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1 Introduction

Behavioral interventions known as “nudges” (Thaler and Sunstein 2008, Sunstein 2014)
have become a ubiquitous instrument of public policy. Governments in more than 200
jurisdictions worldwide have established behavioral insights units, deploying reminders,
default rules, social comparisons, and informational disclosures across domains ranging
from tax compliance and climate policy to public health. The accumulated evidence
indicates that these interventions reliably move behavior, although the average treatment
effects often seem small in magnitude, especially once taken to scale (DellaVigna and
Linos 2022).

We argue that this reduced-form evidence alone cannot answer whether such effect
sizes constitute a small or large policy success. Consider a behavioral intervention that
reduces energy consumption by 3 percent. Is this a meaningful policy outcome? The
answer depends on what an alternative instrument could achieve in the same market. If
demand is very price-inelastic, a 3 percent response could correspond to the demand ef-
fect of a 20 percent tax increase, an enormous fiscal intervention that would face strong
political resistance. Reduced-form effect sizes acquire normative content only when ex-
pressed in units of opportunity cost relative to the policy alternative they are meant to
replace or complement. This point also speaks to the recent criticism that policymak-
ers gravitate toward light-touch behavioral interventions for society’s biggest challenges,
such as climate change and chronic disease, that may require stricter price-based regula-
tion (Connolly, Loewenstein and Chater 2025). Judging the force of this critique requires
translating the nudge into the size of the price instrument it substitutes for.

In this paper, we systematically compare effect sizes of nudges and taxes within
the same markets based on hundreds of estimated effects. We assemble a hand-coded
database of more than 1,200 causal point estimates from over 600 studies, spanning two
policy instruments in five consumer markets: cigarettes, alcohol, influenza vaccines,
household electricity, and residential water. To our knowledge, no prior dataset combines
the systematic coverage of behavioral interventions in the spirit of DellaVigna and Linos
(2022) with parallel meta-analytic coverage of price interventions in the same markets.
We estimate a simple statistic that allows policymakers to judge the economic magnitude
of nudges: The equivalent price change (EPC), which is the ratio of the average nudge
treatment effect to the average price elasticity in a market. This statistic tells us how large

the corresponding fiscal instrument would need to be in order to generate the same effect



as the nudge—an intuitive indicator of the intervention’s policy scale and opportunity
cost.

Two key findings emerge. First, behavioral interventions generate demand responses
comparable to substantial price interventions. The average electricity conservation nudge
has an EPC of 11 percent, meaning policymakers would need to impose an 11% tax on
electricity to replicate the nudge effect—a tax policy that would be highly unpopular po-
litically and difficult to implement. The cigarette, water and alcohol nudges have EPCs
of 28, 17 and 34 percent, respectively. All of them imply large tax changes would be
necessary to mimic their effects. Most strikingly, the average flu shot nudge has an EPC
of around 100 percent: current vaccine nudges replicate the demand response of a sub-
sidy that fully covers the vaccine price. Behavioral interventions are doing the work of
non-trivial fiscal interventions.

Second, nudges are uniformly more cost-effective than price instruments at changing
behavior, but cost-effectiveness does not provide the correct welfare ranking of policies.
Since nudges are often cheap to implement, they typically look very attractive in terms
of cost-effectiveness. This echoes early evidence in Benartzi et al. (2017) for a smaller
set of interventions. In our data, nudges generate more behavioral change per dollar than
price instruments in all five markets.! Yet, cost effectiveness may not be a good proxy for
welfare. We follow Hendren and Sprung-Keyser (2020) in adopting the Marginal Value
of Public Funds as the welfare object and extend their framework to settings where con-
sumers may fail to maximize utility. The extension requires an assumption about how
nudges map into utility, a question most studies do not pin down. Here, we allow for
model ambiguity and test different assumptions. We first start with the basic premise be-
hind “libertarian paternalism” (Thaler and Sunstein 2003) that nudges help consumers
improve choice; e.g., through reminders or information that lower inattention or im-
prove knowledge (e.g., Milkman et al. 2011, Altmann and Traxler 2014, Houde 2018a,
Beshears and Kosowsky 2020, Miller, Sahni and Strulov-Shlain 2026, and many others).
We then relax this premise in a series of robustness exercises spanning the exhaustive

class of models in which nudges can enter utility.

'The EPC overcomes limitations of cost-effectiveness as a comparative policy statistic. First, only
subsidies, but not taxes, have a meaningful cost-effectiveness, because taxes generate rather than expend
revenue. The EPC sidesteps this asymmetry. Second, the EPC conveys political feasibility directly. A 5
percent EPC for cigarettes corresponds to a tax change well within the range jurisdictions routinely enact;
a 40 percent EPC for household electricity corresponds to one that would face mass demonstrations by the
public. Third, the EPC is a key input for any welfare analysis as we explain further below.



The resulting welfare estimates yield a more nuanced picture than cost-effectiveness
alone. In line with cost-effectiveness, nudges often generate large welfare gains per pub-
lic dollar. Energy, water, alcohol, and cigarette nudges have MVPFs of 2.0, 2.3, 4.4,
and 20, and vaccine nudges an MVPF of 62. These values compare favorably with many
conventional social programs, documented in Hendren and Sprung-Keyser (2020), in-
cluding cash transfer programs, housing vouchers, and unemployment insurance. But
per-dollar performance differs from the rotal welfare gain at scale. We compute each
policy’s welfare as the dollar-valued surplus. This metric can rank policies differently
because the total gain is bounded by the size of the behavioral response each instrument
can produce. Nudges produce only the modest effects documented in our meta-analysis,
whereas taxes and subsidies can generate substantially larger ones. Some markets exhibit
failures large enough that only price instruments can close the welfare gap. In energy,
the optimal corrective tax generates roughly seven times the total welfare of the optimal
nudge, even though the nudge is more cost-effective. Similar patterns arise in influenza
vaccines, water, and alcohol. Cigarettes are the only market in our sample where nudges
continue to dominate taxes even when scaled up. The broader pattern is unambiguous:
at scale, price instruments dominate nudges in most markets, and cost-effectiveness does
not provide the correct welfare ranking of policies.

The policy implication is that nudges often deliver large effects at low fiscal cost, and
they can be powerful complements to taxes and subsidies. But they rarely eliminate the
need for price-based policy at scale.?

We test the robustness of our results to alternative normative assumptions in which
nudges i) may not fully improve choice quality and #i) change utility directly (e.g.,
through psychic costs or induced altruism), meaning they can also directly internalize
marginal externalities. We further allow for the possibility that iii) observed price elas-
ticities deviate from those implied by normative preferences. While these alternative
assumptions change the absolute value of the welfare effects of nudges, our qualitative
policy rankings remain unchanged. This implies that—despite the normative ambiguity
about how nudges map into welfare—meta-analytic approaches in the spirit of Hendren
and Sprung-Keyser (2020) can still provide useful policy guidance.

Our paper contributes to three distinct literatures. First, we extend the MVPF frame-

This finding speaks directly to concerns that governments may use nudges as politically convenient
substitutes for stronger regulation (Connolly, Loewenstein and Chater 2025). Our estimates suggest that
this concern is warranted in several markets: choosing nudges over price instruments can leave substantial
welfare gains unrealized.



work to accommodate behavioral biases, an extension previously called for by Finkelstein
and Hendren (2020). The extension allows for the possibility that consumers make mis-
takes and public policies to act directly on those mistakes (see, e.g., Farhi and Gabaix
2020). While previous research has conducted behavioral welfare analysis within spe-
cific contexts using experimental or structural methods, these studies are often limited to
a specific intervention type or market (e.g., Chetty et al. 2009, Dubois et al. 2018, Thun-
strom 2019, Houde 2018a, Houde 20185, Allcott, Cohen, Morrison and Taubinsky 2025,
Rodemeier and Loschel 2025, and others). We complement this literature by aggregating
these insights into a broader bird’s-eye view and evaluating welfare effects across mul-
tiple interventions and markets. Second, from an applied policy perspective, our results
provide a comprehensive overview of the effects of nudges and taxes in health and envi-
ronmental policy (e.g., Milkman et al. 2011, Allcott and Kessler 2019, Myers and Souza
2020, Houde 2022, Houde and Myers 2021, Andor et al. 2020, Campos-Mercade et al.
2021, Milkman et al. 2022, Schneider et al. 2023, and others).>*

Third, our paper offers a novel database of reduced-form effects of behavioral inter-
ventions and relates to a growing literature using meta analyses on nudging (Benartzi
et al. 2017, Antinyan and Asatryan 2019, Hummel and Maedche 2019, DellaVigna and
Linos 2022). Different from prior work, however, we leverage reduced-form estimates of
both non-price and price interventions to draw insights on policy rankings. We further
highlight how methodologies in this spirit can provide deep implications for the choice
of the optimal policy tool.

The remainder of our study is structured as follows. Section 2 presents our meta-
analysis of nudge and price elasticities. Section 3 shows how these results can be used
to estimate a behavioral version of the MVPF. Here we compare welfare effects of each

policy tool within and across markets. We conclude in Section 4.

2 Meta-Analysis of Reduced-Form Effects

We document the reduced-form benchmark that the paper is built on: average nudge
effects, average price elasticities, and the equivalent price change that connects them.

These are the primary empirical objects because they let us compare non-price and price

3See Rodemeier and Semken (2026) for a recent review of behavioral interventions in energy & envi-
ronmental economics.

4This also relates to Hahn et al. (2024), who use the MVPF framework to compare climate-related tax
and spending policies under the assumption that consumers are fully rational.
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interventions in a common behavioral unit, without committing yet to a particular welfare
model. The welfare analysis later will translate that benchmark into normative language

under explicit assumptions.

2.1 Inclusion Criteria

Our empirical focus relies on using results from consumer markets where behavioral
interventions and price elasticities are well-studied. We found that data availability is
sufficient to support a quantitative meta-analysis in five markets: cigarettes, alcohol, in-
fluenza vaccines, household electricity, and residential water. To consistently compare
effects across studies, we must choose standardized outcome variables. For cigarettes,
we included all papers addressing cigarette usage. The most commonly used outcome
of interest in studies is the probability to stop smoking, i.e., a form of extensive margin.
However, we also have a number of studies that document both the cessation probability
and changes in number of cigarettes smoked (i.e., the intensive margin) for each subject.
We use this information to estimate the mapping between cessation elasticity and aggre-
gate cigarette demand. For influenza vaccinations, our outcome of interest is vaccination
probability. We include only papers that address seasonal flu vaccination, not other epi-
demic strains. For household electricity consumption, we include all papers measuring
residential electricity use. For water, our outcome is household water consumption, typ-
ically measured through utility billing records. For alcohol, we include studies reporting
changes in measured ethanol consumption.

For comparison purposes, we also need to convert point estimates and standard er-
rors of absolute treatment effects into percent changes. This conversion required papers
to report specific information. For the cigarette and vaccine markets, this was straightfor-
ward since the outcome variables were binary, so means and sample sizes within different
treatment groups suffice to characterize the asymptotic distribution of estimates. In gen-
eral, all included studies had to report either a standard error or enough information to

impute one. We excluded any paper where this was not possible.

Definition of Nudges In addition to the selection of markets, we must define what
constitutes “price interventions” and “nudges”. Our definition of price intervention is
relatively straightforward, including any policy that changes the sales price of the under-

lying good. By contrast, precisely defining a nudge is harder. For instance, one might



argue that any non-price intervention is a nudge. However, such a definition would also
imply that medication or therapy with a psychologist (e.g., to reduce nicotine addiction)
would be included in our analysis. Such an example would be inconsistent with how
the literature typically understands nudges. To remain consistent with the literature, we
follow the spirit of Benartzi et al. (2017) in choosing which interventions are nudges.
We exclude financial incentives, legal mandates, medication, and therapy sessions but
include “informational” nudges (e.g., giving consumers information about consumption
of peers, effects on health, or billing), “planning” nudges (e.g., goal-setting prompts and
offering consumers the ability to pre-commit to choices), and “streamlining” nudges that
simplify tasks (e.g., setting defaults and pre-selecting a choice set). We deviate from Be-
nartzi et al. (2017) by counting “educational interventions” as nudges. We include these
interventions because there is no clear distinction between what constitutes information
provision (a form of nudge in Benartzi et al. 2017) and an educational intervention. For
instance, a leaflet describing health risks from smoking may be defined as either. To

avoid this ambiguity, we therefore classified any informational intervention as a nudge.

2.2 Data

Data on nudges were obtained primarily by scraping Microsoft Academic search results.
We chose Microsoft Academic because it was possible to scrape and had similarly good
coverage as other potential sources (Martin-Martin et al. 2021). Our scraping procedure
yielded titles, reference information, abstracts, and lists of citations and references. Our
data collection took place prior to the large-scale adoption of Artificial Intelligence and
all data was hand-coded manually by research assistants.’

Most papers related to nudging influenza and smoking are from the medical literature.
The digitization rate of the medical literature, including older literature, is fairly high.
For the literature on energy nudges, we found that this scraping approach missed relevant
papers. We therefore consulted an additional meta-analysis by Delmas, Fischlein and
Asensio (2013) as well as another survey of the literature by Darby et al. (2006). We
searched through the studies that were cited or mentioned in these two additional sources,

and added any that were missed from scraping. For water nudges, we followed a parallel

>We assigned two research assistants (RAs), working independently, to check the first 500 results for
each search term from the scraping outcomes; first by title, then by abstract. We reconciled the works of
the RAs by checking them against each other. Two RAs then read each paper and, if it was deemed fit for
inclusion, independently collected the relevant information—treatment effects, sample sizes, p-values and
other statistics, as well as information on the details of the intervention.



procedure, supplementing the scraped records with studies referenced in reviews and
empirical work on behavioral water conservation. The sample includes studies mainly
of field experiments on residential water conservation. For alcohol nudges, the majority
of studies originate in the medical and public health literatures on brief interventions,
which we retrieved via the same systematic search procedure used for cigarettes and
influenza vaccines.

There are a variety of high-quality meta-analyses estimating price elasticities. For
cigarette price elasticities, we obtained the underlying data of the meta-analysis by Gallet
and List (2003). For energy price elasticities, we collected all the papers mentioned in
Zhu et al. (2018), excluding all estimates of price elasticity not meeting our inclusion
criteria. We further obtained data from Alt et al. (2024) which provided studies that
included price and nudge interventions within the same sample. For water and alcohol
price elasticities, we draw on a large empirical literature and obtained underlying data
in Jegnie et al. (2021) and Nelson (2013), respectively. We were unable to find a meta-
analysis for price elasticities of influenza vaccines. We therefore searched Microsoft
Academic and Google Scholar for all papers estimating the effects of monetary incentives
on vaccination take-up. We also estimated price elasticities from policies that made flu
shots free to subjects. Because of the difficulties in finding studies on price interventions
in the vaccine market, the sample of studies we were able to obtain in this market is
smaller than in the other four markets.

Overall, we gathered 1,289 point estimates from 610 studies on nudges and price
interventions across these five markets. Of these, 1,058 estimates satisfy the inclusion
and standard-error criteria described above and enter the analysis. Table D.1 reports the

counts by market.

2.3 Reduced-Form Effects

Figure 1 presents the distribution of nudge effects (Panel A) and of price elasticities
(Panel B) in each market. Energy nudges reduce household electricity consumption by,
on average, 4.75% (p < 0.001), with a median of 4.00% and a standard deviation of
5.18%. Large reductions above 10% are unlikely. These interventions are dominated
by Home Energy Reports that compare a household’s consumption to that of similar
neighbors, as well as real-time usage feedback and advice on conservation.

The average treatment effect of smoking nudges constitutes a 7.5% increase in the



cessation probability (p < 0.001). The median effect is 5.96%. Using studies that map
the cessation probability into aggregate demand for cigarettes, we find that this 7.5% in-
crease in the cessation probability amounts to an approximate 14% reduction in cigarette
demand. We also observe a large amount of heterogeneity in effects: The standard devi-
ation is 11.71% and large values, such as a reduction in the smoking probability of 30%,
are possible. The interventions vary widely, ranging from warning labels and graphic
images on cigarette packs to planning prompts that pre-commit smokers to a quit date.

For influenza vaccines, we observe the largest relative effects across markets. Here,
the average probability to get a flu shot increases by 34.79% due to nudges, the median
is 18.38%. The standard deviation is 39.70%. Interventions in this market are mostly
reminders sent by text, email, or letter, opt-out scheduling of vaccination appointments,
and information about the risks of influenza and the benefits of immunization.

In the market for residential water, nudges reduce consumption by 6.53% on aver-
age, with a standard deviation of 7.26%. Effects are driven primarily by social norm
comparisons, feedback on usage, and informational interventions.

For alcohol consumption, the average nudge reduces consumption by 19.10%, with
a standard deviation of 11.87%. The interventions in the alcohol literature are predomi-
nantly informational and goal setting interventions.

Turning to Panel B, the own-price elasticity of demand is 0.45, 0.49, 0.33, 0.38,
and 0.57 in the markets for energy, cigarettes, flu vaccines, water, and alcohol, with
substantial heterogeneity within each market. The underlying literatures vary widely in
size: 68 estimates for electricity, 94 for cigarettes, 174 for residential water, and 560
for alcohol, but only 9 for influenza vaccines. The influenza vaccine literature is small
because direct price variation on vaccines is rare, partly reflecting concerns that paying
people to get vaccinated is ethically contested and could backfire. The estimates we do
have show no such backfire: price reductions always raise vaccination take-up, consistent
with recent evidence on COVID-19 vaccine incentives (Schneider et al. 2023).

The averages reported above mask substantial heterogeneity across nudge subtypes.
Appendix A reports the most effective nudge categories in each market: social com-
parisons in energy, information and feedback interventions in cigarettes, reminders and
defaults in flu vaccines, commitment and goal-setting in water, and social-norm and feed-
back interventions in alcohol.

Funnel-plot diagnostics in Appendix C indicate publication bias for the energy, cigarette,

and flu vaccine treatment effect estimates (Egger test p < 0.05), and no significant evi-



dence of bias for water or alcohol. In the same appendix, we show that our key results,
like the EPC and welfare rankings of policies, are robust to correcting for publication

bias.

2.4 The Equivalent Price Change of Nudges

To compare nudges and price instruments on a common footing, we ask how large a tax
or subsidy change would be needed to reproduce the same first-order behavioral response
as the nudge. We formalize this as the equivalent price change (EPC) of a nudge, defined
as the ratio of the average nudge treatment effect (expressed as a percent of baseline
levels) to the average price elasticity in a given market. Figure 2 presents the EPC in
each market. Energy nudges have an average effect that is equal to a 10.7% tax on the
household electricity price. This is a substantial effect, which would amount to 1.41
cents per kWh tax on the average US electricity price.

The average smoking nudge induces the same demand response as a 28.1% sales tax
on the cigarette price, statistically significant at the 1% level.® In the US, this implies a
tax of roughly $2.25 per cigarette pack, which is close to the current average tax rate in
the US of $3.01/pack.

Influenza vaccines have an extremely high price change equivalent: on average they
cause the same increase in vaccination rates that a 104.2% subsidy on the vaccine price
would induce. Despite the few price studies we saw in Figure 1, we are sufficiently
powered to conclude that this effect is statistically different from zero (p < 0.01). As we
show through our upcoming model, this magnitude of the effect implies that we would
want to make flu shots free to everyone and—if we interpret the coefficient at face value—
even offer a small financial payment of 4.2% of the vaccine price to people.

In the residential water market, the average nudge induces the same response as a
17.3% price increase, reflecting the combination of moderate behavioral responses and a
relatively inelastic demand. At a typical US water-and-sewer rate of $11.50 per hundred
cubic feet (CCF), this corresponds to an additional $2 per CCF, or roughly $200 per US
household per year.

For alcohol, the average nudge is equivalent to a 34.2% price increase. Applied to

a typical US retail price, this corresponds to roughly $0.43 per 10 g of pure ethanol, or

The price elasticity refers to continuous cigarette demand rather than the cessation probability, so we
express the smoking nudge effect also in units of demand rather than cessation probability.
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about $0.60 per US standard drink, several times the average combined US federal and
state alcohol excise.

In conclusion, behavioral non-price interventions induce substantial demand responses
if we compare them directly to the change in taxes and subsidies required to match this
effect. This equivalent price change is an important statistic because it moves from
reduced-form effects (which are hard to judge normatively) to a statistic that directly

relates it to policy alternatives.

2.5 Correlation Between Price and Nudge Effects

An important question for policymakers is whether nudges are complements or substi-
tutes to price instruments. Complementarity means that nudges manage to change the
behavior of a subpopulation of consumers that are less likely to respond to price changes.
Answering this question is also important for the welfare impact of a nudge: As we dis-
cuss in more detail in Section 3, this welfare gain will be particularly positive if nudges
help high-value consumers to make better choices. If price elasticities reflect marginal
utilities of consumption, nudges have particularly large welfare effects if price-inelastic
consumers are nudge elastic.

Despite the importance of this correlation, most studies do not feature both a price
and nudge intervention. Through targeted searches by our research assistants, we identify
21 such studies, allowing us to estimate the correlation for two markets: cigarettes and
energy consumption. While this covers only a subset of the markets of interest, it provides
direct evidence for one health market and one resource-consumption market.

Figure 3 plots the estimates. In both markets the point estimates are positive: r =
0.636 (p = 0.019) for energy and r = 0.315 (p = 0.447) for cigarettes. Consumers
whose demand responds more strongly to price changes also exhibit larger behavioral
responses to nudges. The correlation is substantially more precisely estimated for the
energy than for the cigarette market. The overall pattern suggests that households who
have relatively weak preferences for the underlying good may also be more likely to
change their behavior when nudged, consistent with both neoclassical models and models
of bounded rationality or rational inattention. Our upcoming welfare analysis is robust
to alternative correlations: the policy rankings we present in each market hold under any

positive correlation, and even under a correlation of zero (see Appendix G).

7A positive correlation is also what theory predicts when biases emerge endogenously alongside at
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From a policy perspective, the results imply that nudges are substitutes to taxes as
they tend to induce behavioral change among the same consumer types. This becomes

important again when we discuss welfare implications in Section 3.

2.6 Cost-Effectiveness

Finally, we follow Benartzi et al. (2017) and compute the cost-effectiveness of each inter-
vention. While nudge implementation costs are typically not reported in each study, we
managed to obtain 44 usable cost observations across the five markets. We test directly
whether this selection matters and find that in four of the five markets, mean treatment
effects among cost-reporting and non-reporting studies are statistically indistinguishable
(p-values between 0.49 and 0.98, see Figure B.1 in the Appendix). The exception is the
influenza market, where cost-reporting studies show smaller effects than non-reporting
studies (p < 0.001), making our cost-effectiveness estimate for influenza nudges conser-
vative.

Before getting to the results, we should note that cost-effectiveness is a natural metric
only for spender policies. Nudges and subsidies expend public funds, so dividing behav-
ioral change by dollars expended has a transparent interpretation: it tells the planner how
much behavior change each dollar of program spending purchases. Corrective taxes do
not expend public funds but collect them.® For the purpose of putting nudges and taxes
on a common cost effectiveness scale, we compute the average percent change in behav-
ior per $1 of fiscal flow. Here, flow is program spending for nudges and subsidies, but
the tax burden of taxes on consumers. This convention treats a dollar of tax revenue as
the cost borne by consumers. Thus, we do not make a distinction here over whether the
cost of the policy is financed by the government budget (as is the case for nudges and

subsidies) or by the consumer budget.” Formally, the two cost-effectiveness statistics are

T , m
CE?nudge — 7_m’ CEglrme _ € (1)

— Y

where T¢ and ¢, are the average treatment effect and the average implementation cost per

least partially rational behavior, as in models of rational inattention (e.g., Gabaix 2014). In such models
consumers tolerate larger biases where the welfare cost of a given bias is smaller. The positive correlations
we estimate are consistent with this prediction.

8This is another advantage of our EPC measure that can be computed for both spenders and revenue
raisers.

These nuances are better captured in the MVPF framework which we turn to in Section 3.

12



subject. €, is the average price elasticity, and p,,Z,, is annual expenditure on the good
per consumer. A dollar spent on nudging buys 1/¢,, treatments, each moving behavior
by T¢ percent. A dollar of tax burden per consumer amounts to a price increase of
1/Z,, per unit, or 1/(p,,T,,) in percent terms, which moves behavior by €,, times that
amount.'® Nudges are therefore cost-effective where implementation is cheap relative
to the treatment response, and price instruments where annual spending on the good is
small relative to how price elastic consumers are.

Figure 4 illustrates the cost-effectiveness of nudges versus price interventions across
markets. The results reveal substantial heterogeneity. In the energy market, nudges re-
duce consumption by 0.10% per dollar while taxes only do so by 0.03% per dollar. As
before, for cigarettes, we translate the effect of the cessation probability into effects on
continuous cigarette demand to allow for comparability. Here, nudges lower demand
by 1.03% per dollar, substantially outperforming taxes with 0.02% per dollar. Influenza
vaccine nudges exhibit the highest cost-effectiveness among all interventions, generating
7.16% aggregate effect per dollar, followed by vaccine subsidies at 1.68% per dollar. Wa-
ter conservation nudges reduce consumption by 0.46% per dollar versus taxes by 0.09%.
For alcohol, nudges attenuate consumption by 0.38% per dollar, compared to 0.11% per
dollar for alcohol taxes. The broader pattern across markets suggests that nudges are al-
ways more cost-effective at moving aggregate consumption behavior than taxes per dollar
invested, echoing the main message in Benartzi et al. (2017).

The open question we aim to address next is whether these cost effectiveness mea-

sures are informative about different measures of welfare effects of the interventions.

3 From Cost-Effectiveness to Welfare

Section 2 documented that nudges generate behavioral responses comparable to sub-
stantial price interventions and do so at low fiscal cost. Translating these reduced-form
facts into welfare requires a framework that values the behavioral response in normative

units. To do so, we develop a behavioral extension of the Marginal Value of Public Funds

1070 illustrate with the energy market: the average household consumes Z = 11,000 kWh of electricity
per year at a price of roughly $0.13 per kWh, so annual expenditure is about $1,430. A tax that collects one
dollar per consumer corresponds to 1/11,000 of a dollar, or approximately 0.009 cents, per kWh, because
the dollar is spread across all units purchased. Relative to the price, this is an increase of 1/1,430 ~ 0.07
percent. With a mean elasticity of 0.45, it therefore reduces consumption by 0.45 x 0.07 ~ 0.03 percent,
which is the value reported in Figure 4.

13



(MVPF, Hendren and Sprung-Keyser 2020). To our knowledge, this is the first MVPF
construction that accommodates behavioral biases, although Finkelstein and Hendren

(2020) have previously discussed such an extension informally.

3.1 Environment

We consider a market with a unit mass of heterogeneous consumers indexed by 7. Each
consumer has quasi-linear preferences u;(z;) + y; over a consumption good x; and a
numeraire y;, which they maximize subject to budget constraint px; + y; < M;, where
p = c + t is the tax-inclusive price and c is the constant marginal cost. We assume
px; < M, for all 7, so demand depends only on price. This is reasonable for our markets
where prices are small relative to income. Let D} = 0x;/0p < 0 denote consumer i’s
demand slope.

Two frictions motivate policy intervention. First, each unit of consumption generates
a per-unit externality &, which we treat as random in the policymaker’s information set
with prior mean E[¢] and variance Var(&), reflecting epistemic uncertainty about exter-
nal damages. The externality enters the social welfare function but not private choices.
Second, consumer ¢ has a behavioral bias b; (in money-metric terms) that distorts her
private first-order condition (FOC).!' Rather than equating marginal utility with price,

/

ul(z}) = p, she solves

wi(x;) =p—1U (2)
so that b; > 0 implies overconsumption (perceived marginal benefit exceeds price) and
b; < 0 implies underconsumption. The socially optimal (first-best) allocation satisfies

f'B) —

! = ¢ + E[¢{] for each i. Preferences and biases may covary arbitrarily. For

the marginal externality, we assume ¢ L (b;, D}) because we think of uncertainty in
¢ reflecting the policymaker’s imprecise knowledge of external damages (e.g., about the
true value of the Social Cost of Carbon) rather than individual-level variation in marginal
damages.'?

The government has two instruments. A corrective tax t that raises the consumer

price to ¢ + t. And a nudge n € [0, 1] that is characterized by two additional primitives,

'These biases can persist in general equilibrium in more comprehensive models and firms often have
an incentive to exacerbate them (see, e.g., Heidhues and K&szegi 2010, 2017, Akerlof and Shiller 2015).

12The independence assumption does not mean that consumers with different preferences and biases
produce the same amount of externalities; it simply means that the externality per unit of consumption is
the same across consumers.
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a de-biasing intensity #, and a per-unit psychic cost x that enters utility directly. We let
n = 0 denote no nudge and n = 1 the deployed nudge we observe in the data. Consumer
i’s perception wedge is (1 — 6n)b;, so the deployed nudge shifts the wedge from b; to
(1—0)b;. If @ = 1, the nudge restores rational choices; 0 < 6 < 1 is a partially corrective
nudge. The psychic cost kn z; is proportional to consumption and could, for example,
represent the direct disutility from seeing a disturbing image on cigarette packages that
highlights cancer risk. It can also represent any direct benefit or induced altruism, e.g.
from seeing nudges that appeal to people’s social preferences, in which case k < 0.
Her modified FOC is

ui(x;) = p+ kn — (1 —6n)b;.

The reduced-form approach to behavioral public finance, dating to Chetty et al. (2009)
and Mullainathan et al. (2012), uses differences in behavior between informed and unin-
formed settings to infer the extent to which observed choices reflect behavioral biases. In
our notation this corresponds to # = 1 and x = 0 as the nudge corrects the bias without
imposing psychic costs or benefits. The link to the EPC is direct at the individual level.
Because b; enters consumer ¢’s FOC (2) like a shift in the perceived price, a full-debiasing
nudge induces a quantity response equal to her demand slope times b;. Expressing the
demand response to a de-biasing nudge as a percent change 7; and dividing by the con-
sumer’s own-price elasticity €; recovers her dollar-denominated bias: b; = (7;/¢;) - p.
This is the individual-level EPC times the consumer price. With heterogeneous con-
sumers the welfare-relevant population analogue is an average over those marginal to the
nudge; we formalize this later in equation (4) below. The EPC introduced in Section 2
is therefore the central input to the welfare analysis.

Similar specifications have been the workhorse of a large empirical literature that
uses EPC-style ratios to identify welfare of behavioral interventions (Chetty et al. 2009,
Allcott and Kessler 2019, Bertrand et al. 2010, Beshears et al. 2020, Dubois, Griffith and
O’Connell 2018, Ferraro and Price 2013, Houde 2018a, Houde and Myers 2021, Houde
2022, Loschel et al. 2023, Rodemeier 2025, and many others).

Robustness to Modeling Assumptions We test robustness to alternative assumptions

about nudging. Allcott, Cohen, Morrison and Taubinsky (2025) design two experiments
to measure how much nudges de-bias, #, and how much they generate direct disutility,
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x. Their experiment designs a normative benchmark for choice quality and observes
whether choices move to this benchmark as subjects get nudged. Results suggest that
nudges on average close only a fraction of the underlying bias (f < 1), with essentially
zero psychic cost on average (k = 0). As a robustness exercise, Appendix E substitutes
their estimates into our framework and also tests robustness to a large variety of alterna-
tive values. While this changes quantitative magnitudes, the qualitative policy rankings
are very robust. Only in one of five markets could we construct a scenario in which
our policy ranking in the main text changes. Our main conclusions are, therefore, not
artifacts of the § = 1 assumption we proceed with now.

We further run an additional robustness exercise with x # 0, such that nudges enter
utility directly (and can therefore internalize marginal externalities). Appendix E.2 shows
that also under this specification our main policy conclusions continue to hold. We return

to this discussion again in Section 3.6.

3.2 The Marginal Value of Behavioral Policies

We first adopt the MVPF in Hendren and Sprung-Keyser (2020) as our welfare object,
which is the welfare gain per additional dollar of government expenditure:

WTP!
MVPF; = %
J

where WTPij is individual ¢’s (normative) willingness to pay for policy j and G is the
net cost to the government (implementation costs plus fiscal externalities from behavioral

responses). For a rational consumer, the envelope theorem implies that a tax change dt

ox;
ot

nalities or taxes, this yields MVPF = 1. Different from this established framework, we

reduces utility by x; dt and raises revenue x; dt + ¢

dt. Assuming no existing exter-

show that the behavioral version of the MVPF departs from one, even absent externali-
ties and pre-existing taxes, because consumers make mistakes and behavioral responses
have first-order welfare consequences.

The MVPF has two specific advantages over more traditional welfare analyses that
measure changes in excess burden using a utilitarian welfare function. First, the MVPF
does not require us to take a stance on distributional preferences of the policymaker.
To illustrate, consider a corrective tax “A” with MVPF 4 = 1, meaning each dollar of

revenue raised costs the taxed group exactly one dollar in willingness to pay, and a nudge
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“B” with MVPFp = 0.5, meaning each dollar of public spending generates only fifty
cents of willingness to pay for its recipients. Then, the budget-neutral reform that raises
one dollar through A and spends it on B improves social welfare if and only if 7p -
MVPFp > n4 - MVPF 4 where 4 and np are the social marginal welfare weights on
the taxed and recipient groups. With our numbers this collapses to 75 /14 > 2: financing
nudge B through corrective tax A is welfare-enhancing if the social planner values the
welfare of recipients of B more than twice as much as the welfare of those who pay for
the tax.

A second advantage is that the MVPF places nudges and taxes on the same conceptual
scale as other public policies evaluated in the MVPF literature, allowing us to compare
the social value of behavioral interventions with other policies that governments use in

different markets, like social insurance, education programs, health policies, etc.

MYVPF of Taxes Consider first a small change in the tax rate. Consumer ¢’s total utility

change from a tax increase dt is

ox; ox;
dU; = (u)(z;) — Ldt —x;dt = —b; —dt — x; dt
(u(xs) = p) - dt — = St - a
where we used u;, — p = —b; from equation (2). When the consumer overvalues con-

sumption by b; > 0, the welfare-relevant correction from the behavioral response is

—b;2 > 0 (positive, because 92: < ()and b; > 0): the tax forces the overconsumer

it ot
to cut back, which improves her normative welfare. To obtain normative willingness to
pay, we must consider what a consumer would be willing to pay to the policymaker to
correct them, given the consumer was made meta-cognitively aware of her mistakes. In

other words, we must quantify the consumer surplus gains from corrective policy.'?

ox;
ot

Adding the externality correction, —E[¢] < dt > 0, to the bias correction, the con-

sumer’s overall normative WTP for the tax is

; —
ot ot
3This logic is analogous to externalities: while consumers ignore externalities in their private consump-

tion choices, their normative willingness to pay to internalize them—as for example implied by political
preferences—is positive.

dt.

WTP, = —b; — dt — z; dt — E[¢]
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Aggregating across consumers, we have

S WTF = [-(E[b] + E[§]) E[F;] — Cov (b, Gp) — Elui]] dt.

Att = 0 the net government cost of imposing the tax is negative, G = —E|[x;] dt because

the tax raises revenue rather than imposes costs. Dividing by GG, we obtain

(E[b] + E[¢]) E[22] + Cov (b, Z)

MVPF =1+

With E[b] > 0, E[¢] > 0, and E[0x;/0t] < 0, the second term is negative, so MVPF < 1.
For revenue raisers like taxes, a MVPF below one is desirable: it means that to raise 1
dollar in tax revenue from consumers we forgo less than 1 dollar in consumer welfare. In
the absence of behavioral biases (b = 0) and externalities (E[¢] = 0), the MVPF equals
one: each dollar of tax revenue imposes exactly one dollar of welfare cost on consumers.

The MVPF of a tax is lower (i.e., the welfare gain from raising revenue is larger)
when Cov(b, 0x;/0t) < 0, so when the bias is concentrated on price-elastic consumers.
To understand the economics behind this result, note that for a given magnitude of b, a
larger price elasticity causes a larger deviation in quantity consumed from the private
optimum.'* Since marginal utility decreases in consumption, larger deviations from the
optimum imply larger forgone consumer surplus. A corrective tax recovers forgone sur-
plus, so its welfare gain is largest among consumers who are both heavily biased and

highly price-elastic.'®

MVPF of Nudges The nudge changes consumer i’s allocation by (Ox;/0n) dn. The
consumer’s normative optimality gap is b; + E[{] (she overconsumes by b; due to bias
and generates externality E[¢] per unit in expectation). Each unit of reduced consump-
tion generates a normative benefit of b; + E[¢], so the WTP per consumer is —(b; +
E[£])(0z;/0n) dn > 0, which is positive when Ox;/On < 0 for overconsumption goods.
The net government costis G = C’(n) dn—t E[0z;/On| dn, where C’(n) is the marginal

implementation cost.

14“This becomes obvious from the consumers’ FOC where b enters the same way as the price of the good.

15The same formula has an analogous interpretation when demand is discrete-choice. In the discrete
choice demand case, let D(¢;b) = Pr[buy|b; = b,tax = t]. Then 0D(p; b)/0t represents the density of
marginal consumers with bias b. In this case, the analog Cov (b, 9x;/0t) is Cov(b, 0D(t; b)/0t), welfare
gains from corrective taxation are especially large if biases are especially concentrated among marginal
consumers.
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Aggregating and dividing by G = C’(n) dn, we obtain

~ (B[] + E[¢)) E[%] — Cov (b, %)

MVPF uqge = )

Nudges have larger welfare gains when (i) the expected distortions cause large over-
consumption and nudges decrease consumption (i.e., (E[b] + E[¢]) > 0 and 2% < 0), (ii)

when they reduce overconsumption more for high-biased consumers (Cov (b, %"f;) < 0),

and (iii) when implementation costs are low.'®

3.2.1 Empirical Identification

The MVPF formulas derived above express welfare in terms of unobserved primitives:
the bias b;, the demand slope D’, and the externality £. We now show how each of these
objects is identified in our meta-analysis.

The key identification equation follows from the model’s first-order condition, ag-
gregated to the population level. Under the de-biasing interpretation (x = 0), a nudge
of effectiveness # shifts consumer i’s perceived price by 0b;, generating an individual
consumption response Az; = D} - 0b;. Aggregating across consumers and dividing by
mean consumption  gives the average percent treatment effect

Z p

where € = (p/z)E[D]] is the average price elasticity and Ey [b] denotes the expecta-
tion under the demand-slope-weighted distribution I/, which assigns consumer ¢ weight
w; = D;/E[D}]. Thus,

E[D;bi]

E[D]]

7

so consumers whose demand is more responsive to price receive greater weight. Invert-

ing (3) yields the central identification result:

EPC x p
I

T.
Ewlt) = —% = 4)

Equation (4) says that under full de-biasing (¢ = 1), the demand-slope-weighted

Conversely, if (E[b] + E[£]) < 0 because biases cause large underconsumption and/or externalities

are positive, then nudges increase welfare more when % > 0.
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average bias equals the EPC times the consumer price. The equation also makes the
statistic easy to generalize as we can easily vary 6 to evaluate robustness to the assumption
that nudges de-bias choices (see Appendix E).

We do not observe (77}, ¢;) at the individual level, nor do we attempt to recover in-
dividual biases b;. What our meta-analysis identifies is a population-weighted average
of biases, where the weights are precisely the demand slopes that enter the welfare for-
mulas. Both the treatment-effect aggregation in the data and the welfare aggregation in
the planner’s problem weight individuals by their marginal consumption response, so the

moment our data delivers is the moment the welfare formulas require.

Distributional assumptions. Our framework derives empirical moments that can in
principle be identified without any distributional assumptions on the data-generating
process. In practice, however, we have found such a non-parametric approach is too
demanding on the data relative to our sample sizes. Consequently, we opt for a para-
metric approach. We assume that 7; > 0 and ¢; > 0 are jointly log-normal across
consumers.'” Write In7; ~ N (uz, Vr) and Ine; ~ N (ug, Vi), with cross-correlation

p = Corr(In T}, In¢;). From (4), the log-bias inherits a normal distribution:

Inb, =InT;—Ine;+In(p/0), pp=pur—pe+in(p/l), Vi=Vr+Vg—2p\/VrVg.

Similarly, the demand slope S; = |D}| = ¢;Z/p is log-normal with s = g + In(z/p)

and Vg = Vg, and the covariance between log-bias and log-slope is

CBS = COV(IH bi, In Sz) = PV VTVE — VE

Under joint log-normality, all welfare-relevant cross-moments reduce to exponential
functions of the five parameters (ur, Vi, pg, Vi, p) plus market-level constants (p, z, 0)
and the externality distribution (p¢, V¢). We treat £ as random in the policymaker’s infor-
mation set, with prior mean [E[{] and variance Var (), reflecting epistemic uncertainty
about external damages such as the social cost of carbon. The welfare-maximizing tax

is t* = Ew[b] + E[¢] and internalizes the expected (weighted) bias plus the expected

7Eor notational convenience, we work with the absolute values of treatment effects and elasticities; the
signs are handled by the welfare formulas.
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marginal externality. Three objects enter the MVPF and excess-burden formulas:

x
E{blsl] = eXp(/JJB + ps + VB+VS2+QCBS) = 5 E{Tz]a (%)
E[b;S;] = exp(2up + pg + HotVstiCas) (6)
x
E[Si] = exp(us + 5) = , Elel ()

These cross-moments identify all relevant terms in the MVPF numerators:

Ew[b] = : Ey[0?] = =4 Vary (b) = Ey [b?] — Ew[0]?.

3.3 From data to parameters

Our meta-analysis provides study-level point estimates (Tj, or;) and (é, b, ), Where j
indexes nudge studies and k indexes price studies. The observed cross-study variance of
Tj conflates true heterogeneity in 7; with sampling noise. We separate the two using the
law of total variance:

Var(T};) = Var(T;) + E[67,],

so the noise-corrected variance is \//a\r(T )= Var(Tj) — &_%, and similarly for elasticities.
We then fit log-normal parameters by the method of moments: (ur, V) solve E[T] =
exp(ur + Vr/2) = 7 and Var(T) = ("7 — 1) exp(2ur + Vi) = \//a\r(T), and likewise
for (115, V). The externality parameters (¢, Ve) are calibrated from external estimates,
as discussed in Appendix D and reported in Table D.1.

The remaining free parameter is p = Corr(In 7, In¢;), the log-space correlation be-
tween treatment effects and price elasticities. This is the object that enters the lognormal
formulas for V3 and C'gg derived above. From section 2.5 we know the level-space cor-

relation 7 = Corr (7}, €;). Under joint log-normality, the two are linked by

s exp(pv'VrVe) — 1 @)
V(e —1)(e" —1)

which can be inverted to recover p from the empirical 7 and the already-estimated marginal

variances V7 and V. We use this mapping in our baseline calibration. For markets where

Section 2.5 provides no direct estimate, we assign 7 based on domain similarity.!®

18Speciﬁcally, our markets fall into two domains: health (cigarettes, alcohol, vaccines) and resources
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Market-level parameters. Finally, the welfare formulas require prices and baseline
consumption levels. Table D.1 in the Appendix collects these inputs, which we take
from public sources for U.S. markets. To isolate the conceptual value of each policy
independent of the current policy environment, we estimate all welfare effects relative to
a laissez-faire baseline with no pre-existing taxes or subsidies. We then show how the

results change once current U.S. policies are taken as the baseline.

3.4 Results

Figure 5 reports the MVPF estimates for our baseline calibration, where nudges are in-
terpreted as de-biasing interventions (¢ = 1). We evaluate every policy as a departure
from a laissez-faire benchmark with no pre-existing taxes, so the MVPF measures the
welfare consequence of the first dollar of intervention. Panel A reports spending poli-
cies. For these policies, higher values are more favorable: a MVPF above one means
that each dollar of public spending generates more than one dollar of welfare. Panel B
reports revenue-raising policies. For these policies, a MVPF below one means that the
government can raise one dollar while imposing less than one dollar in welfare losses on

affected individuals.

Budget-Neutral Reforms We start by using the different policy tools without chang-
ing the government budget. Following Hendren and Sprung-Keyser (2020), a budget-
neutral reform that finances spending policy 1 by raising revenue from policy 2 increases
social welfare if and only if 7\MVPF; > 7, MVPF,, where 7; is the average social
marginal welfare weight on the beneficiaries of policy j. Within a market, the popula-
tion that pays the tax and the population that receives the nudge are the same: smok-
ers pay cigarette taxes and receive cigarette nudges, energy consumers pay energy taxes
and receive energy nudges. The welfare weights cancel and the comparison reduces to
MVPFudge > MVPFy,. Under this comparison, a budget-neutral reform that raises
taxes to finance more nudging is welfare-improving in energy (2.03 > 0.34), cigarettes
(19.95 > 0.82), water (2.33 > 0.87), and alcohol (4.38 > 0.52), regardless of the
planner’s distributional preferences. For flu vaccines, where both instruments are spend-

ing policies, the analogous reallocation moves resources from the subsidy to the nudge:

(electricity and water). We apply the cigarette correlation to the remaining health markets (alcohol and
vaccines) and the electricity correlation to water. Our main results are not sensitive to this approach.

22



MVPF,uqge = 62.14 exceeds MVPF sy = 2.59 by more than an order of magnitude,

meaning moving budget from subsidies to nudges increases welfare.!

Nudges versus Taxes. To answer the question whether nudges can be more efficient
than taxes, we impose one additional normative closure in Figure 6. In Panel A we as-
sume a utilitarian welfare function so that public revenue is valued dollar-for-dollar with
private surplus. Under this assumption, a dollar raised through a tax creates a welfare
gain of 1 — MVPF,,, while a dollar devoted to a spending policy s € {nudge, subsidy}
creates a welfare gain of MVPF, — 1.

In Panel B, we extend the analysis to total welfare effects from non-marginal policy
changes. We maintain the utilitarian welfare function with equal welfare weights and
compute the discrete welfare change of moving from a laissez-faire benchmark with no
taxes and no nudges to one that either imposes the nudge or sets the tax to its optimal
level (see Appendix H for details). The optimal tax equals t* = Ey,[b] + E[¢], which
internalizes the elasticity-weighted average bias plus the expected externality.

Starting with Panel A, nudges dominate taxes at the margin in various markets. Spend-
ing a dollar on a flu vaccine nudge increases utilitarian welfare by $61.14 per person
(p < 0.01), while a small increase in the subsidy on vaccines generates only 3% of that
effect, around $1.59 in gains (p < 0.01). Investing another dollar on cigarette nudges
generates $18.95 of welfare per smoker, while raising another dollar through cigarette
taxes generates $0.18. The same pattern holds for alcohol, where spending a dollar on
nudges raises welfare by $3.38 per consumer, against $0.48 from the tax.

Similarly, for resource conservation, both electricity and water nudges dominate taxes
at the margin. Investing in electricity conservation nudges raises welfare by $1 per house-
hold, while raising an additional dollar in taxes by $0.66. These effects are statistically
significantly different from zero, but as with many structural exercises confidence inter-

vals are too wide to reject equality of the two effects. A similar result holds for water

19 Across markets, the comparison requires distributional assumptions because payers and recipients
differ. Consider raising cigarette taxes to finance flu vaccine nudges. The reform improves welfare if
and only if 7ay /Tsmokers > MVPF cigtax/MVPF gy nudge = 0.82/62.14 ~ 0.013. The threshold is two
orders of magnitude below one because the flu shot nudge MVPF is so large relative to the cigarette tax
MVPEF: a planner who values flu vaccine recipients at any level above 1.3 percent of the value placed on
smokers prefers the reform. The same logic applied to a reform that raises energy taxes to finance flu shot
nudges yields a threshold of 0.34/62.14 ~ 0.005. Across the markets we study, cross-market reforms
that finance nudges out of corrective tax revenue impose weak distributional requirements: even highly
unequal welfare weights would not reverse the welfare ranking.
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conservation nudges that induce $1.33 in welfare versus only $0.13 for taxes on the price
of water.

Comparing the results of Panels A and B, the ranking between nudges and taxes can
flip once we consider non-marginal effects. The two panels disagree about the policy
ranking in four of five markets. In electricity, the MVPF panel ranks the nudge above
the tax, but the optimal tax generates roughly seven times the total welfare of the optimal
nudge ($744 vs. $104 per household per year). Flu vaccines display the same pattern:
although the flu shot nudge is remarkably cost-effective and has an enormous MVPEF, its
total welfare effect ($28 per person) is smaller than that of the subsidy ($61), because the
subsidy generates larger demand increases at scale. The markets for water and alcohol
also see a flip in the rankings, with the nudge dominating per dollar but the tax delivering
larger total surplus ($26 versus $23 per household per year for water, and $278 versus
$196 per drinker per year for alcohol).

The panels agree only for cigarettes, where the nudge dominates the tax on both
measures: an MVPF of 19.95 versus 0.82 at the margin, and $104 versus $69 per smoker
per year in total surplus.

The divergence between Panel A and B is well-explained by the scale of each policy.
The MVPF is correctly identifying that each marginal nudge dollar is highly productive;
the excess burden illustrates that the corrective tax operates over a vastly larger fiscal

base than the nudge, which yields higher total welfare.

Policy Mix Combined policies that deploy both instruments weakly dominate either
alone in every market, but Figure 6 highlights that the incremental benefit of adding the
second instrument is often vanishingly small. This matters in practice. Policymakers
operate under fiscal, administrative, and political constraints that often force them to
deploy one instrument rather than two. In every market we study, identifying the best
instrument for the market gets society close to the first-best, and layering on a second
instrument adds little. Read in this light, our welfare estimates also speak to the concern
raised by Connolly, Loewenstein and Chater (2025) that nudges carry large opportunity
costs when they are used as replacements for price interventions. The pattern in our data
supports that worry: in four of five markets, price instruments deliver substantially larger
total surplus than nudges, and our exercise can be read as a measure of the shadow cost of
the political economy constraints that favor nudges over taxes in those markets. Nudges

are, at the margin, powerful additions to traditional policy, but rarely eliminate the need
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for price interventions.

Accounting for Current US Policy Our welfare analysis evaluates each instrument
from a laissez-faire benchmark with no pre-existing taxes or subsidies. This isolates
the conceptual value of each tool and keeps markets comparable, but it is not the right
object for advising policy where corrective measures are already in place. Appendix I
re-estimates the same objects taking current U.S. policy as the status quo. The two co-
incide in every market except where existing policy is already substantial. Cigarettes
are the clear case: the current combined tax of $3.01 per pack in the US is essentially
the calibrated optimum of $3.00, so all of the available corrective gain has already been
realized, and an additional cigarette nudge now lowers welfare because it drives con-
sumption below the optimum and erodes existing tax revenue. For flu vaccines the gain
is only partly realized, since free vaccination captures part of an optimal subsidy that
remains far higher. For energy, water, and alcohol the United States prices the relevant
externalities so weakly that current policy and laissez-faire deliver nearly identical wel-

fare, leaving the ranking between nudges and taxes unchanged.

3.5 Comparison to Other Policies in the US

A particularly useful feature of the MVPF is that it lets us compare the interventions in our
data to a broader set of traditional policies in domains such as education, social insurance,
and labor. Figure 7 places the spending-side MVPFs of our policies alongside category-
average MVPFs from Hendren and Sprung-Keyser (2020). Their MVPFs evaluate each
policy as a reform from the existing fiscal environment, so for a like-for-like comparison
we evaluate ours the same way, taking current U.S. taxes and subsidies as given rather
than starting from laissez-faire. Appendix I documents the current policy we take as
input in each market. The gray squares report the Hendren and Sprung-Keyser category
averages; the orange circles and blue triangle report our nudges and subsidies.
Evaluated at current policy, the energy and water nudges, with MVPFs of 1.95 and
2.33, remain above the category averages for adult health insurance, housing vouchers,
cash transfers and tax credits, unemployment insurance, and job training, all of which
fall below one. The flu shot nudge is the largest among our spending policies at 5.57, and
the flu subsidy at 3.89 also exceeds every adult-policy benchmark, as well as cutting top

income tax rates. The cigarette nudge is more modest at 1.53 because current cigarette
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taxes in the US are high and close to optimal. With taxes near the optimum, a further
reduction in smoking erodes inframarginal tax revenue and lowers the nudge’s value per
public dollar. Alcohol nudges, at 3.41, also clear every adult-policy benchmark.

The broader comparison therefore reinforces the main lesson from Figure 5: behav-
iorally motivated instruments can have attractive MVPFs in the range of, or even above,

important social policy tools.

3.6 Robustness

As with any theory-driven exercise, our results rest on the validity of our modeling as-
sumptions. In the interest of being fully transparent, we discuss how modeling assump-

tions map into our policy conclusions and report robustness exercises.

3.6.1 Incomplete de-biasing and targeting

The baseline calibration assumes nudges de-bias choices (f = 1). Meta-analytic data, as
well as any observational or field data, cannot pin down the true value of # because the
same treatment effect is consistent with a small bias that the nudge fully corrects and a
larger bias it only partially corrects. We therefore re-run the welfare exercise across the
full partial-debiasing range 6 € (0, 1] and evaluate it at the values that Allcott, Cohen,
Morrison and Taubinsky (2025) identify in a tightly controlled survey experiment that
decouples nudge treatment effects from measures of choice quality. Based on their es-
timates, we use 6 ~ (.44 for the resource markets (energy, water) and 6 ~ 0.17 for the
health markets (cigarettes, flu vaccines, alcohol). While this changes some of our results
quantitatively, the qualitative ranking is preserved in four of five markets: price instru-
ments continue to yield larger total surplus gains than nudges in the markets for energy,
residential water, influenza vaccines, and alcohol. In the cigarette market, results change
relative to our earlier finding as even here taxes start dominating nudges at scale. Thus,
our overall conclusion that taxes yield larger total welfare gains than nudges is further
strengthened by these robustness exercises.

If nudges also target biased consumers only imperfectly or not at all, our policy con-
clusion that taxes dominate at scale can only be reinforced. The comparative advantage
of a nudge over a uniform tax lies in correcting individual rather than average biases, so
a nudge that changes consumer behavior irrespective of their bias forgoes part of that

advantage and leaves the tax’s gain unchanged. Appendix E discusses that this shifts the
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comparison toward the price instrument in every market.

3.6.2 Nudges that internalize marginal externalities

One of our key findings is that while nudges can often be more efficient than taxes for
the marginal dollar spent, taxes at scale can often achieve more welfare improvement.
In our baseline model, this is partially driven by the fact that nudges cannot directly
internalize the marginal externalities—although they can reduce total externalities by
reducing demand. Here, we highlight that our overall finding, that nudges are dominated
by taxes at scale, holds across the alternative models of nudges, including ones where
nudges can directly internalize marginal externalities.

A nudge that internalizes externalities must do so by changing consumer’s utility di-
rectly (which is precisely what a tax does). This is captured in our framework by «, which
could take many economic interpretations. It could represent guilt or pride of consump-
tion, but it could also reflect altruistic preferences that close the gap between private (self-
ish) utility and society’s objective function. Just to name one of many examples, environ-
mental nudges that appeal to people’s social preferences may plausibly operate through
this channel. To illustrate this argument, consider the case where # = 0 and x # 0.
Both decision utility and normative utility without the nudge is then u(z) — px, whereas
decision and normative utility with the nudge is u(x) — kz — px. In the case of negative
externalities, > 0, which implies that nudges cause psychic costs on consumers—we
refer to this as a “moral tax.” In the case of positive externalities that arise, for instance,
from influenza vaccines, we have x < 0. Nudges then work as “moral subsidies,” giving
people an additional psychological benefit from consumption.

Appendix E.2 quantifies this case. We attribute the observed treatment effect of a
nudge to s, so that the psychic cost per unit equals the equivalent price change times the
consumer price, and re-compute welfare. In the four markets with negative externalities
the moral-tax nudge lowers welfare relative to laissez-faire. Influenza vaccination is the
exception because externalities are positive and nudges likely induce positive utility like
pride or altruism rather than costs like guilt. However, even under this favorable inter-
pretation, flu shot subsidies tend to dominate nudges for virtually all parameter values.

One might have expected that nudges would look substantially better when they can
enter utility directly since it allows them to internalize the marginal externality in the
same way a tax does. However, such a nudge faces two limitations: i) the behavioral

effect of the nudge still remains small relative to the response the optimal tax induces, so
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the externality the nudge internalizes is limited, and ii) the psychic cost falls on all units
of consumption so the nudge imposes the burden of a tax on inframarginal consumers
without collecting tax revenue. Our insight that taxes dominate nudges in solving large-
scale policy challenges, therefore, continues to hold even when nudges have the ability

to internalize externalities.

3.6.3 Price elasticities that do not reflect normative preferences

Our identification strategy recovers marginal utility from price elasticities. While this
is the workhorse approach to identifying preferences in economics and has also been
extensively used in the behavioral literature as we discussed in the context of the EPC,
one might worry that behavioral biases affect price elasticities. In this case, our estimates
of marginal utility would be biased, which could affect our policy rankings.

The direction of this concern is well established in the literature as behavioral biases
tend to attenuate elasticities (e.g., Hossain and Morgan 2006, Chetty et al. 2009, Enke
et al. 2024, Rodemeier and Loschel 2025, and others). To test the robustness of our
policy conclusions to this concern, let consumer ¢’s observed demand slope be SY = \S;,
where S; is the slope that reflects her normative marginal utility and A € (0, 1] measures
attenuation, with A = 1 the case of the main text.

The quantity response to a nudge that corrects a bias b; is b;5;, a movement along
the normative demand curve. Our estimator divides this response by the observed slope,
so the bias we recover is b; = b;S;/S? = b;/A. Every estimated bias is therefore 1/
times the true one, and the weighted moments that enter our welfare formulas satisfy
Ey[b] = Ew[b]/A and Vary (b) = Vary (b)/A2. It follows that attenuated elasticities
lead us to overstate the welfare gains from nudges relative to taxes because it overstates
the behavioral bias and its variance, which overstates the benefits of correcting these

frictions.?? Our main estimates must then be upper bounds of the relative attractiveness

20The effect of attenuation on the estimated welfare gain from the tax is ambiguous but the relative
welfare effect of nudges versus taxes is not. Writing i = Eyy[b] and evaluating the tax gain of Appendix H,
$E[S;](1 + E[€])?, at the estimated moments and the observed slopes, 1 = 11/ and E[S?] = AE[S;],
gives

2
AI/Vtax = AI/Vtax + %E[S’L] (1 - )\) (% - E[fP) :

the average bias is overstated, but the surplus from pricing the externality is understated, because it is
governed by the normative demand slope, which exceeds the observed one, and the sign of the net error
depends on which of the two dominates. The same calculation for the nudge gives an error of § E[S;] (1 —
A)(Varw (b) 4+ p2) /A, which is positive. The overstated average bias enters both errors identically and
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of nudges.

Appendix F re-computes the marginal and total welfare effects of both instruments
for every A € (0, 1]. Our policy rankings are unchanged for any degree of attenuation.
At the margin, nudges keep an MVPF above one and above the tax in every market
even as A — 0. At scale, taxes dominate nudges for every A in all markets except the
cigarette market—just as in our main specification. The nudge retains its advantage in
the cigarette market unless observed elasticities understate normative ones by more than
70 percent (A < 0.30). Consequently consumers’ price responses would have to be
extremely biased in order to change our policy conclusions. In the literature, a study that
cleanly provides an unambiguous normative benchmark for a price elasticity implies that
biases cause A = 0.58 (Enke et al. 2024), which would exclude our measured break-even
{21

point." While their value need not generalize to our setting, it provides us with additional

confidence that even in the cigarette market our policy rankings likely remain unaffected.

Nudges that affect price elasticities. The same exercise also addresses the possibil-
ity that nudges change price elasticities directly. This is not captured by our theoretical
framework in which nudges shift but do not rotate demand curves.?> However, what
matters for our welfare calculations is not the price elasticity once consumers have been
nudged but the elasticity implied by consumers’ normative preferences (see also Rode-

meier and Loschel 2025). This is precisely what we bound through A, meaning our policy

cancels in the comparison, so that

Vary (b)

A/I\/Vnudge - mtax = (AWnudge - AI/Vtax) + %E[Sz] (]- - )\)( b\

+E[g)?),
where E[S;] is the average normative demand slope. The estimated advantage of the nudge over the tax
thus exceeds the true one by a term that is positive for every A < 1 and vanishes at A\ = 1. Attenuation
causes an unambiguous upward bias of the relative welfare gain from nudging compared to taxing.

2Enke et al. (2024) endow participants with a utility function over two goods and a fixed budget, vary
the relative price across rounds, and reward choices close to the utility-maximizing bundle. The observed
sensitivity of demand to the relative price is 58 percent of the utility-maximizing sensitivity. This design is
particularly informative for our purpose because it directly identifies the normative benchmark by “assign-
ing preferences” to people through an incentive-compatible mechanism (so-called “induced-value tasks”).
Studies that instead estimate how de-biasing interventions change price elasticities can establish that the
elasticity changes, but not whether the elasticity with or without the intervention truly reflects normative
preferences (e.g., because the intervention did not fully eliminate all biases affecting elasticities). They
therefore cannot be used to separately identify A.

22This is because we follow the standard behavioral model in which biased decision utility is linear in
the bias, u(x) 4+ bx — pzx. It is possible however, that bias enters nonlinearly into decision utility, so biased
decision utility instead takes the form u(z) + b(x) — pax, which can cause demand curves to rotate.
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rankings are also robust to nudges changing price elasticities.?’
In conclusion, these results strengthen the evidence that our policy rankings are un-

affected by attenuation in observed price elasticities.

3.6.4 Within-Study Heterogeneity

In our theoretical framework, the relative comparison between nudges and taxes hinges
on the extent of bias heterogeneity. The bias heterogeneity, in turn, is identified in our
meta-analytic framework based on heterogeneity in nudge treatment effect estimates in
the literature. One concern is that our measure of bias heterogeneity can only capture
between-study and not within-study heterogeneity in biases.

In our MVPF and cost effectiveness results, we tend to find that nudges outperform
taxes on the margin. Our failure to account for within-study heterogeneity if anything
would cause us to understate such a finding, so these findings are qualitatively robust
to concerns about within-study heterogeneity. However, this concern could reverse our
finding that at scale, taxes are often more effective than nudges. We thus test to what
extent our qualitative findings at scale are undone by realistic levels of within-study bias
heterogeneity.

In general, estimating bias heterogeneity within-market requires some form of within-
subject variation that is rarely reported. The exception is Allcott et al. (2025) who provide
two such studies: In their first application, the standard deviation of the bias is 1.29 times
the mean, while in the second, the standard deviation is 0.33 times the mean. We use
these numbers to calibrate realistic levels of within-study bias variance. Recall in our
main specification that we estimate the variance of treatment effects as Var(T;) — 6%,
which estimates the variance of true treatment effects across studies. To test for robust-
ness of our conclusions to within-study heterogeneity, we estimate treatment effect het-
erogeneity as \gr(\T) = Var(T;) — 62 + (CV x E[T;])?, where CV € {0.33,1.29}
represents the coefficient of variation. Appendix Figure J.1 reports the analog of Figure
6, respectively for the C'V = 0.33 and C'V' = 1.29 cases. Larger values of C'V improve

the performance of nudges as expected, but the change is small. In the market for alco-

230ne might argue that even the elasticities we observe in the data are already affected by nudges because
nudges are already part of real world policy. This does not change our analysis because we can re-interpret
A not just as a measure of how much biases attenuate elasticities but also how much existing nudge policies
cause attenuation. Rodemeier and Loschel (2025) estimate this at A > 0.4, which would leave our policy
rankings unaffected. As long as our observed price elasticities have a relation to true marginal utility that
can be captured by our reduced-form object A, the source of the attenuation is irrelevant for robustness.

30



hol, nudges and taxes now look almost identical, although even there, taxes continue to
slightly dominate.
Overall, these results make us confident that our main policy insights are robust to

higher variance resulting from within-study heterogeneity.

4 Conclusion

What can hundreds of reduced-form studies teach us about the social value of behavioral
policy? Our answer is that treatment effects become economically interpretable only
when benchmarked against the fiscal instruments available in the same market. Once
translated into equivalent price changes, many nudges are large: they reproduce the be-
havioral effects of sizable taxes or subsidies in markets for electricity, residential water,
influenza vaccination, cigarettes, and alcohol consumption.

The welfare implications are more nuanced. Nudges are often highly productive per
dollar of public spending and can achieve MVPFs comparable to, or above, many conven-
tional social programs. This makes them attractive tools for marginal budget allocation
and budget-neutral reforms. Yet high welfare returns per dollar do not necessarily im-
ply large total surplus gains. Because taxes and subsidies operate at larger scale, price
instruments often generate larger total surplus than nudges, even when they are less cost-
effective.

The broader lesson is that behavioral interventions are neither trivial add-ons nor
general replacements for conventional regulation. They are powerful instruments at the
margin, but they rarely eliminate the need for price-based policy. Future research should
therefore focus less on whether nudges work on average and more on the welfare prim-
itives that determine when they should be used: who is moved by nudges, how those
consumers respond to prices, whether nudges correct underlying mistakes, and how be-
havioral and fiscal instruments interact when deployed jointly at scale. Embedding these
distinctions in large-scale program evaluations is the next step toward a more complete

welfare-based science of behavioral public policy.
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Figure 1: Distribution of Nudge Effects and Price Elasticities
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Notes: Each bar reports the equivalent price change (EPC) of the average nudge in a market, defined as
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Figure 5: MVPF Comparison: Revenue Raisers vs. Spending Policies
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Figure 6: Utilitarian Welfare Effects on a Common Dollar Scale

'
1
Alcohol | = * 338
| @ 048
1
Water @013 " 1%
|
1
Flu Vaccines 1 —_—A L - 611
| 1.59
1
Cigarettes ! ® 018 = * 170
1
- B
Energy ! ~@~ 0.66
1
-1.0 -05 0.0 05 1.0 2.0 5.0 10.0 50.0 100.0
Welfare gain per $1 of public funds
-® Tax & Subsidy # Nudge
(a) Marginal Welfare Gains
i
: —— $294
Alcohol ! L + $196
1 —— $278
|
! —— 1 $205
Water i L + $22.9
| — e $26.1
|
! ———— 5653
Flu Vaccines ' L + $28.1
: A $60.8
!
1 + $108
Cigarettes : v L + $104
i —_——— $69.2
'
'
! ——— $746
Energy | i + $104

I —— $744
'
!
$0 $10 $25 $50 $100 $250 $500 $1,000

Welfare gain ($/person/year)

@ Tax 4 Subsidy M Nudge -0~ Tax + Nudge

(b) Total Welfare Gains

Notes: For revenue-raising taxes, Panel A plots 1 — MVPF'. For spending policies, including nudges and the flu vaccine subsidy, it plots MVPF — 1.
Values above zero indicate positive marginal welfare gains on this common scale. Panel A uses a pseudo-log x-axis so that the large flu-vaccine nudge
estimate can be shown together with estimates near zero and below zero. Error bars show 95% confidence intervals from 2,000 bootstrap replications.



(44

Figure 7: Behavioral Policies in Perspective
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A The Top Performers among Nudges
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Figure A.1: Most Effective Nudge Category by Market

We discuss which nudge types are most effective in each market. Figure A.1 plots
the nudge categories with the largest treatment effects in each market. For cigarette
consumption, information interventions have the largest category-level effect, reducing
smoking probability by 9.69%. Feedback interventions reduce smoking by 3.52%, fol-
lowed by other nudges at 2.41%. For vaccines, reminders to get vaccinated have the
largest effect: a 115% increase in the probability to get vaccinated. Defaults—such as
pre-scheduling vaccination appointments that patients must actively cancel—cause sim-
ilarly large effects (105%), followed by information provision about the benefits and im-

portance of flu shots (68.9%). Household energy nudges are most effective when they
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provide social comparisons, which reduce electricity consumption by 7.17%. Feedback
and information interventions reduce consumption by 4.84% and 4.02% respectively. In
the water market, commitment and goal-setting interventions are the top performers, re-
ducing consumption by 11.0% on average. Information provision and reminders reduce
consumption 5.60% and 4.80% respectively. Alcohol consumption is most responsive
to social-norm interventions (31.0%) and feedback interventions (20.6%), followed by
other brief interventions (13.7%) and information interventions (11.0%). Overall, the
most effective nudge varies systematically across markets, suggesting that different be-
havioral frictions may bind in different domains: inattention and biased beliefs in smok-
ing, forgetfulness and hassle costs in vaccination, social-image or norm-based motives

in energy and alcohol, self-control and biased beliefs in residential water conservation.

B Selection into Cost Reporting

Figure B.1: Treatment effects by cost-reporting status
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Notes: Filled circles show the mean treatment effect among studies that report implementation costs;
hollow circles show studies that do not. Bars are 95 percent confidence intervals; p-values are from Welch
two-sample tests.
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ONLINE APPENDIX

C Publication Bias

If published studies overrepresent statistically significant results, meta-analytic effect
sizes may be inflated. We assess this bias using funnel plots and the Egger test (Eg-
ger et al. 1997). A funnel plot displays study treatment effect against standard errors:
under no selection and a homogeneous true effect, estimates should scatter symmetri-
cally around the mean, with imprecise studies fanning out at the bottom and precise
studies clustering at the top. Egger’s test formalizes this; regressing standardized effect
on precision, a nonzero intercept indicates the asymmetry selective publication creates.

Figure C.1 shows funnel plots for all five markets, and Egger tests detect significant
asymmetry in three: energy (t=—2.75, p=0.009), cigarettes (t=—3.53, p<0.001), and
flu vaccines (t = 2.46, p=0.019). Water (¢t = 1.30, p=0.217) and alcohol (t = —0.66,
p=10.525) show no significant asymmetry, though small sample sizes limit power. The
signs of the intercepts indicate that smaller studies tend to report larger effects in the
hypothesized direction. The evidence suggests that published nudge effects in energy,
cigarettes, and flu vaccines are likely overstated relative to the true underlying effect.

We show that our main estimates of EPC, cost effectiveness, and MVPF are not ar-
tifacts of publication bias. Andrews and Kasy (2019) (henceforth referred to as AK) re-
cently provided a framework showing how to nonparametrically identify publication bias
assuming true treatment effect sizes are independent of standard errors. Full nonparamet-
ric estimation requires a large sample, so the authors suggest a parametric approximation
where selective publication depends only on statistical significance, i.e., significant re-
sults are R > 1 times as likely to be published. Intuitively, publication bias can then be
identified by measuring the degree to which there exists “missing mass” for studies with
t-statistics just below 1.96. AK use maximum likelihood to jointly estimate the degree
of publication bias as well as recovering the true underlying distribution of treatment
effects, which we use, with only a slight modification.?*

We separately estimate elasticity and nudge treatment effect publication biases. The

24AK also apply their maximum likelihood approach to a dataset of nudges. Their empirical specifi-
cation assumed that the distribution of treatment effects is ¢-distributed, which is inconsistent with the
lognormal specification we use in our paper. We thus modify their likelihood function to assume a lognor-
mal distribution of true treatment effects. A Vuong (1989) test implies that our specification fits the data
better than the ¢-distributed treatment effect assumption, which empirically justifies our modification.

45



Figure C.1:
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Notes: Panels (a)—(e) show funnel plots for nudge treatment effects in each of the five markets. Each point
represents a study-level estimate. The dashed vertical line indicates the inverse-variance weighted mean
effect, and the gray shaded region shows the 95% pseudo-confidence interval under the assumption of no
publication bias. Precise studies (small standard errors) appear at the top.

former is estimated at ]%elas = 6.438, while the latter is f%nudge = 3.560. This implies

notable bias in both literatures. A comparison between bias-corrected averages and stan-

dard deviations are reported in Table C.1. Correcting for publication bias shrinks the

estimated average nudge treatment effect roughly in half and shrinks the average elastic-

ity by about 30%. Thus, publication bias is especially consequential for nudge treatment

effects. Estimated treatment effect heterogeneity increases.

Table C.1: Distribution of True Effects Correcting for Publication Bias

Uncorrected

Corrected

Mean

SD  Mean

SD

Nudges

Elasticities

0.1255 0.0714 0.0583 0.1847

0.5456 0.3834 0.3598 0.5261

Notes: This table reports the estimated mean and standard deviations of nudge treatment effects and
price elasticities, with and without the AK publication bias correction.
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Figure C.2: Publication Bias Corrections: EPC
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Notes: Panels (a)—(e) compare EPC estimates with and without publication bias corrections in each of the
five markets. Each bar represents point estimates, while error-bars represent 95% bootstrapped confidence
intervals. Bootstrap draws redraw both the data used to estimate publication bias (]:Zelas and Rnudge) as
well as data used to estimate treatment effects, given publication bias estimates.

Publication bias could change our findings, so we re-estimate EPC, cost-effectiveness,
and MVPF of nudges and taxes in our 5 markets, after correcting for it. Figures C.2—
C.4 compare the main estimates reported in our paper against the bias-corrected versions.
We compute standard errors by constructing bootstrap redraws of our entire dataset and
re-estimating publication bias in addition to the main estimates. Comparing point esti-
mates, we find that the relative ranking between nudges and taxes remains similar when
accounting for publication bias. Quantitatively, most point estimates are hardly changed.
The one exception is the cigarette market, where accounting for publication bias substan-
tially reduces the MVPF associated with nudges. Even here, however, the MVPF still
remains above the MVPF of taxes, consistent with our findings in the body of the paper.
Accounting for publication bias also substantially increases the variance of all estimates.
This is because even given the parametric specification suggested by Andrews and Kasy
(2019), and pooling across markets, Relas and Rnudge remain fairly large. Overall, our

key results and policy conclusions are robust to the correction for publication bias.
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Figure C.3: Publication Bias Corrections: Cost Effectiveness
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Notes: Panels (a)—(e) compare cost-effectiveness estimates for nudges and taxes, with and without publi-
cation bias corrections in each of the five markets. Each bar represents point estimates; error-bars represent
95% bootstrapped confidence intervals. Bootstrap draws redraw both the data used to estimate publication
bias (]A%elas and Rnudge) and data used to estimate treatment effects, given publication bias estimates.

Figure C.4: Publication Bias Corrections: MVPF
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Notes: Panels (a)—(e) compare MVPF estimates for nudges and taxes, with and without publication bias
corrections in each of the five markets. Each bar represents point estimates, while error-bars represent 95%
bootstrapped confidence intervals. Bootstrap draws redraw both the data used to estimate publication bias
(Relas and flnudge) as well as data used to estimate treatment effects, given publication bias estimates.

D Calibrated Market Parameters

Table D.1 lists the calibrated parameters we use as inputs for our welfare computations.
For electricity consumption externalities, we use a social cost of carbon of $181/tCO,,
taken from the study by Hinsel et al. (2020).” The same data yields a standard devia-

2 Borenstein and Bushnell (2022) document that because residential rates recover largely fixed network
and legacy costs through volumetric charges, the retail price exceeds the private marginal cost of supply
by roughly 8 cents per kWh, which acts like a pre-existing per-unit tax whose revenue funds the network.
In unreported analyses we re-computed our energy welfare results treating this markup as a pre-existing
tax. Formally, with a markup m = p — c over private marginal cost, all of our welfare formulas apply
with the externality £ replaced by the net wedge &, = & — m, with the markup revenue valued like tax
revenue. At current estimates of the social cost of carbon of $185 to $190 per ton, the carbon component
of the externality alone is sufficiently large to make the net wedge positive for the average household, and

48



tion of $186/tCO,. As a robustness check we re-run our results at the lower $51/tCO,
value used by the U.S. federal government for cost—benefit analysis (Interagency Working
Group 2021). The qualitative ranking between nudges and taxes is unchanged.

For cigarettes, the per-pack externality of $0.68 averages the external-cost estimates
in Sloan et al. (2004), Viscusi (1995), and Gruber (2001). The relevant components are
secondhand-smoke harms imposed on non-smokers and external healthcare costs net of
the offsetting “death benefit” to public pension and long-term-care systems.

Influenza vaccination has a positive externality through reduced transmission to the
unvaccinated. White (2021) estimates the social benefit of vaccination using an instrumental-
variables strategy that exploits variation in flu-shot uptake, reporting per-shot external
benefits of $63 under a conservative value of a statistical life and approximately $240
under the EPA value. We take $153/shot as the mean, and treat the range as an approxi-
mate 95% interval, giving a standard deviation of (240 —63)/(2 x 1.96) = 45.15 ~ $45.

Unlike the carbon and tobacco literatures, no single canonical estimate exists for the
per-unit external cost of residential water. We aggregate four credible components: (i)
the carbon and energy costs of pumping, treating, and distributing water; (ii) nutrient and
contaminant pollution from wastewater discharge into watersheds; (iii) extraction rents in
scarcity-constrained regions; and (iv) ecosystem-service losses associated with reduced
in-stream flows. Drawing on Olmstead (2010) and Grafton, Williams and Jiang (2017),
the component estimates range from approximately $1.10 to $2.80 per hundred cubic feet
(CCF). We take the midpoint, $2.00, as the mean, and treat the range as the support of a
uniform distribution, giving a standard deviation of (2.80 —1.10)/+/12 = 0.49 = $0.50.

The alcohol externality captures external costs such as drunk-driving injuries and fa-
talities imposed on other road users, property damage, criminal-justice costs, and exter-
nal medical costs. Manning et al. (1989) provide the foundational estimate of $0.48/fluid
ounce of ethanol (1986 dollars), inflation-adjusted to $1.34/0z in 2024 dollars. At23.33 g/fluid
ounce of pure ethanol this is $0.057/gram, or $0.57/10 g of ethanol (about $0.80 per US
standard drink), the unit we use throughout. Parry, West and Laxminarayan (2009) pro-
vide an independent corroborating estimate of $0.44 per 10 g using a similar method-
ology, with the difference driven by alternative drunk-driving fatality assumptions. The
standard deviation of $0.08/10 g reflects the cross-study range.

the ranking of policy instruments in the main text holds at every value.
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E Robustness to Alternative Models of Nudges

E.1 Partial De-Biasing and Imperfect Targeting

Our leading specification follows the reduced-form approach to behavioral public finance
(Mullainathan, Schwartzstein and Congdon 2012) and uses observed treatment effects to
infer bias. In our notation, # = 1 (full debiasing) and £ = 0 (no psychic cost). In reality,
nudges may close only a fraction of the underlying bias, # < 1 or even exacerbate it.
Meta-analytic data alone cannot pin down either parameter from the observed treatment
effect, and even most experiments are unable to speak to these parameters. The one ex-
ception is the recent study by Allcott, Cohen, Morrison and Taubinsky (2025) who run
two tightly controlled experiments that decouple the treatment effect of an information
label from the bias the label is meant to correct—given auxiliary assumptions that we
do not discuss here. Their methodology recovers parameters that our meta-analytic mo-
ments cannot: the average debiasing intensity, #, a (self-reported) measure of «, and a
measure of whether nudges are well-targeted to biased consumers. They find that in both
markets labels close only a fraction of the bias on average: 6 ~ 0.44 for fuel-economy
labels in their cars experiment and 6 ~ (.17 for sugary-drink warning labels in their
drinks experiment. For s, the estimate they use for calibrations across interventions is
approximately zero. They do not find evidence that nudges target more biased consumers.

We test the robustness of our welfare results to these findings. While x = 0 does not
change our main results, we must account for the finding that nudges may only partially
de-bias choices. Figure E.1 reports the result. Each panel plots welfare gains under
the optimal tax (or subsidy), the nudge, and the combined policy as a function of 6.
For illustrative purposes, the vertical purple line marks the estimate in Allcott, Cohen,
Morrison and Taubinsky (2025) for the respective market: § = (.44 for the resource
markets (energy, water) and & = 0.17 for the health markets (cigarettes, flu vaccines,
alcohol).?¢

At lower 6, both the inferred bias and welfare gains for both instruments rise. To
understand this pattern, recall how the behavioral bias is identified: The magnitude of
the behavioral bias is increasing (linearly) in the nudge treatment effect. This implies

that the bias is larger if the nudge only imperfectly de-biases consumers than if it were

26Thus, we use their estimates from the fuel economy experiment to inform resource markets in our
meta-analysis (energy, water) and their estimates from the sugar drinks market to inform health markets
(cigarettes, flu vaccines, alcohol).
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fully de-biasing. For example, if a nudge reduces the deviation in consumption from
the private optimum by 50%, then the distortion caused by the behavioral bias is twice
as large as the treatment effect. Given some treatment effect, lower values of nudge
effectiveness, therefore, imply that the magnitude of the behavioral bias is larger. In the
case of taxation, this mechanically implies that the gains from corrective taxation are
larger for lower 6. In the case of nudging, the directional effect of a change in nudge
effectiveness is ambiguous. On the one hand, lower nudge effectiveness implies a larger
bias, which increases the benefits of nudging. But on the other hand, lower effectiveness
also implies that the nudge is less powerful at de-biasing, which decreases its benefits.
Interestingly, our results suggest that the former effect dominates the latter in all markets.

The qualitative ranking of nudges versus the corresponding price instrument is pre-
served across the entire partial-debiasing range in four out of five markets. Price instru-
ments continue to yield larger total welfare in the markets for household energy, resi-
dential water, influenza vaccines, and alcohol. This is not only true for the ¢ values in
Allcott, Cohen, Morrison and Taubinsky (2025) but for all values. The one exception is
the market for cigarettes. Here, taxes start dominating nudges if the latter is only partially
de-biasing.

We have not yet addressed the finding in Allcott, Cohen, Morrison and Taubinsky
(2025) that nudges may increase the variance in bias. This increase in variance unam-
biguously reduces the welfare attributed to nudges by misallocating consumption across
consumers. Two implications follow for our work. First, the welfare gains we report un-
der partial debiasing here are an upper bound on the welfare gains a noise-adjusted cal-
ibration would deliver. The variance penalty would shift the nudge curve in Figure E.1
downward at every 6, leaving the corrective tax and subsidy curves unchanged. Second,
this shift can only strengthen the qualitative ranking in markets where the corrective tax
already dominates the optimal nudge (energy) and can only erode the nudge’s advantage
in markets where the nudge dominates the corrective tax (cigarettes). In every direction
the variance result moves the welfare comparison toward the price instrument and away
from the nudge. Our qualitative policy conclusions survive both empirical departures
from the leading specification. Overall, allowing nudges to be only partially debiasing,
or imperfectly targeted leaves our qualitative conclusion intact that price instruments

provide larger total surplus in most markets.
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E.2 Nudges as Moral Taxes

The leading specification assumes that nudges change behavior by correcting the percep-
tion wedge b; and do not enter utility directly,
Allcott, Cohen, Morrison and Taubinsky (2025) who estimate a direct utility effect of
nudges that is close to zero on average. To quantify the sensitivity of our policy conclu-

sions to this assumption, we take the opposite extreme and attribute the entire observed
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treatment effect to a psychic cost that enters normative utility directly.
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Model. Consumer 7 faces per-unit psychic cost x; when nudged and no de-biasing. Her

normative utility is w;(z;) — px; — k;x;, and she chooses x; according to
ui(w;) = p+ ki — by, (E.1)

which is the first-order condition (H.1) with # = 0 and an individual-specific «;. The
bias b; is unchanged. The wedge relative to first best is A; = ¢ + x; — b; — E[¢], and
Proposition 1 continues to hold with xn E[z] replaced by E|[x;z}]. Like taxes, psychic
costs constitute real utility losses, but unlike taxes, these losses are not recovered by the
government through revenue that can be transferred back to consumers.

For a good with a positive externality and underconsumption, such as flu vaccination,
this specification with x; <0 describes a moral subsidy: vaccination yields social pride
(e.g., DellaVigna et al. 2016, Butera et al. 2022) and the term —E[x;z}] is a benefit.

Identification. For consumer ¢, the nudge changes consumption by Ax;, and a price
change Ap changes it by D Ap. The price change that reproduces the nudge’s effect is
Ax; Tip

b= o= (E2)

the nudge’s price-equivalent effect, whose demand-slope-weighted average is EPC x
p. Expression (E.2) is a property of the data and does not depend on why the nudge
works. Under the de-biasing interpretation, the first-order condition moves from v =
p—b;tou, = p— (1—0)b;, ashift of §b;. Under the moral-tax reading, the first-order
condition (E.1) moves from u; = p — b; to u, = p + k; — b;, a shift of x;, so

po— TP gLnd — BPC xp. (E.3)

€;

The psychic cost is pinned down by the treatment effect and the price elasticity alone.?’
Because both model versions reproduce the same shift, x; = 6b;.

What the moral-tax reading does not identify is the bias itself. A nudge whose entire
effect is guilt reveals nothing about b;, whereas under de-biasing a given 6 delivers b; =
%. To compare the two readings on equal terms, with the same bias, the same surplus

at stake, and the same optimal tax, we take at each 6 the bias distribution of Appendix E,

?The elasticity-weighted average psychic cost is the equivalent price change times the consumer price:
1.5 cents per kWh of electricity, $2.32 per pack of cigarettes, $1.99 per hundred cubic feet of water, $0.39
per 10 g of ethanol, and, with the opposite sign, $42.74 of pride per flu shot.
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b = % = k;/0. In this appendix 0 is therefore not a de-biasing intensity, since the
nudge corrects none of the bias. It is a calibration of the size of the bias relative to the
nudge’s price-equivalent effect. § = 1 is the case in which the two coincide. We retain
the symbol so that each point on the horizontal axis of our upcoming welfare figure

(Figure E.2) refers to the same bias distribution as the corresponding point in Figure E.1.

Welfare. Because the first-order conditions coincide, the moral-tax reading and the
partial de-biasing reading with the same 6 produce the same allocation for every tax ¢,

and hence the same wedge loss. Welfare differs only through the psychic term:
WME 1) = W(t,1) — Elk2i(t,1)], (E.4)

where W (¢, 1) is the welfare function of Proposition 1 with x = 0. The welfare gain of
the moral-tax nudge alone is therefore the gain of the de-biasing nudge in Appendix E
minus the aggregate psychic cost. The same holds for the combined policy. Under the
moral-tax reading the optimal tax in the presence of the nudge is Eyy [b] + E[¢] for every 6,
the same tax as without the nudge: guilt leaves the bias in place, and consumers already
internalize the guilt when they choose, so the planner still prices the full bias and the
externality. We evaluate the combined policy at this tax. Relative to the de-biasing
combined policy, whose tax is (1 — 0)Ey,[b] + E[£], the higher tax moves consumption

below the first best by 6 Eyy[0] in exchange for lower guilt, and its welfare gain is

AWiorh = A[9(2—9) Vary (b)+(1-67) Bw [b]*+2 E[¢] Ew [b]+E[¢]*| — E[x; 27 (", 1)],

(E.5)
with A = —%]E[D;] Under linear demand and a common baseline consumption z, the
psychic cost of the nudge alone is

E[k; 27(0,1)] = 0z E[b;] — 6*E[b7Si], (E.6)

where the first term is the guilt attached to baseline consumption and the second term is
the guilt avoided through the behavioral response. Since 6b; is pinned down by the data,
expression (E.6) is invariant to . Under the combined policy the tax lowers consumption
further, and the psychic cost falls by 6 E[b;S;] (Ey [b] + E[¢]). All moments follow from
the log-normal expressions (5)—(7) together with E[b;] = exp(up+Vp/2). For influenza

vaccination the signs are reversed: the nudge raises vaccination, x; = T + 6.5;|b;|, and
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the psychic term is a benefit equal to 6 Z E[|b;|] + 6% E[0?S;]. In both cases the psychic
term applies to all units consumed after the nudge, including inframarginal ones. This is
the specification of the main text, in which guilt is proportional to the quantity consumed

and pride accrues to everyone who vaccinates.

Results. Figure E.2 plots the welfare gains of the tax, the moral-tax version of the
nudge, and the moral-tax nudge combined with the tax. We also plot the de-biasing nudge
of the main text for comparison. On the x-axis we again vary 6, which is now the size of
the nudge’s behavioral effect relative to the underlying bias. At # = 1 the two readings
of the nudge differ only by the psychic cost. In all markets with negative externalities,
nudges that impose psychic costs do strictly worse than de-biasing nudges. Although
psychic costs also give nudges the ability to directly internalize the marginal externality,
this benefit is outweighed by losses to consumer surplus. Thus, taxes dominate nudges
at scale even if nudges have the ability to internalize externalities.

For flu shots, nudges arguably induce positive direct utility like pride or altruism,
which means that they have the ability to compete with nudges that are purely de-biasing.
However, under most values for 6, flu shot subsidies continue to dominate nudges and
start to be roughly equivalent at high values of 6.

Our conclusion that price instruments generate larger total welfare gains than nudges
at scale therefore holds across markets. Even where nudges plausibly generate positive
utility, they at best break even with the price instrument. One might have expected that
once nudges can internalize the marginal externality through a cost on consumption,
they have the same instrument at their disposal as a tax. However, the behavioral effect
of the nudge remains too small relative to the optimal tax, while—at the same time—the
psychic cost falls on all consumers. This means the nudge imposes the burden of a tax on
inframarginal consumption without collecting revenue. As a result, nudges that impose

psychic costs are unlikely to solve societal challenges the way taxes can.
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Figure E.2: Welfare under the Moral-Tax Reading of Nudges
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Notes: Welfare gains in dollars per person or household per year as a function of §, which indexes the
size of the underlying bias relative to the behavioral effect of the nudge as in Figure E.1. The tax and
de-biasing nudge curves are those of Figure E.1. The moral-tax nudge attributes the entire treatment effect
to a psychic cost k; = 6b;, equation (E.3), and subtracts the aggregate psychic cost in equation (E.6); for
flu vaccines the psychic term is a benefit. The dashed purple curve combines the moral-tax nudge with the
tax at its optimum under the moral-tax reading, Eyy [b] + E[¢]. The dotted vertical line marks the estimate
of Allcott, Cohen, Morrison and Taubinsky (2025) for the respective market, § = 0.44 for energy and
water and # = (.17 for cigarettes, flu vaccines, and alcohol.

F Robustness to Attenuated Price Elasticities

The literature documents that behavioral biases attenuate price elasticities (e.g., Hossain
and Morgan 2006, Chetty et al. 2009, Enke et al. 2024, Rodemeier and Loschel 2025).
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This appendix quantifies what such attenuation would imply for our results. Let the
observed elasticity of every consumer equal A € (0, 1] times her normative elasticity,
so that the observed demand slope is S = A\S; and A = 1 is the case of the main text.
The quantity response to a nudge that corrects a bias b; is b;5;, the response along the
normative demand curve. Our estimator divides this response by the observed slope, so
the bias we recover is

b = bSS = bX (F.1)

an overstatement of every consumer’s bias by the same factor. Consequently the weighted

moments of the bias that enter our welfare formulas are overstated by 1/ for the mean
and by 1/)2 for the variance, Eyy [0] = Ey[b]/A and Vary (b) = Vary (b) /X2

We now express the true welfare effects in terms of estimable objects. At the margin,
consumer ¢’s willingness to pay for the nudge is b; + E[¢] times her observed quantity
response b;S?, and for the tax it is (b; + E[£])S¢ net of the revenue paid, as in Section 3.2.
Substituting b; = Ab; and aggregating, the welfare gains per dollar of public funds as in
Figure 6 we have

AE[B2SPI+EIE Bb:S?] _ 4
C’(n) ’

1 — MVPF,,, = AEBSIHEERS) - (Ro)

T

MVPF puqge — 1 =

with the subsidy in the influenza market entering like the tax. Only the internality terms
are scaled by A. The externality terms depend on observed quantity responses alone.
At scale, the welfare loss from a wedge is governed by the normative curvature, A =
1E[S;] = A/ with A = sE[S?] the curvature we observe, and the optimal tax must be
scaled up to Eyy [b] + E[£] /A to move attenuated consumers to the first best. Substituting
into the expressions of Appendix H and writing /i = Eyy[b] and Var = Vary (b), the

total welfare gains relative to laissez-faire are

AWiae = A(Mi2 + 2E[e]j + 2L, AW,gge = A(AVar + N2 + 2E[g]),
N (F.3)
AWbOth - AWtaX + A /\Var.

At A = 1 these reduce to the main-text formulas. The difference between the two instru-
ments is AWydge — AWiax = fl()\@ — E[£]?/\), so the nudge dominates the tax at
scale if and only if A\ > E[¢]/sdy (b). Attenuation therefore works against nudges at scale
for two reasons: it shrinks the dispersion of biases, which is the only margin on which a

nudge outperforms a uniform tax, and it raises the surplus from pricing the externality,
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because the normative demand curve is flatter than the observed one. At the margin it
works against nudges only through the internality term. Figure F.1 plots equations (F.2)
and (F.3) over )\, using otherwise the same calibrations as in the main text.

The policy rankings from the main text are remarkably robust to attenuation. At the
margin (Panel A), the welfare gain from nudging per dollar of public funds falls with A
only through its internality component, and remains far above one and above the price
instrument throughout. If observed elasticities were only half as large as normative ones
(A = 0.5), the nudge MVPFs would be 1.9 in energy, 11.3 in cigarettes, 50 in flu vaccines,
1.9 in water, and 3.4 in alcohol, against welfare gains of 0.64, 0.11, 1.42, 0.10, and 0.38
per dollar for the tax or subsidy. The ranking for marginal budget allocations is therefore
unaffected for every value of A shown.

Figure F.1: Robustness to Attenuated Price Elasticities
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Notes: Observed price elasticities equal A times normative elasticities; A = 1 reproduces Figure 6. Panel
A plots equation (F.2), welfare gains per dollar of public funds. Panel B plots equation (F.3), total welfare
gains relative to laissez-faire in dollars per person per year.

At scale (Panel B), attenuation moves the comparison toward the price instrument,

as equation (F.3) implies. Taxes dominate nudges for every A < 1 in energy, water,
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alcohol, and influenza vaccines, and the margin widens as A falls: at A = 0.5 the optimal
tax generates $1,383 against $102 for the nudge in energy, $29 against $18 in water, and
$354 against $165 in alcohol, and the optimal subsidy $97 against $24 for the nudge in
influenza vaccines. Cigarettes, the one market in which the nudge dominates in the main
text, retain that ranking unless observed elasticities understate normative ones by more
than about 70 percent (A < 0.30). Such a low value for A reinforces our confidence that
the policy ranking is also unaffected in the cigarette market. As discussed in the body of
the paper, the cleanest evidence on how normative elasticities are attenuated comes from
Enke et al. (2024) and reports A = 0.58. Although this estimate need not generalize to
our setting, it lies comfortably above our break-even value.

We conclude that attenuation changes the magnitudes but not our policy rankings.
Nudges remain the better use of a marginal public dollar in every market, while price

instruments remain the better instrument at scale in most markets.

G Robustness to Alternative Correlations between Nudge

and Price Elasticities

Our welfare formulas require the correlation r between individual nudge responses and
price elasticities, which enters the demand-slope-weighted moments of the bias: a higher
correlation implies that large nudge responses occur among price-elastic consumers,
which lowers the implied dispersion of money-metric biases and with it the welfare at-
tributed to nudges. We estimate this correlation from the paired studies in Section 2.5.
This appendix re-computes welfare effects of both instruments for every value of r be-
tween zero and one, holding all other inputs at their main-text values. Figure G.1 reports
the results, with the baseline values marked by dotted lines. As discussed earlier, corre-
lations should be weakly positive, so we focus our exercises on this range.?®

Policy rankings do not depend on the correlation. At the margin (Panel A), nudges

28 A negative correlation is not supported by the data we collected nor by related studies. It also requires
an unlikely combination of factors: the observed nudge response is the product of the bias and demand
slope; even if biases were entirely unrelated to price responsiveness, nudge responses and elasticities would
still be positively correlated by construction. Negative correlation requires biases so concentrated among
price-inelastic consumers that they more than overturn this mechanical link. While our data already reject
this case, behavioral theories where biases arise endogenously alongside boundedly rational behavior rule
it out too: attention responds to stakes, so biases decline with price responsiveness less than proportionally,
preserving a positive correlation between observed nudge responses and elasticities (e.g., Gabaix 2014).
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Figure G.1: Robustness to Correlation Between Nudge Effects and Price Elasticities
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Notes: Both panels vary the assumed correlation r between nudge treatment effects and price elasticities
from O to 1; the dotted line marks the baseline value used in the main text (& = 0.636 for energy and water,
7 = 0.315 for cigarettes, flu vaccines, and alcohol). Panel A plots welfare gains per dollar of public funds
as in Figure 6. Panel B plots total welfare gains relative to laissez-faire in dollars per person or household
per year. All other inputs are as in the main text (6 = 1).

retain an MVPF above the price instrument in every market for every r. At scale (Panel
B), the tax/subsidy dominates the nudge in energy, water, alcohol, and influenza vaccines

at every r, and the nudge dominates the tax in cigarettes at every r—as in the body.

H Derivations of Utilitarian Welfare Effects

This appendix collects formal derivations underlying the results for the total surplus ef-
fects in a utilitarian framework, reported in the main text. We restate the consumer’s
problem, define the welfare-weighted moments used throughout, derive the welfare func-
tion IV (¢, n) as a quadratic loss around the first-best allocation, and specialize the formula
to the three cases discussed in Section 3.We close with a formal statement and proof of the

nudge-dominance condition sdy (b) > |E[¢]| and an extension to the moral-tax model.
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H.1 Setup

A unit mass of heterogeneous consumers indexed by 7 has quasi-linear preferences u; (x; H
y; over a consumption good z; and a numeraire y;. Consumer price is p=c+t; c is the
constant marginal cost and ¢ the corrective tax. We assume u; is twice continuously
differentiable with u; <0 and optimal consumption is strictly interior.

Each consumer solves a perceived FOC shifted by money-metric bias b;:
w;(x(t,n)) = p+ rn— (1 —6n) b, (H.1)

where n € [0, 1] is the nudge parameter (n = 0 no nudge, n = 1 the deployed nudge we
measure in the data), f € R is the de-biasing intensity, and « is the per-unit psychic cost
imposed by the nudge. Let D, = 0z} /0p < 0 denote consumer ¢’s demand slope. Each
unit of consumption generates a per-unit externality £ that enters social welfare but not
private choices, with & L (b;, D}). The first-best allocation zI'? satisfies

%

uj(x] ) = c+ E[¢], (H.2)

i.e., marginal utility equals marginal social cost. The wedge between the privately and

socially optimal FOCs, evaluated at x} (¢, n), is therefore
Ai(t,n) = t+rn— ((1—60n)b; +E[¢]). (H.3)

At A; = 0 for all 7, the consumer’s marginal utility coincides with the social marginal

cost and her chosen allocation equals 215,

Welfare-weighted moments. For any random variable Z; defined on the population of
consumers, define the demand-slope-weighted expectation

A _ py
Bwldl = oy = Bl = gy

(H.4)
The weights w; > 0 satisfy E[w;] = 1. Weighted variance and standard deviations are

Vary (Z) = Ew([Z?] — Ew[Z)?, sdy (Z) = /Varw(2).

These weights reflect price elasticities and consumers whose behavior is more sensitive

to price contribute more to welfare, since a given bias produces a larger consumption
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distortion when |D}| is large.

Quadratic-utility approximation. We adopt the standard local approximation of lin-

ear demand; equivalently w; is locally quadratic. Concretely, in a neighborhood of z'Z,

wi(z) ~ wi(@] )+ ui(al ) (@ — 2l %) + tul (@] P) (2 — 2 P)?, (H.5)

FB)

with v/ (x;”) = 1/Dj; < 0. The derivations below are exact under quadratic u; and

second-order Taylor approximations under any smooth utility with locally linear demand.

H.2 Derivation of the Welfare Function

We now derive the social welfare function W (¢, n) as a function of the policy pair (¢, n).
Social welfare aggregates rational consumer surplus net of psychic costs, plus tax rev-

enue, minus externality damages:
W(t,n) = Elw(z]) — (c+E[¢])x] | — rnE[z]]. (H.6)

The term w;(z}) — (¢ + E[¢])2] is total surplus consumer ¢ would generate at her chosen

quantity if she internalized the externality, i.e., the social-planner objective evaluated

at the actual allocation. The transfer terms —pz; + tx] from consumer surplus and

government revenue cancel against —cz} leaving — (c¢+E[£])z as the net of consumption

and externality. The final —xnE[x}] is the aggregate psychic cost, which is destroyed

rather than redistributed and therefore enters welfare directly.

The first-best welfare is W* = E[u;(z/5) — (¢ + E[¢])xFP]. Substituting the quadratic

FB

expansion (H.5) into (H.6), using u}(z/'?) = ¢ + E[{], and writing 6; = =} — z'P,

ui(z}) — (c+ Elg))z; = wi(af?) — (c+ E[g])zfP + Jul(FP) 62. Therefore
W(t,n) = W*+ LE[uf(z]")6;] — knE[z]]. (H.7)

Lemma 1 (Wedge representation). Under the quadratic approximation, §; = D} A\;(t,n),
where A; is the policy wedge in (H.3).

Proof. By (H.1) and (H.2), u(z}) — u}(zf'®) = (p+ kn— (1 — On)b;) — (c + E[¢]) =

t+xn—(1—0n)b; —E[£] = A;. Under the quadratic approximation, u/(x) = u}(z?)+
"

u(xFBY(z — 2F'B), so A, = v/ (2F'P) §;. Using v/ (xF'P) = 1/D! gives §; = D! A;. O
(] K3 T g 1 7 Zg (]

K3 K3
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Substituting Lemma 1 into (H.7) and using u} (zf') (D})* = D}, 1 E[u (zI'P) (D] A;)?]

7 ) AR

SE[D;A?] = IE[D;]Ew[A?], where the last equality uses the definition of Eyy[-] and
the sign convention D} < 0. We have shown:

Proposition 1 (Welfare function). Under (H.1)-(H.5),
W(t,n) = W*+ LE[D]]Ew [(t 4 wn— (1 — On)b; — E[g]ﬂ — wnE[z]. (HS8)
Equivalently, the welfare loss relative to the first-best is

L(t,n) = W*=W(t,n) = —LE[D]Ew[Ai(t,n)*] + knE[z]] > 0.

2

Equation (H.8) is a Harberger-style quadratic loss: welfare falls below first-best in
proportion to the squared wedge between the policy-augmented price and the corrective
target (1 — On)b; + E[¢], weighted by demand responsiveness. The second term captures

the nudge’s psychic cost, which is destroyed and so enters welfare with a unit coefficient.

H.3 Optimal Tax

Specialize Proposition 1 to the tax-only regime (n = 0):

W(t,0) = W*+ LE[D]Ew|[(t — b — E[¢])?].

The FOC with respect to ¢ is am;(f O — E[D]Ew[t—b; —E[¢]] = 0, which yields
the optimal Pigouvian tax

t* = Ewb] + E[¢]. (H.9)

The optimal corrective tax is the demand-slope-weighted average bias plus the expected
externality. Att = t* the residual wedge is b; — Ey/[b]: a uniform tax prices the mean
of the distortion but cannot eliminate its dispersion. The residual welfare loss is there-
fore —3 E[Dj] Vary (b), and the welfare gain at the optimum relative to the no-policy
benchmark (¢t = 0,n = 0) is

AWy = W(H,0) = W(0,0) = —LE[D)] (Ew[b] + E[¢))”. (H.10)

Equation (H.10) is the Harberger gain from setting a corrective tax at the average dis-

tortion: it scales quadratically with the sum of the average internality and the expected
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externality.

H.4 Optimal Nudge and Combined Policy

For brevity, write A = —1E[D!] > 0 and y, = Ey[b].

Optimal de-biasing nudge alone ({ = 0, x = 0). With the nudge active, the perceived
bias becomes (1 — 6)b;, and the wedge is A;(0,1) = —((1 — 0)b; + E[¢]). The wel-
fare gain relative to the no-policy benchmark is AW, 40 () = A {EW[(bi + E[¢])?] —

Ew [((1 = 0)b; + E[ﬂ)Q]} Expanding the squares and using 1 — (1 — 0)% = (2 — ),

AWoige(8) = A [0(2 = 0) By [6] + 20 B[] . (H.11)
At 6 = 1 the residual bias is identically zero and the expression simplifies to
AV[/nudge(l) = A (Val"w(b) + ,ug + 2 E[f] ub), (H12)

with residual loss A E[£]? and the externality remaining unpriced.

Optimal combination of tax and nudge. Holding the nudge fixed at n = 1 with de-
biasing intensity 6, the wedge is A;(¢,1) =t — (1 — 6)b; — E[¢]. Minimizing Ey[A?]
over ¢ yields t}; = (1 — 0) w, + E[€], with residual loss A (1 — 6)? Vary, (b). The welfare

gain from the combined policy is therefore

AWoon(6) = A [0(2 = 6) Varw (8) + (i, + E[¢)?| = AWiae + A6(2 = 0) Varw (b),
(H.13)
where AW, is the gain in equation (H.10). At § = 1 the residual loss vanishes. Here,
the nudge removes idiosyncratic biases and the tax prices the mean wedge and the exter-

nality.

H.S Nudge Dominance

Proposition 2 (Nudge dominance). Under the de-biasing model with 6 = 1 and k = 0,

the welfare gain from the optimal nudge alone weakly exceeds the welfare gain from the
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optimal tax alone if and only if
sdw (b) > [E[¢]. (H.14)

Proof. By (H.12), AWyuage(1) = A (Vary (b) + pi + 2E[E] ). By (H.10), AW,y =
A(p2 +2E[€] up+E[€]?). Subtracting, AW yaee(1) — AWy = A (VarW(b) — E[§]2) ,
and since A > 0 the sign is that of Vary, (b) — E[¢]% O

Each instrument leaves a different residual distortion: i) the tax removes the average
wedge but not the dispersion of biases, with residual loss A Vary, (b), and ii) the de-
biasing nudge removes the bias distribution but not the externality, with residual loss

ATE[€]?. Whichever residual is smaller identifies the dominant instrument.

I Welfare Evaluation Under Current U.S. Policy

The main-text welfare results (Figure 6) evaluate policies vis-a-vis a laissez-faire bench-
mark with no pre-existing taxes/subsidies. This isolates the conceptual value of each in-
tervention in general but is not appropriate for advising current policy in markets where
some corrective policy already exists. This appendix re-evaluates the framework taking
current U.S. policy as status quo, as in Hendren and Sprung-Keyser (2020). Figure 1.1 re-
peats the two panels of Figure 6 with one change: each market’s pre-existing per-unit tax
or subsidy ?y is set to its current U.S. value rather than to zero. Setting ¢, =0 reproduces
the estimates in the main text, so any difference is attributable to existing policy.?
Table 1.1 lists the policies we take as given. The cigarette tax combines the federal
excise of $1.01 per pack with the average state excise of about $2.00. The alcohol tax
combines the federal excise on beer, wine, and spirits with the corresponding average
state excise per proof gallon, weights the three categories by their shares of U.S. ethanol
consumption, and expresses the total per 10 g of pure ethanol (the WHO standard-drink
unit), which puts the current tax at $0.07 per 10 g. This is about $0.10 per average US
drink. For flu vaccines we model the status quo as a full subsidy equal to the dose price,
because the Affordable Care Act, Medicare Part B, and the Vaccines for Children pro-

gram make recommended immunizations free to most patients. Electricity carries no

2Unlike pre-existing taxes and subsidies, we do not need to account explicitly for pre-existing nudges.
The baseline bias b in our framework is the bias prevailing in the current market, so it already embeds
changes in bias that existing nudges (or marketing campaigns by firms) have accomplished. A nudge
drawn from our sample shifts this prevailing bias by some 6b, which we measure in the meta analysis.
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federal excise or carbon tax, so we use only the state and local taxes on residential elec-

tricity, about 3% of the bill. Residential water is sales-tax-exempt in most states.

Table I.1: Current U.S. Policy and the Calibrated Optimum

Market Current policy t, Optimum t*
Energy $0.004/kWh $0.20/kWh
Cigarettes $3.01/pack $3.00/pack
Flu vaccines —$41/shot —$196/shot
Water $0/CCF $3.99/CCF
Alcohol $0.07/10 g $0.96/10 g

Notes: t is the current per-unit tax in place in the US and t* = Ey [b] + E[¢] is the calibrated optimum
from the main text. Positive values are taxes; negative values are subsidies. Alcohol rates are expressed
per 10 g of pure ethanol (the WHO standard-drink unit; a US standard drink is 14 g, so the figures are
about $0.10 and $1.34 per US standard drink).

Taking current policy as given changes the picture meaningfully in only one market.
The current cigarette tax of $3.01 per pack is roughly the calibrated optimum of $3.00,
so the entire corrective gain has already been realized. Of the $69.2 per smoker per year
that the optimal tax delivers relative to laissez-faire, $69.2 is realized and essentially none
remains. Because the existing tax already prices the externality and most of the average
internality, an additional cigarette nudge now reduces welfare rather than raising it. Its
marginal value falls from $18.95 to $0.53 per public dollar and its total effect from $104
to —$3.1 per smoker, as the nudge pushes consumption below the social optimum and
erodes inframarginal tax revenue. For flu vaccines the gain is only partly realized. Free
vaccination captures $22.8 of the $60.8 optimal-subsidy gain, but because the optimal
subsidy of about $196 per shot (a $153 externality plus a $43 internality) far exceeds the
$41 dose price, $38.0 remains. The vaccine nudge thus stays valuable though less so than
from a zero baseline, since each vaccination it induces also draws the existing subsidy.

In the remaining three markets the U.S. prices the relevant externality so weakly
that current policy and laissez-faire deliver nearly the same welfare accounting. The
effective state and local electricity tax averages just $0.004 per kWh—a national average
heavily diluted by the widespread statutory exemption of residential electricity from state
sales taxes. This baseline is two orders of magnitude below the optimal corrective tax
of $0.20 per kWh and captures only about 4% of the available gain. Residential water
carries no corrective tax, so results are identical to the main text; and alcohol excise
taxes of $0.07 per 10 g (about $0.10 per US standard drink) capture about 14% of the

67



Figure I.1: Marginal and Total Welfare Under Current U.S. Policy
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Notes: This figure repeats Figure 6 taking current U.S. policy as the status quo rather than laissez-faire; the
pre-existing tax and subsidy values ¢, are in Table I.1. Panel A reports the marginal welfare gain per dollar
of public funds (1 — MVPF4, for revenue raisers, MVPF — 1 for spending policies). Panel B reports
the total welfare gain from moving from current policy to the calibrated optimum, for the tax or subsidy
alone, the nudge alone, and the two combined. All estimates use the baseline de-biasing calibration § = 1
and the same prices, quantities, elasticities, treatment effects, and externalities as the main text. Error bars
are 95% confidence intervals from 2,000 bootstrap replications.

optimal gain. In all three markets, the ranking between nudges and taxes is unchanged
from Figure 6. Overall, laissez-faire and status-quo benchmark results coincide except
where existing corrective policy is already substantial, which among the markets we

study means cigarettes and, to a lesser extent, influenza vaccines.
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Figure J.1: Utilitarian Welfare Effects When Accounting for Within-Study Heterogeneity
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Notes: For revenue-raising taxes, Panels A and C plot 1 — MVPF. For spending policies, including nudges and the flu vaccine subsidy, they plot
MVPF — 1. Values above zero indicate positive marginal welfare gains on this common scale. Panels A and C use a pseudo-log x-axis so that the large
flu-vaccine nudge estimate can be shown together with estimates near and below zero. Error bars show 95% confidence intervals from 2,000 bootstrap
replications.
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