�
��
E ) of the marginal 
L

consumer is lower than �yL(r). To see why this is enough to complete the proof, let �
�� be the

utilization type such that if the energy tax is set at � g = ��g, then it is socially optimal for any type

� < ��� to purchase I and socially optimal for any type � > ��� to purchase E. Such threshold

type ��� exists by Lemma 6. But standard envelope theorem arguments imply that ��E is such that

�yH(r) < ��� < �yL(r). Thus if �
y
L(�

��) 2 (���; �yL(r)) we will be done, since that implies that under
��� and distribution G0, the choices of the more attentive consumers are the same, while the choices

of the less attentive consumers are more e¢ cient. On the other hand, if �yL(�
��) < ��� then we

can increase ���E to a level ����E such that the utilization demand of of the marginal 
L consumer

equals ��� while the utilization demand of the marginal 
H consumer is now higher than �yH(k).

Then choices of the less and more attentive consumers are again more e¢ cient under G0 and the

tax policy (����E ; ��g).

To �nish, some algebra shows that if �yL and �
y
H are the marginal utilization needs under some

tax policy, then

v(�yL; eE ; pg)� v(�
y
L; eI ; pg) =


H

L
(v(�yH ; eE ; pg)� v(�

y
H ; eI ; pg)):

Thus if �yH is held constant while 
H=
L decreases, then v(�
y
L; eE ; pg)� v(�

y
L; eI ; pg) must decrease,

and so by lemma 3, �yL must decrease.

Appendix II: Costly Information Acquisition Model

Suppose that some consumers under-purchase E because they are unsure about how energy e¢ cient

it is. In particular, suppose that consumers believe that the energy e¢ ciency of E is eE = e with

probability 
 and eE = �e with probability 1� 
, where �e = eI > e. Consumers only learn the true

eE when they purchase and start using the durable. So as before, whereas the extensive-margin

choice may be suboptimal, the intensive-margin choice is optimal. As before, we also assume that

a fraction � of consumers have beliefs 
L 2 (0; 1] and a fraction 1 � � of consumers have beliefs


H 2 [
L; 1], and that these belief-types are distributed independently of �.
Notice that this micro-founding assumption leads to exactly the kind of choice behavior that

we study in our baseline model: without further information, a consumer chooses E if and only if


[v(�; e; pg)� v(�; �e; pg)] > pE � pI (21)

All of our results in the paper would go through identically in a model of choice based on this

micro-founding assumption. We now add the possibility that for a cost � > 0 a consumer may
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choose to become fully informed. If a consumer pays �, then he will choose E if and only if

v(�; e; pg)� v(�; �e; pg) > pE � pI

Given their prior beliefs, consumers are rational about the choice of whether or not to acquire

the costly information. A consumer for whom purchasing E can not be optimal in any state of the

world will obviously not acquire more information. Consider now a consumer for whom purchasing

E is optimal conditional on eE = e. From this consumer�s perspective, the expected bene�t of

acquiring more information is


[v(�; e; pg)� pE ] + (1� 
)[v(�; �e; pg)� pI ]� �: (22)

If the consumer does not acquire information, then his expected bene�t is

v(�; �e; pg)� pI +max f0; 
[v(�; e; pg)� v(�; �e; pg)� (pE � pI)]g (23)

Combining equations (22) and (23) and doing a bit of algebra yields the following pair of results:

Lemma A 1 Suppose that a consumer with utilization need � has prior belief 
 that eE = e.

Suppose, moreover, that 
 < (pE�pI)��
pE�pI . Then

1. The consumer chooses to acquire information (and subsequently purchases E) if and only if

v(�; e; pg)� v(�; �e; pg) > pE � pI + �



2. If, on the other hand, v(�; e; pg)�v(�; �e; pg) < pE�pI+ �

 , then the consumer does not acquire

information and purchases I.

Lemma A 2 Suppose that a consumer with utilization need � has prior belief 
 that eE = e. Sup-

pose, moreover, that 
 > (pE�pI)��
pE�pI . Then the consumer never acquires information, and chooses

to purchase E if and only if v(�; e; pg)� v(�; �e; pg) > (pE � pI)=
.

A �nal lemma (easily veri�ed with a bit of algebra) ensures that consumer demand for E will

change smoothly as a function of pE � pI :

Lemma A 3 Suppose that 
 = (pE�pI)��
pE�pI . Then

1. pE � pI + �

 =

pE�pI



2. Therefore a consumer prefers to acquire information if and only if this consumer would pur-

chase E without acquiring information

Consider now the case where � g = � and �E = 0. Lemma A1 shows that any consumer who

is indi¤erent between purchasing I without acquiring information and acquiring information about
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E (and subsequently purchasing it) has v(�; e; pg) � v(�; �e; pg) > cE � cI . A small subsidy would

then induce this consumer strictly prefer to acquire information and subsequently purchase E.

Lemma A2 shows that any consumer who does not acquire information but is indi¤erent between

I and E also has v(�; e; pg)�v(�; �e; pg) > cE�cI . A small subsidy would then induce this consumer
strictly prefer to acquire information and subsequently purchase E.

Taken together, these results imply that a small subsidy will generate a strictly positive change

in social surplus from its impact on the choices of consumers with prior beliefs 
 < 1. This increase

will be �rst-order compared to the second-order loss generated from distorting the behavior of

consumers with 
 < 1. Thus propositions 1 and 2 will go through verbatim in this more general

model.

Proposition A 1 1. Suppose that 
L < 1. If the government maximizes W0 then the energy

tax that maximizes consumer welfare is ��g > 0.

2. Suppose that 
L < 1. Then
@
@�E

W > 0 and @
@�g

W > 0 at (�E ; � g) = (0; �). If (��E ; �
�
g) is an

optimal tax policy, then either ��E > 0 or �
�
g > �.

It is also true in this model that when 
L = 
H , the �rst-best social surplus can be obtained,

even though it is no longer possible when 
L 6= 
H . That the �rst-best can�t be obtained when


L 6= 
H is true for the same reasons that are depicted in Figure 3 and discussed in section 3.4� any

tax policy that achieves �rst-best choice by 
L types will lead to overconsumption of E by the 
H
types. When 
L = 
H , however, the �rst best can be obtained by the following subsidy:

Proposition A 2 Suppose that 
L = 
H � 
 < 1. Then the �rst best is uniquely achieved with

��g = � and ��E > 0, where

1. ��E = �=
 if 
 < cE�cI��=
��
cE�cI��=


2. ��E = (cE � cI)(1=
 � 1) if 
 >
cE�cI��=
��
cE�cI��=


Appendix III: Vehicle Market Simulation Details

For the vehicle market simulation, we assume a CRRA functional form for u(m� �):

u(mij � �i) =
A

1� r (mij � �i)1�r (24)

Given this functional form, the choice of mij that maximizes utility in Equation (12) is:

m�
ij = �i +

��pgej
A

��1=r
(25)

The parameter r is related to the price elasticity of utilization demand �VMT < 0:
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r =
1

��VMT

m�
ij � �i
m�
ij

(26)

We assume a uniform distribution of �, with support ranging from zero to twice the mean. We

set A such that � = m
2 , which ensures that elasticity does not vary too much over the support of �.

The mean value of � is set to match nationally-representative data on VMT from the 2001

National Household Travel Survey (NHTS), the most recent national survey with available odometer

readings. As part of the survey, odometer readings for about 25,000 vehicles were recorded twice,

with several months between the readings, and these data were used to estimate annualized VMT.

The variable � captures potential VMT if the vehicle lasts all the way through an assumed 25-year

maximum lifetime. To calibrate �, we use the NHTS data to calculate the nationally-representative

average annual VMT m�
a for vehicles of each age a from 1 to 25. For example, these average annual

VMTs decline from 14,500 when new to 9,600 at age 12 and 4,300 at age 25. The U.S. average

VMT over a 25-year potential lifetime is the sum of annualized VMT at each age:

m� =
25X
a=1

m�
a � 236; 000 (27)

We must translate this undiscounted sum over a potential lifetime to a discounted sum over an

expected lifetime. To do this, we apply a scaling factor �. We assume a six percent discount rate,

which re�ects the average discount rate for vehicle buyers calculated by Allcott and Wozny (2011),

giving a discount factor � = 1
1:06 . We use data on nationwide registrations of new and used vehicles

from 1999 to 2008 to calculate the average survival probability of vehicles at each age a. These are

multiplied to construct cumulative survival probabilities, denoted �a. For example, a new vehicle

has a 60 percent chance of surviving to age 12 and a ten percent chance of surviving to age 25.

The scaling factor � is:

� =

25X
a=1

�am�
a�a

25X
a=1

m�
a

� 0:436 (28)

60



Appendix Tables

Appendix Table A1: Vehicle Market Simulation with Alternative Assumptions

Change from Base Case 1 2 3 4 5 6
None Average High Logit Nested High
(Base 
 �: Sub Logit Utilization
Case, = 1=2 Average Patterns � = 0:9 Elasticity

Column 6 Own- (� = 0) �VMT = �0:45
from Price

Table 2) Elasticity
is -10

Optimal Product Subsidies
Gas Tax �g ($/gallon) 0.18 0.18 0.18 0.18 0.18 0.18
Product Subsidy �p ($/GPM) 81,989 164,130 87,116 81,456 82,612 82,053

Resulting Allocations
Average MPG 20.3 20.6 26.5 20.0 21.0 20.3
Average Lifetime VMT 152,730 153,150 159,850 152,420 153,640 153,580
Average PDV of Gas Cost 15,948 15,742 11,942 16,143 15,362 15,802
Average CO2 Tons Emitted 65.5 64.7 49.1 66.3 63.1 64.9

Welfare vs. No Policy
�Consumer Welfare/Vehicle 26.49 121.63 382.7 15.3 75.5 20.6
�CO2 Damages/Vehicle -23.65 -36.58 -36.6 -17.9 -50.8 -33.6
�Social Welfare/Vehicle 50.14 158.21 590.3 33.1 126.3 54.2
�Consumer Welfare/ton CO2 15.44 45.80 25.4 11.8 20.5 8.5

Notes: This simulates the socially-optimal product subsidy under di¤erent parameter assumptions when
the energy tax is set to marginal damages. All dollars are real 2005 dollars. Carbon emissions and damages
are denominated in metric tons of carbon dioxide. Welfare e¤ects are per new vehicle sold, discounted at 6
percent per year.
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Appendix Figures

Appendix Figure A1: Lightbulb Energy Cost Information Screen
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