
What Goes Up May Not Come Down:
Asymmetric Incidence of Value-Added Taxes

Youssef Benzarti

University of California, Santa Barbara, and National Bureau of Economic Research

Dorian Carloni

Congressional Budget Office

Jarkko Harju

VATT Institute for Economic Research

Tuomas Kosonen

Labour Institute for Economic Research

This paper provides evidence that prices respond significantly more
strongly to increases than to decreases in value-added taxes (VATs).
First, using two plausibly exogenous VATchanges, we show that prices
respond twice as much to VAT increases as to VAT decreases. Second,

Previously circulated as “Do Prices Respond Differently to Increases and Decreases in
Consumption Taxes?” The views expressed in this paper are the authors’ and should not
be interpreted as those of the Congressional Budget Office, Labour Institute for Economic
Research, or VATT. We thank the editor (Magne Mogstad), six anonymous referees, Alan
Auerbach, Raj Chetty, Stefano DellaVigna, Ignacio Esponda, Itzik Fadlon, Naomi Feldman,
Amy Finkelstein, Xavier Gabaix, Al Harberger, Jim Hines, Hilary Hoynes, Henrik Kleven,
Wojciech Kopczuk, Peter Kuhn, Camille Landais, Maurizio Mazzocco, Pascal Michaillat,
Ryan Oprea, Heather Royer, Emmanuel Saez, Joel Slemrod, Alisa Tazhitdinova, Gonzalo
Vazquez-Bare, and numerous seminar participants for their helpful suggestions and com-
ments. Tero Hokkanen, Jen Kades, and Carolina Kansikas provided outstanding research
assistance. Harju gratefully acknowledges financial support from the Foundation for Eco-
nomic Education. Data are provided as supplementary material online.

Electronically published October 26, 2020
[ Journal of Political Economy, 2020, vol. 128, no. 12]
© 2020 by The University of Chicago. All rights reserved. 0022-3808/2020/12812-0002$10.00

4438



we show that this asymmetry results in higher equilibrium profits and
markups. Third, we find that firms operating with low profit margins
areparticularly likely to respond asymmetrically toVATchanges. Fourth,
these asymmetric price effects persist several years after VAT changes
take place. Fifth, using all VAT changes in the European Union from
1996 to 2015, we find similar levels of asymmetry.

I. Introduction

Value-added taxes (VATs) influence a large share of the world’s econo-
mies, having been adopted in some form by all OECD (Organisation for
Economic Co-operation and Development) countries except for the United
States. In the European Union, VATs raise 30% of total tax revenue or
12% of GDP, which amounts to the largest source of government revenue.
It is therefore important, for both economic and policy reasons, to under-
stand the mechanisms underlying the incidence of VATs. In standard tax
incidence models, if the VATrate is first cut and then increased to its orig-
inal level and if everything else is held constant, the VAT increase and de-
crease pass-through rates should be identical, no matter what functional
forms or market structure models are assumed. In this paper, we provide
empirical evidence calling this fundamental incidence symmetry into ques-
tion: in our data, responses to VAT increases are substantially larger than
responses to VAT decreases and this asymmetry is persistent over time.
This finding is relevant for policy because pass-through estimates used

to inform policy typically do not differentiate between VAT increases and
decreases and are therefore likely to severely overstate the price effects of
VAT decreases and understate the effects of increases. Indeed, according
to our estimates, failing to account for the asymmetry we document would
lead to overestimates of the pass-through of VAT decreases by a factor of 3.
This raises serious fiscal policy concerns, since policymakers have recently
successfully advocated cutting VAT rates in an effort to stimulate demand
via exactly such overestimated price effects.1 Moreover, the asymmetric re-
sponses we document suggest that using temporary VATcuts to offer relief
to consumers may have the opposite of their intended effect: in the long
run they may result in higher equilibrium prices once the VAT cut is re-
pealed, benefiting firm owners at the expense of consumers.
We document this asymmetry using two different approaches. First, we

examine the effects of two VATchanges that were plausibly exogenous to
the underlying economic conditions. In particular, we study the effects of

1 Such policies are, moreover, expensive: the United Kingdom’s 2009 temporary VATcut
cost an estimated £12.4 billion (see Chirakijja et al. 2009), and France’s 2009 sit-down res-
taurant VAT cut, which is still in place, cost 3 billion euros in 2010 alone (see Benzarti and
Carloni 2019).
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a 14 percentage point decrease in the VAT rate applied to Finnish hair-
dressing services in January 2007 and a subsequent 14 percentage point
increase in the same sector in January 2012. We document—using Euro-
pean Commission Council Directives—that the two changes were part of
a VATexperimentation program, and therefore that their timing and the
choice of sector are plausibly exogenous to underlying economic condi-
tions. Usingmicro price and corporate tax data, we compare hairdressing
services to a control group consisting of beauty salons (which were unaf-
fected by the VAT changes) and report five main results.
First, we find that prices respond twice as much to the 14 percentage

point VAT increase as to the 14 percentage point VAT decrease. Second,
we find that this asymmetry persists several years after the VAT cut is re-
pealed, suggesting that equilibrium prices depend on the history of tax
changes. Third, we find that the asymmetric pass-through is reflected in
both markups and profits: both respond asymmetrically to VAT changes
and end up at a higher equilibrium level once the VAT cut is repealed.
Fourth, we uncover an additional layer of asymmetry: the underlying dis-
tribution of price changes following the VAT increase is substantially dif-
ferent from that of the VAT decrease. Fifth, we find that firms operating
with low profit margins are particularly likely to respond asymmetrically
to the VAT changes.
While the Finnish VAT experiment has several advantages including a

large tax change and the availability of rich firm and price data, it suffers
from two main shortcomings. First, it is difficult to draw statistical infer-
ences on the magnitude of the asymmetry if one only observes two VAT
changes. Second and relatedly, the two VAT changes do not occur at the
same time, raising the potential concern that the difference in pass-through
is driven by (for example) a change in underlying economic conditions.
We address these shortcomings by turning to a second level of analysis

that uses all VATchanges that occurred in the member states of the Euro-
pean Union from 1996 to 2015. Because of the large number of reforms,
we can precisely estimate the magnitude of the asymmetry while control-
ling for several key characteristics of the reforms. We find, using fixed-
effects regressions, pass-through asymmetries that are similar inmagnitude
to asymmetries observed in the Finnish experiment. Unlike the Finnish
experiment, these VAT reforms were initiated by the EU member states
and their timing, size, the commodity they affect, et cetera, are therefore
not random. We address this concern in several ways. First, we show that
there are no significant pretrends in prices prior to the reforms. Second,
we use matching estimators to match VAT increases and decreases over
several key characteristics of the reforms, estimate pass-through rates on
the subset of matched reforms, and find similar levels of asymmetric pass-
through. This mitigates the concern that VAT increases might be intrinsi-
cally different from VAT decreases, which could affect the pass-through of
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the tax to prices.2 Third, we regress the timing of reforms for both VAT in-
creases and decreases on country-specific economic indicators, including
GDP and the unemployment rate. We find no correlation between the
timing of VATchanges and the economic conditions leading up to the re-
forms, which further mitigates concerns that VAT changes are endoge-
nous to economic conditions.
Our paper makes two main contributions. First, we provide evidence

that asymmetric responses to VATchanges arise in a large set of countries
and for a broad set of commodities. Our results therefore call into ques-
tion the empirical relevance (at least for one important class of taxes) of
an essential part of standard, static tax incidence theory. This in turn sug-
gests that moving beyond static incidence theory and explicitly introduc-
ing dynamics when assessing the effects of taxation (possibly using ap-
proaches in the spirit of Golosov, Troshkin, and Tsyvinski [2011]) may
be crucial for forming accurate welfare conclusions and setting effective
policy.
Second, we contribute to a small but growing literature on VATs, which

are somewhat understudied given their importance and widespread use.3

The policy and research relevance of the VAT is highlighted in the Mirr-
lees Review (Mirrlees 2010), which offers key tax reform proposals, with
the VAT being prominently featured. The proposals related to the VAT in
that review rely on the key assumption that VAT incidence falls fully on
consumers—an assumptionmade by default and, as Atkinson (2012) em-
phasizes, mostly because of a lack of empirical evidence on that point.
Since the publication of the Mirrlees Review, researchers have made sig-
nificant progress in measuring the incidence of VATs. Gaarder (2018),
for example, uses a compelling empirical design to estimate the incidence
and distributional effects of a VATcut on food items in Norway. Our con-
tribution relative to this important literature is to contrast the incidence of
VAT increases and decreases. Furthermore, we contribute to our general
understanding of the effect of VATs on the economy, following in the
same line as papers such as Feldstein and Krugman (1990), Hines and
Desai (2005), Kosonen (2015), Pomeranz (2015), Benzarti and Carloni
(2019), Naritomi (2019), and Benedek et al. (2020).4

2 Our matching approach also allows us to construct a sample of VATchanges that is well
suited for testing the theoretical predictions we derive in sec. II.

3 A Proquest search of the expression “Value-Added Tax” returns 17,979 scholarly peer-
reviewed articles, while “Income Tax” returns 140,408 such articles.

4 Notably, Benedek et al. (2020) estimate the pass-through of VATs to prices using
sources of data similar to those that we use. While we focus on providing evidence that
prices respond asymmetrically to variation in VAT rates, Benedek et al. (2020) estimate
the pass-through of VATs. There are also some significant differences in the two approaches,
as we use a different empirical framework with a larger set of commodities, countries, and
years.
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We also contribute to a literature in public finance that estimates tax
incidence.5 Our paper is the first to provide systematic evidence on the
asymmetric pass-through of taxes and to show that prices consistently re-
spond more to increases than to decreases in tax rates. Our paper is re-
lated to Carbonnier (2008), but our findings are different. While we show
that prices respond systematically more to VAT increases than to decreases,
Carbonnier (2008) finds that prices in some industries respond more to
VAT increases, while in others they respondmore to VAT decreases.6 These
differences in findings could be due to two limitations of Carbonnier
(2008) that are significantly eased in our study: (1) that study considers
only 11 commodities in France, while we consider all commodities across
the European Union, and, relatedly, (2) it only uses two small VATchanges
(a 2 percentage point VAT increase and a 1 percentage point VAT de-
crease), while our sources of variation are substantially richer and larger.
Our results also contrast with those of Doyle and Samphantharak (2008),
who find symmetric responses of prices to a 120 day temporary morato-
rium on a 5% gasoline tax in 2000. There are two possible explanations
for the symmetric response found in Doyle and Samphantharak (2008).
First, the moratorium was implemented by the governor of Indiana dur-
ing an election year because he was concerned about the effect of soar-
ing gasoline prices on his reelection. For this reason, gasoline retailers
were likely to be under both scrutiny and pressure to reduce prices. Sec-
ond, because the moratorium lasted only 120 days, asymmetric price
changes would have been relatively easy to detect and could have resulted
in substantial consumer antagonism.
Our findings are also related to a literature in industrial organization

that tests for the asymmetric pass-throughof input costs. The fundamental
difference between our paper and that literature is that, there, prices tend
to exhibit a timing asymmetry when responding to cuts versus increases in
input costs and a convergence to symmetry over time. The asymmetry lasts
for 1 month in Borenstein, Cameron, and Gilbert (1997), for example,
and 3 to 5 months in Peltzman (2000). By contrast, we observe that prices
respond immediately to VATchanges and we find no evidence of conver-
gence over time. Further, VAT changes are likely to be a better source of
identification than input cost changes. Peltzman (2000), for example,
notes that because input costs are not observable (unlike VAT changes),
one may estimate spurious asymmetric pass-through rates of input costs.

5 Kotlikoff and Summers (1987) and Fullerton and Metcalf (2002) provide a survey of
the tax incidence literature.

6 Politi and Mattos (2011) and Karadi and Reiff (2019) are two other papers that con-
sider asymmetric responses of prices to VAT reforms. They suffer from some of the same
drawbacks as Carbonnier (2008).
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II. Theoretical Framework

Empirically, it is important to distinguish between asymmetries that are
due to nonconstant pass-through functions and “true asymmetries” where
the pass-through rate depends on the direction of the tax change. Stan-
dard static incidence models can be consistent with nonconstant pass-
through functions in which the pass-through rate depends on the initial
level of the tax. Instead, in this paper, we are interested in empirically test-
ing whether pass-through depends on the direction of the tax change, a
finding that would be inconsistent with standard static incidence theory.
This section provides a framework for disentangling these two effects.
Suppose the government levies an ad valorem tax t, and let r denote

the marginal pass-through to prices—the response of prices to a very
small change in t. Further, define the average pass-through of a large
change in the ad valorem tax rate T as

kðT Þ 5 1

T

ðT

0

rðtÞdt: (1)

As long as r is assumed continuous, the marginal pass-through rate (i.e.,
of infinitesimal tax changes) cannot be asymmetric but the average pass-
through rate, k(T ), of a large tax rate can. We will focus therefore on the
properties of k(T ) in what follows.
The ideal experiment for testing whether pass-through rates depend

on the direction of the tax change would rely on a test in which the
VATrate is first cut and then increased to its original level and everything
else is held constant. We use two main sources of variation to mimic this
ideal experiment. The first one is a 14 percentage point VAT decrease
and subsequent 14 percentage point VAT increase that affect hairdress-
ers in Finland. Here, the pass-through function is integrated over the
same range in both the decrease and increase, so the asymmetry cannot
be the product of a nonconstant pass-through function, at least under
the assumption that nothing else about the market—including other de-
terminants of prices—changes between the two reforms. The second test
uses all VATchanges in the European Union from 1996 to 2015. This test
helps alleviate the concern that other things may be changing across the
two Finnish VAT changes, as explained below.
In the Finnish experiment, the VAT rate is cut starting from a baseline

rate and later is increased by the same magnitude. Using the preceding
notation, suppose that the VAT rate is reduced by T ≤ t from an initial
VAT rate of t and then increased back to its original level t. In this case,
we would be comparing the average pass-through of a VAT cut of size T,
ð1= 2 T ÞÐ t2T

t rðtÞdt, from a baseline rate of t, to the pass-through of a
VAT increase of size T, ð1=T ÞÐ t

t2TrðtÞdt, from a baseline VAT rate of
t 2 T . By definition, and for any T, t, and r(⋅),
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2T

ð t2T

t

rðtÞdt 5
1

T

ðt

t2T

rðtÞdt:

Because of this, asymmetric pass-through is inconsistent with standard
incidence theory predictions for this type of VAT change, for any func-
tion r(⋅) and regardless of the degree of competition or the nature of
demand and supply functions.
Intuitively, since the VAT rate is first cut and then increased to its orig-

inal level, the pass-through function is integrated over the same interval
and, therefore, standard static incidence models predict that the VAT in-
crease and decrease pass-through rates should be identical. Consequently,
any standard incidence model predicts that if a tax rate is decreased and
then increased back to its original level, the postincrease equilibrium
price should match the predecrease equilibrium price. We investigate this
prediction using the Finnish reforms in section IV.
In contrast to the Finnish case, the European VATchanges affect differ-

ent commodities in different countries and, in general, have different un-
derlying characteristics. Therefore, a direct comparison of their pass-
through rates might be confounded by underlying differences in these
characteristics. In section V.B we attempt to mitigate these concerns in
standard ways by controlling for fixed effects and other observables. In
addition, in section V.C, we also conduct a matching exercise that lever-
ages the theoretical observationmade above.WematchVAT increases and
decreases on key characteristics so as to mirror the Finnish experiment.
Specifically, preincrease tax rates are matched to postdecrease rates and
vice versa in order to make sure that VAT increases and decreases, in the
matched sample, average over similar values of the tax rate. This provides
a test of standard incidence theory since it would not, with any degree of
competition and for any demand and supply functions, generate asymme-
tries between increases and decreases.7

III. Data and Institutional Background

A. Value-Added Taxes

VATs are taxes applied to the value added to transacted goods and ser-
vices and are included in consumer prices in the European Union. Firms
remit the VAT that they collect from consumers to the government and
claim credits for the VAT they pay on input costs, ensuring that only the
value added is taxed. Final consumers, who are the last component of

7 We are very grateful to anonymous referee 6 for suggesting this empirical test and,
more generally, for all the helpful and constructive feedback the referee gave us on this
section.

4444 journal of political economy



the chain of transactions, cannot claim any tax credit and, therefore, pay
the tax on the entire value of final goods purchased.
Member countries of the European Union generally have several VAT

rates in place, including a standard rate that applies to the majority of
commodities, a reduced rate for basic necessities such as food, heat-
ing, and passenger transport, and exemptions or zero rates for some
commodities.

B. Finnish Hairdressing Sector VAT Reforms

1. Institutional Background

While the European Commission restricts excessive VATchanges to avoid
VATcompetition, it allowsmember states to experimentwith reducedVAT
rates for a small sample of labor-intensive services, with the explicit goal of
analyzing the incidenceofVATsonprices and employment. TheEuropean
Commission (1999, 2006) established and explicitly listed the full set of
services over which countries are allowed to conduct these experiments.
While the list includes hairdressing services, it excludes other very similar
services such as beauty salons. This makes hairdressing services a natural
treatment group, and beauty salons a plausible control group. Finland
took part in the second wave of the experimentation program, which was
set to start in January 2007 (Council Directive 2006/112/EC). It was deter-
mined inNovember 2006 that the rate would subsequently revert to its orig-
inal level. This resulted in a reduction in the VAT rate on hairdressing ser-
vices from 22% to 8% in January 2007 and a subsequent increase from 9%
to 23% in January 2012.8 Because the timing, magnitude, and commodities
affected by this reform were set by the European Commission, the reforms
are plausibly exogenous to economic conditions.
Importantly, there are no special characteristics of the hairdressing sec-

tor in Finland that are likely to raise external validity concerns. For exam-
ple, there are no specific business or licensing requirements imposed on
hairdressers that could create barriers to entry. Similarly, the sector does
not benefit from any particular status relative to other sectors in the Finn-
ish economy.
Kosonen (2015) previously analyzed the first leg of the reform and part

of our analysis replicates some of these results. Specifically, like us, Koso-
nen (2015) considers the pass-throughdistribution of theVATcut (fig. 4A)
and estimates the effect of the VAT cut on profits (years 2000 to 2009 in
fig. 5A). However, though Kosonen (2015) also documents the effect of
the VAT cut on costs, it does not break the effects down by fixed versus

8 The reduced and standard VATrates were both increased by 1 percentage point in July
2010.
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variable costs or discusses the possibility of asymmetric pass-through since
it does not consider any evidence related to the VAT increase.

2. Data

We use price data collected by surveyors from a random sample of the full
population of hairdressers before and after each VAT change. Prices for
nine types of services were collected: short-hair haircuts, long-hair hair-
cuts, children’s haircuts, complicated haircuts, short-hair permanent waves
(perms), long-hair permanent waves, short-hair coloring, long-hair color-
ing, and complicated coloring. The prices collected are the “menu” prices
rather than transaction prices, but we also have information on whether
coupons or discounts are offered in each particular location. The data set
contains 2,822 price observations for the VAT decrease originating from
427 firms and 2,106 price observations for the VAT increase stemming from
347 firms. We also use micro and aggregate price data from Statistics Fin-
land for haircuts, other hairdressing services, and beauty salons to analyze
the long-term effects of the reforms.
We supplement the price data with corporate tax data covering the en-

tire population of firms in Finland. The data are annual and contain in-
formation on every line of profits and losses, thus allowing us to observe
turnover, fixed and variable costs separately, as well as employee counts.
Table B1 shows summary statistics for hairdressers and beauty salons.

C. European VAT Reforms

1. Institutional Background

We examine all VAT changes in the European Union from 1996 to 2015.
There are three types of VATchanges in this sample of reforms: (1) changes
that affect standard VATrates that apply to most commodities in the econ-
omy, (2) changes that affect reduced VAT rates that apply to commodities
that are generally considerednecessities, and (3) sector-specificVATchanges.

2. Price Data

We use price data from Eurostat’s Harmonised Indices of Consumer Prices.
The data set contains monthly non–seasonally adjusted information on
commodity prices across European countries for the period 1996–2015.
Commodities are categorized into Classification of Individual Consump-
tion According to Purpose (COICOP) groups.9 These data represent the
single most reliable source of information on prices across EU countries.
They do not contain information on the prices of intermediate goods.

9 See tables E5 and E6 for a list of COICOP groups.
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3. Historical VAT Rates

Information on VAT rates by commodity and country is provided directly
by the European Commission (EC) in its annual report: VAT Rates Applied
in theMember States of the European Community. The report contains detailed
information on the VATrate applied to each commodity in each European
country, as well as the exact date of the VATreforms. It covers all commod-
ities subject to VATs.
Because the reports only contain information on current EUmembers,

we consider the following countries: (1) since 1996: Austria, Belgium,Den-
mark, France, Finland, Germany, Greece, Ireland, Italy, Luxembourg, the
Netherlands, Portugal, Spain, Sweden, and the United Kingdom; (2) since
2004: Cyprus, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta,
Poland, Slovakia, and Slovenia; (3) since 2007: Bulgaria and Romania. We ex-
clude Croatia because it became a member of the European Union only
in 2013.
We drop the education sector from our sample because, here, for-profit

institutions are subject to VATs whereas not-for-profit institutions are ex-
empt. The majority of institutions are not-for-profit and are therefore un-
affected by the VAT changes, but we cannot differentiate for-profit from
not-for-profit institutions in the price data set. We also drop clothing and
footwear, as prices in these sectors exhibit strong seasonality, withmost sales
occurring in January, which is also the month in which most VAT changes
occur.
Figures B1 and B2 plot the distribution of VAT increases and decreases

by commodity, country, economic conditions (unemployment rate and
GDP growth), size, time of the VAT changes, and pre- and postreform
VATrates. Overall, in our sample of VATchanges, 28% are VAT decreases
and 83% are economy-wide VAT changes.10

IV. Finnish Hairdressing Reforms

A. Price Response to the VAT Changes
and Long-Term Persistence

Figure 1 uses time series from Statistics Finland from January 2005 to No-
vember 2015 to show the evolution of hairdressing and beauty salon
prices. Prior to the January 2007 reform, the VAT rates for hairdressing
services and beauty salons were equal. In January 2007, the VAT for hair-
dressing services was decreased by 14 percentage points and in January
2012, the rate increased by 14 percentage points; VATrates for beauty sa-
lons, by contrast, were held fixed throughout.

10 We discuss some of the institutional reasons that explain why there are more VAT in-
creases than decreases in app. B.
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Fourmain empirical patterns emerge from figure 1. First, beauty salons
seem to be a natural control group for hairdressing services: prices follow
parallel trends throughout the entire prereform period. Second, the larg-
est response of hairdressing prices to both the VAT decrease and increase
occurs during the first month following the VAT change. Third, the pass-
through rate for the VAT increase is approximately double that of the VAT
decrease.11 Fourth, once the VATrate applied to Finnish hairdressers is in-
creased back to its original level, prices remain higher than for the control
group 3.5 years later in spite of the VATrates being equal for both groups.
In section V.D, we provide evidence that asymmetric pass-through is like-
wise persistent in othermarkets and countries. This suggests that themar-
ket equilibrium depends on the history of tax changes.

B. Pass-Through Distributions

1. Short-Run Pass-Through Distributions

We use micro-level price data to plot the short-run distribution of pass-
through rates. We compute the pass-through rate by taking the log

FIG. 1.—Finnish hairdressing sector VAT reforms. This figure shows the price of hair-
dressing services and beauty salons before and after the 14 percentage point hairdressing
services VAT cut in January 2007 and the 14 percentage point VAT hairdressing services
hike in January 2012.

11 We also estimate the pass-through of theVAT increase anddecrease to prices separately
for each service offered by hairdressers, controlling for costs, and find similar levels of asym-
metric pass-through: in each case, prices respond approximately twice as much to the VAT
increase as to the VAT decrease (see table E7).
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difference of prices 1 month before and 1 month after the VAT reform:
ri 5 logðpafterÞ 2 logðpbeforeÞ. Figures 4A and 4B plot the distribution of ri
for the VAT decrease and increase, respectively, and include all nine types
of services.12 The pass-through distribution for the VAT increase is bimodal:
27% of prices do not respond to the VAT increase, while 48% of prices in-
crease by 80% to 120%of the amount of the VAT increase. The distribution
of pass-through for the VAT decrease is unimodal: 61% of prices do not
change in response to the VATcut, while the rest decrease but without con-
centrating tightly at full pass-through levels (12% are located within 20% of
full pass-through).
The asymmetry in pass-through distributions is not driven by specific

services: we systematically observe a bimodal distribution following the
VAT increase and a unimodal distribution following the VAT decrease
for each of the nine services offered by hairdressers.13 Some of the ob-
served heterogeneity could instead be explained by firm heterogeneity.
In figure 2, we count the number of prices that are changed by firm, di-
vide it by the number of services offered by each firm, and then plot the

FIG. 2.—Proportion of prices changed by hairdresser. This figure plots the distribution
of the within-hairdresser ratio of services for which prices were changed over total services
offered following the VAT cut and hike.

12 Figure E11 plots a version of fig. 4 that controls for inflation. The distributions are
very similar but otherwise shifted to the left.

13 See figs. E12–E15.
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distribution of the resulting ratio. The distributions are bimodal, which
suggests the presence of two types of firms: those that tend to change all
prices and those that keep all prices fixed. This finding is consistent with
the argument made by Kopczuk and Slemrod (2006) and Slemrod and
Gillitzer (2013), who point to the importance of accounting for firm-level
heterogeneity when modeling tax behavior.

2. Pass-Through Distribution Dynamics
in the Medium Run

To explore the dynamics of the pass-through distributions, we use a dif-
ferent price data set collected by Statistics Finland that allows us to ob-
serve prices for longer horizons. This data set has three main drawbacks.
First, prices are unlikely to be randomly collected.14 Second, the data set
does not allow us to observe prices immediately after the reform.15

Third, this data set stops in 2010, thus not allowing us to use it to analyze
the VAT increase.
Figure 3 plots the distribution of ri 5 logðptÞ 2 logðp0Þ, where p0 is

price 1 month before the VAT change and pt is price measured t 5
f6, 12, 18, 24g months after the VAT decrease. These figures show that
most of the price adjustments occur within a 6month window, after which
the excess mass of inert prices remains constant. The distributions look
qualitatively similar to the short-run distributions from figure 4, with a
mass at zero and the remaining price changes being negative without con-
centrating at full pass-through.However, the size of the spike at zero, while
constant over time, is different from the onewe observe in the short run in
figure 4. This is likely due to the fact that the Statistics Finland data set
does not randomize the collection of prices, whereas the one used in fig-
ure 4 does.

C. Asymmetric Response of Profits and Markups

Using administrative corporate tax data on the full population of hair-
dressers and beauty salons, we next investigate the response of profits and
markups to VATchanges. In this data we observe turnover, profits, and var-
iable and fixed costs, among other variables. As a proxy formarkups, we use
turnover minus variable cost divided by variable cost. This proxy is accurate
as long as marginal costs are constant.

14 Statistics Finland oversamples larger firms and firms with prices that are easy to col-
lect, such as firms with online prices and firms in the Helsinki area.

15 The price data collection is such that not all observations are updated immediately,
and it can take up to 6 months for a given price to be updated.
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Figure 5A plots the coefficients from a regression of log profits on year
dummies from 2000 to 2014 for hairdressers and beauty salons.16 The
graph shows that profits respond asymmetrically to the VAT changes:
the VAT decrease results in an increase in profits of 0.2 log points, while
the VAT increase leads to a profit decrease of 0.1 log points. Figure 5B shows
a similar graph formarkups, which increase by twice asmuch following the
VAT decrease as they decrease following the VAT increase. We observe no
evidence of convergence of profits ormarkups toward symmetry 3 years af-
ter the VAT reverts to its original level.17 In contrast, as shown in figures 5C
and 5D, we observe no significant changes in variable and fixed costs follow-
ing the VATchanges, thus suggesting that quantities are not affected by the
reform. These observations are consistent with firms using VAT decreases to

FIG. 3.—Medium-term pass-through distribution of the Finnish hairdressing VAT cut.
These figures plot the distribution of the pass-through of the Finnish hairdressing VAT
cut over four different horizons: 6, 12, 18, and 24 months. Pass-through is calculated as
logðptÞ 2 logðp0Þ, where p 0 is the price 1 month before the reform and pi is the price
t 5 6, 12, 18, and 24 months after the reform.

16 We exclude firms with less than €10,000 in turnover or €1,000 in profits to exclude
small firms that are exempt from remitting VAT.

17 Note that we detect no evidence of increased entry (or exit) in the hairdressing sector
following the VAT changes, as shown in figs. E16 and E17, which plot the number of firm
entries and exits over time, respectively. Similarly, investment does not respond to the re-
forms, as shown in fig. E18.
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increase profits, while passing through VAT increases to prices to minimize
their negative impacts on profits.

D. Heterogeneous Firm Response

The main dimension of heterogeneity we uncover is that firms with low
profit margins at the time of the VAT change tend to pass through more

FIG. 4.—Distributional asymmetry. These figures plot the pass-through distributions of
the VAT decrease (A) and the VAT increase (B) for Finnish hairdressing services. The ver-
tical line represents 100% pass-through.
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of the VAT increase than of the decrease, whereas firms with high profit
margins are more likely to behave symmetrically. Note that since profit
margins are not economic primitives, this difference could be masking
underlying firm differences that are not captured by our data. We define
profit margins as turnover minus operating costs divided by turnover. To
mitigate concerns of mean reversion, we calculate a 3 year average profit
margin prior to the first VATchange (from 2004 to 2006) and break down
our sample of hairdressers into quintile groups from the lowest profit
margin to the highest.18 Figure 6A plots the change in markup in 2007
and 2012 for each quintile of profit margins, and shows that hairdressers
in the lowest quintile take advantage of the VATcut to increase theirmark-
ups whereas firms in higher quintiles tend to behave symmetrically. To
further mitigate concerns of mean reversion, we carry out two placebo
tests: (1) figure 6B plots the response of the same quintiles in 2006 and
2011 and (2) figure 6C plots the response of beauty salons in 2007 and
2012. We find that changes in markups are significantly more homoge-
neous across quintiles in the placebo tests.

FIG. 5.—Plots of the coefficients from a regression of log profits (A), log markups (B),
log variable costs (C ), and log fixed costs (D) on year dummies for Finnish hairdressers and
beauty salons.

18 Figure E19 performs the same test using a different definition of the quintile margins
by using the 2004 to 2006 data for the 2007 reform and the 2009 to 2011 data for the 2012
reform.
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E. What Do We Learn from the Finnish Evidence?

The Finnish VATexperiment has several advantages: (1) the timing and
size of the VATchanges and the commodities affected by the reforms are
not chosen by the Finnish government but imposed by the European
Commission, (2) the VAT increase and decrease are of the same magni-
tude and are large (14 percentage points), and (3) we have rich firm level
and price data that allow us to precisely assess the effects of these changes.
However, this experiment suffers from two main shortcoming. First, it

is difficult to draw statistical inferences on the magnitude of the asymme-
try if one only observes two VATchanges. Second, while the VAT increase
and decrease affect the same commodities in the same country and are
of the same magnitude, they do not occur at the same time. More impor-
tantly, the VAT decrease occurs prior to the Great Recession and the VAT
increase occurs after. Reassuringly, we do not observe any evidence that
economic conditions differentially affect our treatment and control groups:
there is no indication of sharp changes in prices (fig. 1), profits (fig. 5A),
markups (fig. 5B), or costs (figs. 5C and 5D) in either case except at the

FIG. 6.—Changes in markups by quintile of profit margins for the Finnish VAT reforms.
These graphs are generated by breaking down the sample of firms into quintiles of profit
margins (turnover minus deductible costs divided by turnover) using data from 2004 to
2006, with quintile 1 being firms with the smallest profit margins. For each quintile, we plot
changes in markup following changes in the VAT rate. A, The 14 percentage point VAT in-
crease and decrease for Finnish hairdressers. B, Finnish hairdressers in 2006 and 2011.
C, Finnish beauty salons (which we use as a control group for hairdressers) in 2007 and 2012.
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time of the VATchanges. Nonetheless, we cannot rule out the possibility that
differences in economic conditions between 2007 and 2012 might be affect-
ing pass-through rates in a way that could bias them toward asymmetry.
For this reason, we turn to an analysis of all VAT changes occurring in

the European Union from 1996 to 2015. Using these data, we can draw
statistical inferences on the magnitude of the asymmetry, since the sam-
ple of reforms is substantially larger and covers many countries, periods,
and commodities. Moreover, we can, to some extent, repeat the Finnish
experiment using a matching approach that we explain in detail below.

V. European VAT Changes

A. Graphical Evidence

First, we provide some graphical and nonparametric evidence by examin-
ing the unconditional mean of the price index using the full sample of
EU VATchanges in the 3 months before and after a VAT reform. In each
case, we normalize the series to 100 in the month preceding the reform.
Figure 7A plots the unweighted average price of all commodities sepa-

rately for VAT increases and decreases. The figure shows that prices in-
crease discontinuously in the month following a VAT increase but de-
crease less in response to a VAT decrease. Importantly, this asymmetry
is not driven by any subset of commodities. Indeed, when we plot disag-
gregated versions of figure 7A by two-digit COICOP groups (in figs. E20–
E22; figs. E11–E23 are available online), we find that all commodities
exhibit this asymmetric pass-through, with the exception of communica-
tion (COICOP groupnumber 8) and furnishings, household equipment,
and routine household maintenance (COICOP group number 5).19

B. Fixed-Effects Estimates

To estimate the pass-through to prices of VAT increases and decreases, we
first follow the approach of Evans, Ringel, and Stech (1999), who estimate
the pass-through of cigarette taxes using different tax changes across US
states over time. We run the following fixed-effects regression:

D logðpictÞ 5 b0D logð1 1 tictÞ

1 o
k510

k5210,k≠0
bkD logð1 1 ticðt1kÞÞ 1 Dlt 1 gDXct 1 Deict ,

(2)

19 Possibly because of sample size, trends do not appear to be parallel for two COICOP
categories: (1) alcoholic beverages, tobacco, and narcotics and (2) transport. While pass-
through is asymmetric in both of these cases, the violation of the parallel assumptions sug-
gest that we should be cautious in interpreting these two figures.
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where i denotes the commodity, c the country, and t the month in which
the price is observed, lt time fixed effects, pict the price, tict the VAT rate,
and εict the error term. We control for a given country’s nominal interest
rate, GDP per capita, and unemployment rate with Xct. For each of xt ∈
flogðpictÞ, logð1 1 tictÞ, lt , Xct , eictg, Dxt is equal to xt 2 xt21.
In equation (2), b0 identifies the pass-through of a VAT change in the

month when the change occurs: for example, if b0 5 0, then the price
does not respond to a VAT change, and if b0 5 1, the price responds
one-to-one to a VAT change. The second term of the equation estimates
any forward- or backward-looking responses of prices to changes in VAT
rates; b25, for example, identifies the response of prices at time t to VAT
changes that will occur at time t 1 5.
The fixed-effects regression generalizes an event-study design withmul-

tiple periods, commodities, and countries, and its main identification as-
sumption is the same as that for difference-in-differences regressions: ab-
sent the tax change, there would have been no change in the prices of the
treated relative to the untreated commodities. Figure 7A shows a sharp
change in prices at the time of the reform, with no pretrends and no evi-
dence of anticipatory behavior, which lends support to this identification

FIG. 7.—Asymmetric response of prices to VAT changes. A, Response of the uncondi-
tional means of prices to VAT increases and decreases. Lower panels plot the coefficients
from the fixed-effects regression (2) for VAT increases (B) and VAT decreases (C ) on the
full sample of reforms and include 10 month leads and lags.
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assumption. Identification relies on within-country-specific commodity
variation in VAT rates over time.
In order to estimate the pass-through rate of VAT increases and de-

creases, we estimate equation (2) separately on two samples. The first
sample includes all observations treated by a VAT increase along with
all untreated observations and is used to estimate the pass-through rate
of VAT increases. Similarly, the second sample includes all observations
treated by a VAT decrease along with all untreated observations and is
used to estimate the pass-through rate of VAT decreases.20 Therefore,
commodity-country pairs that never undergo a VATchange are included
in both samples.
The results of these fixed-effects regressions are reported in table 1.21

Columns (1) and (2) of table 1 correspond toVAT increases anddecreases,
respectively. The first row of each regression (labeled b0) shows the pass-
through of the VAT change to prices 1 month after the reform. In partic-
ular, b1i shows the response of prices to VATchanges imonths after the re-
form, while b2i shows the response of prices i months before the reform.
Figures 7B and 7C plot the coefficients from regressions for VAT increases
and decreases, respectively, and show that the pass-through to prices of
VAT increases is equal to 34% while that of VAT decreases is equal to 6%
one month after the reform; both are statistically significant. Importantly,
there are no significant price responses in any months within a 10 month
window around the VAT increases and decreases. We perform several ro-
bustness checks, including running specification (2) without controls
but with time fixed effects (table E8; tables E5–E23 are available online)
separately on reforms that are classified as temporary and permanent (ta-
bles E9 and E10), in periods of above- and below-median growth (ta-
blesE11andE12), on reforms that arenot concurrentwithother tax changes
(table E13), with country-commodity specific inflation controls (table E14),
and includingmore leads and lags (figs. E23A and E23B). We find similar
levels of asymmetry in each case. In addition, we examine the relation-
ship between the timing of VAT changes with underlying economic con-
ditions and find that the two are not correlated. These correlations are
discussed in detail in appendix B.

20 Untreated observations refer to commodity-country pairs that never undergo a VAT
change as well as commodity-country pairs that are treated by a VAT change at a different
time than the treatment period.

21 In a recent working paper, Abraham and Sun (2018) show that event study specifica-
tions can be problematic under certain conditions. In our case, these concerns would ap-
ply if there were heterogeneous effects across groups of VATchanges occurring at the same
time. Given that our evidence is robust across a wide range of specifications as well as in
several subsamples and also when plotting unconditional means in fig. 7A, this concern
is unlikely to apply to our setting.
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C. Matching Estimates

In this section, we supplement our fixed-effects estimation with a match-
ing approach that allows us to better mirror the setting of the Finnish ex-
periment and to more directly interface with the theoretical predictions
derived in section II. This approach also allows us to evaluate and alleviate
concerns that in the preceding analysis we are never able to observe the
effect of VAT increases and decreases at the same time, for the same com-
modity, and in the same country.
Our matching procedure follows Imbens (2015), and in particular that

paper’s approach to analyzing the Imbens, Rubin, and Sacerdote (2001)
lottery data (in sec. 6.1). First, andmotivated by our theoretical framework
from section II, we choose a set of key characteristics used to estimate pro-
pensity scores. These characteristics include time, measures of economic
activity, the magnitude of the VAT change, and the type of commodity

TABLE 1
Pass-Through Estimates Using Fixed-Effects

Regression (Full Sample)

D log Price

Increase Decrease
(1) (2)

b0 .34 .064
(.063) (.030)

b11 .020 .025
(.019) (.017)

b22 .030 .026
(.019) (.015)

b12 .020 2.044
(.027) (.021)

b23 .015 2.005
(.016) (.028)

b13 2.043 2.004
(.017) (.022)

b24 .049 2.020
(.034) (.022)

b14 2.011 2.008
(.027) (.020)

Time fixed effects Yes Yes
R 2 .014 .014
Observations 386,557 342,792

Note.—The coefficients reported in this table show
thepass-throughofVAT increases anddecreases toprices,
estimated using specification (2) on the full sample of re-
forms. Column 1 shows the estimates for VAT increases,
and col. 2 those for VAT decreases. Standard errors are
clustered by month and are in parentheses. b0 measures
the pass-through of the VATchange at the time of the re-
form, and bi measures price changes imonths away from
the reform.
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(two-digit COICOP code). Most importantly, guided by results from sec-
tion II, we also match preincrease VAT rates to postdecrease VAT rates
and predecrease VATrates to postincrease VATrates. Second, we use the es-
timated propensity scores, based on these key characteristics, to trim the
sample as suggested by Crump et al. (2009). Finally, in this trimmed sam-
ple, we match the VAT increases and decreases, using the matching esti-
mator outlined in section 5.4 of Imbens (2015).22 We then estimate equa-
tion (2) on the matched sample of VAT changes.
Estimates for pass-through from this matched sample, summarized in

table 2, show that our finding of asymmetry is robust tomatching. Indeed,

22 We cluster our standard errors as we do in our main specification. Bootstrapping
yields similar standard errors, with all VAT increase pass-through estimates significant at
least at the 1% level. However, we do not report these here, following cautions in Abadie
and Imbens (2008) against using bootstrap with matching estimators.

TABLE 2
Pass-Through Estimates: Matched Sample

With Trimming Without Trimming

D log Price D log Price

Increase Decrease Increase Decrease
(1) (2) (3) (4)

b0 .29 .042 .33 .056
(.10) (.047) (.066) (.037)

b11 .021 .025 .020 .025
(.019) (.017) (.019) (.017)

b22 .031 .026 .030 .026
(.019) (.015) (.019) (.015)

b12 .021 2.044 .020 2.044
(.027) (.021) (.027) (.021)

b23 .016 2.0050 .015 2.0050
(.016) (.028) (.016) (.028)

b13 2.042 2.0047 2.042 2.0046
(.018) (.022) (.018) (.022)

b24 .051 2.020 .049 2.020
(.034) (.022) (.034) (.022)

b14 2.0092 2.0089 2.0096 2.0089
(.027) (.020) (.027) (.020)

Time fixed effects Yes Yes Yes Yes
R 2 .013 .014 .014 .014
Observations 384,559 342,453 386,080 342,477

Note.—This table reports the pass-through estimates of VAT increases and decreases to
prices estimated using specification (2) on matched reforms. Columns 1 and 2 implement
the matching estimator on a trimmed sample using the approach outlined in Imbens
(2015). Propensity scores are estimated using logit. Columns 3 and 4 report the estimates
for the matched sample without trimming. VAT increases and decreases are matched on
time, type of commodity (COICOP digit 2), size of VAT change, and GDP growth. In addi-
tion, we match the preincrease VAT rate to the postdecrease VAT rate and the postincrease
VATrate to the predecrease VATrate. Columns 1 and 3 show the estimates for VAT increases,
and cols. 2 and 4 those for VAT decreases. Standard errors are clustered bymonth and are in
parentheses. b0 measures the pass-through of the VATchange at the time of the reform, and
bi measures price changes i months away from the reform.

what goes up may not come down 4459



these estimates reveal asymmetries that are similar to those estimated us-
ing the full (unmatched) sample of reforms. In appendix A, we also for-
mally test the ability of our matching procedure to increase overlap in co-
variates. We follow Imbens (2015), who uses normalized differences in
order to assess overlap. Our matching procedure substantially improves
overlap and reduces all normalized differences. While there is no formal
threshold for normalized differences and while our matching procedure
does not reduce all normalized differences to zero, they are well in line
with those estimated by Imbens (2015) using the Imbens, Rubin, and Sa-
cerdote (2001) lottery data.
Because our matched sample mirrors the Finnish experiments, our

pass-throughestimates canbedirectly compared to thepredictionsof stan-
dard incidence theory discussed in section II. We conclude that our find-
ing of asymmetric pass-through in the matched sample is difficult to rec-
oncile with static incidence theory.
Weprovidemore details onhow thematchingprocedure is implemented

in appendix A, and include formal tests of pre- and postmatching overlap
in observables and further robustness checks. Note that a limitation of our
approach is that we cannot match on prereform price levels because our
data do not allow us to condition on price levels in a consistent way across
all EU countries and commodities. This limitation implies that we are im-
plicitly assuming that, conditional on matching on the key characteristics
outlined above, any remaining variation in price levels has nomeaningful
effect over the asymmetry. For this reason, a stronger test of the asymmetry
would also match on price levels.

D. Long-Term Persistence of the Asymmetry

In subsection IV.A we showed that asymmetry in the pass-through of VATs
persisted for several years after the Finnish hairdressing reforms were en-
acted. In this section, we provide evidence suggesting that this persistence
is not a peculiarity of Finnish hairdressers: we observe it in other sectors
and countries as well. In order to analyze longer-run horizons, it is impor-
tant to focus attentionon relatively largeVATchanges and sectors inwhich
prices are relatively stable. Absent these conditions, the effect of VAT
changes on prices might be masked by natural variation in prices and in-
flation that may be quantitatively significant in the long run.
In order to study this we start by considering two case studies that in-

volve largeVATchanges. First, the EuropeanCommission approved an ap-
plication to reclassify sit-down restaurants from the standard VAT rate to
the reduced VAT rate.23 Both France and Finland took advantage of this

23 Following a campaign promise by then French president Jacques Chirac, France ap-
plied for an authorization to reclassify sit-down restaurants from the standard to the re-
duced VAT rate in 2002. The application was approved for all member states in January
2009.
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new law, leading to a 14 percentage point VATcut for French sit-down res-
taurants and a 9 percentage point cut for Finnish ones, in 2009.While the
VAT rate did not revert to its original level as in the Finnish hairdressing
experiment, we can exploit smaller increases in the reduced VAT rate:
1.5 and 3 percentage point increases in France, in 2012 and 2014, and a
1 percentage point increase in Finland, in 2013. Figures 8A and 8B show
that the asymmetric pass-through persisted over several years both in Fin-
land and in France. This evidence is to be interpreted cautiously, in part
because the VATchanges are not of the same size and it is conceivable that
the asymmetric pass-through is in part due to that.
Second, andmore comprehensively, Hungary cut its standard VATrate

from 25% to 20% in January 2006 and increased it from 20% to 25% in
July 2009. These changes were enacted as part of a set of campaign prom-
ises preceding the 2006 parliamentary elections. Figure 8C shows the re-
sponse of commodities that were subject to the standard rate in Hungary

FIG. 8.—Long-term persistence of the asymmetry. A, Response of Finnish sit-down res-
taurants to a 9 percentage point VAT decrease and a 1 percentage point VAT increase com-
pared to a control group of Norwegian sit-down restaurants. B, Response of French sit-
down restaurants to a 14 percentage point VAT decrease and 1.5 and 3 percentage point
VAT increases relative to a control group of Italian restaurants. We also include a hypothet-
ical counterfactual that uses the VAT increase pass-through for VAT decreases. C, Response
of all commodities subject to the standard VAT rate in Hungary (excluding diesel and gas-
oline) to a 5 percentage point VAT decrease and a 5 percentage point VAT increase relative
to a control group consisting of neighboring countries. D, Cumulative pass-through rates
of all VAT increases and decreases in our sample over 20 months.
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compared to a set of control countries.24Wefindnot only strong evidence
of asymmetry but also that the asymmetry persisted over several years
after the VAT rate was returned to 25%. Because the standard VAT rate
applies to a wide range of commodities, this finding suggests that the
long-term persistence of asymmetry may arise in more than a small set
of specific sectors.
Finally, we can assess the long-term persistence of the asymmetry in the

full sample of reforms. To do so, we first reestimate equation (2) with
20 leads and 20 lags (we plot the resulting coefficients in figs. E23A and
E23B). We find no substantial lagged responses, even 20 months after the
changes take place. Second, we add up all of the lag coefficients and plot
the cumulative pass-through rate for VAT increases and decreases over a
20 month period following the VATchanges in figure 8D. While both cu-
mulative pass-through rates appear to decrease over time, the magnitude
of the asymmetry—which is given by the difference between the two cu-
mulative pass-through rates—remains relatively constant and shows no
signs of convergence. However, in spite of the two time series being rela-
tively stable, theprecisionof the cumulative pass-through estimatesmechan-
ically decreases over time, making any long-run statements past 18 months
only suggestive.25

VI. Conclusion

In this paper, we show that prices respond asymmetrically to VATchanges.
First, prices respond more to VAT increases than to VAT decreases. Sec-
ond, this asymmetric response results in an asymmetric pass-through of
VAT changes to profits and markups. Third, the asymmetry persists over
the long run.
These patterns are inconsistent with the predictions of standard, static

incidence models, and our findings therefore call into question the em-
pirical relevance of these models for an important and widely employed
tax. It is important for future research to examine how general these find-
ings are and, in particular, to what degree the types of asymmetries we doc-
ument arise with other taxes. More broadly, our findings suggest that it
may be important to develop and empirically assess alternative models
of incidence that can account for these types of asymmetries. One poten-
tially promising avenue is to move beyond the static setting of classical

24 We included every commodity subject to the standard VAT rate, with the exception of
diesel and gasoline because of strong volatility. Details of the list of commodities and con-
trol group countries can be found in app. D (apps. C–E are available online).

25 We cannot reject that the cumulative VAT increase and decrease pass-through rates
are equal after 18 months. We report the level difference between the two cumulative
pass-through rates and the corresponding significance levels in table E15.
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models, and evaluate to what degree dynamic models of tax incidence can
generate asymmetries like the ones we document.

Appendix A

Matching VAT Increases and Decrease

In this appendix, we first provide details of the matching approach we use in sec-
tion V.C and then discuss and provide the results of several alternative matching
algorithms and specifications.

A1. Matching Estimator

Our matching approach follows Imbens (2015). We follow the application of its
approach to the Imbens, Rubin, and Sacerdote (2001) lottery data, outlined in
section 6.1 of Imbens (2015).26 The matching procedure outlined in Imbens
(2015) follows three steps. First, it estimates propensity scores in the original sam-
ple using a logistic regression. Second, it trims the original sample by dropping
extreme observations, using the threshold derived inCrump et al. (2009; referred
to as CHIM), by removing any observations with extreme propensity scores.
Third, it implements a matching algorithm—which is described in detail in sec-
tion 5.4 of Imbens (2015)—on the resulting sample. We implement these three
steps on our sample of VAT increases and decreases and then reestimate specifi-
cation (2) on the resulting subsample of VAT reforms.

Note that we report the resulting estimates for both the trimmed andmatched
sample (which corresponds to the Imbens [2015] approach) as well as thematched
sample without trimming (which skips the second step in Imbens [2015]). We do
this because the trimmed specification has an even more stringent definition of
poor matches compared to the matched-only specification. Indeed, it drops ob-
servations with extreme propensity scores that would otherwise be kept in the
matched-only specification. Assessing the difference in estimates between the
no-matching specification (table 1), the matched-only specification (table 2, cols. 3
and 4), and thematched and trimmed specification (table 2, cols. 1 and 2) should
give us a sense of how likely the estimated asymmetry is due to VAT increases and
decreases beingdifferent. If pass-through estimates forVAT increases anddecreases
become closer as the sample of VAT increases and decreases is made more com-
parable by matching and trimming, one should be seriously concerned as to
whether the estimated asymmetry ismechanically driven by theVATchanges being
inherently different. If instead, the estimated asymmetry is similar, concerns that
differences in the samples of VAT increases and decreases are driving the asymme-
try would be seriously mitigated.

Table 2 reports the results of this matching estimator. Overall, our finding of
asymmetry is robust both in the matched sample (cols. 3 and 4) and in the
matched and trimmed sample (cols. 1 and 2). The more stringent specification,

26 We rely on the first example, because it is the closest to our setting as the second and
third examples rely on experimental data.
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which is the trimmed andmatched sample, generates levels of asymmetry that are
similar to thematched-only sample or the full sample,making a strong case against
the concern that the differences between the VAT increase and decrease samples
are driving the asymmetry. Nevertheless, we conduct several robustness checks
below.

A2. Assessing the Performance of the Matching Estimator

Imbens (2015) suggests using normalized differences rather than using t -
statistics or visually comparing distributions, in order to assess overlap between
the matched samples. Following the notation of Imbens (2015), the formula
for normalized differences is given by

DX ,k 5
Xinc,k 2 Xdec,kffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðS2
X ,inc,k 1 S2

X ,dec,kÞ=2
p , (A1)

where X dec,k 5 ð1=NdecÞoi∈DXi,k , X inc,k 5 ð1=NincÞoi∈I Xi,k , S2
X ,dec,k 5 ½1=ðNdec 2 1Þ�

oi∈DðXi,k 2 Xdec,kÞ2, and S 2
X ,inc,k 5 ½1=ðNinc 2 1Þ�oi∈I ðXi,k 2 X inc,kÞ2, where i is a given

VATchange, Xi,k is an element of the covariate vectorXi,Ninc is the number of VAT
increases, Ndec is the number of VAT decreases, I is the set of VAT increases, and
D is the set of VAT decreases.

Imbens (2015) argues that normalized differences are better suited than t -
statistics for assessing overlap between two samples because t-statistics can be large
when the sample size is large, rejecting that two samplemeans are equal evenwhen
they are not substantively different. As written in Imbens (2015), “The normalized
differences provide a scale and sample size free way of assessing overlap.”

Larger normalized differences indicate larger average differences in covariates
in the two groups that are being compared. Importantly, there is no specific
“threshold” above whichnormalizeddifferences are considered to be too large. In-
stead, we benchmark our normalized differences against those estimated by Im-
bens (2015) for the lottery data. In addition to assessing the level of normalized
differences, another useful test is to compare the pre- and post-trimming normal-
ized differences. A well-performing matching procedure should reduce any large
normalized differences.

Table B2 reports the normalized differences for themain covariates that we con-
sider in our main specification: time, magnitude of VATchange, economic condi-
tions, commodity type, preincrease VATratematched to postdecrease VATrate, and
postincrease VATrate matched to predecrease VATrate. Note that rather than re-
porting normalized differences for the 235 different months, and since the main
concern with timing is that reformsmight happen in times of different economic
conditions, we report instead normalized differences for a variable that is equal
to 1 if the month is a month during which the economy is in a recession and 0
otherwise.

Two important points are worth emphasizing: (1) the normalized differences in
the trimmed sample are small and, relatedly, (2) trimming substantially reduces any
large normalized differences estimated in the original sample. On point 1, while
there is no specific threshold for normalized differences, Imbens (2015) men-
tions 0.3, in absolute value, for example as a possible benchmark in section 6.1.1.
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Thenormalized differences we estimate in the trimmed sample are all smaller than
0.3. Moreover, the normalized differences we estimate are smaller than the ones
Imbens (2015) estimates using the lottery data. For example, two covariates in Im-
bens (2015) have normalized differences in excess of 0.3 in its trimmed sample
(0.51 and20.47), while the largest normalized difference in our trimmed sample
is 0.27, in absolute value. On point 2, the variables that have large normalized dif-
ferences in the full sample of VAT reforms are substantially affected by trimming:
the normalized differences for economic conditions are reduced from 0.43 to
0.10, for predecrease/postincrease from 20.60 to 0.06, for preincrease/post-
decrease from 20.33 to 0.07, for size of VAT change from 20.32 to 20.03, and
for recession months from 0.56 to 0.27. The remaining normalized differences
for commodity types are small even before trimming.

Overall, trimming performs well, making the sample of VAT increases and de-
creases plausibly comparable. In spite of this substantial reduction in differences
between the sample of VAT increases and decreases, we still estimate that pass-
through is larger for VAT increases relative to VAT decreases, mitigating concerns
that the asymmetry is an artifact of VAT increases and decreases being inherently
different.

A3. Further Robustness

We implement two sets of further robustness checks and one regression correc-
tion that should account for any remaining imbalance and assess the plausibility
of unconfoundedness.27

First, we ensure that our results are robust to the variables wematch on. Imbens
(2015) automatizes the choice of matching variables by using an algorithm as well
as lasso. We do not follow this approach for two reasons: (1) matching on the var-
iables we chooseperforms verywell at reducingnormalizeddifferences, and (2) the
variables we choose are driven by specific concerns derived from theory (sec. II)
and we believe these concerns provide a better justification than using automatic
algorithms; Heckman, Ichimura, and Todd (1997), for example, insists on using
economic theory to choosewhat variables need to be includedwhen implementing
a matching estimator. Nevertheless, we ensure that our results are not sensitive to
variable choices and implement several additional specifications. First, we match
on unemployment rate, in addition to annual growth, in table E17. Second, we ex-
clude all matching variables andmatch only preincrease VATrates to postdecrease
VAT rates and postincrease VATrates to predecrease VATrates in table E18. While
the estimated pass-through rates vary slightly, we systematically estimate similar lev-
els of asymmetric pass-through, mitigating concerns that our main matching spec-
ification is not robust to the choice of matching variables.

Second, Imbens (2015) insists (in sec. 5.2) on testing whether the results are
sensitive to estimating the propensity score using probit instead of logit. In ta-
ble E19, we reestimate ourmainmatching specification using probit and find sim-
ilar levels of asymmetric pass-through.

27 We also estimate eq. (2) where, in addition to the baseline terms, we include interac-
tions of the treatment variable with all covariates and find similar levels of asymmetric pass-
through, as shown in table E16.
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Third, Imbens (2015) points out that “unless a particular estimator is robust
to modest changes in the implementation, any results should be viewed with sus-
picion.” Therefore, in addition to the estimator used by Imbens (2015) in the
lottery data, we implement three more matching algorithms with the same base-
line matching characteristics. Table E20 shows the pass-through estimated using
these alternative algorithms. We find very similar levels of asymmetric pass-through.

Fourth, Imbens (2015) proposes a way of assessing whether unconfoundedness
is plausible, which is to estimate the same baseline specification on the trimmed
sample but instead of using the actual outcome, using a lagged outcome. The test
passes if the estimated coefficient is small and not statistically significant. We im-
plement this test and estimate a coefficient on our lagged outcome of 0.0033
(0.014) for VAT increases and 0.036 (0.026) for VAT decreases. Given the small
magnitude of the estimates and the fact that none are statistically significant,
unconfoundedness seems plausible.

Fifth, Imbens (2015) proposes amethod to correct for anydifferences in the two
samples that remain after the samples are trimmed. The approach is explained in
detail in section 5.4 of Imbens (2015). Table E21 shows the result of implementing
this correction to our estimate. The magnitude of the asymmetry is very similar to
our main matching specification, which is not surprising, given that the normal-
ized differences we estimate in the trimmed sample are small.

Appendix B

The Timing of VAT Changes Is Not Correlated
with Economic Conditions

This appendix implements an alternative to the matching approach (app. A) to
address the concern that some of the EU VAT changes might be endogenous to
theunderlyingeconomic conditions. First, weuse economics and institutional knowl-
edge to identify the variables we expect, ex ante, to be correlatedwith the timing of
VAT changes. Second, we empirically test the correlation between the timing of
VAT changes and the variables identified and find no evidence supporting it.

Ex ante, and based on our analysis of the underlying reasons for VAT changes
and institutional details below, we canexpect VATchanges to occur (1) for political
reasons, such as electing more fiscally conservative governments; (2) for institu-
tional reasons, mainly because of the VAT harmonization efforts led by the Euro-
peanUnion; and (3) for economic reasons, such as using VATchanges to counter-
act changing economic conditions. We describe each of these below.

First, there are reasons to expect the timing of VATchanges to be correlatedwith
political variables, such as the strength of the governing coalition and changes in
thegoverningparty. There is an empirical political economy literature that analyzes
the underlying reasons for tax reforms and finds that political reasons are more
likely to cause tax reforms than economic conditions. Castanheira, Nicodème, and
Profeta (2012), for example, show that political variables (strength of the govern-
ing coalition and weakness of the opposition party) are more likely to predict
tax reforms than economic conditions (GDP and unemployment). Moreover,
Hallerberg and Scartascini (2017) show that electoral considerations are more
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likely to drive VAT changes than economic considerations. Moreover, Foremny
andRiedel (2014) show that changes in local business taxes inGermany are driven
by the electoral cycle. In principle, political changes could lead to other changes,
which in turn could affect the underlying economic conditions. For this reason, we
perform several tests to ensure that economic conditions are unlikely to explain
the asymmetry and discuss them in the third point below.

Second, VATchanges could also be due to institutional reasons. The European
Commission adopted legislation in 2006 that significantly restricted the ability of
member states to freely set their VATrates. Council Directive 2006/112/EC explic-
itly mandated that member states should progressively start abiding by the follow-
ing rules: (1) increase the standard VATrate above 15% and the reduced VATrate
above 5%; (2) restrict the reduced VAT rate to a prespecified set of commodities,
essentially preventing member states from artificially reducing VAT rates by re-
classifying commodities from the standard to the reduced VATrate; (3) any reduc-
tion of VAT rates below 15% (or reclassification from 15% to 5%) was to be ap-
proved by all 28 member states.28 Given these restrictions, we can expect the
following three patterns, after 2006: (1) fewer VAT decreases, (2) VAT decreases
of smaller magnitude, and (3) more VAT increases aimed at bringing VAT rates
above the 5% and 15% minima.

Finally, the timing of VAT changes could be correlated with economic condi-
tions. Except for Council Directive 2006/112/EC, there are no other laws that re-
strict member states from using VATs to affect the economy. This could threaten
our identification if VAT increases occur at times when economic conditions are
particularly different from those of VAT decreases and prices respond differently
to VAT shocks during those different times. Since this could threaten our identi-
fication strategy, we explicitly test for the correlation of economic conditions with
the timing of VAT changes.

To do so, we estimate the correlation of the timing of increases and decreases
with measures of economic conditions. To proxy for economic activity, we follow
the National Bureau of Economic Research’s Business Cycle Dating Committee,
which, in the United States, is the organization that dates recessions and expan-
sions. The main measures they consider are GDP and employment. The underly-
ing reasoning is that GDP rises during periods of expansions, while unemploy-
ment falls, and conversely GDP falls during recessions while unemployment
rises. Fuest, Peichl, and Siegloch (2018), for example, estimate the incidence of
corporate taxes using changes in corporate tax rates over time, and use GDP and
the unemployment rate to show that corporate tax changes are not driven by eco-
nomic conditions. We use a similar approach, and test for the correlation of VAT
changes with total tax revenue, GDP per capita, and the unemployment rate in
the 12 months leading to a given VAT reform. We find no significant relationship
between VAT reforms and these measures of economic activity. Formally, we run
the following regression:

28 The third rule is not explicitly laid out in Council Directive 2006/112/EC, but, pro-
cedurally, any exemptions to a given Council Directive require a vote by the 28 member
states.
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(B1)

where reformict is equal to 1 if a VAT change occurs for commodity i in country c
in month t and 0 otherwise; TRct is total tax revenue for country c in month t ;
GDPct is the per capita GDP of country c in month t; URct is the unemployment
rate of country c in month t; lt are time (in months) fixed effects; dc are country
fixed effects; pi are commodity fixed effects; and εict is the error term (clustered by
month).We run this regression on the full sample, on a subsample excluding VAT
decreases, and on a subsample excluding VAT increases. The outcome variable
for the full sample is equal to 1 if there is a VAT change and zero otherwise;
the outcome variable for the sample excluding VATdecreases is equal to 1 if there
is a VAT increase and zero otherwise; and the outcome variable for the sample ex-
cluding VAT decreases is equal to 1 if there is a VAT increase and zero otherwise.

Table E22 shows that there is no relationship between the timing of VAT
changes—whether increases or decreases—with the underlying economic condi-
tions leading up to the reforms or with total tax revenue. Using sector-specific
measures of economic conditions instead of GDP, such as turnover by sector,
yields similar results, as shown in table E23. This further mitigates concerns that
VAT changes are endogenous to economic conditions. In an additional robust-
ness check, we also reestimate equation (2) separately for VAT changes that oc-
cur during periods of above- and below-median growth (tables E11 and E12) and
find that pass-through rates are also asymmetric.
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FIG. B1.—EU VAT changes: Summary statistics. These panels show the distribution of VAT increases and decreases by two-digit COICOP category (A),
country (B), unemployment rate (C), and GDP growth rate (D). The description of the two-digit COICOP categories is provided in tables E5 and E6.



FIG. B2.—EU VAT changes: Summary statistics (continued). These panels show the distribution of VAT increases and decreases by size of the VAT
changes (A), month and year (B), prereform VAT rate (C), and postreform VAT rate (D).
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TABLE B1
Summary Statistics for Finnish Hairdressers and Beauty Salons

Hairdressers Beauty Salons

Mean Median Standard Deviation Observations Mean Median Standard Deviation Observations

Turnover 40,190 25,924 231,039 157,082 35,643 18,504 143,747 45,368
Profits 13,787 11,330 15,193 155,837 9,610 5,048 19,365 44,332
Costs 26,699 13,285 213,093 162,634 26,865 11,415 126,093 47,347
Total assets 12,841 2,834 79,027 112,682 13,065 2,115 84,635 36,984
Number of employees .40 0 4.22 162,634 .37 0 3.53 47,347
Cost of employees 1,129 0 20,138 145,729 766 0 10,709 43,649
Sole proprietors .91 1 .29 162,634 .89 1 .31 47,347
Partnerships .05 0 .21 162,634 .03 0 .18 47,347
Corporations .05 0 .21 162,634 .07 0 .26 47,347
Number of firms in 2006 12,301 3,073

Note.—This table reports annual summary statistics on the full population of Finnish hairdressers and beauty salons using corporate tax data.
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TABLE B2
Normalized Differences before and after Matching

Normalized Differences

Full Sample Trimmed Sample
(1) (2)

Preincrease-postdecrease 2.33 .07
Predecrease-postincrease 2.60 .06
Economic conditions .43 .10
Size of VAT change 2.32 2.03
Recession months .56 .27
COICOP 1 2.09 2.08
COICOP 2 2.05 .00
COICOP 3 .04 .05
COICOP 4 2.07 2.02
COICOP 5 2.04 .00
COICOP 6 .12 2.05
COICOP 7 .01 2.03
COICOP 8 .08 .02
COICOP 9 .00 .07
COICOP 10 2.07 .01

Note.—This table reports the normalized differences for the
variables we use to match VAT increases to VAT decreases using
ourmainmatching specification. Column 1 reports the normal-
ized differences for the full sample of reforms, and col. 2 for the
trimmed sample of reforms. Preincrease-postdecrease matches
preincrease VAT rates to postdecrease VAT rates, and predecrease-
postincrease matches predecrease VAT rates to postincrease VAT
rates.
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