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I. INTRODUCTION

Value added taxes raise about a fifth of total tax revenues both worldwide and among the
members of the OECD (OECD, 2018). Given the relative ease of modifying the rates, they are
frequently at the center of policy debates during economic crises — whether for fiscal stimulus (as
in the 2009 VAT reform in China) or for domestic revenue mobilization (as in Europe in the
2010s). The current Covid-19 pandemic has led more than 80 countries to undertake VAT
reforms, ranging from a temporary 3pp cut in the standard rate of VAT in Germany (to stimulate
consumer demand) to a tripling of the VAT rate in Saudi Arabia (to repair state revenues after the
oil price crash).?

How the impact of a VAT change will be divided between firms and consumers is critical for
policymakers aiming to target their support or to minimize the tax burden for one group relative
to the other. Who bears the consequences of a VAT reform is governed by the key parameter of
‘pass-through’ — the elasticity of consumer prices with respect to the VAT rate. Full pass-through
to consumer prices of a VAT cut implies that producer prices remain unchanged, with the
benefits of lower VAT accruing disproportionally to the consumer, while zero pass-through
implies the opposite.?

There is a vast literature estimating the impact of VAT changes on prices. Yet, estimates of VAT
pass-through to consumer prices can vary greatly across studies. # This paper builds on the
recent empirical methodology of Benedek, De Mooij, Keen and Wingender (2015, hereafter
BDKW) to explain how differences in VAT pass-through can be related to differences in market
characteristics.> Specifically, we examine the role of market competition, product differentiation
and timing in explaining heterogenous VAT pass-through. We find that VAT pass-through is
greater for products requiring inputs produced more competitively and for products with greater
scope for vertical differentiation, namely quality. We do not find any significant difference in
pass-through for reforms announced more in advance.

We start by extending existing theory to identify how supply and demand features can influence
the degree of VAT pass-through under different market structures. We develop four simple
partial equilibrium models. We first consider equally productive firms competing in prices under
monopolistic competition. Building on Dierickx et al. (1988), the next two consider VAT changes
in a market with heterogeneous firms where the downstream and upstream sectors in turn
produce under Cournot competition. In the three cases, we find that the effect of competition

2 See https://www.avalara.com/vatlive/en/vat-news/world-turns-to-vat-cuts-on-coronavirus-threat.html for an up-
to-date list of worldwide VAT reforms in response to coronavirus.

3 Full analysis of the welfare effects of a VAT cut would also take into account the extent to which the firm passes
on benefits (e.g. higher revenues from a higher mark-up) to workers through higher wages.

4 From, for instance, full pass-through (100%) of a cut in the Norwegian VAT on food (Gaarder, 2018) to 9.7% for a
cut in the French VAT on sit-down restaurants (Benzarti and Carloni, 2017).

3 Standard micro-economic theory under perfect competition also emphasizes the role of demand elasticities (as
in BDKW) and the duration of changes as relevant factors that can explain pass-through heterogeneity.



intensity on pass-through depends on whether producers have increasing or decreasing
marginal costs. In the intuitive case of increasing marginal costs, pass-through increases with
competition because greater competition prevents producers from realizing and passing on
savings from scaling down in response to a tax hike.

The fourth model generalizes the ‘quality ladder’ model in Khandelwal (2010) to allow for
substitution or complementarity effects between consumer valuation of affordability and quality.
We find that variation in pass-through depends on price-quality complementarity. For products
with longer ‘quality ladders’ where differences in quality are the starkest, we show that pass-
through is larger when there is a high enough degree of price-quality complementarity. In this
case, consumers faced with higher prices from higher taxes ask for objects of greater quality,
resulting in even higher prices. With less complementarity, consumers prefer lower quality and a
lower price increase.

We then investigate empirically the relationships between market characteristics and pass-
through using a panel of 14 Eurozone countries between 1999 and 2013. We follow closely the
methodology developed in BDKW to systematically quantify the effects of VAT reforms in Europe
over time, at the product and country levels. We enrich their specification by interacting VAT
reforms with measures of competition and scope for quality. We also examine the role of
different varieties of VAT reform (e.g. reforms announced well in advance vs. surprise reforms, or
tax hikes vs. tax cuts) in explaining some of the pass-through heterogeneity.

Firstly, we find that changes in regulation in supplier markets play a substantial role, with a one
standard deviation rise in the competition-friendliness of regulation (roughly equal to the
difference between Austria and relatively uncompetitive Italy in 2013) increasing pass-through by
up to 55%. We benchmark this effect against other supply-side characteristics, and find that it is
more significant and more important. These results are also significant in a historical context.
Liberalizing reforms over the last thirty years have substantially increased the competition-
friendliness of regulation in European product markets, so our findings imply that VAT cuts today
will be passed on to consumers substantially more than in the past.

Secondly, we investigate the role of product differentiability, and find that the greater the scope
for quality differentiation the larger is pass-through. Our empirical results are consistent with our
theoretical framework and suggest the existence of complementarity between preferences for
quality and price.

Many recent VAT policy changes have been announced significantly before they come into
effect.® This constitutes a form of ‘fiscal forward guidance’ (see e.g. Fujiwara and Waki, 2019),
which could have real effects (Leeper et al., 2013; Mertens and Ravn, 2010, 2011, 2012). Even
outside times of crisis, fiscal policy uncertainty is large, so it is important to understand the
effects of advance communication by policymakers.” We therefore match data on VAT changes

6 For instance, the temporary German standard rate VAT cut announced on June 4 will take effect from July.

7 E.g. Baker, Bloom and Davis (2016) note that “fiscal matters, especially tax policy, stand out... as the largest source
of policy uncertainty, especially in recent years.”



to the Tax Policy Reform Database (Amaglobeli et al., 2018) to create the first cross-sector
database of VAT reforms including announcement dates, and use it to provide the first
systematic assessment of announcement effects across many product categories.2 We find little
overall support for ‘anticipation’ or ‘total effect’ hypotheses.

Together our results imply that market structure should be an important consideration when
reforming VAT. For a government seeking to mobilize revenue through raising VAT (e.g. Saudi
Arabia in May 2020), a greater share of the burden of higher taxes will fall on consumers relative
to firms for products with higher upstream competition or for products characterized by a wider
quality range. For a government using a VAT cut to stimulate consumption (e.g. Germany in June
2020), or to support firm profits, the effects are opposite. Firms will retain more of the VAT cut in
higher markups, and consumers will experience smaller price reductions, the less competitive the
upstream sector or the narrower the range of product quality.

Similarly, our results can inform policymakers of the likely effects of VAT reforms targeted at
specific sectors. For instance, pharmaceuticals draw heavily on highly regulated industries, so
pass-through is lower. Thus, a decision to waive VAT on coronavirus testing kits (as in the EU in
April 2020) is likely to provide relatively greater support to the supply side through higher
markups, than to the demand side through lower prices.

The rest of this paper proceeds as follows. Section Il outlines the theoretical motivation, then
Section Il describes the data and outlines the empirical strategy. Section IV presents the results,
and Section V addresses their robustness. Section VI concludes.

Il. THEORETICAL MOTIVATION

We examine the role of market structure and consumer preferences in determining pass-through
by considering four specific cases, building on earlier work by Delipalla and Keen (1992) and
Weyl and Fabinger (2013). Consider a good i, with consumer price p; and producer price p;
subject to ad valorem tax-exclusive rates 7; (the VAT), meaning that p: = p; (1+1;). As is standard,
we define the degree of pass-through to the consumer as the proportionate response of the

consumer price to an increase in the tax factor:
dInp;

vi= oln(1+ 1))

We investigate the factors determining y; in the following four scenarios. Full descriptions of the
models and derivations of the theoretical results are in the Appendix.

A. Imperfect Competition in the Downstream Sector

We consider the effects of greater competition on VAT pass-through by examining the impact of
having more producers under two settings with imperfect competition. In the first setting, we
consider equally productive firms competing in prices under monopolistic competition with

8 Buettner and Madzharova (2017) also construct a dataset of VAT reforms with announcement dates, but only
include specific durable ‘white goods’ (cookers, dishwashers etc.).



horizontal differentiation. In the second setting, we follow Dierickx et al. (1988) and consider
heterogenous firms competing on quantities. In both cases, we assume that each producer
n=1.N, maximizes profits by choosing either the price p» or the produced quantity g» while
facing a cost function

Cn=a+cn+§q,21 with a > 0; ¢, > 0;
and where b > 0 corresponds to the intuitive case of increasing marginal costs. In the first setting
with equally productive firms we have that cn is identical for all n. Producers take the demand
function as given and we assume demand to be iso-elastic.’

Proxying ‘competitiveness’ by the number of firms in the market, we show that the impact of
competition on pass-through depends on the cost functions, and specifically on the parameter b.
Lower demand resulting from higher taxes induces producers to scale back production. With
increasing marginal costs, a reduction in scale implies some savings on production marginal
costs which, in turn, allows for lower producer prices. Greater competition dampens this cost
adjustment. With few large firms with stretched production capacities, a reduction in scale yields
large savings. With many smaller firms competing, savings from scaling down are smaller and
producers are less able to lower their prices in compensation for higher VAT. In this case, greater
competition implies a greater pass-through. Conversely, in the case of decreasing marginal costs
when b is negative enough, greater competition implies a lower pass-through. We investigate in
the empirical section whether the impact of competition on pass-through is consistent with
increasing or decreasing marginal costs.

B. Imperfect Competition in the Upstream Sector

We now consider the case of two sectors, where the downstream sector operates under perfect
competition and requires inputs from upstream producers selling under Cournot competition.
For the sake of clarity, we assume that upstream producers only sell to the downstream sector
and that they face no taxes. Production in the upstream sector is otherwise the same as
described in the previous subsection. Both upstream and downstream producers face iso-elastic
demand, and that is the case in the upstream sector because the demand for inputs q; is derived
from the downstream producer cost function Cr = p;q; = p;d(1 — p)q;/(l_p) where0 < p <1
and d > 0.

We obtain the same result as in the previous section. An increase in VAT lowers demand for the
final good, and now also reduces demand for upstream inputs. In the case of increasing marginal
costs, a reduction in scale for input producers means lower cost, which are then passed through
to input prices. Cheaper input costs allow for lower producer prices in the downstream sector. As
in the previous case, greater competition dampens the variation in producer costs in response to
VAT rate changes. With more firms competing, production capacities are not overly stretched,
implying smaller savings from scaling down, and a lower reduction in producer prices. The results
are the same as in the single sector case: pass-through increases (decreases) with competition
when marginal costs are increasing (decreasing). We investigate in the empirical section whether

? While iso-elastic demand functions are widely used in the literature, they do not allow for overshifting across
goods and results would likely be less clear cut if we allowed for these effects.



the impact of competition in the upstream sectors on pass-through is consistent with increasing
or decreasing marginal costs.

C. Product Differentiation

We now consider a single-good market in which there are many varieties indexed by n that differ
along a horizontal and a vertical dimension as in Khandelwal (2010). Horizontal differentiation is
assumed to randomly appeal more to some consumers than others and to be costless, implying
that all varieties are consumed in equilibrium.™ By contrast, vertical differentiation, or
equivalently ‘quality’, is costly to produce but is regarded by all consumers as superior: holding
prices fixed, all consumers would prefer higher quality objects. Each consumer k knows her
valuation of horizontal (&,,) and vertical (4,,) characteristics of every variety and chooses the
variety n that gives her the highest indirect utility

Vok = 8 + &ne With 8, = (9,1;{’ —p¥
where &,, represents the mean consumer valuation of variety n. &, increases with quality and
decreases with price. The parameter i controls the degree of substitutability between price and
quality, with higher 1 indicating the two characteristics are more easily substituted - i.e.
consumers are happy to sacrifice quality for a lower price — while a lower, possibly negative,
Y indicates greater complementarity.” Greater values of the parameter 6 indicate a longer
‘quality ladder’, as defined in Khandelwal (2010), and imply that firms have incentives to produce
higher quality.

)1/¢

7

Each firm produces a variety n subject to a marginal cost function (w + A,,/Z) increasing with
quality, with wage w, and decreasing with technology Z, and seeks to maximize profits.

We show in the Appendix that the effect of quality on VAT pass-through depends on 1, the
degree of substitutability-complementarity between consumer valuations of price and quality. In
the substitution case when ¥ >0 (as in Khandelwal, 2010), for a given increase in consumer price
resulting from a tax hike, consumers prefer a mitigation in the price increase at the expense of
lower quality. Producers respond accordingly and pass-through is lower. The opposite is true in
the complementary case when <0 and -1 is large enough: consumers prefer to tolerate a
larger price increase and to be compensated with relatively higher quality. Those effects are
magnified by the scope for quality, or ‘quality ladder’ 8. Therefore, pass-through decreases with
the quality ladder in the substitution case, while the opposite is true in the complementarity case.
We investigate in the empirical section whether the effect of the scope for quality on pass-
through is consistent with price-quality complementarity or substitutability.

10 Costless horizontal differentiation means that varieties differ on some characteristics, like color, that appeal more
to some consumers than others while having no impact on production costs and no relation to prices. Horizontal
characteristics denoted &, are assumed to be distributed i.i.d. type-| extreme value with mean zero.

'"'In other words, the marginal willingness to pay for quality increases with quality when v is positive while it
decreases with quality when i is negative.
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D. Early Announcement

Early announcement can, in theory, generate anticipation and smoothing effects, i.e. an early
and/or prolonged increase in pass-through. On the supply side, the presence of menu costs or
Calvo pricing (Calvo, 1983) encourages firms to smooth the price response to an announced VAT
change to save on adjustment costs. As discussed in Buettner and Madzharova (2017), for
durables there is an extra effect through the demand channel: consumers aware of a future tax
fall will defer consumption, reducing demand before the reform and hence lowering prices.
Conversely, for an anticipated tax hike, consumers raise pre-reform demand, thereby
contributing to higher prices before the rate increase — as observed before the German VAT
increase in January 2007 (Danninger et al., 2008)."% Lastly, in a situation of information overload
and rational inattention (Sims, 2003), early announcement may increase the salience of a
particular reform to consumers and firms, increasing total pass-through. We investigate these
‘anticipation’ and ‘total effects’ in the empirical section.

I1l. DATA AND EMPIRICAL SPECIFICATION

We use data on monthly VAT rates across European countries and consumption categories
constructed by BDKW from the European Commission publication VAT Rates Applied in the
Member States of the European Union and from additional publications by the International
Bureau for Fiscal Documentation. The distribution and characteristics of VAT reforms across
countries are summarized in Appendix Tables 1 and 2. All the countries studied are in the
Eurozone, reducing distortions due to differing exchange rates or monetary policies.' Data on
monthly prices are from Eurostat's Harmonized Index of Consumer Prices, categorized according
to the ‘Classification of Individual Consumption According to Purpose’ (COICOP). We follow
BDKW in limiting our sample to those categories for which prices are sufficiently market-driven —
excluding, for example, rental accommodation, electricity and healthcare.

We measure the competition-friendliness of regulation in upstream non-manufacturing
industries using the '‘Regimpact’ indicator from the Organization for Economic Co-operation and
Development (Conway and Nicoletti, 2006; Egert and Wanner, 2016; Koske et al., 2015). This uses
country-specific input-output weights w;, to combine survey-based indicators of the

12 Such anticipatory pre-tax-rise spending also motivates the use of temporary VAT cuts as fiscal stimulus. For
instance, Crossley et al. (2014) estimate that the temporary 2.5% cut in the UK standard rate in December 2008
raised retail sales by around 1%.

13 For instance, the influence of common monetary policy changes on pass-through will be removed by time
fixed effects in the regressions.
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competition-friendliness of regulation in several upstream non-manufacturing industries

(REGNMI;,), producing a measure of the degree of regulation affecting final output sectors:
J

1415

Regimpact,, = REGNMIj; - wy
j=1
where k denotes the output sectors of interest and j denotes upstream non-manufacturing
sectors. The distribution of product market regulation across consumption categories is shown in
Figure 5 in the Appendix. The trends in regulation are shown in Figure 6 in the Appendix; in
general regulation became much more pro-competitive over the period.

We construct two measures of market competitiveness in the downstream sectors affected by
the VAT change, using trade data from UN Comtrade."® Firstly, we use the sum of imports and
exports over total consumption as a measure of openness to trade:

Imports;,, + Exports;:

Opennessiy; = -
! Consumption;y;

where consumption data are drawn from Eurostat at the 3-digit sector level (rather than the 4-
digit level for which VAT rates are available). Secondly, we construct a Herfindahl-Hirschman
Index based on import origins to proxy for market concentration:

N
; _ 2
ImportConcentration;,, = Z Sickt
c=1

where:
Mokt Imports intoi fromc
Sickt = SN =

c=1 Mickt

Total imports into i

Both of these are imperfect measures of competitiveness, but serve in the absence of relevant
firm-level data. Assuming that firms are evenly distributed across producing countries, a high
degree of concentration observed among import origins is a necessary consequence of high
market concentration among firms, though not sufficient to guarantee it."”

4 We use the ‘wide’ version of the Regimpact indicator, which contains the broadest range of upstream non-
manufacturing industries. The precise industries that it covers, and the categories upon which they are scored to
generate the aggregate REGNMI indicator, are shown in Figure 8 in the Appendix. We use the version with
country-specific weights to account for differences in input-output patterns across countries.

15 The lower the score, the more competition-friendly the regulatory environment. For instance, one question on
‘entry regulation’ for the electricity industry sub-indicator is: “What is the minimum consumption threshold that
consumers must exceed in order to be able to choose their electricity supplier ?” (Conway and Nicoletti, 2006).
The lack of any threshold scores zero, a threshold less than 250 gigawatts scores one, 250-500 gigawatts scores
two, etc.

6 We use the BACI refinement of the Comtrade database, compiled by CEPII, which cleans and harmonizes the
data through a series of procedures described in Gaulier and Zignago (2010).

7 For instance, a market dominated by a single foreign firm producing in one country would have
ImportConcentration;,, = 1, yet having ImportConcentration,, = 1 is also compatible with there being
substantial competition in the supply of the good — if all those firms competing are located in the same country.
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We use the scope for product differentiability derived in Khandelwal (2010). The scope for
quality, or ‘quality ladder’, is backed out from price and quantity data. High market share
conditional on price suggests that a product is high quality and long quality ladders correspond
to products with a large dispersion in estimated quality.’® Khandelwal (2010) constructs his
product-level measure using trade data on goods, which means ‘quality ladder’ estimates are
only available for the subset of good industries and do not vary across countries.’ This prevents
us from using the full price and VAT dataset, and some controls, with this measure — so we also
perform several robustness checks to verify that our results are not driven by the restrictions
related to these data limitations. The distribution of quality scope across consumption categories
is shown in Figure 7 in the Appendix.

We standardize all four measures (Regimpact, trade openness, import concentration and quality
ladder length) so that their impacts are comparable. The four measures are only weakly
correlated, as shown in Table in the Appendix. We also match VAT reforms in the BDKW data to
the IMF's new Tax Policy Reform Database (Amaglobeli et al., 2018), which contains
announcement dates. Summary statistics for those VAT changes that we can match to
announcement dates are shown in Appendix Table 5. Lastly, we use consumption data from
Eurostat to weight observations by their consumption share, and total value added from EU
KLEMS in a robustness check. Overall, we use an unbalanced panel of approximately 110k
observations spanning January 1998 to December 2013. The variables are summarized in Table 4
in the Appendix.

We build on the specification in BDKW and estimate pass-through from VAT changes to prices
by regressing country-product prices on taxes:

6
An(pige) = Bo + Z Brj - Aln(1 + Tixes )
==

6
+ Z Bzj - AIn(1 + Tipey ) - Xige
/=6
+ B3 Xike + Qir + Pkt + Qi + Eine

where py, denotes the price of product k in country i in month t and 7, ; represents the VAT
rate in country i for product k in month t. The coefficients of interest j;; capture the average
pass-through across products at different horizons j, while #,; measures deviations from the
mean pass-through across several covariates. Specifically, the sequences of g;; and B,; capture
the magnitude of pass-through adjustments at different times around the reform dates, i.e. at a
number of months j before and after the reform date.?’ The coefficients ¢;;, @, and @y are

19 Given the lack of quantity data over our whole period, we use only cross-sectional product-wise variation in
quality.

20 |n this paper we focus on the medium-run, i.e. a 12-month window centered on the date of the reform, as we
do not find significant effects outside this window.
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country-time, product-time, and country-product fixed effects, and ¢€;; is the error term.?" X,
denotes country-product-time covariates of interest, specifically product market regulation,
quality range, openness to trade, and import concentration. In our main specification we de-
seasonalize and de-trend all price indices, weight observations by their consumption share, and
cluster standard errors at the country-product level to account for possible autocorrelation in the
error term.

To investigate the effects of early announcement, we run a similar specification with the change
in VAT also interacted with a dummy for whether the announcement-to-implementation lag for a
particular reform is above or below the median. In this case the interaction of the dummy with
the sum of pre-reform coefficients 216-=1 B.; tests for an anticipation effect, and the interaction of
the dummy with the cumulation of all the B,; terms across the whole window j € {—6, ..., 6} tests
for a total effect.

IV. RESULTS

This section presents our three main results — on product market regulation, quality scope and
early announcement. The subsequent section outlines various robustness checks, while the
Appendix includes additional results, for example on the heterogeneity of announcement effects.

A. Product Market Regulation

Table 1 shows results from the main specification in the full dataset; column (1) shows results
with no fixed effects, column (2) shows results with individual fixed effects, and column (3) uses
interaction fixed effects. The first four estimates correspond to S, in the main estimating
equation above — they estimate the relationship between changes in the VAT rate and changes in
prices, i.e. baseline pass-through. ‘Pre-Reform’ refers to the total effect across the six months
preceeding the VAT change, and ‘Post-Reform’ refers to that across the six months afterwards;
‘Contemporaneous’ refers to effects in the month of the reform, and ‘Total’ is the sum of effects
over the whole window. The remaining estimates correspond to different elements of B,, and in
turn reflect the impact of variation in the elements of X;;; — specifically, Openness;;,
ImportConcentration;,, and Regimpact;,, — on pass-through.?

Average baseline pass-through of a VAT rise to prices is 31% in column (3).% As in BDKW's
estimates, this effect is almost entirely driven by the contemporaneous pass-through effect —i.e.

21 We also report results using separate country, product and time fixed effects, and no fixed effects, as in BDKW.
Our preferred specification includes all three interaction fixed effects, as shown, since this accounts for all
industry trends and country-specific macroeconomic conditions.

22 pre-Reform, Contemporaneous, Post-Reform and Total effects are estimated for each of Openness,
Concentration and Regimpact. Across the first three the lowest p-value for either Openness or Concentration is
0.236, for the Post-Reform effects of Openness in model (1), so these rows are omitted from the results tables for
brevity. Indeed, under the tighter fixed effects of model (3) the strongest effect corresponds to Pre-Reform
Concentration, with a p-value of 0.336 — i.e. only extremely weak evidence of any effect.

2 This is close to BDKW's main estimate of 25%; it differs slightly because (i) we use only the subset of their
observations for which measures of regulation, openness and concentration are available, and (ii) they sum over a
24-month window around the reform.
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by the impact on prices in the month that the reform is introduced. A one standard deviation fall
in Regimpact (i.e. a one standard deviation rise in the competition-friendliness of upstream
regulation, equivalent to the gap between lItaly and relatively competitive Austria in 2013) raises
pass-through by a further 18 percentage points, a 56 percent increase in pass-through.

Table 1. Estimates of Pass-Through Heterogeneity

Dependent variable: change in log prices

No FEs Individual FEs Interaction FEs
Baseline B;: Pre-Reform 0.193 0.181* 0.0247
—i.e X7, By (0.152) (0.056) (0.640)
Contemporaneous 0.331*** 0.325%** 0.257***
—i.e Bio (0.000) (0.000) (0.0071)
Post-Reform 0.156 0.114 0.0267
—i.e X7l ¢ Byj (0.142) (0.226) (0.712)
Total 0.681*** 0.620*** 0.309***
—i.e X _¢Bij (0.000) (0.000) (0.001)
Openness: Total 0.638 0.522 0.00263
(0.172) (0.377) (0.995)
Concentration:  Total -0.0209 -0.00425 -0.0351
(0.896) (0.977) (0.754)
Regimpact: Pre-Reform -0.0553 -0.0188 0.0639
(0.430) (0.724) (0.289)
Contemporaneous -0.157*** -0.180*** -0.228***
(0.005) (0.0071) (0.002)
Post-Reform -0.0172 -0.00685 -0.0123
(0.798) (0.897) (0.783)
Total -0.229** -0.206** -0.177*
(0.041) (0.038) (0.052)
FEs None ikt it,kt,ik
Clustering None ik ik
N 100,983 100,983 100,983

p-values in parentheses. “ p < 0.10, ™ p < 0.05, ™ p < 0.01
Estimates are the sum of the price elasticity coefficients with respect to tax changes over each period. Prices
are de-trended and de-seasonalized, and observations are weighted by their share of national
consumption. Regimpact, openness and market concentration are standardized so the coefficients can be
interpreted as the impact on pass-through of a one-standard-deviation rise in the regressor. Pre-Reform,
Contemporaneous and Post-Reform effects are also estimated for Openness and Concentration, but are
not significant so omitted for conciseness.

These effects are more significant and more important than the other supply-side competition
measures of openness to trade and import concentration. To the extent that openness and
concentration proxy for the competitiveness of the downstream sector, this suggests that the
theoretical mechanism outlined in section I1.B is stronger than that in Il.A. As discussed further in
the Appendix, this result aligns with findings elsewhere that upstream reforms affecting inputs
can have substantial downstream effects (e.g. Amiti and Konings, 2007; Arnold et al., 2016;
Bertrand et al., 2007). A full analysis of the conditions under which such upstream effects can
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amplify further downstream, rather than decay into insignificance, is beyond the scope of this
paper (for details, see e.g. Acemoglu et al., 2012).

Figure 1 plots the cumulated values of the estimated coefficients B;, for the 12 months
surrounding a VAT change for the specification with the most complete set of fixed effects. The
dashed line shows pass-through over time for a consumption category with exactly average
levels of upstream product market regulation, openness to trade, and market concentration.
There is little pass-through prior to the change, then most of the total effect comes within the
first month of the reform. The black line illustrates the marginal impact of upstream regulation
on these dynamics: it plots the marginal impact on pass-through of having upstream regulation
that is one standard deviation more competition-friendly than the average. Again, most of the
marginal impact occurs in the month of the VAT reform, with some additional impact in the six
months after the reform. This is consistent with the purchaser-supplier relationships described in
section Il adjusting to the change reasonably quickly. The extent to which forewarning of the
reform speeds up such processes is examined in section C below.

Figure 1. Cumulative Effect of Upstream Regulation on Pass-Through

Cumulative elasticity
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————— Baseline (mean Regimpact)
— High Regimpact (+1 s.d.) — Low Regimpact (-1 s.d.)

Notes: This graph shows cumulative baseline pass-through and the impact upon this of upstream regulation. The
black (blue) lines show cumulative pass-through in a country-product pair with regulation that is exactly one
standard deviation more (less) competition-friendly.
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Reforms over the last thirty years have substantially increased the competition-friendliness of
regulation in European product markets (Egert and Wanner, 2016). The overall median value of
the Regimpact measure since 1999 is shown in Figure 2, while the trends in each country and
consumption category are shown in Figure 6 in the Appendix. A back-of-the-envelope
calculation takes the observed changes in the Regimpact index for each country-product
category over the observed period and multiplies them by the coefficient on the VAT-PMR
interaction term in Table 1. The smoothed distribution of these estimated changes in VAT pass-
though is shown in Figure 3. Because regulations were loosened almost everywhere, our results
imply that VAT pass-through increased practically everywhere for all products. The median
estimated impact of the large increase in the competition-friendliness of regulation since 1999 is
an increase in pass-through of approximately 21 percentage points, while the vast majority of the
distribution has an increase in pass-through of more than 10 percentage points. This is a direct
extrapolation of our results without proper identification, but this illustrates that changes in
upstream regulation are likely to have substantially affected the consequences of most VAT
reforms in recent history.

Figure 2. Median Index of Regulation Over Time

o |
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8
o -
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Narrow PMRs: Energy, Transport, Communications
Wide PMRs: + Retail, Accounting, Legal, Engineering, Architecture

Notes: This graph shows the trends over time in the median value, across all countries and products, of the ‘wide’
and ‘narrow’ Regimpact indices of product market regulation. A lower value of the index reflects a more
competition-friendly regulatory stance in upstream non-manufacturing industries.
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Figure 3. Distribution of Estimated Impact of Regulation on Pass-Through
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Notes: This graph shows the smoothed distribution across country-product categories of the estimated increase in
pass-through resulting from changes in regulation between 1999 and 2013. It applies the main estimate from

Table 1 to the observed change in the Regimpact indicator across the period observed, using only those country-
product categories with observations spanning at least ten years.

B. Scope for Quality

Table 2 repeats the analysis for those products for which measures of the scope for quality are
available.?* Since the ‘quality ladder’ data only vary across products, not across countries, we
cannot include product-time fixed effects as these would remove all variation. We therefore
include only country-product, country-time, product and time fixed effects in the ‘Interaction FEs'’
quality specification. This slight loosening has little impact on the Regimpact results, which
remain consistent across columns, suggesting that the ‘lighter’ specification still provides
informative estimates for the effect of quality range.

The results in Table 2 show that a one standard deviation increase in the length of the ‘quality
ladder’ of a product can raise pass-through by more than 40 percentage points. This fits the
theory in section Il in the case that demand for quality is relatively more important to consumers
when prices are higher —i.e. in the ‘complementarity’ case. In this scenario, firms opt to pass on

24 All variables are re-standardized for the regressions on this smaller quality-inclusive sample, so that each
estimated coefficient retains the interpretation as ‘the impact on pass-through of a one-standard deviation rise in
the variable'.
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more of a VAT rise rather than reduce quality to dampen the impact on prices; the greater the
scope for quality differentiation, the stronger this effect, so the higher is pass-through.

Considering Table 1 and Table 2 together, the regulation and quality effects have comparable
magnitudes, while the regulation effect is somewhat more robust across different specifications.
Figure 9 in the Appendix below shows the dynamics of the quality scope effect. While there is
again a significant effect in the month of the reform, the effect also continues to grow over the
six months following the reform.
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Table 2. Estimates of Pass-Through Heterogeneity, Including Quality Range

Dependent variable: change in log prices

No FEs Individual FEs Interaction
FEs
Baseline S;: Pre-Reform 0.191 0.226** 0.116
(0.565) (0.045) (0.429)
Contemporaneous 0.234 0.201** 0.0169
(0.192) (0.019) (0.891)
Post-Reform -0.0381 -0.000174 -0.067
(0.889) (0.999) (0.468)
Total 0.387 0.427*** 0.066
(0.384) (0.009) (0.764)
Openness: Total -0.573 -0.409 -0.551
(0.572) (0.485) (0.433)
Concentration: Total -0.152 -0.202 -0.153
(0.692) (0.220) (0.398)
Regimpact: Pre-Reform -0.0558 -0.0466 0.122
(0.676) (0.559) (0.450)
Contemporaneous -0.212%** -0.278*** -0.444%**
(0.003) (0.000) (0.003)
Post-Reform -0.0853 -0.0897** -0.0945*
(0.461) (0.016) (0.075)
Total -0.353* -0.414%** -0.416**
(0.067) (0.002) (0.029)
Quality range: Pre-Reform -0.0838 -0.0996 -0.0368
(0.829) (0.384) (0.754)
Contemporaneous 0.213 0.228** 0.256***
(0.326) (0.041) (0.009)
Post-Reform 0.268 0.256** 0.268***
(0.401) (0.033) (0.003)
Total 0.397 0.385** 0.487**
(0.440) (0.025) (0.010)
FEs None ikt itk tik
Clustering None ik ik
N 49,598 49,598 49,598

p-values in parentheses. “ p < 0.10, ™ p < 0.05, ™ p < 0.01 Estimates are the sum of the price elasticity coefficients
with respect to tax changes over each period. Prices are de-trended and de-seasonalized, and observations are
weighted by their share of national consumption.
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C. Early Announcement

To test whether pass-through differs for reforms announced far in advance, we consider the
dynamics of those cases where we can match a VAT change to an announcement date in the
TPRD. We create a dummy AnnouncedEarly that equals one if the lag between announcement
and implementation is greater than the median implementation lag of 32 days. Interacting this
with the pass-through term in the baseline dynamic regression finds that there is no significant
anticipation effect in the six months before the reform, as shown in Table 3, though there may
be some small cumulative effect over the whole one year window. The full dynamics are
illustrated in Figure 4.

To check whether this null result is driven by the above/below median specification, in Table 8 in
the Appendix we also present results using a continuous implementation lag variable. We find
that an additional month of implementation lag is weakly associated with up to 6% additional
total pass-through, but there is again no significant anticipation effect. Anticipation effects
through the demand channel may be particularly strong for durables, as noted in section II.D,
since they offer greater opportunity to expedite or defer consumption in response to future price
changes. We therefore also split the results between durables and non-durables, shown in Table
in the Appendix, and again find no evidence for anticipation effects.? Lastly, a positive result may
be obscured by variation in market competitiveness, which we know plays a role as discussed
above. Therefore in Table in the Appendix we also include regulation, quality, openness and
concentration in the specification, but again find no evidence for announcement effects.

Overall, while there is some weak evidence that reforms announced earlier tend to have slightly
larger pass-through, there is no strong support for either the ‘anticipation’ or ‘total effect’
hypotheses.2® We consider this null result a useful and constructive contribution to the literature.
To the best of our knowledge this is the first study to systematically match broad country-
product VAT reform data to announcement dates — and thus we are able to examine a potential
‘missing variable’ in important works such as BDKW and Benzarti et al. (2017). Our null result
reinforces the findings of these papers, by suggesting that, in aggregate, announcement effects
are unlikely to be playing a substantial confounding role.

25 This contrasts, for instance, with the work of Buettner and Madzharova (2017), who find a large anticipatory
demand effect for eight categories of ‘white goods’ (e.g. dishwashers, refrigerators). Our results likely differ due to
the broader range of goods in our dataset — we include other durables such as carpets, furniture, IT equipment,
jewellery etc.

26 There is, however, substantial heterogeneity across reforms, as discussed in Appendix A.
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Dependent variable: change in log prices

No FEs Individual FEs Interaction FEs
Baseline B;: Pre-Reform 0.163* 0.171* 0.0571
(0.0885) (0.0818) (0.466)
Contemporaneous 0.244** 0.214* 0.0848
(0.0170) (0.0541) (0.527)
Post-Reform 0.0532 0.0632 -0.0377
(0.546) (0.388) (0.443)
Total 0.460*** 0.448** 0.104
(0.005) (0.0272) (0.375)
AnnouncedEarly: Pre-Reform -0.0633 -0.0510 -0.00404
(0.853) (0.748) (0.979)
Contemporaneous 0.0609 0.0794 0.133
(0.737) (0.573) (0.408)
Post-Reform 0.247 0.120 0.208
(0.326) (0.593) (0.161)
Total 0.244 0.149 0.337*
(0.589) (0.663) (0.0646)
# of VAT changes: 564 564 564
FEs None ikt it kt,ik
Clustering None ik ik
N 100983 100983 100983

p-values in parentheses. “ p < 0.10, ™ p < 0.05, ™ p < 0.01 Estimates are the sum of the price elasticity coefficients
with respect to tax changes over each period. Prices are de-trended and de-seasonalized, and observations are

weighted by their share of national consumption.
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Figure 4. Marginal Effect on Pass-Through of Early Announcement
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Notes: This graph shows the cumulative marginal impact on baseline pass-through of having an
implementation lag (announcement date minus implementation date) above the median.

V. ROBUSTNESS CHECKS

To reduce the influence of regulatory outliers, Table in the Appendix replaces Regimpact with
RegimpactHML, which takes value 1 if the observation is in the top quartile of the Regimpact
distribution, value -1 if in the bottom quartile, and zero otherwise. Results remain similar, with a
strong negative relationship between RegimpactHML and pass-through.

Secondly, we check whether pass-through heterogeneity depends on the direction of the VAT
change, following recent work on asymmetric pass-through (e.g. Benzarti et al., 2017; Carbonnier,
2007; Politi and Mattos, 2011). Pass-through heterogeneity for increases and decreases are
estimated by B(mc)and B(dec)

d d
Aln(pige) = Bo + Z Z '81( ) Aln 1+ Tl(kt)ﬂ)
de{inc, dec}]:—6
d
+ Z B A (1+75), ;) Xune
definc,dec} j=—6
+ B3 Xike + Pie + Pree + Qi + €igee
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Results comparing pass-through across products impacted differently by regulation are shown in
Error! Reference source not found. in the Appendix. The previous literature has found evidence
for greater price rigidity with respect to decreases than increases; however, like BDKW, we find
little evidence of this in our data — the final column of Table 12. shows few significant differences
between the coefficients on increases and decreases. As discussed in BDKW, the mostly
insignificant differences are likely due to substantial heterogeneity across product categories in
our dataset, without direct association with the reform type (a VAT hike or cut).

Table in the Appendix repeats this exercise for those observations with quality data. In this case,
greater pass-through for products with a longer "quality ladder’ as estimated in section IV.B
appears to be essentially driven by reforms with VAT increases. According to our theoretical
framework, the result would suggest that producers respond to a VAT hike by increasing quality,
while they choose to leave quality unchanged in the case of VAT cuts.

Thirdly, we use a similar method to investigate whether pass-through varies with the business
cycle. We use recession indicators from the OECD (Federal Reserve Bank of St. Louis, 2020; OECD,
2020), constructed by using statistical methods to identify turning points in the time series of

industrial output and GDP. We run:
6

d d
AIn(pye) = Po + Z Z AP - am (1415, )
de{exp, rec}]——é

d d
Z Z B() Aln 1+Tl(kt)+]).Xikt

de{exp,rec} j=—6
+ B3 Xike + Pie + Qre + Qi + Eine

B(TGC) ﬁ(exp)

where and reflect baseline pass-through in recessionary and expansionary periods

respectively, and ﬁ(rec) and ﬁ(exp) reflect heterogeneity likewise. The results are shown in Table

14 in the Appendix. We find some evidence that pass-through effects are stronger in expansions,
possibly because prices are more flexible when inflation is higher, but ultimately cannot reject
equality of pass-through coefficients across expansionary/contractionary periods.

Lastly, in additional specifications (available on request) we allow for differential effects of
regulation and quality across types of VAT change — specifically standard rate changes, reduced
rate changes and reclassifications, as discussed in detail in BDKW. However, with current data we
cannot make clear inferences about the triple interaction between reform, regulation/quality and
reform-type, as our results may simply be driven by the composition of reforms in our dataset.
For instance, the majority of reforms in our dataset are standard rate changes, affecting relative
standard errors in estimates across the varieties. The average size and spread of the reforms also
vary substantially across type, as shown in Table 2, which could affect the estimated coefficients if
the relationship between reform size and pass-through is non-linear. We therefore focus on the
pooled effects, but also note that Figure 2 of BDKW shows similar effects across reform types —
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particularly once the reform is introduced, i.e. in the period for which we find regulation and
quality to be important.

VI. CONCLUSION

This paper investigates the role of market structure and timing in pass-through heterogeneity.
We extend existing theory by modelling three different settings in which market competitiveness
can influence pass-through. We test these relationships empirically using a consumption panel
across 14 Eurozone countries, and find that upstream product market regulation and quality have
a substantial impact — both in absolute terms and relative to other market characteristics. Our
results indicate that pass-through to consumer prices is greater the more competitive the
upstream sector or the wider the quality range of the taxed product.

Extending such analysis beyond pricing behavior — e.g. to direct observation of firm markups and
marginal costs — is likely to be a fruitful area for future research. We model imperfect competition
in upstream and downstream sectors independently and in a partial equilibrium framework, so
future work could also extend the theory to a GE setting — allowing for broader linkages between
sectors.

Our results suggest that the substantial loosening in regulations to encourage greater
competition in upstream sectors at the beginning of the century may have put downward
pressure on pass-through in recent history. We also provide the first systematic evidence on
“fiscal forward guidance’ with respect to VAT reforms, finding that early announcement is unlikely
to have large anticipation or total effects.

Together our results are relevant for governments considering VAT reforms with the view of
stimulating demand, supporting supply or protecting either side of the market. Because pass-
through affects whether supply or demand is more affected by a VAT reform (Weyl and Fabinger
2013), policy-makers should factor in market characteristics. A greater or smaller VAT rate
change may be needed to achieve a certain price variation objective depending on market
characteristics. In the cases where pass-through is such that producer or consumer prices are
unresponsive to VAT change, policy makers willing to achieve some targeted support could look
for more cost-effective instruments than VAT changes.
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VIIl. APPENDIX: LITERATURE REVIEW AND ADDITIONAL FINDINGS
A. Related Literature

A substantial literature exists estimating the effects of specific tax changes. Carbonnier (2007)
considers the impact of decreasing VAT on cars and housing repairs in France; Benzarti and
Carloni (2017) consider a VAT cut for French restaurants, Mariscal and Werner (2018) consider
the impact of differences in VAT for Mexican border cities, and Gaarder (2018) considers a cut in
the VAT on food in Norway. A few studies consider effects across multiple countries: while
Benzarti et al. (2017) focus on changes in the VAT on hairdressing in Finland, they also consider
all VAT changes across EU member states, and Andrade et al. (2015) consider the impact on
French export prices of VAT changes in several destination markets. This paper builds primarily
on the work of Benedek, De Mooij, Keen and Wingender (2015), who constructed the core
dataset of European VAT rates used in this paper. Like BDKW, in estimating VAT pass-through
across a broad range of countries and consumption categories we aim to provide more general
results than can be reached in studies of a small number of countries, sectors or reforms. We also
use the same identification strategy and a product-country panel which, by comparing products
across countries and countries across products, provides better controls than product-specific
studies or economy-wide cross-country studies.

To measure the impact of upstream regulation on a sector, we use the ‘Regimpact’ indicator
developed by the OECD (Conway and Nicoletti, 2006; Egert and Wanner, 2016; Koske et al.,
2015). This has been widely used to study the impacts of regulation on productivity (Amable et
al., 2007; Arnold et al., 2008; Bourles et al.,, 2013; Cette et al.,, 2014, 2013; Copenhagen Economics,
2013; European Commission, 2007; Havik et al., 2008; International Monetary Fund, 2015;
Yahmed and Dougherty, 2012), and to a lesser extent to study the impacts on competitiveness
(Braila et al., 2010) and firms" input sourcing decisions (Di Ubaldo and Siedschlag, 2018). These
studies generally find a positive effect of deregulation on productivity, competitiveness, and the
propensity of firms to purchase inputs rather than source them intra-firm through FDI. To the
best of our knowledge the ‘Regimpact’ indicator has not previously been used to investigate VAT
pass-through.

Other studies of upstream service sector reform have found substantial downstream effects on
firms. Arnold et al. (2016) construct a measure of services liberalization in India, and find a
strong positive effect on the productivity of manufacturing firms intensive in the liberalizing
services. Bertrand et al. (2007) find similar effects on French manufacturing firms of banking
deregulation in the 1980s. Our finding that features of the upstream market have substantial
downstream effects also parallels an established result from the trade literature that input tariffs
can have major effects in output markets (e.g. Amiti and Konings, 2007; De Loecker et al., 2016;
Goldberg et al., 2010; Topalova and Khandelwal, 2010).

Several previous studies consider the impact of anticipated fiscal shocks on aggregate economic
variables, both in theory and empirically (Bi et al., 2013; Fujiwara and Waki, 2019; Mertens and
Ravn, 2012, 2011; Ramey, 2011). To the best of our knowledge this is the first study to consider
product-level announcement effects across many different VAT reforms. In using the Tax Policy
Reform Database (Amaglobeli et al., 2018) to identify announcement effects of VAT reforms on
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consumer prices, our paper also parallels the work of Pallan (2019), who considers the impact on
stock prices.

B. Descriptive Statistics

Table 1. Summary of VAT Reforms by Country

First year in data Number of Products Product-Months
reforms affected affected
Austria 1998 1 1 1
Finland 1998 2 48 59
France 1998 3 35 36
Germany 1998 2 36 72
Greece 2000 3 48 144
Ireland 1998 7 34 153
Italy 1998 2 36 36
Luxembourg 2003 1 1 1
Netherlands 1998 1 29 29
Portugal 1998 7 49 193
Slovakia 2008 1 45 45
Slovenia 2006 1 1 1
Spain 1998 2 38 76
Total 33 401 846
Table 2. Summary of Observed VAT Rates and Prices

N mean s.d. min max

VAT levels Reduced rate 31,147 0.075 0.033 0.021 0.17

Standard rate 74,010 0.194 0.02 0.15 0.23

Zero rate 2,393 0 0 0 0

VAT changes All 846 0.01 0.02 -0.15 0.17

Standard 722 0.01 0.01 -0.01 0.03

Reduced 116 0.01 0.02 -0.05 0.07

Reclassification 8 -0.03 0.12 -0.15 0.17

VAT decrease 143 -0.02 0.03 -0.15 -0.01

VAT increase 703 0.02 0.01 0.01 0.17

Price levels 108,000 102.5 19.9 18.8 527.6
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Table 3. Pairwise Correlation Between Competitiveness Variables

(M (2) 3) 4)
(1) Openness 1.000
(2) Regimpact -0.122* 1.000
(3) Concentration 0.022* -0.045* 1.000
(4) Quality range 0.050* 0.029* -0.054*  1.000
* shows significance at the 0.05 level
Table 4. Summary Statistics for Main Variables
Variable Obs Mean Std.Dev. Min Max
Aln(Price) 107,550 .001 024 -414 415
Aln(1 + VAT) 107,550 0 .002 -134 149
Regimpact* 107,550 112 1.005 -2.098 3.774
Quality range* 52,970 .052 .996 -1.933 1.785
Openness* 107,550 .026 1.149 -.224 92.187
Concentration* 107,550 -.024 .987 -1.263 5.997
TAX_package 107,550 .005 .069 0 1
Consumption 107,550 1.19e+08 3.35e+08 1456.954 1.67e+09
ValueAdded 106,542 18207.45 45043.92 4 559000
* indicates standardized variables
Table 5. VAT Changes for Which Announcement Dates are Observed
N mean s.d. min max
VAT changes All 565 0.01 0.02 -0.15 0.17
Standard 489 0.01 0.01 -0.01 0.03
Reduced 71 0.01 0.01 -0.05 0.02
Reclassification 5 -0.01 0.14 -0.15 0.17
VAT decrease 101 -0.01 0.02 -0.15 -0.01
VAT increase 464 0.02 0.01 0.01 0.17
Table 6. Correlation Among Other Market Structure Variables
(M (2) 3) (4) (5) (6) (7)
(1) Openness 1.000
(2) Concentration 0.013* 1.000
(3) Regimpact -0.104*  -0.038* 1.000
(4) Quality ladder 0.055* -0.072* 0.031* 1.000
(5) Dependence on 0.022* -0.042*  0.072* 0.147* 1.000
external finance
(6) Export elasticity 0.044* 0.013* 0.022* -0.216*  0.132* 1.000
(7) Import elasticity -0.029* -0.013* 0.076* 0.133* 0.016* 0.020* 1.000

* shows significance at the 0.05 level
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Figure 5. Distribution of Regulation Across Consumption Categories
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Notes: These plots summarize the distribution of the Regimpact measure across consumption categories. A
lower value of the indicator reflects a more competition-friendly regulatory stance among input industries.
Each box depicts the 25%, 50" and 75t percentiles, with extending lines to the minimum and maximum
values, excluding outliers (defined as 1.5IQR below/above the lower/upper quartile).
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Figure 6. Upstream Regulation Over Time, Country and Consumption Category
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Figure 7. Distribution of Quality Scope Across Consumption Categories
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Notes: This graph depicts the estimated quality range across different consumption categories. A higher value of
the indicator reflects a longer average ‘quality ladder’ (Khandelwal, 2010).




Figure 8. Upstream Industries Included in Regimpact Indicator, and Categories Upon Which They are Scored
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C. Additional Figures and Results
Decomposing the PMR Effect by Upstream Sector

We also use an alternative measure of upstream regulation to decompose the impact across
upstream sectors. Table 7 below repeats the analysis using the ‘narrow’ Regimpact indicator,
which includes only the first three of the eight industries considered in the ‘wide’ Regimpact
indicator (Energy, Transport, Communications, Retail, Accounting, Legal, Engineering,
Architecture). The size and significance of the impact of PMR dramatically decreases, suggesting
that the impact is driven by the omitted industries, i.e. Retail, Accounting, Legal, Engineering, and
Architecture.

To further narrow down which sectoral regulations matter most, we then compare the role of the
regulated sectors in supply chains. Compared to the output of professional services, the output
of retail is less often used as an input to other sectors. Figure 10 in the Appendix shows the
share of intermediate demand in gross output of non-manufacturing sectors across countries.
Around 80% of the output of ‘Business Activities’ (comprising Accounting, Legal, Engineering and
Architecture) is used as an intermediate input to other sectors of the economy, compared to just
40% in Retail. This is reflected in a substantially higher average weight being attached to the
former in the construction of the ‘wide’' Regimpact indicator (Egert and Wanner, 2016), leading us
to conclude that the impact of product market regulation on pass-through heterogeneity is most
likely to be driven by the impact of regulation in professional services.

Heterogeneity in the Effects of Early Announcement

The top-left panel of Figure 11 below shows contemporaneous pass-through by implementation
lag for all country-product pairs for which we have data on announcement dates. The specific
cases highlighted illustrate the heterogeneity: the bottom-left panel shows a relatively large
possible announcement effect for a rise in VAT on package holidays in Luxembourg, while the
bottom-right panel shows no announcement effect for a rise in VAT on restaurants and cafés in
Portugal. Future research to gather more complete data on announcement dates will allow
systematic evaluation of the factors determining whether advance announcement impacts pass-
through.
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Figure 9. Cumulative Effect of Quality Scope on Pass-Through

0 2 ty.4
| | |

Cumulative elastici

-2

T T T
-6 -3 0
month

———— Baseline (mean quality range)
— Long quality ladder (+1 s.d.)

— Short quality ladder (-1 s.d.

Notes: This graph shows cumulative baseline pass-through and the impact upon this of quality scope. The blue
(black) lines show cumulative pass-through in a country-product pair with a quality ladder that is exactly one

standard deviation longer (shorter) than the mean.




38

Table 7. Estimates Using ECTR Only

Dependent variable: change in log prices

No FEs Individual FEs Interaction FEs
Baseline B;: Pre-Reform 0.176 0.186* 0.0353
(0.189) (0.065) (0.515)
Contemporaneous 0.299*** 0.290*** 0.219***
(0.000) (0.000) (0.000)
Post-Reform 0.153 0.110 0.0376
(0.142) (0.215) (0.570)
Total 0.628*** 0.586*** 0.2971***
(0.000) (0.001) (0.002)
Openness: Total 0.874** 0.740 0.0907
(0.042) (0.176) (0.799)
Concentration:  Total -0.0467 -0.0357 -0.040
(0.785) (0.831) (0.734)
Regimpact: Pre-Reform -0.0235 -0.0325 0.0232
(0.775) (0.657) (0.725)
Contemporaneous -0.0389 -0.0605 -0.169*
(0.632) (0.444) (0.089)
Post-Reform -0.0538 -0.00649 -0.0507
(0.491) (0.924) (0.356)
Total -0.116 -0.0996 -0.197*
(0.397) (0.488) (0.074)
FEs None ikt it kt,ik
Clustering None ik ik
N 100,983 100,983 100,983

p-values in parentheses. “p < 0.10, ™ p < 0.05, ™ p < 0.01
Estimates are the sum of the price elasticity coefficients with respect to tax changes over each period. Prices
are de-trended and de-seasonalized, and observations are weighted by their share of national consumption.
Regimpact, openness and market concentration are standardized so the coefficients can be interpreted as the
impact on pass-through of a one-standard-deviation rise in the regressor. Pre-Reform, Contemporaneous and
Post-Reform effects are also estimated for Openness and Concentration, but are not significant so omitted for

conciseness.
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Electricity, gas and water supply

Figure 10. Share of Intermediate Demand in Gross Output of Non-Manufacturing Sectors
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Figure 11. Heterogeneity in Announcement Effects

Contemporaneous pass-through

1.5

1

5

ejeccecccmimas oo

o sememe wm ms @

HJ

. * Portugal: " e
reclassification & g%
raising VAT on
srestaurants
and cafés

®

—
s @ @w m——— .
0
.

The top-left graph shows the distribution of contemporaneous pass-
through by implementation lag (ie. announcement date minus
implementation date), across reforms for which announcement date
data are available. For clarity the observable window is limited to
those reforms with pass-through between -0.5 and 1.5, which
together make up 76% of observations. The vertical spread illustrates
the substantial heterogeneity in pass-through, even after controlling
for implementation lags.

o ]
! . s o ~ . .
: esenvare L P, : : The two lower graphs show the full path of prices in two of these
% on package s . . * . . ;.
# holidays : Bl cases: package holidays in Luxembourg and restaurants & cafés in
0 | . . .
= . . : : . l Portugal. In each case the red vertical line shows the date the reform
400 200 100 50 25 15 10 . }
Implementation lag (days) was announced, and the black vertical line shows the date of
- Non-durable - Durable implementation. The bottom-left graph shows a potential
anticipation effect, unlike the bottom-right graph.
S 8 4
i Announcement: Implementation: =
2nd May 2006 1st January 2007 —
rate from 12% to 15%
3
o
8
3 3
2 28
3 8"
& &
@ |
* o
8
o Announcement: Implementation:
© | % 17th October 2011 1st January 2012 — rate from 13% to 23%
[}
2005m7 2006m7 2007m7 2008m?7 201 bm7 201 I1 m7 201 :9_m7 201 ém?
Month Month

014



Table 8. Impact of Early Announcement on Pass-Through, for Continuous Implementation Lag

Dependent variable: change in log prices

(M 2 3) @ )
No FEs Individual FEs  Interaction FEs Individual FEs Interaction FEs
+ Controls + Controls
Baseline B;: Pre-Reform 0.164 0.162* 0.0451 0.161* 0.0476
(0.189) (0.0711) (0.556) (0.0660) (0.529)
Contemporaneous 0.305*** 0.257** 0.115 0.263** 0.115
(0.003) (0.0131) (0.336) (0.0170) (0.337)
Post-Reform 0.0838 0.0884 0.007 0.0827 0.00899
(0.345) (0.270) (0.909) (0.302) (0.885)
Total 0.554*** 0.507*** 0.167 0.507*** 0.171
(0.002) (0.004) (0.126) (0.00442) (0.122)
Implementation Lag: Pre-Reform -0.00248 0.00613 0.0323 0.00838 0.0316
(0.951) (0.806) (0.157) (0.738) (0.166)
Contemporaneous -0.0263 -0.0114 0.00271 -0.00899 0.0195
(0.187) (0.5471) (0.907) (0.650) (0.403)
Post-Reform 0.0304 0.00589 0.00603 0.0107 0.00596
(0.333) (0.802) (0.761) (0.651) (0.766)
Total 0.00165 0.000637 0.0410 0.0101 0.0571*
(0.976) (0.987) (0.155) (0.801) (0.053)
Controls No No No Yes Yes
X ikt No No No Yes Yes
FEs None ikt it kt,ik ikt it,kt,ik
Clustering None ik ik ik ik
N 100,983 100,983 100,983 100,023 100,023

p-values are shown below coefficients. * p < 0.10, ** p < 0.05, *** p < 0.01. 'X_ikt' refers to the inclusion of Regimpact, trade openness and import concentration.
Specifications (4) and (5) also control for value added, consumption and whether the reform was part of a package. Implementation Lag' is measured in months,

so e.g. a coefficient of 0.01 implies that announcing a VAT reform one additional month in advance is associated with a 1% increase in pass-through.

I



Table 9. Impact of Early Announcement on Pass-Through, for Continuous Implementation Lag, by Durability

Dependent variable: change in log prices

(44

Individual FEs Interaction FEs
Non-Durables Durables Non-Durables Durables
Baseline B;: Pre-Reform 0.126 0.156* -0.0479 0.131
(0.254) (0.0705) (0.392) (0.346)
Contemporaneous 0.410%** -0.00241 0.299*** -0.156
(0.00) (0.962) (0.00) (0.240)
Post-Reform 0.119 0.0334 0.0473 -0.0509
(0.314) (0.446) (0.586) (0.238)
Total 0.655*** 0.187 0.298** -0.0753
(0.003) (0.201) (0.0134) (0.584)
Implementation Lag: Pre-Reform 0.00617 0.0183 0.0439* 0.0224
(0.847) (0.238) (0.0505) (0.408)
Contemporaneous -0.0403* 0.0590*** -0.0272 0.0561**
(0.0748) (0.0071) (0.213) (0.0190)
Post-Reform 0.0126 -0.0209** 0.00150 0.0122
(0.678) (0.0241) (0.947) (0.493)
Total -0.0215 0.0564** 0.0182 0.0906***
(0.656) (0.0253) (0.560) (0.003)
# of VAT changes: 444 120 444 120
X ikt No No
FEs ikt it,kt, ik
Clustering ik ik
N 100983 100983

p-values are shown below coefficients. * p < 0.10, ** p < 0.05, *** p < 0.01. The 'Individual FEs" and ‘Interaction FEs' specifications correspond to models (2) and (3)
in Table 8, but with coefficients estimated independently for Non-Durables and Durables. ‘Implementation Lag’ is measured in months, so a coefficient of 0.01, for
example, implies that announcing a VAT reform one additional month in advance is associated with a 1% increase in pass-through.
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Table 10. Regulation, Quality and Announcement Effects

Dependent variable: change in log prices

Full sample, no quality Sample incl. quality
Implementation lag (days): >32=Early <32 >32=Early <32
Baseline B;: Pre-Reform 0.054 0.0165 0.766 0.059
(0.708) (0.765) (0.147) (0.647)
Contemporaneous 0.26*** 0.282*** -0.0356 0.0591
(0.008) (0.008) (0.928) (0.642)
Post-Reform 0.101 -0.0349 -0.517 0.147**
(0.440) (0.663) (0.245) (0.021)
Total 0.415*** 0.263** 0.214 0.265
(0.009) (0.032) (0.781) (0.212)
Openness: Total -0.0145 -0.0123 4.195%** -1.474**
(0.982) (0.978) (0.005) (0.043)
Concentration:  Total -0.0197 -0.0198 -0.286 -0.233
(0.898) (0.889) (0.174) (0.283)
Regimpact: Pre-Reform 0.364 0.0531 1.387*** 0.0397
(0.118) (0.382) (0.000) (0.749)
Contemporaneous 0.0801 -0.254*** 0.309 -0.523***
(0.541) (0.003) (0.359) (0.000)
Post-Reform -0.0033 0.0176 0.321 -0.136***
(0.990) (0.701) (0.585) (0.006)
Total 0.441 -0.183* 2.017*** -0.62***
(0.274) (0.068) (0.010) (0.000)
Quality range:  Pre-Reform -0.186 -0.0587
(0.168) (0.705)
Contemporaneous 0.0127 0.418***
(0.906) (0.000)
Post-Reform 0.398** 0.0616
(0.012) (0.527)
Total 0.224* 0.421*
(0.089) (0.086)
# of VAT changes: 344 502 185 264
# of which: Standard 308 414 178 234
Reduced 33 83 7 29
Reclassification 3 5 0 1
Average size of VAT change (pp): 1.6 0.6 1.6 0.7
FEs it kt,ik itk t,ik
Clustering ik ik
N 100,983 49,598

p-values in parentheses. “ p < 0.10, ™ p < 0.05, ™ p < 0.01
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Table above considers the interaction between early announcement and openness,
concentration, regulation and quality. Once again there is no evidence of an anticipation or total
effect. The impact of regulation is driven by reforms which were announced fewer than 32 days
in advance, but this is likely driven by the composition of that group — it contains a substantially
higher share of changes to the reduced rate, which have the strongest effects as discussed
above. The quality range effect is similar across implementation lag groups.

Additional tables (available on request) repeat the main specifications using country-level
clustering and product-level clustering in turn. Results are similar with product-level clustering,
while with country-level clustering the contemporaneous effect of Regimpact remains significant
while the total effect is marginally insignificant.
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D. Additional Tables for Robustness Checks

Table 11. Estimates Using Discrete PMR Variable

Dependent variable: change in log prices

No FEs Individual FEs Interaction FEs
Baseline B;: Pre-Reform 0.210 0.190* 0.0341
(0.135) (0.059) (0.555)
Contemporaneous 0.323*** 0.317*** 0.243***
(0.000) (0.000) (0.001)
Post-Reform 0.159 0.112 0.0373
(0.139) (0.248) (0.609)
Total 0.692*** 0.619*** 0.314***
(0.000) (0.001) (0.002)
Openness: Total 0.691 0.589 -0.0212
(0.134) (0.306) (0.954)
Concentration: Total -0.0406 -0.0246 -0.0378
(0.807) (0.874) (0.747)
RegimpactHML:  Pre-Reform -0.137 -0.0596 0.0631
(0.333) (0.550) (0.533)
Contemporaneous -0.199* -0.252** -0.351**
(0.058) (0.011) (0.0171)
Post-Reform -0.0664 -0.0177 -0.0606
(0.666) (0.865) (0.490)
Total -0.402* -0.330* -0.348**
(0.083) (0.091) (0.043)
FEs None ikt it kt,ik
Clustering None ik ik
N 100,983 100,983 100,983

p-values in parentheses. " p < 0.10, ™ p < 0.05, ™ p < 0.01

Estimates are the sum of the price elasticity coefficients with respect to tax changes over each period. Prices are
de-trended and de-seasonalized, and observations are weighted by their share of national consumption.
RegimpactHML is a discrete variable taking value 1 if the observation is in the top quartile of the Regimpact
distribution, value -1 if in the bottom quartile, and zero otherwise. Openness and market concentration are
standardized so the coefficients can be interpreted as the impact on pass-through of a one-standard-deviation
rise in the regressor. Pre-Reform, Contemporaneous and Post-Reform effects are also estimated for Openness
and Concentration, but are not significant so omitted for conciseness.
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Table 12. Estimates by Direction of VAT Change

Dependent variable: change in log prices

Increases Decreases Coeff.s Equal
Baseline B;: Pre-Reform 0.0435 -0.0511 0.26
(0.734) (0.293)
Contemporaneous 0.0000215 0.296*** 0.00
(0.459) (0.001)
Post-Reform 0.00122 0.0483 0.71
(0.990) (0.543)
Total 0.0447 0.293** 0.25
(0.784) (0.027)
Openness: Total 0.370 -1.123* 0.07
(0.481) (0.0826)
Concentration:  Total 0.126 0.00695 0.58
(0.470) (0.957)
Regimpact: Pre-Reform 0.0112 -0.0385 0.54
(0.879) (0.324)
Contemporaneous -0.172** -0.126 0.75
(0.0294) (0.242)
Post-Reform -0.00767 0.0439 0.62
(0.894) (0.612)
Total -0.169 -0.121 0.83
(0.200) (0.498)
# of VAT changes: 707 151
Controls No
FEs it kt,ik
Clustering ik
N 105,616

p-values in parentheses. “p < 0.10, ™ p < 0.05, ™ p < 0.01

Estimates are the sum of the price elasticity coefficients with respect to tax changes over each period. Prices
are de-trended and de-seasonalized, and observations are weighted by their share of national consumption.
Regimpact, openness and market concentration are standardized so the coefficients can be interpreted as the
impact on pass-through of a one-standard-deviation rise in the regressor. The final column presents p-values
from a Wald test of equality between the Increase and Decrease coefficients.
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Table 13. Estimates by Direction of VAT Change, Including Quality Range

Dependent variable: change in log prices

Increases Decreases Coeff.s Equal
Baseline B;: Pre-Reform 0.12 0.162 0.90
(0.697) (0.256)
Contemporaneous 0.00 0.539*** 0.00
(0.553) (0.003)
Post-Reform -0.282 0.0747 0.1
(0.116) (0.552)
Total -0.163 0.775*** 0.02
(0.609) (0.000)
Openness: Total -0.322 0.0651 0.78
(0.729) (0.942)
Concentration:  Total 0.0342 -1.16%** 0.00
(0.872) (0.001)
Regimpact: Pre-Reform 0.0928 0.264 0.55
(0.641) (0.234)
Contemporaneous -0.421** -0.0214 0.26
(0.017) (0.945)
Post-Reform -0.00824 -0.357 0.15
(0.927) (0.113)
Total -0.336 -0.114 0.63
(0.177) (0.758)
Quality range:  Pre-Reform -0.0621 0.0701 0.50
(0.635) (0.694)
Contemporaneous 0.187* 0.17 0.95
(0.083) (0.443)
Post-Reform 0.345*** -0.352* 0.01
(0.002) (0.072)
Total 0.471** -0.111 0.16
(0.030) (0.691)
# of VAT changes: 373 80
Controls No
FEs it k.t ik
Clustering ik
N 49,598

p-values in parentheses. “ p < 0.10, " p < 0.05, ™ p < 0.01

Estimates are the sum of the price elasticity coefficients with respect to tax changes over each period. Prices
are de-trended and de-seasonalized, and observations are weighted by their share of national consumption.
Regimpact, openness, market concentration and quality range are standardized so the coefficients can be
interpreted as the impact on pass-through of a one-standard-deviation rise in the regressor. The final
column presents p-values from a Wald test of equality between the Increase and Decrease coefficients.
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Table 14. Estimates across the Business Cycle

Dependent variable: change in log prices

Expansions Contractions Coeff.s Equal FEs
Baseline B;: Pre-Reform -0.0227 0.0602 0.53
(0.757) (0.589)
Contemporaneous 0.286%** 0.13 0.38
(0.000) (0.413)
Post-Reform 0.142 -0.035 0.20
(0.181) (0.689)
Total 0.405%** 0.155 0.31
(0.001) (0.455)
Openness: Total -0.107 0.0354 0.86
(0.826) (0.950)
Concentration: Total -0.255 0.118 0.13
(0.198) (0.394)
Regimpact: Pre-Reform 0.0707 0.0957 0.82
(0.318) (0.268)
Contemporaneous -0.219%** -0.187 0.86
(0.000) (0.266)
Post-Reform -0.0804 0.114 0.05
(0.175) (0.145)
Total -0.228%%** 0.0226 0.35
(0.000) (0.932)
# of VAT changes: 300 558
Average size of VAT change (pp): 0.54 1.2
FEs it,kt,ik
Clustering ik
N 100,983

p-values in parentheses. “p < 0.10,  p < 0.05, ™ p < 0.01

Estimates are the sum of the price elasticity coefficients with respect to tax changes over each period. Prices are
de-trended and de-seasonalized, and observations are weighted by their share of national consumption.
Openness and market concentration are standardized so the coefficients can be interpreted as the impact on
pass-through of a one-standard-deviation rise in the regressor. Pre-Reform, Contemporaneous and Post-Reform
effects are also estimated for Openness and Concentration, but are not significant so omitted for conciseness.
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E. Theory Appendix

To study the role of competition and product differentiation, we depart from homogeneous goods
sold under perfect competition as in BDKW (section Il). We examine four separate case studies to
concisely characterize the role of specific market characteristics. In the first case, we examine equally
productive firms producing different varieties of a single good (horizontal differentiation) under
monopolistic competition. In the second case, we consider heterogeneous firms producing a
homogeneous good under Cournot competition in a setting closely related to Dierickx et al. (1988).
In the third case, we consider the taxation of a good sold under perfect competition, but where
production requires inputs from an upstream sector operating under Cournot competition. In the
fourth and last case, we consider a market characterized by horizontal and vertical differentiation as
in Khandewal (2010).

The degree of pass-through to the consumer is defined as in the main text as the proportionate
response of the consumer price to an increase in the tax factor:

i dln p; (1)
~ Aln(1+7)

Equally productive firms under monopolistic Competition

We consider a single-good market with horizontal differentiation where N producers of different
varieties of the good compete in price. We infer the role of greater competition by studying the
impact of having more producers.

Every firm indexed by n produces a quantity gn» of its variety and has the same cost function given by
b
2
where b<0 corresponds to decreasing marginal costs while b>0 corresponds to increasing marginal
costs. Preferences over the different varieties follow the standard Dixit-Stigliz form and we assume

a

Cn(gn) = a+ cgn + qi with a > 0; e > 0: (2)

o—1
— Pn

o-1. . . . g .
that aggregate demand Q = (fON Gn ° ) " is isoelastic, implying that g, = (?) % with A>0, ¢ >
1 the elasticity of substitution across varieties, and P the price index which takes the form P =
1

(fON pnl“’);-

Each firm chooses its price p,, to maximize profits 7, = P,q, — C.(q,). The first order condition of

%n _ (. The derivative in the last term is obtained
0 Pn

. . 0qn _ 04y Opn _ _ _dn 27
using the demand function and we get a5 —apam = T 1+1).

the maximization problem is q,, + (p, —c — b q,,)

Because all firms are equally productive, all firm prices and quantities are identical and, for now, we
(4 1
can drop the subscript n for conciseness. This also implies that Q = g No-1 and P = p Ni-o . The latter

27 Note that monopolistic firms ignore the impact of their pricing decisions on the aggregate price index P.
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dlnp  Jdlnp
aln(1+t)  dln(1+1)

. We can then express the first order condition as:

entails that y = We also obtain that demand for a single variety is given by q =

(1+T)Np

T — 1,_.,.2 - Ir}fl U
pPr—cp— ——— =
G & (1+7)N

2 o-1
c+ |c +4bA6(1+T)N

Note that this second order equation admits a unique optimal positive solution p = 2D,
g

This implies that Zﬁ p—c>0.

We take the derivative of the first order condition with respect to N and obtain
o—10p ap bA
R = R e e e
e ONY' OGN~ (1 +71)N?
After some manipulations, we can solve for :—i:
op bA

ON ~ (1+1)N2(2=L5 o)

As a result, we found that prices are decreasing with the number of firms N if and only if b>0.

To obtain an expression for the degree of pass-through, we start with the first order condition and
take the derivative with respect to T and multiply by (1 + 7)/ p to introduce y. After some
manipulations using the first order condition to make simplifications, we get:

1

- 1+ T
CHENp +2

We take the derivative of the above equation with respect to N and use the expression for :—z to

obtain:

8y (14 7)c2=L 7P (3)
anN ) : ) |
N bA (27515 — o) (2N + 2)

Hence, we find that the degree of pass-through increases if and only if b>0, that is when firm
production is characterized by decreasing returns to scale.

This shows that the impact of competition on pass-through depends on the cost functions, and
specifically on the sign of b. In all cases, lower demand resulting from higher taxes induces producers
to scale back production. With increasing marginal costs, a reduction in scale implies cheaper
production costs which, in turn, allows for lower producer prices. The converse is true for decreasing
marginal costs. Greater competition dampens this cost adjustment. With few large firms with
stretched production capacities, a reduction in scale yields large savings. With many smaller firms
competing, savings from scaling down are smaller and producers are less able to lower their prices in
compensation for higher VAT. In this case, greater competition implies a greater pass-through. In the
case of increasing marginal costs, this means that producers are less able to lower their prices in
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compensation for higher VAT, and consequently a greater pass-through. Conversely, in the case of
decreasing marginal costs with -b large enough, greater competition implies a lower pass-through.

Imperfect Competition in the Downstream Sector

We now consider a single-good market under Cournot competition where N firms indexed by n, sell
quantities g,, at a common producer price p as described in Dierickx et al. (1988). We infer the role of
greater competition by studying the impact of having more producers.

Each firm's cost function is similar to equation (2) in the previous setting, with the notable exception
that firms are now allowed to have different marginal costs:

Chlgn) =a+tn + %qﬁ with a = 0; e = 0; @)
where b<0 corresponds to decreasing marginal costs and b>0 corresponds to increasing marginal
costs. Total demand Q = ¥, q,, is assumed to be isoelastic and such that p = A Q=#, with parameters
A>0and g >0.

Each firm n chose output independently to maximize its profit §,,(¢,)q» — C.(q,) Where firms
internalize their impact on total output. In equilibrium, the first order conditions of the profit
maximization problem for all firms is such that

() B o — i — 0 o el
Pnlgn) {?g,;r‘f” Cn Wy = U tor all n
Summing (3) across firms and then using the isoelastic demand function yield
_‘,_1 i_,"',._‘.:
Np—-pp—Ne—b|=—— =0 4]
p—Bp— Nt ’(_pu-—r]) (4)

where ¢ = Zn%.

We can examine how producer prices vary with competition by differentiating equation (4) with
respect to N:

e oy 1/8
i — s op 1 dph A -
i PEINE Bl sgyo B S
Bt ' J(?_-'\" t gaN p ( pll4T7)
/g
~ A L
@ B P_ji B _£ '-'-'If]—’_b(ﬁ[]-i—'."}) [r}
aN N & AL/B{ s ]-i"“_:1—1 N G gy A L/8 2
(N — B) + bAYB(1 4+ 1)~ 1/Bp -'"”*T“(_;Tm)

The pass-through is obtained by differentiating equation (4) with respect to 7 and multiplying by %.

We recover one of the central results in Dierickx et al. (1988):

. 0. A1 e -4 P "~
0 = (N=B)y—=1)+54" (p 17y By =1)+97 (1+T) j
=
N [.'“'-'T—.l'ﬁ] 1
! = e =7k = 14148
(N—B)+3a8y 7 1407 1+ —2HPAC

(N—B185 F (147) B
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1 =1
b(l+T71) FAF
(N—B)Bp &

(6)

We examine how pass-through vary with competition by deriving the variations of y with respect to

the number of firms.

281
5 P OE (N —B)] 41 +7) B AB(N — B) 5%
BN " — 37
14 .-_J-'.'l.L--I
[N — .'-‘l:*;J_A_
I . - A41 1 L/B ALl
: (N —8) (B+1P+ 5 (—;-..;J'_T.) ] b1 4+ hAk(N — g5 F
N 7= B+l A 1B BT AT =
T e | ]

)" FAF(N — .ﬁ’]"”}’i"%—'

i 15
;w.-—-_u-\-_uj+1|p+r1+1h ,,,T, ] (147

_\"'a?f'—'_' 7#}4( — A |:1 + -';I'l-l-'.’l.-!é :|_
a Pl — - L.
3 (N-g\8p &

(N — B_1)Né b(147) FAR(N — 8)-25 % )

_— l..',_-| * 1 3 L !
.\ r+"a1 lf—’(_[.“.v) {I— !..-1--.—:..11'-‘-’_ ]
: (N—B18p F

Pass-through increases with competition (with N > g + 1) in the case of increasing marginal costs
(b>0, the "intuitive case") while it can decrease with competition for negative enough b in the case of
decreasing marginal costs.

This result and the logic underpinning it are the same as in the previous setting. Therefore, it shows
that the result is robust to different types of competition (in price or in quantity) and to the existence
of firm heterogeneity in productivity.

Imperfect Competition in the Upstream Sector

We now deviate from Dierickx et al. (1988) and consider the case of two goods, with perfect
competition in the downstream sector and Cournot competition in the upstream sector. For clarity
purpose, we assume that the input is only consumed by producers of the final good and that it is not
taxed.

Taking prices as given, producers of the final good maximize profits [Brar — q;p;] by choosing the

quantity g to produce given the cost function ¢; = d(1 — p)q Pwithd>0and 0<p < 1.

The first order condition gives the input demand function:

o0

pr = prd® (1 + p)Pq;” (



53

In the upstream sector, each firm n chose output independently to maximize profits §,(q;)q;, n —
Cn(q; ) where firms internalize their impact on total production q; = ¥, q; ,,. In equilibrium, the first
order conditions of the profit maximization problem for all upstream firms is such that

e P .
prigr) + ﬁq;_n —¢p—bgrn=0foralln (D)
dqr
Summing (9) across firms, noting that #, = p;, and using the demand function (8) yield
- 1 TF I-.'F."
(N — p)p; — Ne—b(1 + p)dle=1/e (ﬂ) =0 (10)
b1
Together with (8) the above equation (10) gives us the final good supply function:
= gp—1 praf e ] ¢
pr=prpd” (1 +p)(d(l —p)) P " = 7 IF g (11)
ik
bFr % (o—1y/pdto (BF =\ °
[N-wWTﬂ;ﬂ—Nﬁ—M1+mwrﬂmmﬁ(_Id”) -0 (12)
d i
p —= -
(N — p}%q;:ﬂ — Ne—b(1 + p)dg® =0 (13)
e 3 1+p
" Nedgy* + b(1 + p)d=gp*
B aqy b p)a=qy (14)
(N —p)

As in the previous case, let's assume that final demand is related to price by an isoelastic function
such thatpr = A q;B. We can solve for the pass-through:

N—p (14T o) Sl P p F
D = i e (S Y (I S |
a ( @ ) Br (du—p) ('F(l—m)(' 0

1
b(l — p)d A A=At _
+){, P) ( ) oo 1(1+{7.F - 1))

Bl—p) \1+7
7" = = - 3 (15)
/ - 1T ir
2 bd2(1+47) Bl- 7 A Ba—p
14+ B—p) -+ 3(11_
B(N—p) e)
1+ p
N=p (1 DM

The sign of 2L |s the same as the sign of 6[ ]/aN By using the demand function to

b(1+7)
substitute g W|th pr in (14) we obtain:

_ NEATT (14 7)pp) TR + (1 — p)dAFES (1 + 7)pp) AP
(N —p)/d

PF =

¢ =) (16)
an c— (1—;—7) Bll—p) u
_‘{J o A7 ]
ON . ; —=
o N _ eHBU=p) (147\EA=H SFO-p | _bd A B=5) 17
4 2 All—p)d ( A ) " P T Bpr \(+7)pr (17)

By differentiating (17) with respect to N and some tedious calculations, we get:
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The denominator is positive. When b>0, the numerator is also positive as long as there is a large

a+p)+BA-plp _ ayF
p+B(1-p) ) Thus, b>0 implies that =" > 0.

In other words, pass-through increases with competition in the case of increasing marginal costs.
Conversely, in the case of decreasing marginal costs for b<0, pass-through decreases with
competition.

enough number of firms in the upstream sector (N >

An increase in VAT lowers demand for the final good, and its input. In the case of increasing marginal
costs, a reduction in scale for input producers means lower cost, which are then passed through to
input prices. Cheaper input costs allow for lower final good producer prices in the downstream
sector. As in the previous cases, greater competition dampens the variation in producer costs in
response to VAT rate changes. With more firms competing, production capacities are not overly
stretched, implying smaller savings from scaling down, and a lower reduction in producer prices.
Thus, pass-through increases with competition in the case of increasing marginal costs. The converse
is true with decreasing marginal costs when -b is large enough.

Differences in Scope for Quality in the Final Good

We come back to the case of a single good, but this time, N homogeneous firms compete by
manufacturing horizontally and vertically distinct varieties as in Khandelwal (2010). Horizontal
differentiation is assumed to be costless, implying that in equilibrium, all firms produce horizontally
distinct varieties.

Consumer k observes all varieties and chooses the variety n with price p,, and quality 1,, that provides
her with the highest indirect utility

e A . ~ fy Lia 1 L F
Vir = 0a + &k, with 0,, = (HX;I' - p}'l) /A and ¥ < 1 (19)
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Quality is defined as an attribute whose valuation is agreed upon by all consumers: holding prices
fixed, all consumers would prefer higher quality objects.?® The "quality ladder" parameter @ reflects
the consumers' valuation for quality.

Horizontal product differentiation is introduced in (19) through the consumer-variety-specific term,
&k Following standard practice in the discrete choice literature, &, is assumed to be distributed
i.i.d. type-l extreme value. Unlike the vertical attribute, the horizontal attribute has the property that
some people prefer it while others do not, and on average, it provides zero utility. Therefore, the

mean valuation for variety n is d,. Under the distributional assumption, the market share of variety n
edn

is given by the familiar logit formula m,, = St

Each firm n produces a variety subject to a marginal cost function that is increasing with quality, w +
/12—". We assume that the market is characterized by monopolistic competition with a sufficiently large

number of firms so that no one firm can influence the market equilibrium prices and qualities. A firm
n maximizes profits by choosing the price and quality.

-~ "xrl
max |pn, — w — et
JII"-:'IR'I |:jl " Zi| E -
The two first order conditions are

A o " N .
I = f:-“"—(}.?n—w— Z)(1+r)"-‘fﬂf—l (9)@-*;—(m(1+r))"') " (21)

(20)

VA

We obtain quality and mean valuation as functions of price by combining the first order
conditions.

_ 1 N i " P o\
0 = ——e 1 ('j).n — gy Z) oA : (H,\E — (pp(1 + T})') ? ehn (22)

: e A i al
AP — _pl—v i
i T+ryoen e
‘ 97 \Tv_, ... A
5 = (“ (ﬁ) Bh — (Fa(1+ r))*)
: T .u
= (HmZﬁ{lntrJﬁ'—l —1) (14 7)pn (24)

We solve for prices by substituting quality and mean valuation using equations (23) and (24)
in the first order condition (21).

28 The vertical component &, can be interpreted as the clarity or sharpness of a television screen or it can reflect the
perceived quality that results from advertising. In either case, quality represents any attribute that enhances
consumers' willingness to pay for a variety. Equation (19) is a generalization of the specification in Khandelwal (2010)
which would be obtained when  goes to 1.
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(1+7) (25)
We obtain pass-through by taking the derivative of the equation (25) and multiplying by (]-pé‘f)‘
() e ] . - (26)

1

j(ﬁ)ﬁ_l 1% (%)ﬁ—kw(lfr) (1—91—1‘-- (1%)?) )

We take the derivative of the above with respect to € to examine the variations of pass-through
with respect to the scope for quality.
ﬁ B W
00 (1 —1)?

; 2
W b £

27505 (1+ 1) (94.—1_123—;1(1 +7) — 1)_

v 11

197 (1.,%) . P (1 s (HLT) 1_{";-.)%

When 0 < ¢ < 1, the above is negative. When we get i < 0, the above is positive when 1 is negative
1y

. ¥\
enough, and for example when 1 < —— < —— (1 —61-v (L)Hp )

w (1+71) w (1+71) 1+t

A tax hike implies higher consumer prices. Note that the marginal cost of increasing quality does not
depend on price. Quality adjustments by producers crucially depends on changes in consumers’
valuation for quality which are characterized by the degree of substitution/complementarity. If
substitution dominates (as in Khandelwal, 2010) consumers faced with greater price will prefer a
reduction in quality as it can allow producer to reduce prices. If complementarity dominates,
consumers would rather get higher quality when they pay more, and producers will increase prices at
the expense of a lower reduction in producer prices (possibly an increase in producer prices). Those
effects are magnified by the scope for quality. Therefore, pass-through decreases with the quality
ladder in the substitution case, while the opposite is true in the complementarity case.



