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Salience and Taxation: Theory and Evidence
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Using two strategies, we show that consumers underreact to taxes that are not
salient. First, using a field experiment in a grocery store, we find that posting
tax-inclusive price tags reduces demand by 8 percent. Second, increases in taxes
included in posted prices reduce alcohol consumption more than increases in
taxes applied at the register. We develop a theoretical framework for applied
welfare analysis that accommodates salience effects and other optimization
failures. The simple formulas we derive imply that the economic incidence of
a tax depends on its statutory incidence, and that even policies that induce no
change in behavior can create efficiency losses. (JEL C93, D12, H25, H71)

A central assumption in public economics is that agents optimize fully with respect to tax
policies. For example, Frank P. Ramsey® (1927) semina anaysis of optimal commodity taxa-
tion assumes that agents respond to tax changes in the same way as price changes. Canonica
results on tax incidence, ef! ciency costs, and optimal incometaxation (e.g., Arnold C. Harberger
1964; James A. Mirrlees 1971; Anthony B. Atkinson and Joseph E. Stiglitz 1976) all rely on full
optimization with respect to taxes.

Contrary to the full optimization assumption, there is accumulating evidence that suggests
thatindividuals are inatentive to sometypes of incentives.! Inatention and imperfect optimiza-
tion could be particularly important in the case of taxation, because tax systems are complex
and nontransparent in practice. Income tax schedules are typicaly highly nonlinear; bene! t-
tax linkages for social insurance programs are opague (e.g., social security taxes and bene! ts);
and taxes on commodities are often not displayed in posted prices (sales taxes, hotel city taxes,
vehicle excise fees).
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1 Recent studies of inattentive behavior include prices versus shipping fees (Tanjim Hossain and John Morgan 2006;
Jennifer Brown, Hossain, and Morgan 2008), ! nancial markets (Stefano Dellavigna and Joshua Pollet 2009), and
rebates for car purchases (Meghan Busse, Jorge Silva-Risso, and Florian Zettelmeyer 2006). See DellaVigna (2009) for
additional examples and a eview of this literature.
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Inthe! rst half of this paper, we investigate empiricaly whether individuals optimize fully
with respect to taxes by anayzing the effect of GalienceOon behavioral responses to commod-
ity taxation. Speci! cdly, we show that commaodity taxes that are included in the posted prices
that consumers see when shopping (and are thus more salient) have larger effects on demand.?
In Xavier Gabaix and David |. Laibson® (2006) terminology, our empirica anaysis shows that
some types of taxes are Ghrouded attributesOlIn the second half of the paper, we develop a
simple method of characterizing the welfare consequences of taxation when agents optimize
imperfectly with respect to taxes.

We study the importance of salience empiricaly usng two complementary strategies. an
experiment in agrocery store, and an observationa study of the effect of alcohol taxes on alco-
hol consumption. Theexperiment wasimplemented ata supermarket over athree-week periodin
early 2006. In this store, prices posted on theshdf exclude salestax of 7.375 percent. If a product
is subject to sales tax, it is added to the bill only atthe register, asin most other retail storesin
the United States.® To test if people underreact to the sales tax because it is not included in the
posted price, we posted tags showing thetax-inclusve price below theorigind pretax price tags
(shown in Exhibit 1). We posted these tags for all products (roughly 750 total) in three taxable
groups: cosmetics, hair care accessories, and deodorants. A preliminary survey-based evaluation
of the tags indicates that they succeed in reminding consumers of actual tax-inclusve prices.
Without thetags, nearly all survey respondents ignored taxes when caculating thetotal price of
abasket of goods, whereas with thetags, thevast mgjority computed thetotal tax-inclusve price
correctly.

We andyze the effect of posting tax-inclusve prices on demand usng a difference-in-differ-
encesresearch design. Scanner data show thatquantity sold and total revenuein thetreated group
of products fell by about 8 percent during the intervention relative to two Gontrol groupsiN
other products in the same aide of the treatment store that were not tagged and products in two
other stores in nearby cities. The null hypothesis that posting tax-inclusive prices has no effect
on demand is rejected usng both r-tests and nonparametric permutation tests. To interpret the
magnitude of thetreatment effect, we compare it with the price elasticity of demand for these cat
egories, which isin therange of 1 to 1.5. Since showing thetax-inclusve price reduced demand
by nearly thesameamount asa 7.375 percent priceincrease, we infer thatmost consumers do not
normally take the sles tax into account.

A concernwith theexperiment isthat posting 750 new tags may have reduced demand because
of aHawthorne effect,Oor ashort-run violation of norms. Thisissue motivates our second empir-
ica strategy, which compares the effect of price changes with tax changes usng observationd
data over alonger horizon. To implement this test, we focus on alcohol consumption, because
alcohal is subject to two state-level taxes in the United States: an excise tax thatis included in
the posted price and a sales tax thatis added attheregister (and henceisless salient). Exploiting
state-level changes in these two tax rates between 1970 and 2003, coupled with annual data on
total beer consumption by state, we! nd thatincreasesin theexcise tax reduce beer consumption
by an order of magnitude morethan similar increasesin thesalestax. A simple caibration shows

2 We use Qax salienceOto refer to the visibility of the tax-inclusive price. When taxes are included in the posted
price,thetotal tax-inclusive price is more visible but the tax rate itself may be less clear. Thereis alongstanding theo-
retical literature on Q scal illusionOwhich discusses how the lack of visibility of tax rates may affect voting behavior
and the size of government (John S. Mill 1848). Unlike that literature, we de! ne salience in terms of the visibility of
the tax-inclusive price because we focus on behaviors that optimally depend on total tax-inclusive prices rather than
behaviors that depend on the tax rate itself.

3The salestax affectsrelative prices becauseit does not apply to all goods. Approximately 40 percent of expenditure
is subject to sales tax in the United States. Since food is typically exempt, the fraction of items subject to salestax in
grocery stores is much lower.
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thatthemagnitude of thedifferencein theeagticity estimates cannot be explained purely by the
fact thatthe salestax appliesto abroader base, especially since food and nona coholic beverages
are exempt from salestax in most states. Thedifference in elasticities persists over time, indicat
ing that behavioral responses  taxes and prices dffer, even in the bng run.

Why do consumers underreact to taxes thatare not included in posted prices? One explanation
isthat cusomers are uninformed about the sales tax rate or which goods are subject to sales tax.
An alternatve hypothesisisthat salience matters: thecustomers know whatistaxed, but focuson
the posted price when shopping. To distinguish between these hypotheses, we surveyed grocery
shoppers about their knowledge of salestaxes. Themedian individual correctly reported thetax
status of seven out of the eight products on the survey, indicating that our empirica ! ndings are
driven by salience effects. A key feature of salienceisthatit mattersin steady state, and not just
on the transition path ater tax changes.
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Our empirica results contradict the basic assumptions of the neoclassicad models currently
used to guide tax policy. To understand theimplicaions of theempirica evidence for tax palicy,
we need a method of characterizing the welfare consequences of taxation when agents do not
optimize perfectly relative to taxes. The objective of the second half of the paper is to develop
such amethod. The main challenge we confront, which is central to behavioral public econom-
ics more generally, is the recovery of true preferences when behavior is inconsistent with full
optimization. We characterize thewelfare consequences of taxation usng an approach that does
not rely on aspeci! ¢ positive model of behavior, asin B. Douglas Bernheim and Antonio Rangel
(2009). Our method relies on two assumptions: taxes affect welfare only through their effectson
the consumption bundles chosen by agents; and consumption choices, when prices are perfectly
salient, are optimal. Under these assumptions, we derive formulas for the effect of taxes on
social surplus (deadweight loss) and distribution (incidence) that depend only on theempiricaly
observed demand function and not on theunderlying model that generates that demand function.
Intuitively, there are two demand curves that together are suf! cient statistics for welfare cacu-
lations when individuals make optimization errors. the rax-demand curve, which tells us how
demand varies as a function of (nonsalient) taxes, and the price-demand curve, which tells us
how demand varies as (fully salient) posted prices change. We use thetax-demand curve to deter-
minetheeffect of thetax on behavior, and then usethe price-demand curveto caculate theeffect
of thatchange in behavior on welfare. Theprice-demand curve can be used to recover theagent®
preferences and cédculate welfare changes because it is generated by optimizing behavior.

The benel ts of this approach to welfare andysis are its smplicity and adaptability. The for-
mulas for deadweight loss and incidence can be derived usng supply and demand diagrams and
familiar notions of consumer and producer surplus Theformulas differ from Harberger® (1964)
widely applied formulas by a single factorN the ratio of the compensated tax eaticity to the
compensated price elasticity. Thus one can caculate the (partial equilibrium) deadweight cost
and incidence of any tax policy by estimating both thetax and price elasticitiesinstead of just the
tax elasticity, asin theexisting empiricd literature. Although we motivate our welfare anadysis
by evidence of salience effects, the formulas account for all errors that consumers may make
when optimizing with respect to taxes.* For example, confusion between average and margina
income tax rates (Charles de Bartolome 1995; Jeffrey B. Liebman and Richard J. Zeckhauser
2004; Naomi E. Feldman and Peter Katu78tk 2006) or overestimation of estate tax rates (Robert
J Blendon et a. 2003; Joel B. Slemrod 2006) can be handled usng exactly the same formulas,
without requiring knowledge aout individualsO @x perceptions a rules o thumb.

Theresultsof thewelfare analysis challenge widely held intuitions based on thefull optimization
model. First, the agent who bears the statutory incidence of atax bears more of the economic inci-
dence, vidlating the classic tax neutrality result in competitive markets. Second, atax increase can
have an €f! ciency cost even when demand for the taxed good does not change by distorting budget
alocations. Finally, holding ! xed thetax eladicity of demand, we show that anincreasin the price
eadticity of demand reduces deadweight loss and increases incidence on consumers.

This paper builds on and relates to several recent papers in public economics. Our theoretical
analysis can be viewed as an application of Bernheim and Rangel® (2009) choice-based approach
to welfare, where the choices when taxes are salient reveal an agent®true rankings (see section 1V
for more details). Our analysis also relates to the work of Liebman and Zeckhauser (2004), who
analyze optimal income taxation in amodel where individuals misperceive tax schedules because
of GroningOor GpotlightingObehavior. Our approach does not require assumptions about whether

4 Our formulas do not, however, permit errors in optimization relative to salient prices. Such errors can be accom-
modated by identifying an environment where the true price dasticity is revealed and by applying the same formulas.
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individualsiron, spotlight, or respond in some other way to the tax schedule, as any of these behav-
iors are captured in the empirically observed tax and wage elagticities of labor supply.

Our empirica results are consistent with those of Amy N. Finkelstein (2007) and Tomer
Blumkin, Bradley J. Ruf9e, and Yos Ganun (2008), who ! nd evidence of salience effectsin toll
collection and a lab experiment on consumption versus income taxes. One notable study that
doesnot ! nd that salience mattersis Harvey S. Rosen (1976), who shows thatthe cross-sectiond
correlation between margina tax rates and work hoursissimilar to thecorrelation between wage
rates and work hours. The cross-sectiond approach to estimation of wage dasticities has since
been shown to suffer from identi! caton problems, which could explain why our use of exog-
enous \ariation to identify salience dfects yields dfferent results.

Theremainder of the paper is organized as follows. Section | presents an organizing frame-
work for our empiricd analysis. Section |1 discussesthegrocery experiment. Section I 11 presents
theevidence on alcohol sales. Section IV exploreswhy consumers underreact to taxes. Section V
presents the heoreticd welfare endysis. Section VI concludes.

I. Empirical Framework

To motivate the empirica andysis, consider consumer behavior in an economy with two
goods, x and y, that are supplied perfectly easticaly.® Normalize the price of y to one and let p
denote the pretax price of x. Assumethaty isuntaxed and x is subject to an ad valorem sales tax
I S, Thetotal priceof xisg = (1 + ! ¥)p. The price that consumers see when deciding what to
purchaseis p; thesalestax is not included in the posted price. Since consumers mug caculate g
themselves but can see p directly, we will say that thetax-inclusive price g is less GalientOthan
the pretax price p.

Let x(p, ! ®) denote demand as a function of the posted price and the ad valorem sales tax.
In the neoclassicd full-optimization model, demand depends only on the total tax-inclusve
price x(p, ! 5) = x((@ + ! 5)p,0). If consumers optimize fully, a 1 percent increase in p and
a 1 percent increase in the gross-of-tax price (1 + ! %) reduce demand by the same amount:
"o B S (Wlog x) (Wlogp) = s # S (Ylog x)/ ((Ylog (1 + ! %)). We hypothesize thatin
practice consumers underreact to thetax ! * becauseitislesssalient: ", , > ", 1.+ To test this
hypothesis, we log-linearize the demand function x(p,! 5) to obtain the following estimating
equation:

@ logx(p,! %)=&+ " logp+ (,* log(L+!*).

In this equation, the parameter (, measures the degree to which agents underreact to thetax.® In
particular, (, istheratio of thetax easticity of demand (", .,-= $(," ) to theprice dasticity of
demand (", ,= $"):

%log x / %logx _ "igers

@ (= Seoga+ 1! gy -

S The supply curveiseffectively 9at in both of our empirical strategies. In the grocery experiment, stocking patterns
and prices are set at aregional level and are exogenous to our small intervention. In the alcohol analysis, we show that
state-level changes in taxes on producers are shifted fully to consumers because each state accounts for a small share
of the retional market.

6 The parameter (, does not have a structural interpretation because we have not specified an economic model that
generates (1). In acompanion paper (Chetty, Looney, and Kroft 2007), we develop abounded rationality model inwhich
agents face heterogeneous cognitive costs of computing tax-inclusive prices. In that model, ( isthe fraction of individu-
als whose agnitive wsts lie below the threshold where it is gotimal to compute the tax-inclusive mrice.
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Thenull hypothesis of full optimization implies (, = 1. We use two empiricd strategiesto esti-
mate (, .

STRATEGY 1. Manipulate Tax Salience. Our ! rst empirica strategy isto make the salestax as
salient as the pretax price by posting the tax-inclusive price ¢ on the shef. When tax-inclusve
prices are posted, consumers presumably optimize relative to the tax-inclusve price and set
demand to x((1 + ! 5)p,0). Hence, the dfect of posting the ax-inclusve price an demand is

logx((L+!%)p,0) $ logx(p,!®)= (1% () log(l+!7).
Recdling that", ,= $', we dbtain the llowing estimator for (,

logx((L+ !°)p,0) $ logx(p,!*)

€) @s()=$ o )

Theright-hand side of thisequation measurestheeffect of posting tax-inclusve prices on demand
divided by theeffect of a price increase corresponding to the size of thetax. Thisratio measures
the degree of misperception of total prices when taxes are not included in posted prices. If all
consumers normally take the sales tax into account, posting ¢ should have no effect on demand
((, = 1, snceitisredundant information. If all consumersignore thesalestax, posting ¢ should
reduce cemand by ", log(1 + ! ®), implying (, = O.

STRATEGY 2: Manipulate Tax Rate. An alternaive method of estimating (, is to exploit inde-
pendent variationin! ® and p to estimate thesalestax easticity " ;. and theprice elasticity "
as in Rosen (1976). As own in (2), the mtio o the wo dadticities, ", ;.. /", ,, identil es (.

x,p?
x,p?

In the next section, we implement strategy 1 using a! eld experiment at a grocery store. In
Section Il1, we implement strategy 2 usng dbservationa data an dcohol consumption.

I'1. Evidence from an Experiment at a Grocery Store
A. Research Design

We conducted an experiment posting tax-inclusive prices at one store of a naiona grocery
chain. The storeis a 37,000 square foot supermarket with annual revenue of approximately $25
million and is located in a middle-income suburb in Northern California. Approximately 30
percent of the products sold in the store are subject to the locd sales tax of 7.375 percent, which
is added attheregister. Price tags on the shdves display only pretax prices, asin the upper half
of the ag $rown in Exhibit 1.

Thegrocery chain® managgers expected that posting tax-inclusve prices would reduce sales.”
To limit revenue losses, they asked usto restrict our intervention to three product groups that
were not Gales leadersOand to limit the duration of theintervention to three weeks. We looked
for three product groups that met this requirement as well as two additiond criteria: products

7 We estimate that the loss in revenue due to our experiment was about $300 (8 percent of $3,900). Extrapolating
from this estimate, if taxes were included in posted prices for all taxable products, the revenue loss would be 2.4
percent, or $600,000 per year per store. Note that this calculation ignores general equilibrium effects that would arise
if all retailers were required to post tax-inclusive mrices.
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with relatively high prices so that the dollar amount of the sales tax is nontrivial; and products
belonging to Ompulse purchase categoriesdN goods that exhibit high price easticitiesN so that
the demand response to the intervention would be detectable. We chose three groups of taxable
toiletries. cosmetics, hair care accessories, and deodorants. These three product groups take up
half an a@de d the gore and together include about 750 distinct products.

We posted tax-inclugve prices for all products in the three groups beginning February 22,
2006, and ending March 15, 2006.2 Exhibit 1 shows how theprice tags were altered. Theorigina
tags, which show pretax prices, were left untouched on the shdf. A tagshowing thetax-inclusve
price was attached directly below this tagfor each product. Theadded tagstated Ofotal Price: $p
+ Sales Tax = $¢,0where p denotes the pretax price (repeating the information in the origina
tag) and g denotes thetax-inclusve price. Theorigind pretax price was repeated on the new tag
to avoid giving theimpression that the price of the product had increased. For the same reason,
thefonts used for p, ¢, and the words CBales TaxOexactly matched thefont used by the store for
the aigind price. Additional details on experiment implementation are gven in Web Appendix
A (available at htp://www.aeaweb.org/articles.php?doi= 10.1257/aer.99.4.53).

Evaluation of Tags.N To determine whether the tags are effective in increasing tax salience
and are understood by consumers, we conducted a preliminary survey-based evaluation in an
undergraduate class. We showed the students a photograph of taxable products on the shdf at
the grocery store similar to thatin Exhibit 1. We distributed surveys (shown in Web Appendix
Exhibit 1) asking each student to choose two goods and write down Qhe total bill due at the
register for these two itemsOWe ! rst showed the photograph with the regular tags displaying
only the pretax prices. After collecting the survey responses, we showed a second photograph of
products with our tax-inclusve price tags and asked students to repeat the exercise. Theresults
are summarized in the! rst panel of Table 1. When presented with the ! rst photo, the modal
response was the total pretax bill for the two products. Only 18 percent of students reported a
total price within $0.25 of thetotal tax-inclusve amount. When presented with the second photo,
themodal responseincluded the salestax, and 75 percent wrote down an amount within $0.25 of
thetruetax-inclusvetotal. This evidence shows that posting tax-inclusve price tags does indeed
have astrong Q rst stageQOeffect on tax salience. Moreover, theresults allay concernsthatthetags
confused consumers into believing that these items were subject to an additiond tax or thatthe
pretax price d the goduct had been increased.

Although we are con! dent that the tags increased tax salience substantially, we cannot rule
out thepossibility thatthey also affected demand through other channels or (Hawthorne effects.O
For instance, the very fact that 750 new tags were posted on the sheves could have deterred
cusomersfrom theaide. We are able only to estimate the effect of posting thetags on demand,
and have no means of decomposing the effect of the intervention into the various mechanisms
through which the tags may have had an effect. The large ! rat-stage effect of the tags on per-
ceived prices leads usto believe that the primary mechanism is increased tax salience, but we
ultimately rely on evidence from the second empirica approach (see Section I11) to address such
concerns.

Empirical Strategy.N To estirpate the e{fect of our intervention on demand, we compare
changes in quantity sold in the QreatmentOgroup of products whose tags were modi! ed with

8 The treatment of showing tax-inclusive price tags could have been randomized at the individual product level.
However, the concern that such an intervention could be deceptive (e.g., suggesting that one lipstick is taxed and
another is not) dissuaded us from pursuing this strategy. We therefore tagged complete product groups, so that any
direct substitute for a treated product would dso be treated.
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Standard
Mean Median deviation
Panel A. Classroom survey
Original price tags:
Correct tax-inclusive grice win $0.25 0.18 0.00 0.39
Experimental price tags:
Correct tax-inclusive price win $0.25 0.75 1.00 0.43

t-test for equality of means. p < 0.001

N= 49

Panel B. Grocery store survey

Local sales tax rate 748 7.39 0.80
(Actual rate is 7375 percent)

Fraction correctly reporting tax status

All items 0.82 1.00 0.38
Beer 0.90 1.00 0.30
Cigarettes 0.98 1.00 0.15
Cookies 0.65 1.00 0.48
Magazines 0.87 1.00 0.34
Milk 0.82 1.00 0.38
Potatoes 0.81 100 0.39
Sada 0.76 1.00 043
Toothpaste 0.80 1.00 0.40
N=91

Notes: Panel A reports summary statistics for a survey of 49 students who were shown regular (non-tax-inclusive)
price tax and the experimental (tax-inclusive) price tags. Statistics shown are for an indicator for whether individual
reported total bill within 25 cents of total tax-inclusive price. See Web Appendix Exhibit 1 for survey instrument. Panel
B reports summary statistics for a survey of 91 customers at the treatment grocery store. See Web Appendix Exhibit 2
for survey instrument.

two G@ontrolOgroups. We de! ne the treatment group as products that belong to the cosmetics,
hair care accessories, or deodorants product groups in the store where we conducted the experi-
ment. The! rst control group is a set of products in the same aisles as the treatment products
for which we did not change tags within the experimental store. These products include similar
(taxable) toiletries such as toothpaste, skin care, and shaving products, see Web Appendix Table
1 for thefull list. The second control group consists of all thetoiletry products sold in a pair of
storesin nearby cities. These control storeswere selected to match thetreatment store prior to the
experiment on the demographic and store characteristics shown in Web Appendix Table 2. Using
these two control groups, weimplement astandard difference-in-differences methodology to test
whether sales d the teated products fell during the intervention relative o the ontrols.

B. Data and Summary Statistics

We use scanner data from thetreatment store and the two control stores, spanning week 1 of
2005 to week 13 of 2006. The dataset contains weekly information on price and quantity sold
for all toiletry (treatment and control) products in each store. See Web Appendix A for details
on the chtaset.

Within the treatment group, there are 13 product GzategoriesO(e.g., lipsticks, eye cosmetics,
roll-on deodorants, body spray deodorants). The control product group contains 95 categories,
which are listed in Web Appendix Table 1. We andyze the data at the category level (summing
quantity sold and revenue over theindividual products within categories) rather than the product
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Treatment store Control stores Total
Treatment  Control Treatment  Control All stores
products  products products  products and products
@ @ (©)] @ ®
Panel A. Category-level statistics
Weekly quantity sold 25.08 26.63 27.84 30.64 29.01
per category (24.0) (38.1) (27.4) (47.0) (42.5)
Weekly revenue $97.85 $136.05 $107.04 $154.66 $143.10
per category (8L9) (169.9) 92.3 (2077) (187.1)
Number of categories 13 95 13 95 108
Panel B. Product-level statistics
Pre-tax product price $4.46 $6.26 $4.52 $6.31 $6.05
18 4.3 @7 4.2 (4.2
Pre-tax product price $4.27 $5.61 $4.29 $5.59 $5.45
(weighted by quantity sold) @7 (3.9 (1.6) (3.8 (3.7)
Weekly quantity sold 147 1.82 161 198 1.88
per product (conditional > 0) (0.9 (1.6) 1y 1.9 @7

Notes: Statisticsreported are meanswith standard deviationsin parentheses. Statistics are based on sales between 2005

week 1 and 2006 week 15. Data source is scanner data obtained from agrocery chain. The Qreatment storeGis the store
where the intervention took place; the Gzontrol storesOare two nearby stores in the same chain. Ofreatment productsO
are cosmetics, hair care accessories, and deodorants. GControl productsOare other toiletries located in the same aisles;

see Web Appendix Table 2 for complete list Product price redects actual price paid, including any discount if product

is an sale. See Web Appendix A for data ources and sample ce! nition.

level for two reasons. Firgt, the intervention was done at the category level. Second, we cannot
distinguish products that were on the shdf but did not sell (true zeros) from products that were
not on theshdf. Andyzing thedataatthecategory level circumvents this problem because there
are relatively few category-weeks with missing data (4.7 percent of all observations). Since all
the categories always existed in all stores throughout the sample period, we believe that these
observations ae true zros, and code them as such.

Table 2 presents summary statistics for thetreatment and control product groupsin each store.
Thetreatment store sold an average of 25 items per caiegory and earned $98 of revenue per week
per catgory over the sample period (column 1 of Table 2). Thetreatment products thus account
for approximately $1,300 of revenue per week as awhole. Average weekly quantity sold per cat
egory is similar for the control products in the treatment store, but products in these categories
are somewhat more expensive on average (column 2). Sales and revenue for the same categories
in the ontrol stores ae very smilar to those in the reatment store (columns 324).

C. Results

Comparison of Means.N We begin our anaysis with a cross tabulation of mean quantity sold
(see Table 3). The upper panel of thetable shows data for the treatment store. The data are split
into four cells. Therows split thedataby time preexperiment (week 1 of 2005 to week 6 of 2006)
versus the intervention period (weeks 8 to 10 of 2006).° The columns split the data by product
group: treated versus control categories. Each cell shows the mean quantity sold for the group

°n the week before the experiment (week 7 of 2006), the store asked us to conduct a pilot to ensure that our team
could placethe tags successfully without disrupting business. For asubset of thetreated products, we posted tags which
said OThis product is subject to sales taxObut did not show tax-inclusive prices. To avoid bias, we exclude this pilot
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Period Control categories Treated categories Difference
Panel A. Treatment store
Baseline (2005:1E£2006:6) 26.48 25.17 $1.31
(0.22) (0.37) (0.43)
[5,510] [754] [6,264]
Experiment (2006:86£2006:10) 27.32 23.87 $3.45
(0.87) (102 (0.64)
[285] [39] [324]
Difference over time 0.84 $1.30 DDypg= $214
(0.75) (0.92 (0.68)
[5,795] [793] [6,588]
Panel B. Control stores
Baseline (2005:1E£2006:6) 30.57 2794 -2.63
(0.24) (0.30) (0.32
[11,020] [1,508] [12,528]
Experiment (2006:8E2006:10) 3076 2819 $2.57
(0.72) (1.06) (1.09)
[570] [79] [648]
Difference over time 0.19 0.25 DD = 0.06
(0.64) (0.92 (0.95)
[12,590] [1,586] [13,176]
DDD Estimate $220
(0.59)
[19,764]

Notes: Each cell shows mean quantity sold per category per week, for various subsets of the sample. Standard errors
(clustered by week) in parentheses, number of observations in square brackets. Experimental period spans week 8 in
2006 to week 10 in 2006. Baseline period spansweek 1 in 2005 to week 6 in 2006. L ower panel redects averages across
the wo control stores.

labelled on the axes, along with the standard error and the number of observations. All standard
errors reported in this and subsequent tables in this section are clugered by week to adjug for
correlation of errors aross products®®

The mean quantity sold in the treatment categories fell by an average of 1.30 units per
week during the experimental period relative to the preperiod baseline. Meanwhile, quantity
sold in the control catgories within the treatment store went up by 0.84 units. Hence, sales
fell in the treatment categories relative to the control categories by 2.14 units on average, with
a standard error of 0.68. This change of DD,, = $2.14 units is the Quithin-treatment storeO
difference-in-differences estimate of theimpact of posting tax-inclusve prices. Theidenti! ca
tion assumption necessary for consistency of DD, is the standard Gzommon trendsOcondition
(Bruce D. Meyer 1995), which in this case requires that sales of the treatment and control prod-
ucts would have evolved dmilarly absent our intervention.

One natural way of evaluating thevalidity of thisidenti! cation assumption isto compare the
change in sales of treatment and control products in the control stores, where no intervention
took place. Thelower panel of Table 3 presents such acomparison. In the control stores, sales of
treatment products increased by a (statisticaly insigni! cant) DD, = 0.06 units relative to sales
of control products. Thefact that DD isnot signi! cantly different from zero suggests that sales

week throughout the analysis reported in the paper. However, none of the resultsis affected by extending the preperiod
to include this week.
10 standard errors ae smilar when we duster by category to adjust for serial correlation.
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of the reatment and control products would in fact have evolved dmilarly in the reatment store
had the intervention not taken pace.

Putting together the upper and lower panels of Table 3, one can construct a Qrriple differenced
(DDD) estimate of the effect of theintervention, asin Jonatan Gruber (1994). Thisestimateis
DDD = DD,3$ DD ;= $2.20. Thisestimateis statisticaly signi! cant with p < 0.01, rejecting
thenull of full optimization ((, = 1). Note that both within-store and within-product timetrends
are differenced out in the DDD. The DDD estimate is therefore immune to both store-speci! ¢
shocksN such asatransitory increasein cusomer traf! cN and product-speci! ¢ shocksN such as
9uctuationsin demand for certain goods. Hence, theidenti! caion assumption for consistency of
the DDD estimate is that there was no shock during our experimental intervention that differen-
tially affected sales of only thetreatment productsin thetreatment store. In view of the planned,
exogenous natire d the intervention, we believe that this condition is likely to be stis! ed.

We gauge the magnitude of the treatment effect usng the framework in Section |. The mean
quantity sold per category fell by 2.2 units per week, relative to a base of 29 units sold per
week. Making the sales tax salient thus reduces demand by 7.6 percent. We show below that
the estimated price elasticity of demand at the category level is”, , = 1.59. Given the sales tax
rate of 7.375 percent, plugging these valuesinto (3) yieldsapoint estimateof (,= 1$ (7.6/(1.59
) 7.375)) = 0.35. Thatis, a 10 percent tax increase reduces demand by the sameamount asa 3.5
percent price increase.

Regression Estimates.N We evaluate the robustness of the DDD estimate by estimating a
series of regression models with various covariate sets and sample speci! catons (see Table 4).
L et the outcome of interest (e.g., quantity, log quantity, revenue) be denoted by Y. Let the vari-
ables TS (treatment store), TC (treatment categories), and TT (treatment timée) denote indicaors
for whether an observation is in the experimental store, categories, and time, respectively. Let
X denote a vector of additiona covariates. We estimate variants of the following linear modd,
which generalizes the DDD method ébove (see Gruber 1994):

@ Y= &+ ' TT+',IS+',IC+ * TT) TC+ *,IT) TS+ *TS) TC
+ +TT) TC) TS+ X+ ".

In this speci! caion, thethird-level interaction (+) cegptures thetreatment effect of the experi-
ment and equals the DDD estimate when no additiond covariates ae included.

Speci! caion 1 of Table 4 estimates (4) for quantity sold, controlling for themean price of the
productsin each category usng aquadratic speci! cation and including category, week, and store
I xed effects Theestimated effect of thetreatment is essentially the sameasin the comparison
of means, which isnot surprising since there were no unusual price changes during our interven-
tion period. Speci! caion 2 shows that the intervention led to a signi! cant reduction in revenue
(price) quantity) from the treated products’?

1 The mean priceis de! ned as the average price of the productsin each category in the relevant week, weighted by
quantity sold over the ssmple period. The ! xed weights diminate any mechanical relationship between Quctuations in
quantity sold and the average price variable.

12 studies in the marketing literature (e.g., Eric T. Anderson and Duncan |. Simester 2003) ! nd that demand drops
discontinuously when prices cross integer thresholds (such as $3.99 versus $4.01), and that retailers respond by setting
prices that end in ®Oto maximize pro! ts. Indeed, the retailer we study sets most productsOprerax prices just below
the integer thresholdN an observation that in itself supports our claim that individuals focus on the pretax price, since
the tax-inclusive price is often above the integer threshold. We ! nd no evidence that demand fell more for the products
whose price crossed the integer threshold once taxes were included (e.g., $3.99 + salestax = $4.28), but the difference
in the treatment effects is imprecisely estimated.
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Quantity per Revenue per  Log quantity per Quantity per  Quantity (treat.

category category ($) category category categories aly)
Dependent variable o) %) €] &) ©)
Treatment $2.20 $1312 $0.101 $2.27 $155
(0.60) (4.89) (0.03) (0.60) (0.35)
Average price $3.15 $3.24 $3.04 $15.06
(0.26) (L74) (0.25) (3.55)
Average price sjuared 0.05 0.06 0.05 124
(0.00) (0.03) (0.00) (0.39)
Log average price $1.59
(011
Before treatment $0.21
(.07
After treatment 0.20
(0.78)
Category, sbore, week FEs X X X X X
Sample sze 19,764 19,764 18,827 21,060 2,379

Notes: Standard errors, clustered by week, reported in parentheses. All columnsreport estimates of thelinear regression
model speci! ed in equation (4). Quantity and revenue redect total sales of productswithin agiven category per week in
each store. Average priceis aweighted average of the prices of the products for sale in each category using a! xed bas-
ket of products (weighted by total quantity sold) over time. In column 3, observations are weighted by total revenue by
category-store. Speci! cation 4 includes (placeboOtreatment variables (and their interactions) for the three-week period
before the experiment and the three-week period after the experiment. Speci! cation 5 reports DD estimatesrestricting
the sample to treatment product categories only (at both treatment and control stores). In this speci! cation, the Qreat-
mentO \ariable is ce! ned as the interaction between the treatment store dummy and treatment time cuimmy.

In speci! cation 3, we estimate an analogous model in logs instead of levels. In this speci! ca
tion, we weight each observation by the mean revenue over time by category by store, placing
greater weight on the larger categories as in the levels regressions. Thelog speci! cation is per-
haps a better model for comparisons across categories with different baseline quantities, but it
forces usto omit observationsthathave zero quantity sold. It yieldsadightly larger estimate than
the levels modd for the reduction in quantity sold (10.1 percent). The estimated category-level
price daticityN the effect of a1 percent increase in the prices of all goods within a categoryN
is",,= 159 Thiseladticity isidenti! ed by thevariation in average category-level prices across
weeks within the stores. The estimate is consistent with those of Stephen J. Hoch et al. (1995),
who estimate afull product-level demand system and obtain category-level price elagticities of 1
to 15 for smilar products usng scanner data from the same gocery chain.

Placebo and Permutation Tests.N To further evaluate the Gommon trendsOidenti! caion
assumption, we check for unusual patterns in demand immediately before and after the experi-
ment. Weregicate speci! catfon 1 including indicabr variablesfor thethree-week periods before
theintervention began (BT: weeks 4 to 6 of 2006) and after theintervention ended (AT : weeks
11 to 13). We also include second- and third-level interactions of BT and AT with the 7C and TS
variables, asfor the TT variable in (4). Column 4 of Table 4 reports estimates of thethird-level
interactions for the periods before, during, and after the experiment. Consistent with the other
resultsin Table 4, quantity sold in thetreatment group is estimated to change by += $ 2.27 units
during theintervention. The corresponding (placeboOestimates for the periods before and after
the treatment are close to zero, indicaing that the fall in demand coincides precisely with the
intervention period.
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Notes: This! gure plotsthe empirical distribution of placebo effects (G) for log quantity. The
CDF is constructed from 4,725 estimates of +, using the speci! cation in column 3 of Table 4.
No parametric smoothing is applied: the CDF appears smooth because of the large number
of points used to construct it. The vertical line shows the treatment effect estimate reported
in Table 4

A concern in DD andysisis that serial correlation can bias standard errors, leading to over-
rejection of the null hypothesis of no effect (Marianne Bertrand, Esther Du9o, and Sendhil
Mullainathan 2002). To address this concern, we implement a nonparametric permutation test
for + = 0. We ! rst choose a (placebo tripletOconsisting of a store, three-week time period,
and a randomly selected set of 13 product categories. We then estimate (4), pretending that the
placebo triplet is the treatment triplet. We repeat this procedure for all permutations of stores
and contiguous three-week periods and 25 different randomly selected groups of 13 catgories,
obtaining63) 3) 25= 4,725 placebo estimates. De! ning G(¥,) to betheempirica cumulative
distribution function of these placebo effects, thestatistic G(+) gives ap-value for the hypothesis
that+= 0. Intuitively, if theexperiment had asigni! cant effect on demand, we would expect the
estimated coef! cient to bein thelower tail of estimated placebo effects.’® Since this test does not
make parametric assumptions about theerror structure, it does not suffer from the overrejection
bias d thertest.

Figure 1 illugrates the results of the permutation test by plotting the empirica distribution
of placebo effects G for log quantity (speci! caton 3 of Table 4). The verticd linein the! gure
denotesthetreatment effect reported in Table 4. For log quantity, G(+) = 0.07. An anaogoustest
for log revenue yields G(+) = 0.04. Although these p-values are larger than those obtained usng
thertests, they con! rm that the intervention led to an unusually low level of demand.

Findly, we consider subsets of the large set of counterfactuals across time categories, and
stores. In column 5 of Table 4, we restrict the sample to the treatment product catgories and

3 Thistestis an extension of Ronald A. Fisher®(1922) Gexact testOfor an association between two binary variables.
See Raul R. Rosenbaum (1996) for more an permutation tests.
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compare across timeand stores. ThisDD estimate is quite similar to the DDD estimates. Results
are also smilar when we restrict the sample to the treatment store or limit the preexperiment
sample © the hree nonths immediately before the intervention.

I'11. Evidence from Observational Data on Alcohol Sales
A. Research Design

We turn now to the second empiricad test: comparing the effect of increases in posted prices
and taxes on demand. We implement this strategy by focusng on alcohol consumption. Alcohol
is subject to two taxes in most states. an excise tax thatis levied at the wholesale level and is
included in the price posted on the shdf or restaurant menu; and a sales tax, which is added
at the register (except in Hawaii, which we exclude). The total price of alcohal is therefore
g=p@+ 15)A+ !5 wherep isthepretax price, ! fistheexcisetax, and ! S isthe sales tax.
Since the ecise tax is included in the posted price, it is nore slient than the sles tax.

We estimate the effect of ! # and ! § on alcohol consumption by exploiting the many state-
level changes in the two taxes between 1970 and 2003. Our estimating equation is based on the
demand eci! caion in (1):

©) logx= &+ " log(1+ )+ (," log(1+ !°%).

We estimate (5) in ! ret-differences because both the tax rates and alcohol consumption are
highly autocorrelated series. Letting ¢ index time (years) and j index states, de! ne thedifference
operator- z, =z, $ z, 4. Introducing aset of other demand-shiftersx;, and an error term " to
cgpture |d|osyncrauc statespecﬂ ¢ demand shocks, we obtain thefol |OWI ng estimating equau on
by ! rst-differencing (5):

(6) - logx, = &+ "- log(L+!7)+ (,"- logL+!})+ X,/ +" .
We estimate variants of (6) usng OLS and test the hypothesis that (, = 1 Theidenti! caton
assumption is that the changes in sales and excise taxes are uncorrelated with state-speci! ¢
shocks o dcohol consumption.

B. Data and Summary Statistics

Tax rates on alcohol vary across beer, wine, and spirits. In the interest of space, we present
resultsfor beer, which accounts for thelargest share of alcohol consumption in the United States.
As we discuss below, theresults for total alcohol consumption are similar, because changesin
tax rates across the tree types d alcohol are very highly correlated.

We use data on aggegate annual beer consumption by state from the Nationd Institute of
Alcohol Abuse and Alcoholism (NIAAA) (2006) from 1970 to 2003. These data are compiled
from administrative state tax records, and are more precise than data from surveys because they
redect total consumption in each state. We obtain data on beer excise tax and sales tax rates and
revenues by state from the Brewer@ Almanac (various years), World Tax Database (University

14 The full-optimization model predicts (, = 1 irrespective d the incidence d the taxes. If tax increases ae passed
through fully to the consumerN which appears to be the casein practice as we show belowN ' equals the price elastic-
ity of demand.
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Per capita beer consumption (cans) 2432
(46.0)
State beer excise tax ($/case) 0.51
(0.50)
State beer excise tax (percent) 6.5
82
Sales tax (percent) 43
19
Drinking age is 2L 0.73
(0.44)
Drunk driving standard 0.65
(0.47)
Any alcohol regulation change 0.19
(0.39
N (number of state-year pairs) 1,666

Notes: Statistics reported are means with standard deviations in parentheses. Observations
are by state for each year from 1970 to 2003. (rinking ageis 210is an indicator for whether
the state-year has a lega drinking age of 21. (runk driving standardOindicates state-year
has a threshold blood alcohol content level above which one is automatically guilty of drunk
driving. @\ny alcohol regulation changeOis adummy variable equal to onein any year where
a state has raised the drinking age or implemented a stricter drunk driving standard, an
administrative license revocation law, or a zero tolerance youth drunk driving law. See Web
Appendix A for data ources and sample ce! nition.

of Michigan Business School 2006), and other sources™® The state salestax is an ad valorem tax
(proportiond to price), while theexcise tax istypicaly a speci! ¢ tax (dollars per gallon of beer).
We convert the excise tax rate into percentage units comparable to the sales tax by dividing the
beer excise tax per casein year 2000 dollars by the average cost of a case of beer in the United
Statesin theyear 2000.1° We normalize theexcise tax by theaverage national price because each
state@price is endogenousto itstax rate. Details on thedata sources and construction of tax rates
are gven in Web Appendix A.

Table 5 shows summary statistics for the pooled dataset. Between 1970 and 2003, mean per
cgpita consumption of beer isroughly 240 cans per year. The average state excise tax rate is 6.5
percent of the average price, while the mean state sales tax rate is 4.3 percent.’” There is con-
siderable independent variation within states in the two taxes over the sample period. There are
153 legidated changes to the sales tax and 131 |egislated changes to excise taxes, the correlation
between excise tax changes and sales tax changes is Q06.

15 We exclude West Virginia because of problems with the sales tax rate data described in Web Appendix A.
Including West Virginia megni! es the dfference between the excise and sales tax dasticities.

16 Real growthin the price of beer could lead to mismeasurement of beer prices and excise tax rates early in the sam-
ple. Using asubset of the datafor which we have information on beer pricesfrom the American Chamber of Commerce
Researchers Association (ACRRA) cost-of-living survey, we ! nd that beer price growth closely tracks changesin the
CPI. Moreover, we show below that instrumenting for the actual ACCRA price in each state/year for which it is avail-
able wsing our construction of the excise tax rate yields smilar results.

17 Same cities also levy local salestaxes on top of the state sales tax. In Chetty, Looney, and K roft (2007), we show
that including local sales taxes by imputing them from data o local tax revenues does rot affect the results.
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C. Results

We begin with agraphica andysis (Figures 2A and 2B) to illugrate the relationship between
alcohol consumption and taxes. These ! gures plot annual state-level changes in log beer con-
sumption per capita against log changes in the gross-of-excise-tax price - log(1 + ! ) and the
gross-of-sales-tax price- log(1 + ! %). To construct Figure 2A, we ! rst round each state excise
tax change to the nearest tenth of a percent. We then compute the mean change in log beer con-
sumption for observations with the same rounded excise tax change. Findly, we plot the mean
consumption change against the rounded excise tax rates, superimposing a best-! t line on the
pointsasavisual aid. Figure 2B is constructed anaogoudy usng salestax changes. To makethe
range of changesin theexcise tax comparable to thesmaller range of changesin thesalestax, we
restrict therange of both tax changesto + 0.02 log points. Figure 2A shows thatincreasesin the
beer excise tax sharply reduce beer consumption. Figure 2B shows thatincreasesin the sales tax
have a nuch gnaller effect on beer consumption.

Regression Estimates.N Table 6 presents estimates of themodel for the state-level growth rate
of alcohol consumption in (6). In these and all subsequent speci! caions, we adjug for potential
serial correlation in errors by clugering thestandard errors by state. Column 1 reports estimates
of a baseline model that includes only year ! xed effects (which remove aggegate trends) and
log state population growth as covariates. In this speci! caion, a1l percent increase in the gross-
of-excise-tax price is estimated to reduce beer consumption by 0.88 percent (", ., == 0.88).%1n
contrast, a1 percent increase in thegross-of-sales-tax priceis estimated to reduce beer consump-
tion by 0.20 percent (", 1., s = 0.20). Thenull hypothesis that the excise and sales tax elagticities
are eual is rgjected with p = 0.05.

Columns 24 control for factors that may be correlated with the tax changes. One concern
is that sales tax changes are correlated with the busness cycle. In column 2, we control for the
state-level busness cycle by including changesin log state per cgpitaincomeand the state unem-
ployment rate as covariates. Introducing these controls reduces the estimated sales tax coef! -
cient, and as aresult the null hypothesis of equal elagticitiesis rgected with p = 0.01. Thesales
tax effect is smaller because sales taxes are sometimes raised during budgetary shortfalls that
occur inrecessions. Since alcohol isanormal good (asindicated by the coef! cients on per cepita
income and unemployment rate), failing to control for the busness cycle biases the correlation
between alcohol consumption and salestax changes upward in magnitude. Hence, theendogene-
ity of sales tax rate gopears  work against rejecting the rull hypothesis that" 3, = ", 14, 5.”

Another concern is that excise tax increases are sometimes associated with contemporane-
ous tightening of alcohol regulations. We evaluate this concern usng data on four regulations.
thelegal drinking age, theblood alcohol content limit, implementation of stricter drunk driving
regulations for youths, and introduction of administrative license revocation laws. We control for
thechangeinthelegal drinking age (in years) and seperate indicabr variables for a shift toward
stricter regulations in each of the other three measures (column 3). The coef! cient on the excise
tax rate does not change signi! cantly because regulation changes have modest effects on total

B Thiselasticity estimate is consistent with estimates of the elasticity of beer consumption with respect to the excise
tax rate (", <) reported in previous studies. For example, Philip J. Cook, Jan Ostermann, and Frank A. Sloan (2005)
estimate that a $0.01 increase in the beer tax per ounce of ethanol reduces beer consumption by 1.9 percent, which
trandates 0", 1,, = = 1.26 & the sample mean.

19 Changes in excise taxes are not correlated with the business cycle. A more plausible source of endogeneity is that
policymakers raise alcohol excise taxes when alcohol consumption is rising. This would also work against! nding a
difference in the dasticities, as the estimate o ", 1., = will be biased downward.
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Notes: These ! gures plot within-state annual changes in beer consumption against within-state
changes in gross-of-tax-prices (1 + ¥ and 1 + ¢%). To construct Figure 2A, we round each state
excise tax change to the nearest tenth of a percent (0.1 percent), and compute the mean changein
log beer consumption for observations with the same rounded excise tax change. Figure 2A plots
the mean consumption change against the rounded excise tax rates. Figure 2B is constructed
analogously, rounding sales tax changes to the nearest 0.1 percent. See Web Appendix A for data
sources and sample ce! nition.

beer consumption; on average, beer consumption falls by only 0.5 percent when one of the four
regulations is fightened.

A third concern is that trends in excise tax rates may be correlated with changes in social
norms, which directly inQuence alcohol consumption. For example, rising acceptance of alco-
hol consumption in historically conservative regions such as the South may have led to both a
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Baseline Business cycle  Alcohol regulations  Region trends
@ @ € @
Dependent variable: Change in log (per capita beer consumption)

- log(1l+ excise tax rate) $0.88 $091 $0.89 $071
(0.17) (0.17) 0.17) (0.18)
- log(1 + sales tax rate) $0.20 $0.01 $0.02 $0.05
(0.30) (0.30) (0.30) (0.30)
- log(population) 0.03 $0.07 $0.07 $0.09
(0.06) (0.07) (0.07) (0.08)
- log(income per capita) 0.22 0.22 0.22
(0.05) (0.05) (0.05)
- log (unemployment rate) $0.01 $0.01 $0.01
(0.01) (0.01) (0.01)
Alcohol regulation controls X X
Year ! xed efects X X X X
Region ! xed efects X
F-test for equality of tax 0.05 0.01 0.01 0.06

elasticities (prob > F)

Sample sze 1,607 1,487 1,487 1,487

Notes: Standard errors, clustered by state, in parentheses. All speci! cations are estimated on full sample for which data
are available (state unemployment rate dataare unavailablein early years). Column 3includesthreeindicators for whether
the state implemented per se drunk driving standards, administrative license revocation laws, or zero tolerance youth
drunk driving laws, and the change in the minimum drinking age (measured in years). Column 4 includes ! xed effectsfor
each of nine censusregions. F-test tests null hypothesis that coef! cients on excise and sales tax rate variables are equal.

reduction in the excise tax as a percentage of price and an increase in alcohol consumption. To
assess whether such trends lead to signi! cant bias, we include region ! xed effects in column 4
of Table 6, effectively identifying the model from changes in taxes in geographicdly adjacent
states. The coef! cient on the excise rate remains substantially larger than the coef! cient on the
sales tax, suggesting that aur results are rot spurioudy generated by region-speci! ¢ trends.

There are two sources of variation identifying the excise tax coef! cient: policy changesin the
nomina tax rate, which produce sharp jumps in tax rates; and gradual erosion of the nomind
value of thetax by in9ation, which creates differential changes in excise tax rates across states
because they have different initial tax rates.° To test whether the two sources of variation yield
similar results, we isolate the effect of the policy changes usng an instrumental variables strat
egy. We ! x the price of beer atits sample average and compute theimplied ad valorem excise
tax asthenomind tax divided by this time-invariant price. The only variation in this simulated
tax rateis dueto policy changes. Using the simulated excise tax rate to instrument for the actual
excisetax rate, werepicate the speci! cation in column 3 of Table 6. The point estimates of both
tax elagticities, reported in column 1 of Table 7, are similar to those in previous speci! catons.
The standard errors rise as expected, since part of the variation in excise tax rates has been
excluded.

20To clarify why in9ation generates identifying variation, consider the following example. Suppose the pretax price
of beer is$1 and that state A hasanominal alcohol tax of 50 cents, while state B has no excisetax. If prices of all goods
double, the gross-of-tax price of beer relative to other goods falls by (1.50 $ 1.25)/ 1.50 = 17 percent in state A but is
unchanged in stte B.



VOL. 99 NO. 4 CHETTY ET AL.: SALIENCE AND TAXATION: THEORY AND EVIDENCE 1163

T'02%7N E--9%4&*- E. U6 +( S'29%4T". %*+ B%H C*+43) : &*+: R*034&+984C$A; 4

Dependent variable: Change in log(per capita beer consumption) Dep. var.

1V for excise W 3-Year IV for ACCRA Food Share ehanol
policy differences beer price exempt from beer
® @ (C) G (5)

- log(1l+ excise tax rate) $0.63 $1.10 $0.91 0.16
(0.28) (0.47) (0.22) (0.13)

- log(beer price) $0.88

(0.42

- log(1 + sales tax rate) $0.03 $0.00 0.10 $0.14 0.25
(0.30) (0.33 (0.59) (0.30) (0.22)

- log(population) $0.06 $124 $0.06 0.03 0.09
(0.07) 0.33) (0.15) (0.07) (0.05)

- log(income per capita) 0.22 0.08 0.23 0.22 0.01
(0.05) (0.05) (0.10) (0.05) (0.03)

- log(unemployment rate) $0.01 $0.00 0.00 $0.01 0.00
(0.01 (0.01 (0.01 (0.01 (0.01

Alcohol regulation controls X X X X X

Year ! xed efects X X X X X

F-test for equality of tax 0.15 0.05 0.12 0.04 0.73

elasticities (prob > F)
Sample sze 1,487 1,389 825 937 1,487

Notes: Standard errors, clustered by state, in parentheses. Column 1 replicates column 3 of Table 6, instrumenting for
excise tax rate changes with the nominal excise tax rate divided by the average price of a case of beer from 1970 to 2003
to eliminate variation in the tax rate due to in9ation erosion. In column 2, all variables are de! ned using three-year dif-
ferences instead of ! ret-differences. Column 3 instruments for the the log change in the ACCRA survey price of beer
using the log change in the grossof-excise tax rate. Column 4 restricts the sample to states where all food was exempt
from taxation in 2000. In column 5, the dependent variableisthe fraction of total ethanol consumption in each state-year
accounted for by beer. F-test tests null hypothesis that coef! cients on excise and sales tax rate variables are equal.

Thusfar, we have focused on changes in tax rates and alcohol consumption at an annual fre-
guency. One explanation of the difference between the sales and excise tax effects atthe annual
frequency islearning: people might immediately perceive excise taxes, but learn about changes
inthesalestax over time To test for such learning effects, we estimated speci! cations, including
lags and leads of the tax variables and differences over longer horizons. For example, column
2 of Table 7 shows the effect of sales and excise tax changes on consumption over a three-year
horizon (as in Jonathan Gruber and Emmanuel Saez 2002). An increase in the excise tax rate
continues to have a large negative effect on alcohol consumption after three years, whereas an
equivalent increase in the sales tax still does not. This evidence suggests that consumers under-
react to taxes that ae rot salient, even in the lng run.

The pemise inderlying aur anaysis is that ! rms pass thanges in the $ate eccise tax through
to consumers so that they are redected in the posted price of beer. We expect full pass through
of state-level tax changes because each state constitutes a small share of the naiona market,
effectively making the state-level supply curves 9at. We check this mechanism usng data on
posted prices of beer from the ACCRA cost of living survey from 1982 to 2000. Using these
data, we estimate theprice elasticity of demand for beer, instrumenting for changesin the posted
price usng changesin the excise tax rate. The estimated price elasticity of demand, reported in
column 3 of Table 7, is", , = 0.88, aimost identica to the estimates of ", ., - in the previous
speci! cations. The standard error rises because we have price data for only 55 percent of the
observations. Thereasonthat”, ,= ", .,, -isthatstate-level excisetax increasesare fully passed
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through to consumers as expectedN the coef! cient on the excise tax variable in the ! rst-stage
regression is approximately one. This! nding supports the claim that the excise tax has a larger
effect on demand than the sles tax because it is fully salient.

Relative Price Changes and Excise versus Sales Taxes.N An important concern in the com-
parison of sales and excise tax effectsisthatthe sales tax applies to a broader set of goods than
alcohol. Approximately 40 percent of consumption is subject to sales taxation.” A 1 percent
increase in ! § changes the relative price of alcohol and all other goods less than a 1 percent
increasein! £, which could potentially explain why the sales tax effect is smaller than theexcise
tax effect, even ebsent salience dfects.

We evaluate the magnitude of thebias due to this problem in two ways. First, we estimate the
model usng only the 30 states that fully exempted all food items from the sales tax in 2000.%2
In these states, changes in the sales tax always affect therelative price of alcohol and food (and
nonacoholic beverages), which is the most plaugble substitute for alcohol. Column 4 of Table 7
shows that the sles tax dagticity remains cuite small in this sibsample.

As an alternative approach, we cdibrate the effect of a 1 percent increase in a (hypotheticd)
tax ! 4 thatapplies solely to alcohol (x) and is excluded from the posted price. Treating all goods
other than alcohal as a composite commaodity (y) of which 40 percent is subject to sales tax,
observethata 1 percent increase in the gross-of-salestax price (1 + ! 5) increases theprice of x
relativeto y by (1.01/ 1.004) $ 10 0.6 percent. It follows thattheeffect of a1 percent increasein
thetax ! # that applies solely to alcohol isgivenby ", 1,,+ = (1/0.6)" 14 ,s. Scaing up thelargest
estimated responseto thesalestax in Table 6 of $ 0.20 by ¥ 3yieldsan estimateof ", 1., » = 0.33,
which remains suibstantially below the excise tax dasticity estimates.

A related concern is thatincreases in the beer excise tax may induce substitution to wine and
spirits, thereby biasing the beer tax elasticity up relative to the sales tax elasticity. To assess the
extent of substitution, we estimate the effect of the beer excise tax on the share of beer in total
alcohol (ethanal) consumption. Theestimatesin column 5 of Table 7 show thatthe beer shareis
insensitive to the beer tax rate. Thereason is that excise tax rates on beer, wine, and spirits are
highly correlated. For example, the correlation coef! cient of changesin beer and wine tax rates
is0.94; in 86 percent of theinstances in which a state changes its beer excise tax, it also changes
itswine excise tax rate. We also ! nd thattheeffect of changesin beer excise taxes on rotal etha-
nol consumption is much larger than the effect of changes in sales tax rates. We conclude that
differences in tax bases are unlikely to explain the substantial gap between the estimated sales
and excise tax dasticities.

Summary.N Averaging across the estimates in Tables 6 and 7, the mean estimate of the gross-
of-excise-tax elagticity is 0.84. The mean estimate of the gross-of-sales-tax easticity is 0.03.
Scaing up the sales tax coef! cient by & 3, we obtain an implied elasticity of 0.05 for atax ! 4
thatis applied solely to alcohal attheregister. Combining these estimates yields a point estimate
of (, = "rar1 4" 101 2= 0.06.

21 |n 2004, sales tax revenues were 2.1 percent of personal consumption expenditures (PCE). The average (state
income-weighted) sales tax rate was 53 percent. Hence the tax base is goproximately 40 percent of PCE.

22\We do not have historical data on which goods are subject to the sales tax. Case studies of some states suggest,
however, that the st of items aubject to sales tax is fairly stable over time.



VOL. 99 NO. 4 CHETTY ET AL.: SALIENCE AND TAXATION: THEORY AND EVIDENCE 1165
V. Why Do Consumers Underreact to Taxes?

There are two potential explanatons for the! nding that consumers underreact substantially
to taxes thatare not included in posted prices. Oneisthat cusomers are uninformed about sales
tax rates. Showing the tax-inclusve price tags may have provided new information about tax
rates. An alternatve explanation is that salience matters. individuals know about taxes when
thar attention is drawn to the subject, but do not pay attention to taxes that are not transparent
while deciding what o buy.

A few pieces of auxiliary evidence from the empirica anaysis cast doubt on theinformation
hypothesis. First, sales of the (taxable) toiletries adjacent to those that were tagged in the gro-
cery store experiment did not change signi! cantly during theintervention. Thefact that posting
tax-inclusive prices had no Gypillover effectsOsuggests that individuals did not simply learn that
toiletries are subject to sales tax. Second, demand returned to preexperiment levels after the
intervention ended, suggesting that there were no persistent learning effects.? Third, the! nding
that sales and excise tax dadticities for alcohol demand do not converge over time suggests that
the wnderreaction to the sles tax is rot caused by delays in acquiring information.

To distinguish between information and salience more directly, we surveyed 91 cusomers
entering the sore where we conducted the experiment about their knowledge d sales taxes. See
Web Appendix A for details on survey implementation and Appendix Exhibit 2 for the survey
instrument. We asked individuals whatthelocd salestax rate was and whether various products
(e.g., milk, magazines, toothpaste) were subject to sales tax. Summary statistics for the survey
dataaredisplayedin panel B of Table 1. Seventy-! ve percent of those surveyed reported thesales
tax rate within 0.5 percentage points of thetrue rate, and 97 percent reported a rate between 6.75
percent and 8.75 percent. The modal answer was exactly 7.375 percent. The median respondent
answered 7 out of 8 questions about taxable statusof thegoods correctly. Therespondents gener-
ally believe that food is not taxed, but inedible items and GinOgoods are taxed. Exceptions to
this heuristic led to themost errors. In California, carbonated beverages are subject to salestax,
while cookies are not. CocaCola and cookies accounted for more than half the mistakes among
respondents who got one question wrong.

In summary, most consumers are well informed about commaodity tax rates when ther atten-
tion is drawn to the subject. However, they do not remember to include the tax when making
consumption decisions, as shown by the survey of students discussed in Section Il. The two
surveys and two strands of empiricd evidence together indicate that salience and inatention are
a entral determinant of consumer responses  taxation in deady sate.

Positive Theories.N There are many positive theories that can explain underreaction to taxa-
tion. In acompanion paper (Chetty, Looney, and Kroft 2007), we propose a bounded-rationdity
model in which agents pay cognitive costs to caculate tax-inclusve prices. We show that small
cognitive costs can generate substantial inatention to taxes because the utility loss from ignor-
ing taxes is a second-order function of the tax rate. For example, an agent, who spends x, =
$1,000 and has", , = 1 and linear utility in y, loses only $5 by ignoring a 10 percent sales tax.
An economy populated by individuals who face small cognitive or time costs of paying attention
to taxes can thus generate”, , 1 ", 1, s.

More generally, agents with limited attention may use heuristics to achieve a consumption
allocaion that approximates thefully optimal bundle, but leads them to underreact to taxes. For

23We cannot rule out another equally plausible explanation of this! nding: the set of individuals who shop for these
durable goodsis likely to vary substantially across weeks, so customers in the weeks after the experiment may have
been untreated.
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example, consumers may apply atax rate of 5 percent or 10 percent instead of 7.375 percent, or
compute 7 percent of $5.00 instead of 7 percent of the exact price $4.95. A more sophisticated
heuristic is to keep a separate shadow value of money in mind for taxed and untaxed goods. An
entirely different theory of attention is a psychologica mode in which allocaton of attention
is triggered by cues (e.g., the visibility or color of pricing information) rather than economic
optimization.

Our datado not allow usto distinguish between these models. We therefore proceed to andyze
the welfare consequences of taxation in a manner that does not depend on a speci! ¢ positive
theory of underreaction to taxes.

V. Welfare Analysis

This section explores theimplicatons of our empirica results for tax policy. In particular, we
generalize Harberger® (1964) canonica partial-equilibrium formulas for incidence and dead-
weight loss to allow for salience effects and other optimization errors with respect to taxes.
Theformulas we develop can be used to andyze the effects of taxes in the speci! ¢ commodity
markets that we analyzed empiricadly, aswell as other policies such as labor and capital income
taxation.

We ! rst characterize tax incidence, which is essentially a mechanicad cdculation of price
changes. We then characterize ef! ciency costs, which isamore complex problem because addi-
tiond assumptions are required to caculate welfare changes when agents optimize imperfectly.
We restrict attention to tax policies designed to raise revenue (e.g., to ! nance a public good).?*
Thetools developed below can be adapted to andyze Pigouvian taxes intended to correct behav-
ior, but we defer that andysis to future work.

A. Setup

We use the same two-good model asin Section |, but assume from this point onward thatthe
salestax levied on good x isaspeci! ¢ (unit) tax 7* rather than an ad valorem tax for consistency
with the theoreticd literature on commodity taxation.” Let p denote the pretax price of x and
g = p + t5 denote thetax-inclusve price of x. Good y, thenumeraire, is untaxed. Asis standard
in partial equilibrium anaysis, assumethat tax revenue is not spent on thetaxed good (i.e, it is
used to buy y or thrown avay).

Consumption.N The representative consumer has wealth Z and has utility u(x) + v(y). Let
(x*(p, 15, 2), y“(p, t%, Z)) denote the bundle chosen by a fully optimizing consumer as a function
of the posted price, tax, and wealth. Full optimization implies %"/ % = %"/ %", contradict-
ing our empiricd ! ndings. Let (x(p, 15, Z), y(p, t5, Z)) denote the empiricaly observed demand
functions, which permit %/ % 2 %/ %°. We do not place structure on the positive model that
generates (x(p, 15, Z), y(p, t5, Z)) other than to assumethat the demand functions are smooth and
that the doices ae feasible

(p+ )x(pt,2) + y(p,t°,2) = Z

24\We focus on the costs of raising tax revenue, taking the bene! ts of a given amount of revenue asinvariant to the
tax system used to generate it. For example, we ignore the possibility that more visible taxes may constrain inef! cient
spending by politicians (Finkelstein 2007).

25 The incidence and excess burden of an ad valorem tax ! * can be calculated by replacing 5 by ! $ and %/ % by
%7/ % S in Propositions 1 and 2
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Del ne the degree d underreaction to the peci! ¢ tax 5 as

_ o/tx(p,tS,Z)/ O/Ix(p,tS,Z) _ "x,q|t5
(= o7 " -

1
xqlp

where ", s = ($ %7 %°)(g/ x(p, 1%, Z)) measures the percentage change in demand caused by
a1 percent increase in the total price of good x through atax change, and ", ,, = ($ %/ %)
) (¢ x(p,t5,Z)) represents theandogous measure for a 1 percent increase in g through a change
in p.?® When discussing the intuition for the results below, we will focus on the case where (
< 1 and interpret ( as a measure of the degree of inatention to the tax. However, our anadysis
permits ( > 1 and more generally permits %/ %?° to differ from %/ % for any reason, not jus
inattention.?” The formulas derived below therefore account for any errors that consumers may
make when optimizing with respect to taxes.

Production.N Price-taking ! rms use ¢(S) units of the numeraire y to produce S units of x.
Themargind cost of production is weakly increasing: ¢.(S) > 0 and ¢3S) 4 0. Therepresenta-
tive! rm@ pro! t at pretax price p and level of supply SispS $ ¢(S). Assuming that! rms opti-
mize perfectly, the supply function for good x is implicitly de! ned by the margina condition
p=c(S(p). 2 Let"s, = (%! %) (p/ S(p)) dencte the pice dasticity of supply.

B. Incidence

How is the burden of atax shared between consumers and producers in competitive equilib-
rium when consumers optimize imperfectly with respect to taxes? We derive formulas for the
incidence of the salestax on producers and consumerswhich parallel thederivations of Laurence
J Kotlikoff and Lawrence H. Summers (1987) for the full-optimization case. Asis standard in
the literature on tax incidence, we use D (p, t5, Z) instead of x(p,t5,Z) to refer to the demand
curveinthissubsection. Let p = p(¢5) denote theequilibrium pretax price that clears the market
for good x as a function dof the &x rate. The market-clearing price p satis! es

@) D(p.1%,Z) = S(p).
Implicit differentiation of (7) yields the Pllowing results.

PROPOSITION 1: The incidence on producers of increasing t5 is

d %D/ % "Dglet ("l
® T = B S T e T
T S»p * Dap T Sr * D

26 The empirical estimates of (, can be directly mapped to values for ( using the equation (, = ((L+ )/ (L + ().
Thereason that (, < ( isthat agents underreact to price increases when the tax is ad valorem, because part of the price
increase raises the amount of thetax p! ¥. For small values of %, (, = ( and hence the values of (, reported in Sections
Il'and 111 roughly correspond to estimates d (.

27 Although our evidence shows that ( < 1 for commodity taxes that are not salient, this need not be the case for
all taxes. The opaque estate tax system, for example, appears to cause many individuals to overestimate tax rates on
wealth (Slemrod 2006).

28Theliteraturein psychology and economics has argued that | rmsare less prone to systematic errors than consum-
ers (see eg., Section 1V of DellaVigna 2009). It would be straightforward to extend our analysis to allow for salience
effects an the ! rm dde & well, in which case the formulas will depend on %/ % and %8/ %°.
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Pretax
price p D(p|ts) =0
D(p[t9) ™. S(p)
po :_,\ <
dp= E/(!1S1p"! D/!p){ x/
p1 > S
1 DExcess supply of E / \‘\
created by imposition of tax *
2 B Re-equilibriation of market \\ /
through pretax price cut \\\
N SD

E=tSID/!tS
F/63, %3. 1+1/( %1% - T". "&*+

Notes: This! gureillustrates the incidence of introducing atax ¢* levied on consumersin amar-
ket that isinitially untaxed. The ! gure plots supply and demand as afunction of the pretax price
p. Theinitial price-demand curveis D (p|t5 = 0); the price-demand curve after the tax isintro-
duced is D (p|t*). When the tax is levied, the cemand curve shifts inward by t5) %D/ % units,
creating an excess supply of E = ¢5) %D/ %?. To reequilibriate the market, producers cut the
pretax price by E/ (% % $ %I %) units, implying dpl dt’ = (%D %5) (Y8 %p $ YDl ).

and the incidence on consumers is

q . n n . qd n
dg _ 14 dp _p sr” D.ap "Dl 7 st @$ 0" pap
p e e ST '

D,qlp T Sr D, qlp

7 S
where YDI %5 and YDI Yp are both evaluated at (p, t5, Z), and Y8/ Yp is evaluated at p.

Figure 3 illugrates the incidence of introducing a sales tax 5 in a market that is initially
untaxed. The! gure plots supply and demand as a function of the pretax price p. The market
initially clearsataprice p, = p(0,0). When thetax is levied, the demand curve shiftsinward by
159D/ %S units, creating an excess supply of E = 5%/ % units of the good at theinitial price
P, To reequilibriate the market, producers cut the pretax price by E/ (%/ % $ %D/ %) units.
Theonly differencein theincidence diagram in Figure 3 relative to thetraditiona model without
salience effects is that the demand curve shifts inward by 5%/ % instead of 5 %D/ %p. With
salience effects, the shift in thedemand curve is determined by thetax elasticity, whiletheprice
adjugment needed to clear themarket is determined by the price e asticity. Thisiswhy one mug
estimate both the tax and price dasticities to cdculate incidence.

Three general lessons éout tax incidence emerge from the formulas in Proposition 1
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Attenuated Incidence on Producers. Incidence on producers is attenuated by (
= (%D W5) (YDl Up) relative to thetraditiond model. Intuitively, producers face less pressure to
reduce the pretax price when consumers underreact to the sales tax. In the extreme case where
%D/ %° = 0, consumers bear all of thetax, because thereis no need to change thepretax priceto
clear the market. More generally, theincidence of atax on consumersisinversey related to the
degree d attention to the &x (().

Oneinterpretation of thisresult isthat the demand curve becomes more inelastic when individu-
as areinattentive. Though changes in inattention and the price easticity both affect the gross-of-
tax-eladticity ", ,;# = ("p,4|, 1N the same way, their effects on incidence are not equivalent. To see
this, consider two markets, A and B, where "Ap = "¢, = 0L Inmarket A, demand isinelagic and
consumers are fully attentive to taxes: "4 gty = 03 and (* = 1. In market B, demand is elastic
but consumers are inattentive: " 8 Dty = = 1and (* = 0.3. An econometrician would estimate the
same tax elagticity in both markets: e = pge = 0.3. However, [dpl di°]* = $ 0.75 whereas
[dpl dr5]% = $ 0.27. In market A, suppliers bear most of theincidence since demand isthreetimes
more elastic to price than supply. In market B, even though demand is ten times as price éastic
as supply, producers are able to shift most of the incidence of the tax to consumers because of
inattention.

Intuitively, alow-price elagticity of demand has two effects on incidence: it reducestheshiftin
thedemand curve but increases the size of the price cut needed to reequilibriate the market for a
given level of excess supply. I natention to thetax also reduces the shift in thedemand curve, but
does not have the second offsetting effect. This differenceis apparent in theformulafor dp/ dt in
(8), where " gl APERrS in both the numerator and denominatr, whereas ( appears only in the
numerator. Asaresult, al percent reduction in attention leads to greater incidence on consumers
than a 1 percent reduction in the price easticity. As" approaches 0, dgl dt® approaches 1 $ (
irrespectiveof " . If consumers are suf! ciently maitentlve they bear most of theincidence of
a tax even if supply is inelastic.

No Tax Neutrality. Taxes thatare included in posted pricesN such as thealcohol excise taxN
have greater incidence on producers because they are fully salient (( = 1). Taxes levied on pro-
ducers are more likely to be included in posted prices than taxes levied on consumers because
producers mug actively GhroudOa tax levied on them in order to reduce its salience. Together,
these observations imply that producers will generally bear more of theincidence when atax is
levied on them than when it is levied on the consumers. Statutory incidence affects economic
incidence, contrary to intuition based on the full-optimization mode.%

Effect of Price Elasticity. Holding ! xed thesize of thetax eagticity ", |4, an increase in the
price elagticity of demand raisesincidence on consumers (%dpl dt*)/ %, ,1,> 0). Thisisbecause
holding ! xed theshift in thedemand curve created by theintroduction of thetax, asmaller price
reduction isneeded to clear themarket if demand isvery priceeastic. In contrast, if thedegree of
inatention ( ishdd ! xedas", |, varies, we obtain the conventiond result %dp/ dt*)/ % 1, ,, <
0because”, ,;,sand"j, |, vary atthesamerate. Thus taxing markets with more elastic demand
could lead to greater or lesser incidence on consumers, depending on the extent to which thetax
eladticity ", s covaries with the price dagticity ", .

29 Consistent with this prediction, Busse, Silva-Risso, and Zettelmeyer (2006) ! nd that 35 percent of manufacturer
rebates given to car dealers are passed through to the buyer, while 85 percent of rebates given to buyers stay with the
buyer. The reason is that most consumers did not ! nd out about the dealer rebates. Rudolf Kerschbamer and Georg
Kirchsteiger (2000) ! nd that statutory evidence &fects economic incidence in a bBb experiment.
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C. Efficiency Cost

In the interest of space, we formally characterize the excess burden of introducing a sales
tax in amarket where there are no preexisting taxes and production is constant-returns-to-scale
(3= 0). Inthis case, thepretax price of x is! xed atp = ¢.(0). Moreover, since ! rms earn zero
pro! ts, only consumer welfare matters for excess burden. At the end of this section, we briedy
discuss the dfects d endogenous producer prices and preexisting taxes.

Definitions.N Let V(p,15,2) = u(x(p,t5,2)) + v(y(p,t5,Z)) denote the agent@indirect util-
ity asafunction of the posted price of good x, thesalestax, and wealth. Let e (p, 5, V) denotethe
agent® expenditure function, which represents the minimum wealth necessary to attain utility V
at a gven posted price and sales tax. Let R(p,15,Z2) = t5x(p,5,Z) denote tax revenue.

Following Herbert Mohring (1971) and Alan J. Auerbach (1985), we measure the excess bur-
den (deadweight cost) of a tax ugng the concept of equivalent variation. When p is! xed, the
excess hurden o introducing a sles tax 15 in a pevioudy untaxed market is

©) EB(t) = Z$ e(p,0,V(p,15,2)) $ R(p,1°,2).

Thevalue EB(#*) is theamount of additional tax revenue that could be collected from the con-
sumer while keeping his utility constant if the distortionary tax were redaced with alump-sum
tax. Roughly speaking, EB(¢*) can be interpreted as thetotal value of the purchases that fail to
occur because of thetax. Our objectiveisto derive asimple expression for (9) in terms of empiri-
cdly estimable dagticities.

Preference Recovery.N Theef! ciency cost of atax policy depends on two elements: thechange
in behavior induced by thetax; and theeffect of that change in behavior on theconsumer@utility.
The! rst lement is observed empiricaly. Thesecond element isthekey challenge for behavioral
welfare economics. How do we compute indirect utility V(p, 5, Z) when the agent® behavior is
not consistent with optimization? Thefollowing two assumptions allow usto recover V without
specifying a positive model for the demand function x (p, 15, Z).

Al: Taxes affect utility only through their effects on the chosen consumption bundle. The
agent® indirect utility given a &x of ¢5 is

V(p.t',Z) = ulx(p,t*,2)) + v(y(p.1*,Z)).

A2: When tax-inclusive prices are fully salient, the agent chooses the same allocation as a
fully-optimizing agent:

x(p,0,2) = x"(p,0,Z2) = arg max u (x(p,0,2)) + v(Z$ px(p,0,2)).

Assumption A1 requires that consumption is a suf! cient statistic for utilityN that s, holding
! xed the consumption bundle (x,y), the tax rate or its salience has no effect on V. To under-
stand the content of this assumption, consider thefollowing situation in which it isviolated. In a
bounded rationdity model, the cognitive cost thatthe agent paysto cadculate thetotal price when
5> 0 makes his utility lower than pure consumption utility. Taxesthatare not included in posted
pricestherefore generate deadweight burden beyond that due to thedistortion in the consumption
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bundle (Chetty, Looney, and Kroft 2007). In such models, the excess burden computationsin this
paper correspond to the deadweight cost net of any increase in cognitive wsts.*

Assumption A2 requires that the agent behave like a fully optimizing agent when all taxes
are fully salient. That is, the agent@® choices when total prices are fully salient reveal his true
rankings. This assumption is violated when the agent® choices are suboptimal even without
taxes. For example, if there are other Ghrouded attributesOor if agents suffer from biases when
optimizing relative to prices (Nina Mazar, Botond Kgszegi, and Dan Ariely 2008), we would
not directly recover true preferences from x(p,0,Z). The excess burden formulas derived below
ignore arors in gptimization relative o prices.

Using Assumptions A1l and A2, we cdculate consumer welfare and excess burden in two
steps. We ! rst use thedemand function without taxes x (p, 0, Z) to recover theagent@underlying
preferences (u(x), v(y)) asin thefull-optimization model. We then use the demand function with
taxes x(p,t5,Z) to caculate the agent®@ indirect utility V(p,%,Z) as a function of the tax rate.
Conceptually, this method pairs the libertarian criterion of caculating welfare from individual
choice with the assumption that the agent optimizes relative to true incentives only when tax-
inclusve prices ae perfectly salient.

Our cdculation of excess burden can be viewed as an applicaion of Bernhem and Rangel®
(2009) choice-based approach to welfareandysis. Bernhem and Rangel show thatone can obtain
bounds on welfare without specifying a positive theory of behavior by separating theinputs that
matter for utility from Gancillary conditionsOthat do not. By applying a @e! nementOto identify
ancillary conditions under which an agent® choices reveal his true rankings, one can sharpen
thebounds. In Bernheim and Rangel @ terminology, our Assumption Al isthattax salienceisan
Gancillary conditionOthat affects choices but not true utility. Assumption A2 is a @el nementO
which posits that the choices made when thetax is not perfectly salient are Guspect,Oand should
be discarded when inferring the utility relevant for welfare anaysis. This re! nement allows us
to obtain exact measures of equivalent variation and ef! ciency costs without placing speci! ¢
structure o the nodel that generates x (p, 15, Z).

Formula for Excess Burden.N We derive aformulafor excess burden using quadratic approxi-
mations anaogous to those used by Harberger (1964) and Edgar K. Browning (1987). To state
the formula compactly, we introduce notation for income-compensated elasticities. Let %/ %p
= %/ % + x%/ % denote the income-compensated (Hicksian) price effect. De! ne %</ %S
= 9%/ %S + x%/ % as the anaogousincome-compensated tax effect. Note that this GGompen-
sated tax effectOdoes not necessarily satisfy the Slutsky condition %</ %° < 0. It is possible to
have an upward-sloping compensated tax-demand curve because x(p,t%,Z) is not generated by
utility maximization. In contrast, Assumption A2 guarantees %</ % < 0 through the Slutsky
condition. Let "¢ = $ (% %)(g/x) and "¢ = $ (%x/ %) (gl x) denote the compensated
price and tax dasticities.

PROPOSITION 2: Suppose producer prices are fixed ("W = 5). Under Assumptions AI-A2,
the excess burden of introducing a small tax t5 in an untaxed market is approximately

(10) EB(*) 0 $ 2 (1) (%I %°

— 1 .5y s xqlp
__2'(( t)x(p!tlz)p+ tl

0 Chetty, L ooney, and K roft (2007) show that the additional deadweight burden due to cognitive costsislikely to be
negligible snce relatively small cognitive msts generate substantial amounts o inattention.
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Notes: This ! gure illustrates the deadweight cost of introducing a tax # levied on consumers
when! x/! Z = 0 and producer prices are! xed. The ! gure plots two demand curves: the price-
demand curve x ( p, 0), which shows how demand varies with the pretax price of the good; and the
tax-demand curve x (po, %), which shows how demand varies with the tax. The ! gure is drawn
assuming | %/ %°| 6 | %/ % |, consistent with the empirical evidence. The tax reduces demand
from x, to x;. The consumer® surplus after the implementation of the tax is given by triangle
DGC minustriangle DEF. The revenue raised from the tax corresponds to the rectangle GBEH.
The change in total surplusN government revenue plus consumer surplusN equals the shaded
triangle AFH.

where %l %° and %I %p are evaluated at (p,0,Z) and (= (| %°) (Yal %) = "¢ "¢ is
the ratio of the compensated tax and price effects.

PROOF:
See Web Appendix B. Chetty (2009) gives an instructive proof for the case without income
effects(! ¥'! Z = 0).

Figure 4 illugrates the caculation of deadweight loss for the case without income effects
(!x/'Z = 0), whichimplies utility is quasilinear. Theinitial price of thegood is p, and the price
after theimposition of thesalestax isp, + t°. The! gure plots two demand curves. The! rst is
the sandard Marshallian demand aurve & a function of the ptal price d the god, x(p,0). This
price-demand curve coincides with the margind utility u.(x) under Assumption A2. The sec-
ond, x(p,,t*) represents how demand varies with thetax on x. This tax-demand curve is drawn
assuming %/ % < %/ %%, consistent with the empirica evidence.

The agent@ initial consumption choice prior to the introduction of the tax is depicted by x,
= x(p,,0). Initial consumer surplusis given by triangle ABC, which equals total utility (up to
a constant). When thetax ¢* is introduced, the agent cuts consumption of x by <x = $ 5%/ %°.
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Notice that at the new consumption choice x,, the agent® margina willingness to pay for x is
below thetotal pricep, + ¢* because heunderreactsto thetax;Thisopti mization error leadsto a
loss d surplus @rresponding to triangle DEF. The onsume@ aurplus dter the implementation
of thetax is therefore given by triangle DGC minustriangle DEF. The revenue raised from the
tax corresponds to therectangle GBEH. It follows that the change in total surplusN government
revenue dus onsumer surplusN equals the siaded triangle AFH, whose aea is gven by (10).%

When there areincomeeffects (%7 % > 0), theform of theformularemains exactly thesame,
but all the inputs are redaced by income-compensated effects, exactly as in the Harberger for-
mula. Theintuition for this differenceis andogousto thatin thefull-optimization model: behav-
ioral responses due to pure income effects are nondistortionary, since they would occur under
lump sum taxation as well. Deadweight loss is determined by the difference between the actual
behavioral response (%7 %°%) and the socially optimal response given the reduction in net-of-tax
income ($ x(%/ %)), which is (%/ %°) $ ($x(%/ %)) = Yo/ %°.

LiketheHarberger formula, (10) ignoresthethird- and higher-order termsin the Taylor expan-
sion for EB. Hence, it provides an accurate measure of excess burden for small tax changes. In
addition, note that %/ % mug be evaluated at a point with zero sales tax (p,0). Thereason is
that we recover true preferences only when the posted price equals the total price x(p,t5,2)
= x"(p,t5,Z) if and only if S = 0. If an environment without sales tax is not observed, one could
implement the formula by assuming that the price elasticity does not depend on the tax rate
(d?x¢l dpdr® = Q), and usng an estimate d dx</dp (p,t5,Z) = dx‘/ dp(p,0,Z).

Discussion.N Theonly difference between (10) and thecanonica Harberger formula (EB” ()
= $ (>)(%) A%</ %)) istheintroduction of theparameter (¢ = (Y</ %°)/ (Yoc</ ¥p). Three gen-
eral lessons about excess kurden emerge from this rew parameter.

Inattention Reduces Excess Burden if | x/! Z = 0. When there are no income effects, thetax
15 generates deadweight loss equivalent to that created by a perfectly salient tax of ( #5. If agents
ignore thetax completely and ( = 0, then EB = 0. Taxation creates no inef! ciency when ( = 0
because the agent® consumption allocaton coincides with the ! rst-best bundle that he would
have chosen under lump sum taxation.® Asthedegree of attention to thetax rises, excess burden
rises ataquadratic rate EB 7 (2 Excess burden rises with the square of ( for the same reason
that it rises with the square of the#*N theincreasing margina social cost of deviating from the
! rst best. Because EB isaquadratic function of ( but alinear function of " e alp? inatention (reduc-
tionsin () and inelasticity (reductionsin "wlp) have different effects on excess burden, asin the
incidence analysis. Like incidence, excess burden depends on which side of the market is taxed.
Since atax on producersis likely to be included in posted prices, it leads to a larger reduction in
demand and more deadweight loss than an equivalent tax levied on consumerswhen! x/! Z = 0.

Inattention Can Raise Excess Burden if | x/! Z > 0. When there are income effects, mak-
ing a tax less salient to reduce % %’ can increase deadweight loss. In fact, a tax can create
deadweight cost even if theagent completely ignores it and demand for the taxed good does not

31 Another instructive derivation starts from the excess burden of taxation for afully optimizing agent, EB (triangle
AID). Starting from EB", we obtain excess burden for the agent who does not optimize fully (triangle AFH) by making
two adjustments: subtracting the additional revenue earned by the government because the agent underreacts to the tax
(rectangle HIDE); and adding the private welfare loss due o the gotimization eror (triangle FED).

32 The consumer® private welfare always rises with (N increased salience of tax-inclusive prices is always desir-
able from the consumer® perspective. However, the gain in the consumer® private welfare from full attention (triangle
FED in Figure 4) is more than offset by the resulting loss in government revenue (rectangle HIDE), which is why total
surplus falls with ( when! x/! Z = 0.
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change, i.e., % %’ = 0. This result contradicts the canonicd intuition that taxes generate dead-
weight costs only if they induce changesin demand. In thefull-optimization model, taxation of a
normal good creates a deadweight cost only if %/ % < 0, since %/ % = 08 %x/ % = Ogiven
%/ % > 0. Thisreasoning fails when thetax demand is not the outcome of perfect optimization,
because thereis no Sutsky condition for %o/ %a5. A zero uncompensated tax elasticity does not
imply that the compensated tax elasticity is zero. Instead, when %/ %% = 0, %/ %5 = %/ %
and (10) becomes

0, 0,
EB(*) = $ }Z(tsx)Z%% %l 9%Z.
This eguation shows that EB > 0, even when %/ %° = 0 in the presence of income effects. To
understand this result, recal that the excess burden of a distortionary tax is determined by the
extent to which the agent deviates from the allocation hewould optimally choose if subject to a
lump sum tax of an equivalent amount. In the quasi-linear case, the agent® consumption bundle
when ignoring the tax coincides with the bundle he would optimally choose under lump sum
taxation, because the socially optimal choice of x does not depend on total income When utility
is not quasi-linear, an optimizing agent would reduce consumption of both x and y when faced
with alump sum tax. An agent who does not change his demand for x atall when thetax isintro-
duced ends up overconsuming x relative to the social optimum. The income-compensated tax
dagticity %/ %S = %/ % is positive because the tax effectively distorts demand for x upward
once the income dfect is taken into account, leading to inef! ciency.

As a concrete example, consider an individual who consumes cars (x) and food (y). Suppose
he chooses the same car hewould have bought atatotal price of p because he does not perceive
thetax (%/ %" = 0) and therefore has to cut back on food to meet his budget. This inef! cient
allocaion of net-of-tax incomeleads to alossin surplus Thelost surplusis proportiond to the
income effect on cars %/ % because this elasticity determines how much the agent should have
cut spending on the car to reach the social optimum given thetax. This example illugrates that
policies that ChideOtaxes can potentially create substantial deadweight loss despite attenuating
behavioral responses, particularly when theincomeeéasticity and expenditure on thetaxed good
are large.

Note thatinattention to atax on x need not necessarily lead to %/ %° = 0. Theeffect of inaten-
tion on %7/ %°* depends on how the agent meets his budget given thetax. Theagent mug reduce
consumption of at least one of the goods to meet his budget when the tax on x is introduced:
% %S + %/ %S = $x. Theway in which agents meet thar budget may vary acrossindividuals
(Chetty, Looney, and Kroft 2007). For example, credit-constrained agents may be forced to cut
back on consumption of y if they ignore thetax when buying x, asin the car purchase example
above, leading to %/ %° = ( = 0 and EB > 0. Agents who smooth intertemporally, in contrast,
may cut both y as well as future purchases of x (buying a cheaper car next time). Such inter-
temporal smoothing could lead to along-run allocaion closer to the socially optimal response
%/ %° = $ x(%a/ %), in which case hidden taxeswould lead to (¢ = 0 and EB = 0. Importantly,
Proposition 2 holds, irrespective of how the agent meets his budget. Variations in the budget
adjugment process ae catured in the \alue o %</ %°.

Role of Price Elasticity. Holding ! xed " ., excess burden isinversely related to " . As
demand becomes less price-elastic, EB increases. This can be seenin Figure 4, where the shaded
triangle becomes larger as x(p,0) becomes steeper, holding x(p,,#*) ! xed. Intuitively, an agent
with price-inelastic consumption has rapidly increasing margind utility as his consumption level
deviates from the ! rat-best level. A given reduction in demand thus leads to a larger loss of
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surplusfor an agent with more price-inelastic demand. Asin theincidence andysis, taxing mar-
kets with more elastic demand could lead to greater or lesser excess burden, depending on the
covariance between”, and”, .

It is straightforward to extend the preceding results to allow for preexisting taxes and endog-
enous producer prices; see Chetty (2009) for a complete anaysis and discussion of these cases.
When p is! xed and theinitial salestax rateist;, the excess burden of asalestax increase- tis
approximately

1) EB(- 1]15) 0 (°x, _q’O'_ a%(— )7+ 13- 1b,

where x; denotes theinitial demand and g, = p + 1, denotes theinitial price. This expression,
which is simply the Harberger QrapezoidOformula multiplied by (¢, shows that tax increases
can have a ! rst-order (large) deadweight cost when there are preexisting taxes. The! rst-order
deadweight cost dueto ; isattenuated by ( < because thedeviation from thesocially optimal level
of x caused by 7§ is proportiond to (©. When p is endogenous(i.e., supply is upward sloping) and
I'x'!Z = 0, (11) holds with the dasticity ", .+ replaced by """ = $ (dx/ dt*)(q/ x(p,1*)). The

x,q|t

elasticity XT% , measures the total change in demand caused by a 1 percent increase in the price

g = p + t5 through an increase in ¢%, taking into account the effect of the endogenous price
response.

V1. Conclusion

This paper has shown empiricdly that commodity taxes that are included in posted prices
reduce demand signi! cantly more than taxes that are not included in posted prices. Individuals
appear to bewell informed about commaodity taxeswhen ther attention isdrawn to thetopic, sug-
gesting that salience is an important determinant of behavioral responses to taxation. The! nd-
ing that individuals make systematic optimization errors even with respect to relatively smple,
linear commodity taxes suggests that more complex policies such as income taxes or transfers
could generate very different behavioral responses from those predicted by standard models.®
Moreover, the standard method of using variation in tax rates as instruments to estimate wage
and price dasticities canot be gplied unless the tx is perfectly salient.

Our empiricd results contradict the basic assumptions of the canonicd theory of taxation
used for policy andysis. As an alternatve, we have proposed a method of welfare analysis that
does not rely on a speci! ¢ positive model of how agents make choices when faced with taxes.
This approach accommodates salience effects as well as other optimization errors with respect
to taxes. The formulas we obtain for the incidence and excess burden of commodity taxes are
simple variants of those in introductory textbooks and can be easily adapted to anayze other
tax policies, such as income or capital taxation. Much as Harberger (1964) identi! ed the com-
pensated price elagticity as the key parameter to be estimated in subsequent work, our anaysis
identi! es the compensated tax and price elasticities (", .and "¢ ) as Guf! cient stafisticsOfor
empiricd studies in behavioral public economics.

A natural next stepwould be to characterize optimal taxation when agents optimize imper-
fectly, generalizing the results of Ramsey (1927) and Mirrlees (1971). For this purpose, it will
be important to extend the welfare analysis to a general equilibrium model with more than two
markets. Combining the formulas developed here with a positive theory of tax salience could be
useful in characterizing the optimal structure of the tax system. For example, Chetty, Looney,

33 1n afollow-up study, Chetty and Saez (2009) document similar optimization errors in income taxation and labor
supply decisions.
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and Kroft® (2007) bounded-rationaity model predicts that attention and behavioral responses
to taxation are larger when (1) tax rates are high, (2) the price-elasticity of demand islarge, and
(3) the amount spent on the good is large. Combined with the welfare andysis here, these pre-
dictions suggest that in markets with these three characteristics, tax incidence should fall more
heavily on producers, and excess hurden should be doser to the Harberger measure.

Finaly, the approach to welfare anaysis proposed hereN usng a domain where incentives
are fully salient to characterize the welfare consequences of policies that are not salientN can
be applied in other contexts. Many social insurance and transfer programs (e.g., Medicare and
Social Security) have complex features and may induce suboptimal behaviors. One can char-
acterize the welfare consequences of these programs more accurately by estimating behavioral
responses to anadogous programs whose incentives are more salient. Another potential applica
tion is to optimal regulation (e.g., consumer protection laws, ! nancial market regulations). By
identifying Guboptimal Gtransactions using data on consumer® choicesin domains where incen-
tives are more salient, one could develop rules to maximize consumer welfare thatdo not rely on
paterndistic judgements.
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