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Abstract

This paper provides evidence that prices respond significantly more strongly to in-
creases than to decreases in Value-Added Taxes (VATs). First, using two plausibly
exogenous VAT changes, we show that prices respond twice as much to VAT increases
as to VAT decreases. Second, we show that this asymmetry results in higher equilib-
rium profits and markups. Third, we find that firms operating with low profit margins
are particularly likely to respond asymmetrically to VAT changes. Fourth, these asym-
metric 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.
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1 Introduction

Value-Added Taxes (VATs) influence a large share of the world’s economies, having been

adopted in some form by all OECD countries except for the United States. In the European

Union (EU), 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 understand the mechanisms underlying the incidence of VATs. In standard tax

incidence models, if the VAT rate is first cut and then increased to its original level and if

everything else is held constant, the VAT increase and decrease 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

question: 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 over-estimates of the pass-through of VAT decreases by a factor of 3. This raises

serious fiscal policy concerns, since policy makers have recently successfully advocated cutting

VAT rates in an effort to stimulate demand via exactly such overestimated price effects.1

Moreover, the asymmetric responses we document suggests that using temporary VAT cuts

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 repealed, benefiting firm

owners at the expense of consumers.

We document this asymmetry using two different approaches. First, we examine the

effects of two VAT changes that were plausibly exogenous to the underlying economic con-

1Such policies are, moreover, expensive: the United Kingdom’s 2009 temporary VAT cut cost an estimated
£12.4 billion (see Chirakijja et al. (2009)); and France’s 2009 sit-down restaurant VAT cut, which is still in
place, cost 3 billion euros in 2010 alone (see Benzarti & Carloni (2019)).
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ditions. In particular, we study the effects of a 14 percentage point decrease in the VAT

rate applied to Finnish hairdressing services in January 2007 and a subsequent 14 percent-

age point increase in the same sector in January 2012. We document – using European

Commission Council Directives – that the two changes were part of a VAT experimentation

program, and therefore that their timing and the choice of sector are plausibly exogenous

to underlying economic conditions. Using micro price and corporate tax data, we compare

hairdressing services to a control group consisting of beauty salons (which were unaffected

by the VAT changes) and report five main results.

First, we find that prices respond twice as much to the 14 p.p. VAT increase as to the

14 p.p. VAT decrease. Second, we find that this asymmetry persists several years after

the VAT cut is repealed, 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 distribution of price changes following the VAT increase is substantially different

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 inferences 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 which uses all

VAT changes that occurred in the Member States of the EU from 1996 to 2015. Because

of the large number of reforms, we can precisely estimate the magnitude of the asymmetry

while controlling for several key characteristics of the reforms. We find, using fixed effects re-
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gressions, pass-through asymmetries that are similar in magnitude 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, etc., are there-

fore not random. We address this concern in several ways. First, we show that there are no

significant pre-trends 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 intrinsically differ-

ent from VAT decreases, which could affect the pass-through of the tax to prices.2 Third,

we regress the timing of reforms for both VAT increases and decreases on country-specific

economic indicators, including GDP and the unemployment rate. We find no correlation

between the timing of VAT changes and the economic conditions leading up to the reforms,

which further mitigates concerns that VAT changes are endogenous to economic conditions.

Our paper makes two main contributions. First, we provide evidence that asymmetric

responses to VAT changes arise in a large set of countries and for a broad set of commodities.

Our results therefore call into question the empirical relevance (at least for one important

class of taxes) of an essential part of standard, static tax incidence theory. This in turn

suggests that moving beyond static incidence theory and explicitly introducing dynamics

when assessing the effects of taxation (possibly using approaches in the spirit of Golosov

et al. (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 Mirrlees Review (?) which offers key tax reform proposals,

with the VAT being prominently featured. The proposals related to the VAT in that Review

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

3A Proquest search of the expression “Value-Added Tax” returns 17,979 scholarly peer-reviewed articles,
while “Income Tax” returns 140,408 such articles.
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rely on the key assumption that VAT incidence falls fully on consumers – an assumption

made by default and, as Atkinson (2012) emphasizes, mostly because of a lack of empirical

evidence on that point. Since the publication of the Mirrlees Review, researchers have made

significant 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 VAT

cut on food items in Norway. Our contribution 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 & Krugman (1990), Hines & Desai (2005), ?, Benedek et al. (2019),

Benzarti & Carloni (2019), ? and ?.4

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 respond more to increases than to decreases in tax rates.

Our paper is related 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 respond more 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 EU;

and, relatedly, (2) it only uses two small VAT changes (a two percentage point VAT increase

and a one percentage point VAT decrease), while our sources of variation are substantially

richer and larger. Our results also contrast with those of Doyle & Samphantharak (2008),

who find symmetric responses of prices to a 120-day temporary moratorium on a 5% gasoline

4Notably, Benedek et al. (2019) estimate the pass-through of VATs to prices using similar sources of data
as we do. While we focus on providing evidence that prices respond asymmetrically to variation in VAT
rates, Benedek et al. (2019) 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.

5? and Fullerton & Metcalf (2002) provide a survey of the tax incidence literature.
6? and ? are two other papers that consider asymmetric responses of prices to VAT reforms. They suffer

from some of the same drawbacks as Carbonnier (2008).
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tax in 2000. There are two possible explanations for the symmetric response found in Doyle &

Samphantharak (2008). First, the moratorium was implemented by the Governor of Indiana

during an election year because he was concerned about the effect of soaring gasoline prices

on his re-election. For this reason, gasoline retailers were likely to be under both scrutiny and

pressure to reduce prices. Second, 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-through of 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 one month in Borenstein et al. (1997), for example, and three to five

months in ?. By contrast, we observe that prices respond immediately to VAT changes

and we find no evidence of convergence over time. Further, VAT changes are likely to be a

better source of identification than input cost changes. ?, for example, notes that, because

input costs are not observable (unlike VAT changes) one may estimate spurious asymmetric

pass-through rates of input costs.

2 Theoretical Framework

Empirically, it is important to distinguish between asymmetries that are due to non-constant

pass-through functions and “true asymmetries” where the pass-through rate depends on the

direction of the tax change. Standard static incidence models can be consistent with non-

constant pass-through functions where the pass-through rate depends on the initial level

of the tax. Instead, in this paper, we are interested in empirically testing 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
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these two effects.

Suppose the government levies an ad-valorem tax τ , and let ρ denote the marginal pass-

through to prices – the response of prices to a very small change in τ . Further, define the

average pass-through of a large change in the ad-valorem tax rate T as:

κ(T ) =
1

T

∫ T

0

ρ(τ)dτ. (1)

As long as ρ is assumed continuous, the marginal pass-through rate (i.e. of infinitesimal

tax changes) cannot be asymmetric but the average pass-through rate, κ(T ), of a large tax

rate can. We will focus therefore on the properties of κ(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 where the VAT rate 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 percent point VAT increase that affect hairdressers 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 non-constant passthrough function, at least

under the assumption that nothing else about the market – including other determinants of

prices – changes between the two reforms. The second test uses all VAT changes in the EU

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 , 1
−T

∫ t−T
t

ρ(τ)dτ , from a baseline rate of t, to the pass-through of a VAT increase of size T ,

1
T

∫ t
t−T ρ(τ)dτ , from a baseline VAT rate of t− T . By definition, and for any T , t and ρ(·):
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1

−T

∫ t−T

t

ρ(τ)dτ =
1

T

∫ t

t−T
ρ(τ)dτ.

Because of this, asymmetric pass-through is inconsistent with standard incidence theory

predictions for this type of VAT change, for any function ρ(·) 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 original level, the

pass-through function is integrated over the same interval and, therefore, standard static

incidence models predict that the VAT increase 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 post-increase equilibrium price should match

the pre-decrease equilibrium price. We investigate this prediction using the Finnish reforms

in Section 4.

In contrast to the Finnish case, the set of European VAT changes affect different com-

modities in different countries and, in general, have different underlying characteristics.

Therefore, a direct comparison of their pass-through rates might be confounded by un-

derlying differences in these characteristics. In Section 5.2 we attempt to mitigate these

concerns in standard ways by controlling for fixed effects and other observables. In addition,

in Section 5.3, we also conduct a matching exercise that leverages the theoretical observation

made above. We match VAT increases and decreases on key characteristics so as to mirror

the Finnish experiment. Specifically, pre-increase tax rates are matched to post-decrease

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 asymmetries between increases and decreases.7

7We 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.

7



3 Data and Institutional Background

3.1 Value-Added Taxes

VATs are taxes applied to the value-added of transacted goods and services and is included

in consumer prices in the EU. 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 value-

added is taxed. Final consumers, who are the last component of 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 EU generally have several VAT rates in place, including a stan-

dard rate that applies to the majority of commodities, a reduced rate for basic necessities

such as food, heating and passenger transport, and exemptions or zero-rates for some com-

modities.

3.2 Finnish Hairdressing Sector VAT Reforms

Institutional background. While the European Commission restricts excessive VAT

changes to avoid VAT competition, it allows Member States to experiment with reduced

VAT rates for a small sample of labor-intensive services, with the explicit goal of analyzing

the incidence of VATs on prices and employment. The European Commission established

and explicitly listed the full set of services over which countries are allowed to conduct these

experiments (see European Commission (1999) and European Commission (2006)). 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 plau-

sible 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 determined

in November 2006 that the rate would subsequently revert to its original level. This resulted

in a reduction in the VAT rate on hairdressing services from 22% to 8% in January 2007 and
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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 sector in Finland that

are likely to raise external validity concerns. For example, 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 Finnish

economy.

? previously analyzed the first leg of the reform and part of our analysis replicates some

of these results. Specifically, like us, ? considers the pass-through distribution of the VAT

cut (Panel a. of Figure ??) and estimates the effect of the VAT cut on profits (years 2000 to

2009 in Figure ??). However, though ? also documents the effect of the VAT cut on costs, it

does not break the effects down by fixed versus variable costs nor discusses the possibility of

asymmetric pass-through since it does not consider any evidence related to the VAT increase.

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 haircuts, children’s haircuts, complicated haircuts,

short-hair permanent waves (perms), long-hair permanent waves, short-hair coloring, long-

hair coloring 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 dataset 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 Finland

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 entire population of

8The reduced and standard VAT rates were both increased by one percentage point in July 2010.
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firms in Finland. The data are annual and contain information on every line of profits and

losses, thus allowing us to observe turnover, fixed and variable costs separately, as well as

employee counts. Appendix Table ?? shows summary statistics for hairdressers and beauty

salons.

3.3 European VAT Reforms

Institutional background. We examine all VAT changes in the EU from 1996 to 2015.

There are three types of VAT changes in this sample of reforms: (1) changes that affect

standard VAT rates that apply to most commodities in the economy; (2) changes that affect

reduced VAT rates that apply to commodities that are generally considered necessities; and

(3) sector-specific VAT changes.

Price data. We use price data from Eurostat’s Harmonised Indices of Consumer Prices

(HICP). The dataset contains monthly non-seasonally adjusted information on commodity

prices across European countries for the period 1996-2015. Commodities are categorized into

Classification of Individual Consumption 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.

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 the

Member States of the European Community. The report contains detailed information on

the VAT rate applied to each commodity in each European country, as well as the exact date

of the VAT reforms. It covers all commodities subject to VATs.

Because the reports only contain information on current EU members, we consider the

following countries: (1) since 1996: Austria, Belgium, Denmark, France, Finland, Ger-

many, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, Sweden and

9See Online Appendix Table ?? and ?? for a list of COICOP groups.
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the United Kingdom; (2) since 2004: Cyprus, the Czech Republic, Estonia, Hungary, Latvia,

Lithuania, Malta, Poland, Slovakia, Slovenia; (3) since 2007: Bulgaria and Romania. We

exclude Croatia because it became a member of the EU 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 exempt. The majority of institutions

are not-for-profit and are therefore unaffected by the VAT changes, but we cannot differen-

tiate for-profit from not-for-profit institutions in the price dataset. We also drop Clothing

and Footwear, as prices in these sectors exhibit strong seasonality, with most sales occurring

in January, which is also the month in which most VAT changes occur.

Appendix Figures ?? and ?? 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 post-reform VAT rates. Overall, in our sample of VAT

changes, 28% are VAT decreases and 83% are economy-wide VAT changes.10

4 Finnish Hairdressing Reforms

4.1 Price Response to the VAT Changes and Long-term Persis-

tence

Figure ?? uses time series from Statistics Finland from January 2005 to November 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 hairdressing services was decreased by 14 percentage points and in January 2012,

the rate increased by 14 percentage points; VAT rates for beauty salons, by contrast, were

held fixed throughout.

Four main empirical patterns emerge from Figure ??. First, beauty salons seem to be a

10We discuss some of the institutional reasons that explain why there are more VAT increases than de-
creases in Appendix Section ??.
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natural control group for hairdressing services: prices follow parallel trends throughout the

entire pre-reform period. Second, the largest 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 VAT rate applied to Finnish hairdressers is increased back to its original

level, prices remain higher than for the control group 3.5 years later in spite of the VAT

rates being equal for both groups. In Section 5.4, we provide evidence that asymmetric

pass-through is likewise persistent in other markets and countries. This suggests that the

market equilibrium depends on the history of tax changes.

4.2 Pass-Through Distributions

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 tak-

ing the log difference of prices one month before and one month after the VAT reform:

ρi = log(pafter)− log(pbefore). Figures ?? and ?? plot the distribution of ρi for the VAT de-

crease and increase, respectively, and include all nine types of services.12 The pass-through

distribution for the VAT increase is bi-modal: 27% of prices do not respond to the VAT

increase, while 48% of prices increase by 80% to 120% of the amount of the VAT increase.

The distribution of pass-through for the VAT decrease is uni-modal: 61% of prices do not

change in response to the VAT cut, while the rest decrease but without concentrating 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 sys-

tematically observe a bi-modal distribution following the VAT increase and a uni-modal dis-

11We also estimate the pass-through of the VAT increase and decrease to prices separately for each service
offered by hairdressers, controlling for costs, and find similar levels of asymmetric pass-through: in each
case, prices respond approximately twice as much to the VAT increase as to the VAT decrease (see Online
Appendix Table ??).

12Online Appendix Figure ?? plots a version of Figure ?? that controls for inflation. The distributions are
very similar but otherwise shifted to the left.
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tribution following the VAT decrease for each of the nine services offered by hairdressers.13

Some of the observed heterogeneity could instead be explained by firm heterogeneity. In

Figure ??, we count the number of prices that are changed by firm, divide it by the number

of services offered by each firm and then plot the distribution of the resulting ratio. The

distributions are bi-modal, 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 ? and ?, who point to the importance of accounting for firm-level

heterogeneity when modeling tax behavior.

Pass-Through Distribution Dynamics in the Medium Run. To explore the dynam-

ics of the pass-through distributions, we use a different price dataset collected by Statistics

Finland that allows us to observe prices for longer horizons. This dataset has three main

drawbacks. First, prices are unlikely to be randomly collected.14 Second, the dataset does

not allow us to observe prices immediately after the reform.15 Third, this dataset stops in

2010, thus not allowing us to use it to analyze the VAT increase.

Figures ??, ??, ?? and ?? plot the distribution of ρi = log(pt) − log(p0), where p0 is

price one month before the VAT change and pt is price measured t = {6, 12, 18, 24} months

after the VAT decrease. These figures show that most of the price adjustments occur within

a six month window, after which the excess mass of inert prices remains constant. The

distributions look qualitatively similar to the short-run distributions from Figure ??, with a

mass at zero and the remaining price changes being negative without concentrating at full

pass-through. However, the size of the spike at zero, while constant over time, is different

from the one we observe in the short run in Figure ??. This is likely due to the fact that the

Statistics Finland dataset does not randomize the collection of prices, whereas the one used

13See Online Appendix Figures ??, ??, ?? and ??.
14Statistics Finland over-samples larger firms and firms with prices that are easy to collect, such as firms

with online prices and firms in the Helsinki area.
15The price data collection is such that not all observations are updated immediately, and it can take up

to six months for a given price to be updated.
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in Figure ?? does.

4.3 Asymmetric Response of Profits and Markups

Using administrative corporate tax data on the full population of hairdressers and beauty

salons, we next investigate the response of profits and markups to VAT changes. In this

data we observe turnover, profits and variable and fixed costs, among other variables. As a

proxy for markups, we use turnover minus variable cost divided by variable cost. This proxy

is accurate as long as marginal costs are constant.

Figure ?? 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 ?? shows

a similar graph for markups, which increase by twice as much following the VAT decrease as

they decrease following the VAT increase. We observe no evidence of convergence of profits

or markups towards symmetry three years after the VAT reverts to its original level.17 In

contrast, as shown in Figures ?? and ??, we observe no significant changes in variable and

fixed costs following the VAT changes, thus suggesting that quantities are not affected by

the reform. These observations are consistent with firms using VAT decreases to increase

profits, while passing through VAT increases to prices to minimize their negative impacts on

profits.

16We exclude firms with less than e10,000 in turnover or e1,000 in profits to exclude small firms that are
exempt from remitting VAT.

17Note that we detect no evidence of increased entry (or exit) in the hairdressing sector following the VAT
changes, as shown in Online Appendix Figures ?? and ??, which plot the number of firm entry and exit
over time, respectively. Similarly, investment does not respond to the reforms, as shown in Online Appendix
Figure ??.
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4.4 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 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 which 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 three-year average profit margin prior to the first VAT change (from 2004 to

2006) and break down our sample of hairdressers into five quintile groups from the lowest

profit margin to the highest.18 Figure ?? 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 VAT cut to increase their markups whereas firms in higher quintiles tend

to behave symmetrically. To further mitigate concerns of mean reversion, we carry out two

placebo tests: (1) Figure ?? plots the response of the same quintiles in 2006 and 2011 and

(2) Figure ?? plots the response of beauty salons in 2007 and 2012. We find that changes in

markups are significantly more homogeneous across quintiles in the placebo tests.

4.5 What Do We Learn From the Finnish Evidence?

The Finnish VAT experiment has several advantages: (1) the timing and size of the VAT

changes and the commodities affected by the reforms are not chosen by the Finnish Gov-

ernment but imposed by the European Commission, (2) the VAT increase and decrease are

of the same magnitude and are large (14 percentage points) and (3) we have rich firm level

and price data that allows 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 asymmetry if one only observes two

18Online Appendix Figures ??, ?? and ?? perform 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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VAT changes. 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 importantly, 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 (Figure ??) profits (Figure ??), markups (Figure ??) or costs (Figures ?? and ??)

in either case except at the time of the VAT changes. Nonetheless, we cannot rule out the

possibility that differences in economic conditions between 2007 and 2012 might be affecting

pass-through rates in a way that could bias them towards asymmetry.

For this reason, we turn to an analysis of all VAT changes occurring in the EU from

1996 to 2015. Using these data, we can draw statistical inferences on the magnitude of the

asymmetry, since the sample 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 which we explain in detail below.

5 European VAT Changes

5.1 Graphical Evidence

First, we provide some graphical and non-parametric evidence by examining the uncondi-

tional mean of the price index using the full sample of EU VAT changes in the three months

before and after a VAT reform. In each case, we normalize the series to 100 in the month

preceding the reform.

Figure ?? plots the unweighted average price of all commodities separately for VAT

increases and decreases. The figure shows that prices increase discontinuously in the month

following a VAT increase but decrease less in response to a VAT decrease. Importantly, this

asymmetry is not driven by any subset of commodities. Indeed, when we plot disaggregated

versions of Figure ?? by two-digit COICOP groups (in Online Appendix Figures ??, ?? and
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??), we find that all commodities exhibit this asymmetric pass-through, with the exception

of Communication (COICOP group number 8) and Furnishings, Household Equipment and

Routine Household Maintenance (COICOP group number 5).19

5.2 Fixed-Effects Estimates

To estimate the pass-through to prices of VAT increases and decreases, we first follow the

approach of Evans et al. (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:

∆ log(pict) = β0∆ log(1 + τict)

+
k=10∑

k=−10,k 6=0

βk∆ log(1 + τic(t+k)) + ∆λt + γ∆Xct + ∆εict, (2)

where i denotes the commodity, c the country and t the month in which the price is observed,

λt time fixed effects, pict the price, τict 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 ∈ {log(pict), log(1 + τict), λt, Xct, εict}, ∆xt is equal to xt − xt−1.

In equation (2), β0 identifies the pass-through of a VAT change in the month when the

change occurs: for example, if β0 = 0, then the price does not respond to a VAT change,

and if β0 = 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; β−5, for example, identifies the response of prices at time t to VAT changes that will

occur at time t+ 5.

The fixed-effects regression generalizes an event-study design with multiple periods, com-

modities and countries, and its main identification assumption is the same as that for

19Possibly 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 suggest that we should be cautious in interpreting
these two figures.
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difference-in-differences regressions: absent the tax change, there would have been no change

in the prices of the treated relative to the untreated commodities. Figure ?? shows a sharp

change in prices at the time of the reform, with no pre-trends and no evidence of anticipa-

tory behavior, which lends support to this identification 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 decreases, 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

VAT change are included in both samples.

The results of these fixed effects regressions are reported in Table ??.21 Columns (1) and

(2) of Table ?? correspond to VAT increases and decreases, respectively. The first row of each

regression (labeled β0) shows the pass-through of the VAT change to prices one month after

the reform. In particular, β+i shows the response of prices to VAT changes i months after the

reform, while β−i shows the response of prices i months before the reform. Figures ?? and ??

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 robustness checks, including running

specification (2) without controls but with time fixed effects (Online Appendix Table ??)

20Untreated 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.

21In a recent working paper, Abraham & Sun (2018) show that event study specifications can be prob-
lematic under certain conditions. In our case, these concerns would apply if there were heterogeneous effects
across groups of VAT changes 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 Figure
??, this concern is unlikely to apply to our setting.
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separately on reforms that are classified as temporary and permanent (Online Appendix

Tables ?? and ??), in periods of above- and below-median growth (Online Appendix Table

?? and ??), on reforms that are not concurrent with other tax changes (Online Appendix

Table ??), with country-commodity specific inflation controls (Online Appendix Table ??)

and including more leads and lags (Online Appendix Figures ?? and ??). We find similar

levels of asymmetry in each case. In addition, we examine the relationship between the

timing of VAT changes with underlying economic conditions and find that the two are not

correlated. These correlations are discussed in detail in Appendix Section ??.

5.3 Matching Estimates

In this section, we supplement our fixed-effects estimation with a matching approach that

allows us to better mirror the setting of the Finnish experiment and to more directly interface

with the theoretical predictions derived in Section 2. 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 commodity and in the same

country.

Our matching procedure follows Imbens (2015), and in particular that paper’s approach

to analyzing the Imbens et al. (2001) lottery data (in Section 6.1). First, and motivated

by our theoretical framework from Section 2, we choose a set of key characteristics used

to estimate propensity scores. These characteristics include time, measures of economic

activity, the magnitude of the VAT change and the type of commodity (two digit COICOP

code). Most importantly, guided by results from Section 2, we also match pre-increase VAT

rates to post-decrease VAT rates and pre-decrease VAT rates to post-increase VAT rates.

Second, we use the estimated propensity scores, based on these key characteristics, to trim

the sample as suggested by Crump et al. (2009). Finally, in this trimmed sample, we match

the VAT increases and decreases, using the matching estimator outlined in Section 5.4 of
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Imbens (2015).22 We then estimate equation (2) on the matched sample of VAT changes.

Estimates for pass-through from this matched sample, summarized in Table ??, show

that our finding of asymmetry is robust to matching. Indeed, these estimates reveal asym-

metries that are similar to those estimated using the full (unmatched) sample of reforms. In

Appendix Section ??, we also formally test the ability of our matching procedure to increase

overlap in covariates. 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 et al. (2001) lottery

data.

Because our matched sample mirrors the Finnish experiments, our pass-through estimates

can be directly compared to the predictions of standard incidence theory discussed in Section

2. We conclude that our finding of asymmetric pass-through in the matched sample is difficult

to reconcile with static incidence theory.

We provide more details on how the matching procedure is implemented in Appendix

Section ??, and include formal tests of pre- and post-matching overlap in observables and

further robustness checks. Note that a limitation of our approach is that we cannot match

on pre-reform price levels because our data does not allow us to condition on price levels

in a consistent way across all EU countries and commodities. This limitation implies that

we are implicitly assuming that, conditional on matching on the key characteristics outlined

above, any remaining variation in price levels has no meaningful effect over the asymmetry.

For this reason, a stronger test of the asymmetry would also match on price levels.

22We 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 & Imbens (2008) against using bootstrap with matching
estimators.
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5.4 Long-term Persistence of the Asymmetry

In subsection 4.1 we showed that asymmetry in the pass-through of VATs persisted for

several years after the Finnish hairdressing reforms were enacted. 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 important to focus attention on relatively large VAT changes and sectors in which prices

are relatively stable. Absent these conditions, the effect of VAT changes on prices might be

masked by natural variation in prices and inflation that may be quantitatively significant in

the long-run.

In order to study this we start by considering two case studies that involve large VAT

changes. First, the European Commission approved an application to reclassify sit-down

restaurants from the standard VAT rate to the reduced VAT rate.23 Both France and Finland

took advantage of this new law, leading to a 14 p.p. VAT cut for French sit-down restaurants

and a 9 p.p. 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 p.p. increases in France, in 2012 and 2014 and a 1 p.p. increase

in Finland, in 2013. Figures ?? and ?? show that the asymmetric pass-through persisted over

several years both in Finland and in France. This evidence is to be interpreted cautiously,

in part because the VAT changes are not of the same size and it is conceivable that the

asymmetric pass-through is in part due to that.

Second, and more comprehensively, Hungary cut its standard VAT rate 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 promises preceding the 2006 parliamentary elections. Figure

?? shows the response of commodities that were subject to the standard rate in Hungary

23Following a campaign promise by then French President Jacques Chirac, France applied for an authoriza-
tion to reclassify sit-down restaurants from the standard to the reduced VAT rate in 2002. The application
was approved for all Member States in January 2009.
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compared to a set of control countries.24 We find not 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 re-estimate equation (2) with twenty leads and twenty lags (we

plot the resulting coefficients in Online Appendix Figures ?? and ??). 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 VAT changes in Figure ??. While both cumulative pass-

through rates appear to decrease over time, the magnitude of the asymmetry – which is given

by the difference between the two cumulative pass-through rates – remains relatively constant

and shows no signs of convergence. However, in spite of the two time series being relatively

stable, the precision of the cumulative pass-through estimates mechanically decreases over

time, making any long run statements past 18 months only suggestive.25

6 Conclusion

In this paper, we show that prices respond asymmetrically to VAT changes. First, prices

respond more to VAT increases than to VAT decreases. Second, 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

24We 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 control group countries can be found in
Online Appendix Section ??.

25We 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 Online Appendix Table ??.
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and our findings therefore call into question the empirical relevance of these models for an

important and widely employed tax. It is important for future research to examine how

general these findings are and, in particular, to what degree the types of asymmetries we

document 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 potentially promising avenue is to move beyond the static setting

of classical models, and evaluate to what degree dynamic models of tax incidence can generate

asymmetries like the ones we document.
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Figure 1: Finnish Hairdressing Sector VAT Reforms
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Notes: This figure shows the price of hairdressing 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.

Figure 2: Proportion of Prices Changed by Hairdresser
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Notes: 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.
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Figure 3: Distributional Asymmetry

(a) VAT Decrease Pass-Through
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(b) VAT Increase Pass-Through
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Notes: These figures plot the pass-through distributions of the VAT decrease (Figure ??) and the VAT increase (Figure
??) for Finnish hairdressing services. The red vertical line represents 100% pass-through.
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Figure 4: Medium Term Pass-Through Distribution of the Finnish Hairdressing VAT Cut

(a) VAT Decrease Pass-Through After 6 Months (b) VAT Decrease Pass-Through After 12 Months

(c) VAT Decrease Pass-Through After 18 Months (d) VAT Decrease Pass-Through After 24 Months

Notes: 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 log(pt) − log(p0), where p0 is the price one month
before the reform and pt is the price t = 6, 12, 18, 24 months after the reform.
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Figure 5: Profits, Markups, Variable and Fixed Costs

(a) Profits (b) Markups

(c) Variable Costs (d) Fixed Costs
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Notes: Figures ??, ??, ?? and ?? plot the coefficients from a regression of log profits, log markups, log variable costs
and log fixed costs respectively, on year dummies for Finnish hairdressers and beauty salons.
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Figure 6: Changes in Markups by Quintile of Profit Margins for the Finnish VAT Reforms

(a) Hairdressers in 2007 and 2012 (Treatment) (b) Hairdressers in 2006 and 2011 (Placebo)

(c) Beauty Salons in 2007 and 2012 (Control Group)

Notes: These graphs are generated by breaking down the sample of firms into 5 quintiles of profit margins (turnover
minus deductible costs divided by turnover) using data from 2004 to 2006, with 1 being firms with the smallest profit
margins. For each quintile, we plot changes in their markup following changes in the VAT rate. Figure ?? considers the
14 p.p. VAT increase and decrease for Finnish hairdressers. Figure ?? considers the Finnish hairdressers in 2006 and
2011. Figure ?? considers Finnish beauty salons (which we use a control group for hairdressers) in 2007 and 2012.
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Figure 7: Asymmetric Response of Prices to VAT Changes

(a) Unconditional Means
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(b) Fixed Effects Regression: Increase

-.2

-.1

0

.1

.2

.3

.4

.5

Pa
ss

-T
hr

ou
gh

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10
Month Relative to Reform

Pass-Through to Price if VAT Increase

(c) Fixed Effects Regression: Decrease
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Notes: Figure ?? plots the response of the unconditional means of prices to VAT increases and decreases. Figure ??
and ?? plot the coefficients from the fixed effects regression (2) for VAT increases (??) and VAT decreases (??) on the
full sample of reforms and includes ten-month leads and lags.
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Figure 8: Long-term Persistence of the Asymmetry

(a) Finnish Restaurants
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(b) French Restaurants
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(c) Hungary’s Standard VAT Rate Changes (d) Cumulative Pass-Through
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Notes: Figure ?? plots the response of Finnish sit-down restaurants to a 9 p.p. VAT decrease and a 1 p.p. VAT increase compared to a control
group of Norwegian sit-down restaurants. Figure ?? plots the response of French sit-down restaurants to a 14 p.p. VAT decrease and 1.5 p.p. and
3 p.p. VAT increases relative to a control group of Italian restaurants. We also include a hypothetical counterfactual that uses the VAT increase
pass-through for VAT decreases. Figure ?? plots the response of all commodities subject to the standard VAT rate in Hungary (excluding diesel and
gasoline) to a 5 p.p. VAT decrease and a 5 p.p. VAT increase relative to a control group consisting of neighboring countries. Figure ?? plots the
cumulative pass-through rates of all VAT increases and decreases in our sample over 20 months.
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Table 1: Pass-Through Estimates Using Fixed Effects Regression (Full Sample)

∆ log Price
Increase Decrease

β0 0.34 0.064
(0.063) (0.030)

β+1 0.020 0.025
(0.019) (0.017)

β−2 0.030 0.026
(0.019) (0.015)

β+2 0.020 -0.044
(0.027) (0.021)

β−3 0.015 -0.005
(0.016) (0.028)

β+3 -0.043 -0.004
(0.017) (0.022)

β−4 0.049 -0.020
(0.034) (0.022)

β+4 -0.011 -0.008
(0.027) (0.020)

Time FE Yes Yes
R2 0.014 0.014
Observations 386,557 342,792

Notes: The coefficients reported in this table
show the pass-through of VAT increases and
decreases to prices, estimated using specifica-
tion (2) on the full sample of reforms. The first
column shows the estimates for VAT increases
and the second those for VAT decreases. Stan-
dard errors are clustered by month and are in
parentheses. β0 measures the pass-through of
the VAT change at the time of the reform, and
βi measures price changes i months away from
the reform.
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Table 2: Pass-Through Estimates: Matched Sample

With Trimming Without Trimming
∆ log Price ∆ log Price

Increase Decrease Increase Decrease

β0 0.29 0.042 0.33 0.056
(0.10) (0.047) (0.066) (0.037)

β+1 0.021 0.025 0.020 0.025
(0.019) (0.017) (0.019) (0.017)

β−2 0.031 0.026 0.030 0.026
(0.019) (0.015) (0.019) (0.015)

β+2 0.021 -0.044 0.020 -0.044
(0.027) (0.021) (0.027) (0.021)

β−3 0.016 -0.0050 0.015 -0.0050
(0.016) (0.028) (0.016) (0.028)

β+3 -0.042 -0.0047 -0.042 -0.0046
(0.018) (0.022) (0.018) (0.022)

β−4 0.051 -0.020 0.049 -0.020
(0.034) (0.022) (0.034) (0.022)

β+4 -0.0092 -0.0089 -0.0096 -0.0089
(0.027) (0.020) (0.027) (0.020)

Time FE Yes Yes Yes Yes
R2 0.013 0.014 0.014 0.014
Observations 384,559 342,453 386,080 342,477

Notes: This table reports the pass-through estimates of VAT increases
and decreases to prices estimated using specification (2) on matched re-
forms. The first two columns implement the matching estimator on a
trimmed sample using the approach outlined in Imbens (2015). Propen-
sity scores are estimated using logit. The third and fourth columns 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 addition, we match the pre-
increase VAT rate to the post-decrease VAT rate and the post-increase
VAT rate to the pre-decrease VAT rate. The first and third columns show
the estimates for VAT increases and the second and fourth that for VAT
decreases. Standard errors are clustered by month and are in parenthe-
ses. β0 measures the pass-through of the VAT change at the time of the
reform and βi measures price changes i months away from the reform.
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APPENDIX

A Matching VAT Increases and Decreases

In this section, we first provide details of the matching approach we use in Section 5.3

and then discuss and provide the results of several alternative matching algorithms and

specifications.

Matching estimator. Our matching approach follows Imbens (2015). We follow the

application of its approach to the Imbens et al. (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 sample using a logistic regression. Second,

it trims the original sample by dropping extreme observations, using the threshold derived

in Crump 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 section 5.4 of Imbens (2015) – on the resulting sample. We implement these three steps

on our sample of VAT increases and decreases and then re-estimate specification (2) on the

resulting subsample of VAT reforms.

Note that we report the resulting estimates for both the trimmed and matched sample

(which corresponds to the Imbens (2015) approach) as well as the matched 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 observations 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 ??), the matched only specification (Table ??

col. 3 and 4) and the matched and trimmed specification (Table ?? col. 1 and 2) should give

us a sense of how likely the estimated asymmetry is due to VAT increases and decreases being

different. If pass-through estimates for VAT increases and decreases become closer as the

sample of VAT increases and decreases is made more comparable by matching and trimming,

one should be seriously concerned as to whether the estimated asymmetry is mechanically

driven by the VAT changes being inherently different. If instead, the estimated asymmetry is

similar, concerns that differences in the samples of VAT increases and decreases are driving

the asymmetry would be seriously mitigated.

Table ?? reports the results of this matching estimator. Overall, our finding of asymmetry

26We 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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is robust both in the matched sample (columns 3 and 4) as well as in the matched and

trimmed sample (columns 1 and 2). The more stringent specification, which is the trimmed

and matched sample, generates levels of asymmetry that are similar to the matched 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.

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:

∆X,k =
Xinc,k −Xdec,k√

(S2
X,inc,k + S2

X,dec,k)/2
, (3)

where Xdec,k = 1
Ndec

∑
i∈D

Xi,k, and Xinc,k = 1
Ninc

∑
i∈I
Xi,k and

S2
X,dec,k = 1

Ndec−1

∑
i∈D

(Xi,k −Xdec,k)
2 and S2

X,inc,k = 1
Ninc−1

∑
i∈I

(Xi,k −Xinc,k)
2

where i is a given VAT change, Xi,k is an element of the covariate vector Xi, Ninc is the

number of VAT increases, Ndec 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 sample means are equal even when 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 which

normalized differences are considered to be too large. Instead, we benchmark our normalized

differences against those estimated by Imbens (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 normalized differences. A well performing matching procedure should reduce

any large normalized differences.

Appendix Table ?? reports the normalized differences for the main covariates we consider

in our main specification: time, magnitude of VAT change, economic conditions, commodity
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type, pre-increase VAT rate matched to post-decrease VAT rate and post-increase VAT rate

matched to pre-decrease VAT rate. Note that rather than reporting normalized differences

for the 235 different months, and since the main concern with timing is that reforms might

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 nor-

malized differences estimated in the original sample. On point (1): while there is no specific

threshold for normalized differences, Imbens (2015) mentions 0.3, in absolute value, for ex-

ample as a possible benchmark in Section 6.1.1. The normalized differences we estimate in

the trimmed sample are all smaller than 0.3. Moreover, the normalized differences we esti-

mate are smaller than the ones Imbens (2015) estimates using the lottery data. For example,

two covariates in Imbens (2015) have normalized differences in excess of 0.3 in its trimmed

sample (0.51 and -0.47), while the largest normalized difference in our trimmed sample is

0.27, in absolute value. On point (2), the variables that have large normalized differences in

the full sample of VAT reforms are substantially affected by trimming: the normalized differ-

ences for economic conditions are reduced from 0.43 to 0.10, for pre-decrease/post-increase

from -0.60 to 0.06, for pre-increase/post-decrease from -0.33 to 0.07, for size of VAT change

from -0.32 to -0.03 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 decreases

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.

Further Robustness We implement two sets of further robustness checks and one regres-

sion correction 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 we match 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 variables we choose performs very

well at reducing normalized differences and (2) the variables we choose are driven by specific

27We also estimate equation (2) where, in addition to the baseline terms, we include interactions of the
treatment variable with all covariates and find similar levels of asymmetric pass-through, as shown in Online
Appendix Table ??.
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concerns derived from theory (Section 2) and we believe these concerns provide a better

justification than using automatic algorithms; Heckman et al. (1997), for example, insists

on using economic theory to choose what variables need to be included when 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 Online Appendix Table ??. Second, we exclude all

matching variables and match only pre-increase VAT rates to post-decrease VAT rates and

post-increase VAT rates to pre-decrease VAT rates in Online Appendix Table ??. While

the estimated pass-through rates vary slightly, we systematically estimate similar levels of

asymmetric pass-through, mitigating concerns that our main matching specification is not

robust to the choice of matching variables.

Second, Imbens (2015) insists (in Section 5.2) on testing whether the results are sensitive

to estimating the propensity score using probit instead of logit. In Online Appendix Table

??, we re-estimate our main matching specification using probit and find similar levels of

asymmetric pass-through.

Third, Imbens (2015) points out that “[...] unless a particular estimator is robust to mod-

est changes in the implementation, any results should be viewed with suspicion.” Therefore,

in addition to the estimator used by Imbens (2015) in the lottery data, we implement three

more matching algorithms with the same baseline matching characteristics. Online Appendix

Table ?? 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 implement 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 a method to correct for any differences in the two samples

that remain after the samples are trimmed. The approach is explained in detail in Section

5.4 of Imbens (2015). Online Appendix Table ?? 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 normalized differences we

estimate in the trimmed sample are small.
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B The timing of VAT changes is not correlated with

economic conditions.

This section implements an alternative to the matching approach (Appendix Section ??)

to address the concern that some of the EU VAT changes might be endogenous to the

underlying economic conditions. First, we use economics and institutional knowledge to

identify the variables we expect, ex-ante, to be correlated with 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 insti-

tutional details below, we can expect VAT changes to occur (1) for political reasons, such as

electing more fiscally conservative governments; (2) for institutional reasons, mainly because

of the VAT harmonization efforts led by the EU, and (3) for economic reasons, such as using

VAT changes to counteract changing economic conditions. We describe each of these below.

First, there are reasons to expect the timing of VAT changes to be correlated with political

variables, such as the strength of the governing coalition and changes in the governing party.

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 et al. (2012), for example, show that political variables (strength

of the governing coalition and weakness of the opposition party) are more likely to predict

tax reforms than economic conditions (GDP and unemployment). Moreover, Hallerberg &

Scartascini (2017) show that electoral considerations are more likely to drive VAT changes

than economic considerations. Moreover, Foremny & Riedel (2014) show that changes in

local business taxes in Germany 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, VAT changes could also be due to institutional reasons. The European Commis-

sion adopted legislation in 2006 that significantly restricted the ability of Member States to

freely set their VAT rates. Council Directive 2006/112/EC explicitly mandated that Member

States should progressively start abiding by the following rules: (1) increase the standard

VAT rate above 15% and the reduced VAT rate above 5%; (2) restrict the reduced VAT rate

to a pre-specified set of commodities, essentially preventing Member States from artificially

reducing VAT rates by reclassifying commodities from the standard to the reduced VAT rate;

(3) any reduction of VAT rates below 15% (or reclassification from 15% to 5%) was to be
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approved 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 conditions. Except

for Council Directive 2006/112/EC, there are no other laws that restrict 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 identification 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 US, is

the organization that dates recessions and expansions. The main measures they consider

are GDP and employment. The underlying reasoning is that GDP rises during periods

of expansions, while unemployment falls, and conversely GDP falls during recessions while

unemployment rises. Fuest et al. (2018), for example, estimates the incidence of corporate

taxes using changes in corporate tax rates over time, and uses GDP and the unemployment

rate to show that corporate tax changes are not driven by economic 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:

Reformict =
t=−1∑
t=−12

αt log(TRct) +
t=−1∑
t=−12

βt log(GDPct) +
t=−1∑
t=−12

γt log(URct)

+ λt + δc + πi + εict, (4)

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; λt are time (in months) fixed effects; δc are country fixed effects; πi 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

28The third rule is not explicitly laid out in Council Directive 2006/112/EC, but, procedurally, any ex-
emptions to a given Council Directive requires a vote by the 28 Member States.
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increases. The outcome variable for the full sample is equal to one if there is a VAT change

and zero otherwise; the outcome variable for the sample excluding VAT decreases is equal to

one if there is a VAT increase and zero otherwise; and the outcome variable for the sample

excluding VAT decreases is equal to one if there is a VAT increase and zero otherwise.

Online Appendix Table ?? shows that there is no relationship between the timing of VAT

changes – whether increases or decreases – with the underlying economic conditions leading

up to the reforms or with total tax revenue. Using sector-specific measures of economic con-

ditions instead of GDP, such as turnover by sector, yields similar results, as shown in Online

Appendix Table ??. This further mitigates concerns that VAT changes are endogenous to

economic conditions. In an additional robustness check, we also re-estimate equation (2)

separately for VAT changes that occur during periods of above- and below-median growth

(Online Appendix Tables ?? and ??) and find that pass-through rates are also asymmetric.
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Figure B.9: EU VAT Changes: Summary Statistics
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Figure B.10: EU VAT Changes: Summary Statistics (continued)
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Table B.3: Summary Statistics For Finnish Hairdressers and Beauty Salons

Hairdressers Beauty Salons

Mean Median S.D. N. Mean Median S.D. N.

Turnover 40190 25924 231039 157082 35643 18504 143747 45368
Profits 13787 11330 15193 155837 9610 5048 19365 44332
Costs 26699 13285 213093 162634 26865 11415 126093 47347
Total Assets 12841 2834 79027 112682 13065 2115 84635 36984
Nb. Employees 0.40 0 4.22 162634 0.37 0 3.53 47347
Cost of Employees 1129 0 20138 145729 766 0 10709 43649
Sole Proprietors 0.91 1 0.29 162634 0.89 1 0.31 47347
Partnerships 0.05 0 0.21 162634 0.03 0 0.18 47347
Corporations 0.05 0 0.21 162634 0.07 0 0.26 47347

No. of firms in 2006 12,301 3,073

Notes: 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 B.4: Normalized Differences Before and After Matching

Normalized Differences
Full Sample Trimmed Sample

Pre-increase post-decrease -0.33 0.07
Pre-decrease post-increase -0.60 0.06
Economic Conditions 0.43 0.10
Size of VAT Change -0.32 -0.03
Recession Months 0.56 0.27
COICOP 1 -0.09 -0.08
COICOP 2 -0.05 0.00
COICOP 3 0.04 0.05
COICOP 4 -0.07 -0.02
COICOP 5 -0.04 0.00
COICOP 6 0.12 -0.05
COICOP 7 0.01 -0.03
COICOP 8 0.08 0.02
COICOP 9 0.00 0.07
COICOP 10 -0.07 0.01

Notes: This table reports the normalized differences for the variables we use
to match VAT increases to VAT decreases using our main matching specifica-
tion. The first column reports the normalized differences for the full sample
of reforms and the second column for the trimmed sample of reforms. Pre-
increase post-decrease matches pre-increase VAT rates to post-decrease VAT
rates and pre-decrease post-increase matches pre-decrease VAT rates to post-
increase VAT rates.
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ONLINE APPENDIX

C Standard Perfect and Imperfect Competition Mod-

els

In this section, we derive the conditions under which standard perfect and imperfect com-

petition models can generate asymmetric pass-through in an unmatched sample that does

not mirror the Finnish experiment, i.e., in a setting where pre-increase VAT rates are not

matched/equal to post-decrease VAT rates and pre-decrease VAT rates are not matched/equal

to post-increase VAT rates. We use the framework of Hamilton (1999).

C.1 General Framework

We assume that there are n firms that produce a homogeneous good. Firm i produces yi

units of the good and the aggregate industry output is given by Y =
∑n

i=1 yi. P (Y ) is

the industry’s inverse demand function, its derivative is negative and defined throughout its

support. The profit of firm i is given by

Πi = P (Y )yi − ci(yi)

We denote by δ = dY
dyi

the response of aggregate output to changes in the output of firm

i. This key parameter is a sufficient statistic for the degree of competition in the market.

The degree of competition is negatively correlated with δ ∈ (0, n], with δ = n corresponding

to tacit collusion and δ = 1 to Cournot-Nash. Following Hamilton (1999), we assume that δ

is constant.

The first and second order conditions, as derived in Hamilton (1999), are given by:

Πy = P + yδPy − cy = 0 (5)

Πyy = 2δPy + yδ2Pyy − cyy < 0 (6)

C.2 Generalized Cournot Model

The Generalized Cournot Model corresponds to the case where δ ∈ (0, n]. To estimate the

pass-through of taxes to prices, we introduce an ad-valorem tax τ . The first order condition,

as derived in Hamilton (1999), is given by:
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P = c′i(yi)(1 + τ)− PY δyi. (7)

Assuming that marginal cost is constant and summing up condition (??) over all firms

i, we get:

P =
C(1 + τ)

n
− PY δY

n
, (8)

where C =
∑

i c
′
i(yi) and Y =

∑
i yi.

Denote by ρ(τ) = d log(P )
d log(1+τ)

= dP
d(1+τ)

1+τ
P

. We differentiate (??) with respect to 1 + τ and

get the following condition:

ρ(τ) =
C

n

1 + τ

P
− δ

n

(
PY Y

dY

dP

dP

d(1 + τ)
Y + PY

dY

dP

dP

d(1 + τ)

)
1 + τ

P
,

which can be re-written as:

ρ(τ) =
C

n

1 + τ

P
+
δ

n
ερ(τ)− δ

n
ρ(τ)

where ε = −PY Y Y
PY

, is a measure of the curvature of the inverse demand function and is a

function of τ . This equation simplifies to:

ρ(τ) =
C(1 + τ)

P (n+ δ(1− ε))
. (9)

Notice, from (??), that C(1 + τ) = nP + PY δY and replace it in (??) to get:

ρ(τ) =
nP + PY δY

P (n+ δ(1− ε))
. (10)

Denote by εD = −dY
dP

P
Y

= − 1
PY

P
Y

. Therefore, (??) can be written as:

ρ(τ) =
n− δ

εD

n+ δ(1− ε)
. (11)

Note that both ε and εD can, in principle, depend on τ , depending on what demand

function we assume. Intuitively, ρ(τ) is a measure of the marginal pass-through of a small

change in taxes. Marginal and average pass-through rates can be very close if the tax

change is small, but are not necessarily equal for large tax changes. We denote by κ(T ) =
1
T

∫ T
0
ρ(τ)dτ the average pass-through of a large change T in the ad-valorem tax rate.

It is worth emphasizing that, as long as the inverse demand function is twice differentiable,

marginal pass-through rates are always symmetric for increases and decreases in tax rates,
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which implies that average pass-through rates, for sufficiently small tax changes, are always

symmetric. For sufficiently large tax changes, there are two possible thought experiments.

The first one considers a tax decrease (increase) of magnitude T , starting from a baseline rate

t and followed by a tax increase (decrease) of the same magnitude. As argued in Section 2,

asymmetric pass-through is inconsistent with standard incidence in such cases. The second

thought experiment considers tax changes of similar magnitude but of different direction,

starting from the same baseline rate. Formally, pass-through is asymmetric in this case if

κ(T ) > κ(−T ), i.e., ∫ T

0

[ρ(τ)− ρ(−τ)] dτ > 0 (12)

While this condition has no closed-form solution, we can rule out some standard demand

functions, such as constant elasticity demand functions, which are the most commonly used

demand functions, according to Fabinger & Weyl (2018). Importantly, these demand func-

tions can be ruled out for any degree of competition and any magnitude of demand (or

supply) elasticity in the Generalized Cournot Model. The argument for why constant elas-

ticity demand functions cannot generate any asymmetry in this case, relies on the fact that
dρ
dτ

= 0, since both dε
τ

= 0 and dεD

dτ
= 0, which necessarily implies symmetric pass-through,

since κ(T ) = κ(−T ). Note that we cannot rule out linear or exponential demand functions

without relying on calibrations.

In general, whether pass-through can be larger for VAT increases relative to decreases

depends on the sign of dρ
dτ

. If dρ
dτ
< 0, then pass-through is larger for decreases relative to

increases, which is inconsistent with our evidence. If instead, dρ
dτ

= 0, then pass-through is

symmetric. And if ρ is non-monotonic with respect to τ , i.e., dρ
dτ

changes sign, then pass-

through can be either larger or smaller for increases relative to decreases, depending on the

range over which ρ is evaluated, but is not systematically larger for increases relative to

decreases, as we show. Therefore, a necessary condition for pass-through to be larger for

increases relative to decreases is that dρ
dτ
> 0, i.e.,

dρ

dτ
=

δ
(εD)2

dεD

dτ
(n+ δ(1− ε)) + δ dε

dτ
(n− δ

εD
)

(n+ δ(1− ε))2
> 0 (13)

which imposes parametric restrictions over the relative magnitudes of the first, second and

third derivatives of the demand function, as well as on how competitive the market is, as mea-

sured by δ. And while functional forms that would satisfy this condition would yield larger

pass-through for VAT increases relative to decreases, i.e., κ(T ) > κ(−T ) further parametric

restrictions are needed in order to generate asymmetric pass-through of the magnitude we
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estimate, i.e., κ(T ) > µκ(−T ), where µ varies between 2 and 5 depending on the estimates.

C.3 Perfect Competition

Marginal pass-through under perfect competition can be derived from the equilibrium con-

dition D(P ) = S( P
1+τ

), where S is the supply function, D the demand function, P the

consumer price and the producer price is given by Q = P
1+τ

. Differentiating this condition

with respect to 1 + τ yields:

ρ(τ) =
S ′

S ′ − (1 + τ)D′
,

where ρ(τ) = d log(P )
d(1+τ)

.

Denote by εS = dS
dQ

Q
S

= S ′ P
(1+τ)S

the supply elasticity and εD = −dD
dP

P
D

= −D′ P
D

the

demand elasticity. Since D = S in equilibrium, we can re-write ρ(τ) as:

ρ(τ) =
εS

εS + εD
. (14)

Similarly to the imperfect competition case, for pass-through to be asymmetric, we need
dρ
dτ
> 0, i.e.,

dεS

dτ
εD − dεD

dτ
εS

(εS + εD)2
> 0. (15)

Similarly to the imperfect competition case, underlying this condition are parametric

restrictions on the first and second derivatives of the demand and supply functions and even

if these restrictions are met, stricter parametric restrictions are needed in order to generate

asymmetric pass-through rates of the magnitude we estimate.

D Hungarian Reforms: List of Commodities and Con-

trol Group Countries

Commodities: The commodities included in Figure ?? are all commodities subject to

the standard rate except for diesel and gasoline. The full list is: Actual rentals for hous-

ing, Audio-visual, photographic and information processing equipment, Books, Carpets and

other floor coverings, Catering services, Clothing, Clothing materials, Electrical appliances

for personal care; other appliances, articles and products, Electricity, Furniture and fur-

nishings, carpets and other floor coverings, Glassware, tableware and household utensils,

Hairdressing salons and personal grooming establishments, Household textiles, Information
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processing equipment, Jewelry, clocks and watches, Maintenance and repair of personal trans-

port equipment, Maintenance and repair of the dwelling, Major durables for indoor and

outdoor recreation including musical instruments, Materials for the maintenance and repair

of the home, Personal effects n.e.c., Pharmaceutical products, Photographic and cinemato-

graphic equipment and optical instruments, Purchase of vehicles, Refuse collection, Repair

of furniture, furnishings and floor coverings, Restaurants and hotels, Restaurants, cafs and

the like, Services for the maintenance and repair of the home, Sewerage collection, Tools and

equipment for the home and garden, Water supply.

Control Group Countries: The control group countries are an unweighted average of

Austria, Belgium, Bulgaria, Estonia, Germany, Italy, Luxembourg, Norway and Romania.
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Figure E.11: Finnish Hairdressing VAT Reforms Pass-Through Distributions With Controls
For Inflation
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Notes: These Figures plot the pass-through distribution of the Finnish hairdressing
sector VAT increase and decrease experiments (as in Figure ??), while controlling for
inflation.
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Figure E.12: Pass-Through Distribution By Service: VAT Increase
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Notes: These figures are a disaggregated version of Figure ??. Each figure plots the distribution of pass-through following
a VAT increase for each service offered by hairdressers.
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Figure E.13: Pass-Through Distribution By Service: VAT Increase
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Notes: These figures are a disaggregated version of Figure ??. Each figure plots the distribution of pass-through following
a VAT increase for each service offered by hairdressers.
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Figure E.14: Pass-Through Distribution By Service: VAT Decrease
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Notes: These figures are a disaggregated version of Figure ??. Each figure plots the distribution of pass-through following
a VAT decrease for each service offered by hairdressers.
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Figure E.15: Pass-Through Distribution By Service: VAT Decrease
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Notes: These Figures are a disaggregated version of Figure ??. Each Figure plots the distribution of pass-through
following a VAT decrease for each service offered by hairdressers.
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Figure E.16: Number of Firms in the Finnish Hairdressing Sector

Notes: This figure uses the administrative dataset containing information on the full
population of Finnish hairdressers, beauty salons, massage parlors and physical ther-
apists to plot the number of firms in each sector over time. Others include massage
parlors and physical therapy industries in Finland.
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Figure E.17: Entry and Exit in the Finnish Hairdressing Sector

Notes: These figures use the administrative dataset containing information on the
full population of Finnish hairdressers, beauty salons, massage parlors and physical
therapists to plot the number of firms entering and exiting each sector over time.
Others include entry and exit in the massage parlor and physical therapy industries in
Finland.
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Figure E.18: Finnish Hairdressing Reforms: Investments
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Notes: This figure plots the response of investments to the Finnish VAT hairdressing
reforms.
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Figure E.19: Changes in Markups by Quintile of Operating Margins for the Finnish VAT Reforms

(a) Hairdressers in 2007 and 2012 (Treatment) (b) Hairdressers in 2006 and 2011 (Placebo)

(c) Finnish Beauty Salons in 2007 and 2012 (Control)

Notes: To generate these graphs, we break down the sample of firms into 5 quintiles of operating margins (turnover
minus deductible costs divided by turnover) using data from 2004 to 2006 for 2007 and 2009 to 2011 for 2012, with 1
being firms with the smallest operating margins. For each quintile, we plot changes in their markup following changes
in the VAT. Figure ?? considers the 14 p.p. VAT increase and decrease for Finnish hairdressers. Figure ?? considers
the Finnish hairdressers in 2006 and 2011. Figure ?? considers Finnish beauty salons (which we use a control group for
hairdressers) in 2007 and 2012.
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Figure E.20: Asymmetric Response of Prices to VAT Changes by 2-Digit COICOP Code in the Full Sample

Pass−through = 65 percent

Pass−through = 23 percent

96

98

100

102

P
ri
c
e
 I
n
d
e
x

−3 −2 −1 0 1 2 3
Months Before/After Reform

Price if VAT Increase Price if VAT Decrease

VAT Rate if VAT Increase VAT Rate if VAT Decrease

Food and Non−Alcoholic Beverages

Pass−through = 107 percent

Pass−through = −1 percent

98

100

102

104

P
ri
c
e
 I
n
d
e
x

−3 −2 −1 0 1 2 3
Months Before/After Reform

Price if VAT Increase Price if VAT Decrease

VAT Rate if VAT Increase VAT Rate if VAT Decrease

Alcoholic Beverages, Tobacco and Narcotics

Pass−through = 92 percent

Pass−through = 12 percent

98

99

100

101

102

103

P
ri
c
e
 I
n
d
e
x

−3 −2 −1 0 1 2 3
Months Before/After Reform

Price if VAT Increase Price if VAT Decrease

VAT Rate if VAT Increase VAT Rate if VAT Decrease

Housing, Water, Electricity, Gas and Other Fuels

Pass−through = 47 percent

Pass−through = 3 percent

97

98

99

100

101

102

P
ri
c
e
 I
n
d
e
x

−3 −2 −1 0 1 2 3
Months Before/After Reform

Price if VAT Increase Price if VAT Decrease

VAT Rate if VAT Increase VAT Rate if VAT Decrease

Misc. Goods

Notes: Each of these graphs is a disaggregated version of Figure ??: they plot the response of prices to changes in the
VAT rate by groups of commodities.
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Figure E.21: Asymmetric Response of Prices to VAT Changes by 2-Digit COICOP Code in the Full Sample
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Notes: Each of these graphs is a disaggregated version of Figure ??: they plot the response of prices to changes in the
VAT rate by groups of commodities.
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Figure E.22: Commodities With No Asymmetry
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Notes: Each of these graphs is a disaggregated version of Figure ??: they plot the response of prices to changes in the
VAT rate by groups of commodities. These figures show the commodities for which there is no asymmetry. Clothing
and Footwear (upper left) shows a price decrease for both VAT increases and decreases consistent with sales occurring at
the same time as VAT reforms (mostly in January), it is excluded from our main specification. Communication (upper
right) and Furnishings, Household equipment etc. (bottom) are included in our main specification.
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Figure E.23: Asymmetric Response of Prices to VAT Changes (20-month window)
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(b) Fixed Effects Regression: Decrease
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Notes: Figure ?? and ?? plot the coefficients from the fixed effects regression (2) for VAT increases (??) and VAT
decreases (??) on the full sample of reforms and including twenty-month leads and lags.
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Table E.5: COICOP Codes

COICOP Codes Description
01 Food and Non-Alcoholic Beverages

01.1 Food
01.2 Non-Alcoholic Beverages
02 Alcoholic Beverages, Tobacco and Narcotics

02.1 Alcoholic Beverages
02.2 Tobacco
02.3 Narcotics
03 Clothing and Footwear

03.1 Clothing
03.2 Footwear
04 Housing, Water, Electricity, Gas and Other Fuels

04.1 Actual Rentals For Housing
04.2 Imputed Rentals For Housing
04.3 Maintenance and Repair of the Dwelling
04.4 Water Supply and Misc Services Relating to the Dwelling
04.5 Electricity, Gas and Other Fuels
05 Furnishings, Household Equipment and Routine Household Maintenance

05.1 Furniture and Furnishings, Carpets and Other Floor Coverings
05.2 Household Textiles
05.3 Household Appliances
05.4 Glassware, Tableware and Household Utensils
05.5 Tools and Equipment for House and Garden
05.6 Goods and Services for Routine Household Maintenance
06 Health

06.1 Medical Products, Appliances and Equipment
06.2 Outpatient Services
06.3 Hospital Services
07 Transport

07.1 Purchase of Vehicles
07.2 Operation of Personal Transport Equipment
07.3 Transport Services

Notes: This table reports the COICOP codes used by Eurostat to describe price categories.
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Table E.6: COICOP Codes (continued)

COICOP Code Description
08 Communication

08.1 Postal Services
08.2 Telephone and Telefax Equipment
08.3 Telephone and Telefax Services
09 Recreation and Culture

09.1 Audio-Visual, Photographic and Information Processing Equipment
09.2 Other Major Durables For Recreation and Culture
09.3 Other Recreational Items and Equipment, Gardens and Pets
09.4 Recreational and Cultural Services
09.5 Newspapers, Books and Stationery
09.6 Package Holidays
10 Education

10.1 Pre-Primary and Primary Education
10.2 Secondary Education
10.3 Post-Secondary Non-Tertiary Education
10.4 Tertiary Education
10.5 Education Not Definable By Level
11 Restaurants and Hotels

11.1 Catering Services
11.2 Accommodation Services
12 Misc. Goods and Services

12.1 Personal Care
12.2 Prostitution
12.3 Personal Effects
12.4 Social Protection
12.5 Insurance
12.6 Financial Services
12.7 Other Services

Notes: This table reports the COICOP codes used by Eurostat to describe price categories.
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Table E.7: Finnish Hairdressing VAT Pass-Through Rates with Cost Controls by Type of
Service

VAT Increase VAT Decrease
Pass-Through Pass-Through

Men’s haircut 0.751 0.354
(0.0512) (0.0926)

Observations 266 268
Women’s haircut 0.723 0.235

(0.0546) (0.0337)
Observations 163 299
Coloring 0.844 0.248

(0.0498) (0.0344)
Observations 260 287
Coloring - demanding 0.723 0.166

(0.0416) (0.200)
Observations 159 283
Perm 0.768 0.377

(0.0365) (0.119)
Observations 234 113
Perm - demanding 0.742 0.420

(0.0495) (0.0744)
Observations 120 285
Kid’s haircut 0.927 0.363

(0.0747) (0.0452)
Observations 212 280
Special haircut 0.684 0.280

(0.0638) (0.109)
Observations 202 237

Notes: This table reports the VAT increase (column (1)) and de-
crease (column (2)) pass-through rates for every hairdressing ser-
vice we observe with controls for variable costs. Pass-through is
estimated by regressing differences in log prices over time normal-
ized by the size of the VAT change on an indicator variable equal
to 1 for post-reform and zero otherwise as well as control variables
for variable costs. Standard errors are clustered at the firm level
and are reported in parenthesis.
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Table E.8: Pass-Through Estimates Without Controls

∆ log Price
Increase Decrease

β0 0.33 0.071
(0.061) (0.028)

β+1 0.011 0.028
(0.016) (0.017)

β−2 0.017 0.039
(0.019) (0.015)

β+2 0.027 -0.038
(0.031) (0.020)

β−3 -0.0067 0.0044
(0.015) (0.025)

β+3 -0.038 -0.0061
(0.019) (0.023)

β−4 0.034 -0.027
(0.031) (0.037)

β+4 -0.016 -0.0047
(0.026) (0.020)

Time FE Yes Yes
R2 0.017 0.018
Observations 434070 387175

Notes: The coefficients reported in this ta-
ble indicate the pass-through of VAT increases
and decreases to prices, estimated using spec-
ification (2) without controls (but including
time fixed effects). The first column shows
the estimates for VAT increases and the sec-
ond those for VAT decreases. Standard errors
are clustered by month and are in parenthe-
ses. β0 measures the pass-through of the VAT
change at the time of the reform, and βi mea-
sures price changes i months away from the
reform.
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Table E.9: Pass-Through Estimates For Temporary VAT Changes

∆ log Price
Increase Decrease

β0 0.34 0.079
(0.084) (0.043)

β+1 0.032 0.038
(0.023) (0.025)

β−2 0.036 0.024
(0.022) (0.016)

β+2 -0.010 -0.038
(0.024) (0.028)

β−3 0.0049 0.00058
(0.018) (0.036)

β+3 -0.051 -0.020
(0.022) (0.027)

β−4 0.042 -0.0070
(0.039) (0.024)

β+4 -0.033 -0.0063
(0.027) (0.028)

Time FE Yes Yes
R2 0.014 0.014
Observations 367631 331157

Notes: The coefficients reported in this ta-
ble indicate the pass-through of VAT increases
and decreases to prices, estimated using spec-
ification (2) on temporary VAT changes. The
first column shows the estimates for VAT in-
creases and the second those for VAT de-
creases. Standard errors are clustered by
month and are in parentheses. β0 measures
the pass-through of the VAT change at the
time of the reform, and βi measures price
changes i months away from the reform.
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Table E.10: Pass-Through Estimates For Permanent VAT Changes

∆ log Price
Increase Decrease

β0 0.26 0.028
(0.073) (0.023)

β+1 -0.023 0.012
(0.014) (0.019)

β−2 0.019 0.010
(0.022) (0.013)

β+2 0.045 -0.031
(0.023) (0.022)

β−3 0.013 -0.0011
(0.015) (0.026)

β+3 -0.0090 0.0030
(0.019) (0.019)

β−4 0.037 -0.024
(0.034) (0.023)

β+4 -0.0063 0.011
(0.031) (0.020)

Time FE Yes Yes
R2 0.014 0.014
Observations 364272 332067

Notes: The coefficients reported in this ta-
ble indicate the pass-through of VAT increases
and decreases to prices, estimated using spec-
ification (2) on permanent VAT changes. The
first column shows the estimates for VAT in-
creases and the second those for VAT de-
creases. Standard errors are clustered by
month and are in parentheses. β0 measures
the pass-through of the VAT change at the
time of the reform, and βi measures price
changes i months away from the reform.
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Table E.11: Pass-Through Estimates Using Fixed Effects Regression (High Growth)

∆ log Price
Increase Decrease

β0 0.32 0.066
(0.072) (0.034)

β+1 0.033 0.033
(0.031) (0.016)

β−2 0.017 0.022
(0.019) (0.016)

β+2 0.023 -0.058
(0.030) (0.019)

β−3 0.019 -0.014
(0.018) (0.031)

β+3 -0.044 0.0035
(0.022) (0.023)

β−4 0.048 -0.033
(0.039) (0.021)

β+4 0.0051 -0.014
(0.026) (0.021)

Time FE Yes Yes
R2 0.014 0.014
Observations 382,420 341,847

Notes: The coefficients reported in this ta-
ble show the pass-through of VAT increases
and decreases to prices, estimated using spec-
ification (2) on VAT changes that occur dur-
ing periods of above median growth. The first
column shows the estimates for VAT increases
and the second those for VAT decreases. Stan-
dard errors are clustered by month and are in
parentheses. β0 measures the pass-through of
the VAT change at the time of the reform, and
βi measures price changes i months away from
the reform.
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Table E.12: Pass-Through Estimates Using Fixed Effects Regression (Low Growth)

∆ log Price
Increase Decrease

β0 0.50 0.052
(0.080) (0.017)

β+1 -0.046 -0.031
(0.035) (0.021)

β−2 0.12 0.058
(0.017) (0.075)

β+2 0.0093 0.070
(0.036) (0.050)

β−3 -0.0036 0.064
(0.016) (0.029)

β+3 -0.050 -0.067
(0.029) (0.0079)

β−4 0.090 0.070
(0.053) (0.010)

β+4 -0.096 0.032
(0.012) (0.020)

Time FE Yes Yes
R2 0.014 0.014
Observations 339,377 336,185

Notes: The coefficients reported in this ta-
ble show the pass-through of VAT increases
and decreases to prices, estimated using spec-
ification (2) on VAT changes that occur dur-
ing periods of below median growth. The first
column shows the estimates for VAT increases
and the second those for VAT decreases. Stan-
dard errors are clustered by month and are in
parentheses. β0 measures the pass-through of
the VAT change at the time of the reform, and
βi measures price changes i months away from
the reform.
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Table E.13: Pass-Through Estimates Excluding VAT Changes Concurrent With Other Tax
Changes

∆ log Price
Increase Decrease

β0 0.34 0.046
(0.070) (0.026)

β+1 0.026 0.020
(0.019) (0.019)

β−2 0.035 0.019
(0.020) (0.013)

β+2 0.017 -0.032
(0.029) (0.022)

β−3 0.0088 -0.0060
(0.017) (0.028)

β+3 -0.044 0.0080
(0.019) (0.019)

β−4 0.057 -0.024
(0.035) (0.022)

β+4 -0.0050 -0.012
(0.029) (0.023)

Time FE Yes Yes
R2 0.014 0.014
Observations 378,251 336,872

Notes: The coefficients reported in this ta-
ble indicate the pass-through of VAT increases
and decreases to prices, estimated using spec-
ification (2) on a subsample of reforms that
excludes VAT changes that occur at the same
time as other tax changes. The first column
shows the estimates for VAT increases and the
second those for VAT decreases. Standard er-
rors are clustered by month and are in paren-
theses. β0 measures the pass-through of the
VAT change at the time of the reform, and βi
measures price changes i months away from
the reform.
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Table E.14: Pass-Through Estimates Using Fixed Effects Regression (Inflation Controls)

∆ log Price
Increase Decrease

β0 0.33 0.066
(0.060) (0.031)

β+1 0.013 0.027
(0.018) (0.018)

β−2 0.023 0.029
(0.017) (0.015)

β+2 0.013 -0.042
(0.029) (0.020)

β−3 0.0078 -0.0017
(0.016) (0.030)

β+3 -0.050 -0.0027
(0.021) (0.022)

β−4 0.042 -0.017
(0.032) (0.021)

β+4 -0.018 -0.0069
(0.029) (0.021)

Time FE Yes Yes
R2 0.018 0.018
Observations 386557 342792

Notes: The coefficients reported in this ta-
ble indicate the pass-through of VAT increases
and decreases to prices, estimated using spec-
ification (2) on the full sample of reforms,
while also controlling for linear trends in coun-
try*commodity specific inflation rates. The
first column shows the estimates for VAT in-
creases and the second those for VAT de-
creases. Standard errors are clustered by
month and are in parentheses. β0 measures
the pass-through of the VAT change at the
time of the reform, and βi measures price
changes i months away from the reform.
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Table E.15: Difference in Cumulative Pass-Through Rates and Corresponding Significance Levels

Months After Percentage Point Differences Significance Months After Percent Point Differences Significance
VAT Changes in Cumulative Pass-Through Levels VAT Changes in Cumulative Pass-Through Levels

1 0.26 0.00 11 0.38 0.03
2 0.25 0.00 12 0.34 0.06
3 0.32 0.00 13 0.37 0.05
4 0.28 0.00 14 0.29 0.15
5 0.27 0.00 15 0.36 0.08
6 0.28 0.02 16 0.33 0.11
7 0.23 0.09 17 0.42 0.05
8 0.23 0.11 18 0.31 0.14
9 0.37 0.02 19 0.29 0.20
10 0.36 0.04 20 0.25 0.28

Notes: This table reports the level difference between the cumulative pass-through rates of VAT increases and decreases (columns 2 and 5) and their cor-
responding significance levels (columns 3 and 6) in months following the VAT changes (columns 1 and 4). For example, the level difference in cumulative
pass-through rates 6 months after a VAT change is equal to 0.28 and we can reject that it is equal to zero at the 2% significance level.
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Table E.16: Pass-Through Estimates Using Fixed Effects Regression (Including Treatment
Interactions with Covariates)

∆ logPrice
Increase Decrease

β0 0.38 0.0074
(0.15) (0.074)

β+1 0.020 0.025
(0.019) (0.017)

β−2 0.030 0.026
(0.019) (0.015)

β+2 0.020 -0.044
(0.027) (0.021)

β−3 0.015 -0.0050
(0.016) (0.028)

β+3 -0.042 -0.0045
(0.018) (0.022)

β−4 0.049 -0.020
(0.034) (0.022)

β+4 -0.011 -0.0089
(0.027) (0.020)

Time FE Yes Yes
R2 0.014 0.014
Observations 386,557 342,792

Notes: The coefficients reported in this ta-
ble show the pass-through of VAT increases
and decreases to prices, estimated using spec-
ification (2) where, in addition to the baseline
terms, we include interactions of the treat-
ment variable with all covariates, using the
full sample of reforms. The first column shows
the estimates for VAT increases and the sec-
ond those for VAT decreases. Standard errors
are clustered by month and are in parenthe-
ses. β0 measures the pass-through of the VAT
change at the time of the reform, and βi mea-
sures price changes i months away from the
reform. We report the treatment effect at a
fixed value of the covariates, which is the mean
of each covariate in the overall sample (so it is
the same value for each covariate for increases
and decreases).
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Table E.17: Pass-Through Estimates: Matched Sample With Additional Economic Variables

With Trimming Without Trimming
∆ log Price ∆ log Price

Increase Decrease Increase Decrease

β0 0.31 0.018 0.33 0.026
(0.097) (0.046) (0.066) (0.041)

β+1 0.021 0.025 0.020 0.025
(0.019) (0.017) (0.019) (0.017)

β−2 0.031 0.026 0.030 0.026
(0.019) (0.015) (0.019) (0.015)

β+2 0.021 -0.044 0.020 -0.044
(0.027) (0.021) (0.027) (0.021)

β−3 0.016 -0.0050 0.015 -0.0050
(0.016) (0.028) (0.016) (0.028)

β+3 -0.042 -0.0047 -0.042 -0.0047
(0.018) (0.022) (0.018) (0.022)

β−4 0.051 -0.020 0.049 -0.020
(0.034) (0.022) (0.034) (0.022)

β+4 -0.0092 -0.0089 -0.0096 -0.0089
(0.027) (0.020) (0.027) (0.020)

Time FE Yes Yes Yes Yes
R2 0.013 0.014 0.014 0.014
Observations 384,595 342,448 386,076 342,472

Notes: This table reports the pass-through estimates of VAT increases
and decreases to prices estimated using specification (2) on matched re-
forms. This specification uses logit to estimate the propensity score. The
first two columns implement the matching estimator on a trimmed sam-
ple using the approach outlined in Imbens (2015). The third and fourth
columns 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, unemployment rate and GDP
growth. In addition, we match the pre-increase VAT rate to the post-
decrease VAT rate and the post-increase VAT rate to the pre-decrease
VAT rate. The first and third columns show the estimates for VAT in-
creases and the second and fourth that for VAT decreases. Standard
errors are clustered by month and are in parentheses. β0 measures the
pass-through of the VAT change at the time of the reform and βi mea-
sures price changes i months away from the reform.
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Table E.18: Pass-Through Estimates: Matched Sample With Alternative Matching Variables

With Trimming Without Trimming
∆ log Price ∆ log Price

Increase Decrease Increase Decrease

β0 0.36 0.093 0.39 0.11
(0.046) (0.071) (0.048) (0.072)

β+1 0.020 0.025 0.020 0.025
(0.019) (0.017) (0.019) (0.017)

β−2 0.030 0.026 0.030 0.026
(0.019) (0.015) (0.019) (0.015)

β+2 0.020 -0.044 0.020 -0.044
(0.027) (0.021) (0.027) (0.021)

β−3 0.015 -0.0050 0.015 -0.0050
(0.016) (0.028) (0.016) (0.028)

β+3 -0.042 -0.0047 -0.042 -0.0047
(0.018) (0.022) (0.018) (0.022)

β−4 0.049 -0.020 0.049 -0.020
(0.034) (0.022) (0.034) (0.022)

β+4 -0.010 -0.0089 -0.010 -0.0089
(0.027) (0.020) (0.027) (0.020)

Time FE Yes Yes Yes Yes
R2 0.014 0.014 0.014 0.014
Observations 385,727 342,444 386,503 342,449

Notes: This table reports the pass-through estimates of VAT increases
and decreases to prices estimated using specification (2) on matched re-
forms. This specification uses logit to estimate the propensity score. The
first two columns implement the matching estimator on a trimmed sam-
ple using the approach outlined in Imbens (2015). The third and fourth
columns report the estimates for the matched sample without trimming.
We match the pre-increase VAT rate to the post-decrease VAT rate and
the post-increase VAT rate to the pre-decrease VAT rate (we do not use
any other matching variables). The first and third columns show the es-
timates for VAT increases and the second and fourth that for VAT de-
creases. Standard errors are clustered by month and are in parentheses.
β0 measures the pass-through of the VAT change at the time of the re-
form and βi measures price changes i months away from the reform.

78



Table E.19: Pass-Through Estimates: Matched Sample (Probit)

With Trimming Without Trimming
∆ log Price ∆ log Price

Increase Decrease Increase Decrease

β0 0.27 0.064 0.33 0.055
(0.090) (0.070) (0.066) (0.056)

β+1 0.021 0.025 0.020 0.025
(0.019) (0.017) (0.019) (0.017)

β−2 0.031 0.026 0.030 0.026
(0.020) (0.015) (0.019) (0.015)

β+2 0.021 -0.044 0.020 -0.044
(0.027) (0.021) (0.027) (0.021)

β−3 0.016 -0.0050 0.015 -0.0050
(0.016) (0.028) (0.016) (0.028)

β+3 -0.042 -0.0047 -0.042 -0.0046
(0.018) (0.022) (0.018) (0.022)

β−4 0.051 -0.020 0.049 -0.020
(0.034) (0.022) (0.034) (0.022)

β+4 -0.0093 -0.0089 -0.0096 -0.0089
(0.027) (0.020) (0.027) (0.020)

Time FE Yes Yes Yes Yes
R2 0.013 0.014 0.014 0.014
Observations 384,618 342,466 386,076 342,484

Notes: This table reports the pass-through estimates of VAT increases
and decreases to prices estimated using specification (2) on matched re-
forms. This specification uses probit to estimate the propensity score.
The first two columns implement the matching estimator on a trimmed
sample using the approach outlined in Imbens (2015). The third and
fourth columns 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
addition, we match the pre-increase VAT rate to the post-decrease VAT
rate and the post-increase VAT rate to the pre-decrease VAT rate. The
first and third columns show the estimates for VAT increases and the sec-
ond and fourth that for VAT decreases. Standard errors are clustered by
month and are in parentheses. β0 measures the pass-through of the VAT
change at the time of the reform and βi measures price changes i months
away from the reform.
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Table E.20: Pass-Through Estimates: Matched Sample With Alternative Matching Algo-
rithms

Kernel Radius Local Linear Reg.
∆ log Price ∆ log Price ∆ log Price

Increase Decrease Increase Decrease Increase Decrease

β0 0.33 0.064 0.33 0.063 0.33 0.056
(0.066) (0.030) (0.066) (0.030) (0.066) (0.037)

β+1 0.020 0.025 0.020 0.025 0.020 0.025
(0.019) (0.017) (0.019) (0.017) (0.019) (0.017)

β−2 0.030 0.026 0.030 0.026 0.030 0.026
(0.019) (0.015) (0.019) (0.015) (0.019) (0.015)

β+2 0.020 -0.044 0.020 -0.044 0.020 -0.044
(0.027) (0.021) (0.027) (0.021) (0.027) (0.021)

β−3 0.015 -0.0050 0.015 -0.0050 0.015 -0.0050
(0.016) (0.028) (0.016) (0.028) (0.016) (0.028)

β+3 -0.042 -0.0046 -0.042 -0.0046 -0.042 -0.0046
(0.018) (0.022) (0.018) (0.022) (0.018) (0.022)

β−4 0.049 -0.020 0.049 -0.020 0.049 -0.020
(0.034) (0.022) (0.034) (0.022) (0.034) (0.022)

β+4 -0.0096 -0.0089 -0.0096 -0.0089 -0.0096 -0.0089
(0.027) (0.020) (0.027) (0.020) (0.027) (0.020)

Time FE Yes Yes Yes Yes Yes Yes
R2 0.014 0.014 0.014 0.014 0.014 0.014
Observations 386,080 342,790 386,080 342,774 386,080 342,477

Notes: This table reports the pass-through estimates of VAT increases and decreases to prices es-
timated using specification (2) on matched reforms, using kernel matching (col. 1 and 2), radius
matching (col. 3 and 4) and local linear regression matching (col. 5 and 6). VAT increases and de-
creases are matched on time, type of commodity (COICOP digit 2), size of VAT change, and GDP
growth. In addition, we match the pre-increase VAT rate to the post-decrease VAT rate and the
post-increase VAT rate to the pre-decrease VAT rate. The first, third and fifth columns show the
estimates for VAT increases and the second, fourth and sixth that for VAT decreases. Standard
errors are clustered by month and are in parentheses. β0 measures the pass-through of the VAT
change at the time of the reform and βi measures price changes i months away from the reform.



Table E.21: Regression Adjustment of Matched Sample

∆ log Price
Increase Decrease

β0 0.33 0.088
(0.12) (0.067)

β+1 0.021 0.025
(0.019) (0.017)

β−2 0.031 0.026
(0.020) (0.015)

β+2 0.021 -0.044
(0.027) (0.021)

β−3 0.016 -0.0049
(0.016) (0.028)

β+3 -0.042 -0.0052
(0.018) (0.022)

β−4 0.051 -0.020
(0.034) (0.022)

β+4 -0.0094 -0.0089
(0.027) (0.020)

Time FE Yes Yes
R2 0.014 0.014
Observations 384,618 343,154

Notes: The coefficients reported in this ta-
ble indicate the pass-through of VAT increases
and decreases to prices, estimated using the
matched sample that results from the main
matching specification and the regression ad-
justment outlined in Imbens (2015) which ac-
counts for the remaining differences between
the matched VAT increases and decreases that
are not accounted for using matching and
trimming. The first column shows the esti-
mates for VAT increases and the second those
for VAT decreases. Standard errors are clus-
tered by month and are in parentheses. β0
measures the pass-through of the VAT change
at the time of the reform, and βi measures
price changes i months away from the reform.
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Table E.22: Correlation of VAT Changes with Total Tax Revenue, Unemployment Rate and
GDP Per Capita

VAT Change VAT Increase VAT Decrease

α−1 -0.00014 0.00034 -0.00048
(0.0015) (0.0013) (0.00043)

α−2 0.0041 0.0035 0.00056
(0.0036) (0.0031) (0.00061)

α−3 -0.00055 -0.00012 -0.00043
(0.0014) (0.0013) (0.00035)

α−4 -0.00069 -0.00049 -0.00021
(0.0017) (0.0016) (0.00023)

α−5 0.00058 0.00090 -0.00031
(0.0014) (0.0012) (0.00047)

β−1 -0.0012 -0.0012 0.0000028
(0.0011) (0.00099) (0.00040)

β−2 -0.00091 -0.00097 0.000063
(0.0013) (0.0012) (0.00055)

β−3 -0.0016 -0.0013 -0.00036
(0.0011) (0.0010) (0.00030)

β−4 -0.0014 -0.0011 -0.00023
(0.0016) (0.0015) (0.00032)

β−5 -0.0015 -0.0012 -0.00030
(0.0011) (0.00099) (0.00033)

γ−1 0.0010 0.0014 -0.00040
(0.0044) (0.0039) (0.0015)

γ−2 -0.0074 -0.0053 -0.0020
(0.0053) (0.0044) (0.0026)

γ−3 0.0021 0.00098 0.0012
(0.0044) (0.0042) (0.00093)

γ−4 -0.0011 -0.0018 0.00069
(0.0078) (0.0077) (0.0011)

γ−5 0.0022 0.0013 0.00088
(0.0043) (0.0039) (0.0013)

R2 0.070 0.072 0.022
Observations 462,706 462,706 462,706

Notes: This Table shows the results of estimating specification (??), which
correlates the timing of VAT changes with the underlying economic conditions
leading up to the VAT change which include tax revenue (α), GDP per capita
(β) and the unemployment rate (γ). The first column uses as an outcome vari-
able an indicator variable for VAT changes, the second one uses an indicator
variable for VAT increases and the third one an indicator variable for VAT de-
creases. We regress these outcome variables on the log of tax revenue, GDP per
capita and unemployment rate in the twelve months leading up to the reform.
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Table E.23: Correlation of VAT Changes with Total Tax Revenue, Industry Turnover and
Unemployment Rate

VAT Change VAT Increase VAT Decrease

α−1 -0.00037 -0.00013 -0.00024
(0.0014) (0.0014) (0.00031)

α−2 0.0034 0.0030 0.00046
(0.0031) (0.0027) (0.00063)

α−3 -0.0014 -0.00082 -0.00056
(0.0015) (0.0015) (0.00029)

α−4 -0.0011 -0.00072 -0.00035
(0.0024) (0.0023) (0.00027)

α−5 -0.00028 0.00017 -0.00046
(0.0015) (0.0013) (0.00051)

β−1 -0.0015 -0.00098 -0.00051
(0.0010) (0.00062) (0.00060)

β−2 -0.00016 -0.00049 0.00033
(0.00076) (0.00066) (0.00036)

β−3 -0.00095 -0.00065 -0.00030
(0.00071) (0.00068) (0.00025)

β−4 -0.0015 -0.0014 -0.000052
(0.00082) (0.00082) (0.00015)

β−5 -0.00063 -0.00045 -0.00018
(0.00054) (0.00052) (0.00018)

γ−1 -0.00056 -0.00077 0.00021
(0.0023) (0.0023) (0.00053)

γ−2 -0.0097 -0.0074 -0.0023
(0.0051) (0.0043) (0.0017)

γ−3 -0.0013 -0.0018 0.00052
(0.0025) (0.0025) (0.00036)

γ−4 -0.0031 -0.0032 0.00011
(0.0044) (0.0045) (0.00037)

γ−5 -0.0013 -0.0016 0.00026
(0.0023) (0.0022) (0.00066)

R2 0.070 0.072 0.022
Observations 462,706 462,706 462,706

Notes: This Table shows the results of estimating specification (??), which
correlates the timing of VAT changes with the underlying economic conditions
leading up to the VAT change which include tax revenue (α), industry GDP
(β) and the unemployment rate (γ). The first column uses as an outcome vari-
able an indicator variable for VAT changes, the second one uses an indicator
variable for VAT increases and the third one an indicator variable for VAT de-
creases. We regress these outcome variables on the log of tax revenue, industry
turnover and unemployment rate in the twelve months leading up to the reform.
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