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Value-Added Taxes (VATSs) have become the most common form of consump-
tion taxes in the world, rapidly replacing tariffs as well as sales and excise taxes.
More than 80% of the world’s countries have adopted a form of VAT. The aca-
demic consensus is that adjusting VATs at the border — by levying VATSs on
imports but exempting exports — does not distort trade flows as long as imported
goods are subject to the same VAT rate as domestic goods. For this reason,
VATS, as they are currently implemented, are considered to be trade neutral, and
the World Trade Organization (WTO) allows border adjustment of VATSs, while
it does not allow border adjustment of direct taxes (i.e., payroll taxes, income
taxes, etc.) and strictly regulates tariffs.

This academic consensus, however, has been repeatedly questioned by policy
makers in debates going back at least to the 1970s, and intensifying more re-
cently. For example, when the WTO decided to treat direct and indirect taxes
differentially in 1970, a number of countries disagreed and argued that exempting
VATs (and other indirect taxes) is not trade neutral.! As a response, in 1971, the
U.S. exempted exports from corporate income taxes on the basis that European
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1 See §8 of the Report by the Working Party on Border Tax Adjustments (available at
https://www.wto.org/gatt_docs/English/SULPDF/90840088.pdf ). The main reason put forward for al-
lowing exemptions of VATs and other indirect taxes was that these exemptions have been in place for
twenty years and “had proved fairly adequate and easy to administer” and “no motive could be found
to change them” (see §9).
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countries were able to exempt their exports from VATs.?2 This legislation was
challenged by the European Union (EU), and the WTO disagreed with the U.S.
on the grounds that subsidies to direct taxes are not considered trade neutral,
whereas exemptions for exports are.

In spite of the academic and WTO consensus on the trade neutrality of the
border adjustment of VATS, there is limited empirical evidence on this ques-
tion. Grossman (1980) and Feldstein and Krugman (1990) apply the symmetry
theorem from Lerner (1936) to provide theoretical arguments in favor of VATS’
trade neutrality: they show that an idealized VAT leaves nominal factor prices
unchanged and thus does not affect trade flows. Their theory relies on plausi-
ble but also strong assumptions, disregarding a number of practical issues asso-
ciated with the implementation and administration of VATs. First, VATs are
often implemented as a substitute to taxes that are likely to distort trade bal-
ances, such as corporate, income or payroll taxes. If VAT changes are offset by
changes in distortionary taxes, international trade flows might be affected, as
shown theoretically in Feldstein and Krugman (1990).3 Second, while exports
should qualify for full VAT rebates, this does not often happen in practice due
to administrative difficulties. For this reason, changes in VATs could hinder ex-
ports (Chandra and Long (2013)). Third, VATSs vary across products, while the
assumptions of Feldstein and Krugman (1990) require a uniform tax rate. Fi-
nally, another theoretical argument for the trade neutrality of VATSs is that tax
incentives could be mitigated through changes in real exchange rates. However,
since 1999, many European countries have shared a uniform currency, the Euro,
yet impose different VATs. While efforts are being made to harmonize VATSs, the
process has yet to be completed, which implies that, at least from 1999 onward,
exchange rates have not been able to mitigate the incentive effects of European
VATs. While all four of these caveats are likely to exist, the magnitude of the
frictions they introduce is unknown and could possibly be small enough that — in
spite of their prevalence — VAT are still approximately trade neutral.

In this paper, we empirically assess the trade neutrality of VATs by using
all VAT changes that occurred in Member States of the European Union from
1988 to 2016. We use two data sources. First, we use historical VAT rates
compiled by Benzarti et al. (Forthcoming) which contain detailed information on
VAT rates by commodity and country, including the exact dates of the VAT
rate changes. Second, we use information on export and import flows from the
FEuropean Commission’s Eurostat database. This trade data records monthly
trade flows between members of the European Union and their trading partners
from 1988 to 2016, broken down by Combined Nomenclature levels.

We estimate the effect of VATs on trade using a fixed effects regression sim-

2In 1971, the U.S. Congress legislated the creation of a new corporate entity called a Domestic
International Sales Corporation (DISC), which was exempt from U.S. corporate taxes as long as most of
its income was the result of exports.

3For example, Buettner and Madzharova (2018) document that declines in tariffs in developing coun-
tries were accompanied by increases in VATSs.
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ilarly to Fuest, Peichl and Siegloch (2018). Our identification strategy relies on
plausibly exogenous VAT rate changes across EU members, and allows for con-
temporaneous, lagged, and anticipatory effects of tax rate changes. Our approach
contrasts with the trade literature, which has mostly focused on estimating the
effect of specific trade agreements, often restricted to a specific set of commodi-
ties. In theory, one could collect information on all tariff changes and apply our
approach to tariffs (instead of VATs). However, this general approach does not
seem practicable for tariffs, since (even if we could systematically collect tariff
rates across this thirty-year period) one would still need to know the intermedi-
ate input composition of final goods. Since VATSs do not apply to intermediate
inputs, the data demands are much lighter. To see this, suppose that a country
imposes a tariff on steel but not on cars. Then our approach would treat cars
as a control group, even though the policy is likely to result in increased imports
of cars. Increased steel costs would increase the price of locally produced cars,
which would lead to substitution for imported cars. Given this limitation, we do
not estimate the effect of tariffs on trade flows using our data, but instead rely
on estimates from the vast trade literature on the topic, and implement similar
specifications to the ones they use in order to compare our estimates.

We find that changes in VAT rates have little to no effect on imports or exports.
We estimate upper bounds on trade flow elasticities with respect to VAT rates
that are substantially smaller than the previously estimated trade flow elasticities
with respect to tariffs. Our finding holds across different specifications, countries,
and time periods, both for small and large VAT changes, and also for VAT in-
creases and decreases. Importantly, our results do not suffer from measurement
errors due to timing, because VATs on imports are collected immediately at the
border.* Our results are also robust to price changes due to the passthrough of
VATS, because we consider trade flow measures both in dollars and in tons. Fi-
nally, our results suggest that any border adjustment taxes that are theoretically
equivalent to value-added taxes are likely to be trade-neutral (Auerbach (2019)).
However, theoretically equivalent taxes are not always equivalent in practice due
to differences in enforcement and implementation, potentially limiting the appli-
cability of our results to these types of taxes.

A potential concern with our approach is that the reforms we use could be
endogenous to economic conditions or could be contemporaneous to other tax
changes. We address this concern in two ways. First, using a narrative approach,
in the spirit of Romer and Romer (2010), we document the underlying reasons
for the VAT changes and select out any changes implemented as part of stimulus
packages or austerity measures and find similar trade flow elasticities with respect
to VAT rates. Second, we find no significant pre-trends in trade flows prior to
these reforms.

Our findings contribute to the literature in three ways. First, in spite of the

4The trade flow data we use provides monthly records of imports and exports, allowing us to accurately
assign applicable tax rates.
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prevalence of VATSs in the world, there has been limited work done analyzing them.
Our paper helps further our understanding of how VATSs affect the economy. This
paper is most related to a literature that estimates the effect of VATSs on trade,
such as Desai and Hines (2005), Keen and Syed (2006), Nicholson (2010) and,
more recently, Freund and Gagnon (2017) and Sharma (2020). This literature
finds mixed results on the effect of VATs on trade flows. We contribute to this
literature by improving on identification: we use detailed tax rate information
across all EU member countries matched to detailed trade flow information on
various categories of products across all OECD countries to causally estimate the
relationship between tax rates and imports/exports. Our approach further differs
from the previous work in two other aspects. First, we consider VAT changes
rather than VAT adoptions: the latter are likely to occur concurrently with other
changes in the economy. Particularly, it is possible that VAT introductions replace
other taxes, including tariffs, which are known to distort trade flows. Second, our
analysis focuses on developed economies with well-functioning VAT systems that
are closest to the “idealized” VATSs considered in theoretical models.

Second, our paper contributes to the broader Public Finance literature by con-
sidering other margins of distortion imposed by VATs beyond direct distortions
to the taxed commodity. Indeed, most estimates of the distortionary effects of
taxation focus on direct effects but do not consider fiscal externalities. Because
of their ubiquity, VATSs could have far reaching effects beyond their direct effect
on prices. While other papers have focused on several indirect effects, such as the
effect of VATs on wages, on the cost of intermediate outputs, or firm entry and
exit, few papers have considered the indirect effect that taxes can have on trade.’

Third, our paper contributes to the vast trade literature that estimates the
effect of trade barriers on trade flows and the implication of this literature for
WTO policies. Our paper supports the WTO policy and the prior in the trade
literature that VATSs, as they are implemented, are not barriers to trade.

I. Theoretical Framework

Applying the Lerner (1936) symmetry theorem, Feldstein and Krugman (1990)
show that, under certain conditions, VATs do not affect trade flows. In Section
I.A, we formally lay out their framework and provide intuition for this result. In
doing so, we closely follow their notation and framework and, naturally, derive the
same results. Then, in Section [.B, we discuss the key underlying assumptions of
their model, extend these assumptions by following Costinot and Werning (2019),
and show how these assumptions may affect their conclusions.

5Keen (2007) considers some of the most important criticisms of the VAT; Pomeranz (2015)
and Naritomi (2019) study the effect of VAT on tax evasion; while Carbonnier (2007) and
Benzarti and Carloni (2019) explore the effect of VATs on prices and firm behaviors.
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A. Are VATs Trade Neutral in Theory?

Consider a small open economy that produces three types of goods: exported
goods (X)), imported goods (M) and non-traded goods (N). The economy lasts
for two periods and the country can borrow and lend at the world interest rate
r*.6 Further, nominal prices are assumed to be constant over time.”

We further assume that the production of X, M and N is perfectly competitive
and is given by the transformation functions T and T for each period 1 and 2:

Tl(Q}X?Q}VbQ}V) =0,

T2(Q%{7 Q?Ma Q?Va KX7 KM7 KN) = 07
where Qz- denotes the quantity of commodity j = {X, M, N} at time ¢ = {1,2},
and K is the quantity of commodity j saved from the previous period.

We assume that demand is driven by the preferences of a representative agent
over the three commodities X, M and N and a discount factor § € [0, 1], and is
given by:

(1) W =U(Cx, Cy, Cy) +0U(CX, Ciy, CR)-

We first solve this model in the absence of a VAT and then introduce a VAT
to show that it does not change the equilibrium. In equilibrium, and in the
absence of a VAT, the consumption of the non-traded good N should be equal to
production minus any investments set aside for the future period:

(2) CN=QN - Ky, C%=0Q%.

The quantity constraint for traded goods, on the other hand, is relaxed by the
fact that countries can trade, and is given by:

) PY(Qk — Kx) + PY(Qhy — Knr) + (1+1) 7 [PRQ% + P} QY]
= P3C% + P3,Ca + (1 + )" HP%C% + P C3l,
where P; denotes the price of commodity j = X, M, N in period t = 1, 2.

Because the country is a small open economy, it must be a price taker for goods
X and M, hence,

(4) Py = P% =Px, Py =Pi=Pi,

6This is an important model feature in the context of a VAT because, in contrast to an income tax,
VATSs exempt savings.

7As argued in Feldstein and Krugman (1990), this assumption does not affect the results but allows
for less cumbersome notation.
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where PF denotes the world price of commodity j. The price of the non-traded
good, on the other hand, is determined by setting domestic supply equal to do-
mestic demand. Supply is given by maximizing the sum of the appropriately
discounted value of output in period 1 and 2, taking into account equilibrium
prices from (4):

(5) I = PY(Qx — Kx) + Py(Qy — Kn) + Py(Qy — Kn)
1+ )T PR QX + PiQy + PRQA].
The demand is given by maximizing the utility of the representative agent given
by equation (1) subject to the budget constraints given by equations (2) and (3).
We now introduce a VAT into this model and show that it does not affect any
of the above. Following Feldstein and Krugman (1990), we consider a “textbook”
ad-valorem VAT that is remitted by the producers and applies at the same rate to
all commodities in the economy, including the imported goods, and fully exempts
exports and investments. Furthermore, we assume that tax revenue is returned to
the agent via a lump-sum transfer.® We define domestic consumer prices as prices
inclusive of the VAT and denote them by P]'?, for commodity j = {X, M, N} in
period t = {1, 2}.
PRICE OF THE IMPORTED GOOD. — For a small open economy, the price of the
imported good must satisfy the no-arbitrage condition. Hence, it is determined
by the international price of the good plus the tax: ]5};/[ =Py (1+7), fort =1,2.

PRICE OF THE EXPORTED GOOD. — A similar logic applies to the price of the
exported good: a domestic producer of the exported good must be indifferent to
selling it domestically or exporting it. Since exports are exempt from tax 7 but
domestic sales of the good are not, we will again have that the domestic price
of the exported good should be equal to its international price plus the tax, i.e.,
P =Py(1+7), fort=1,2.

PRICE OF THE NON-TRADED GOOD. — As before, the equilibrium price of the non-
traded good is determined by setting supply equal to demand. Supply is now
determined by maximizing the after-tax value of outputs:

= (1+7)"4{Py(Qk — Kx) + Py (Qy — Kunr) + PN(QN — Kn)
+(1 4+ )T PRQY + P Qi + PR

= Px(Q% — Kx) + Py(Q}y — Kum) + Py /(1 + 7)(Q) — Kn)

+(1 4+ )T PR QY + Py Q3 + PR/ (1+7)QR]

(6)

Equation (6) implies that as long as P\ /(1 +7) = P}, and P%/(1+71) = P,
the maximization function is identical to that of (5), and therefore production

8This is not explicitly stated in Feldstein and Krugman (1990) but is implicitly assumed in their
model.



VOL. VOL NO. ISSUE DO VATS AFFECT INTERNATIONAL TRADE FLOWS? 7

incentives are not distorted by the VAT. A sufficient condition for the latter to be
satisfied is for the production of good N to be perfectly competitive, as is assumed
here and in Feldstein and Krugman (1990), in which case taxes are fully passed
through to consumers, which implies that P /(1+7) = P}, and P%/(147) = P%.

Furthermore, the requirement that Pl /(1 +7) = Py and P%/(1+ 1) = P}
ensures that the demand side decisions are also undistorted. To see this, note
that the maximization of equation (1) subject to budget constraints yields three
compensated demand functions for each of the goods j = {X, M, N}, which we
denote by C]t- = H; (p, W), where p is the vector of prices inclusive of tax and W
is the level of utility reached. Under standard assumptions, the functions H(-)
are all homogeneous of degree zero, implying that if all prices and income are
multiplied by a scalar — in this case 1 4+ 7, then demand will remain unchanged.
Note that, in this case, W will also increase because all revenue raised from the
VAT is given back to the representative agent. Intuitively, since all prices increase
by the same proportion and the revenue raised from the VAT is given back to the
representative agent, relative and absolute demand levels are unaffected by the
introduction of a VAT.

This simple model thus shows that for a “textbook” VAT, and in the presence
of full pass-through, the VAT does not distort the relative trade flows of goods.
Furthermore, if the tax revenue raised by the VAT is given back to the represen-
tative agent, the absolute magnitude of trade flows will also be unaffected. The
result relies on the simple intuition that if the prices of all commodities in the
economy increase in the same proportion because of the VAT, then the tax should
not distort relative production and consumption of these commodities.

B. Discussion of Assumptions

The results in the previous section rely on a number of crucial assumptions
which we discuss here.

SMALL OPEN ECONOMY. — While this assumption is important for simplicity and
tractability, it implicitly implies that the VAT is fully passed through to consumers
in the case of traded goods because domestic prices exclusive of the VAT must
equal world prices. In practice, this assumption is likely to fail for two reasons.
First, many countries that have implemented a VAT — e.g. Germany or France —
are not small economies and are likely to affect at least some world prices. Second,
other countries — while small open economies in general — are large exporters
of certain commodities. If such a country imposes a VAT, the world price of
the highly-exported commodity might be affected by the domestically imposed
VAT, potentially resulting in a less than 100% pass-through of the VAT to this
commodity’s price but a 100% pass-through for other commodities. In this case,

9 Costinot and Werning (2019) extend the neutrality result to economies with imperfect competition
under some fairly stringent assumptions, e.g. their model rules out multinational firms.
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domestic prices will not adjust equally for all goods, which would distort trade
flows. Costinot and Werning (2019) show that the open economy assumption can
be relaxed under some conditions.

“TEXTBOOK” VAT ASSUMPTIONS. — In practice, real-world VAT's differ from text-
book VATSs in two main ways: First, VAT rates tend to vary across commodities
in most countries. Second, export exemptions are not fully claimed. Similar to
the assumption above, if the VAT is not imposed on all commodities equally, or if
export rebates are claimed unequally, then the VAT is likely to distort the relative
prices of goods, therefore leading to trade distortions.'”

VAT REVENUE REDISTRIBUTION. — In the Feldstein and Krugman (1990) and
Costinot and Werning (2019) models, revenue collected from the VAT is returned
to the representative agent, thereby leaving the representative agent just as well
off as in the absence of a VAT. If VAT revenues were instead to be thrown away,
then the relative demands for the three goods should remain constant, but the
quantity demanded will decrease proportionally, in absolute levels. In practice,
tax revenue is rarely “returned” to the consumers; therefore, this assumption is
likely to fail.

EXCHANGE RATE ADJUSTMENTS. — An important implication of these assumptions
is that VATs are fully passed through to consumers, thus ensuring that relative
prices across sectors are unchanged. Therefore, any set of assumptions that could
guarantee that pass-through is full across all three sectors should predict trade
neutrality of VATs. If passthrough is equal across goods but is not full — for ex-
ample, due to imperfect competition or to the presence of large open economies,
then the trade neutrality result can still be achieved via an exchange rate adjust-
ment. To see this, note that with a partial pass-through of VATSs to consumers,
the price of imports after the imposition of a VAT would be higher than that
of domestic goods, leading to a reduction in demand for imports. On the other
hand, the price of exports, would be lower than the world price, since exports
are exempt from the VAT, but the passthrough is less than 100%, leading to an
increased demand for exported goods. Therefore, with less than full passthrough,
equilibrium can be reached through an exchange rate adjustment: an increase
in domestic currency would eliminate arbitrage opportunities and restore trade
balance. These theoretical arguments thus suggest that trade neutrality of VAT's
in the EU may in part rely on the ability of exchange rates to adjust in response
to VAT changes, which is likely to be limited because of a common currency.
While the discussed assumptions could be plausible, they are unlikely to be
fully satisfied, which implies that, ultimately, the trade neutrality of VATS is an

10 Costinot and Werning (2019) show that changing unequal taxes proportionally can be trade-neutral.
But since taxes are rarely changed proportionally, even this assumption is unlikely to hold in practice.
However, introducing unequal VATS is never trade neutral.
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empirical question. For this reason, we turn to an empirical investigation of the
trade neutrality of VATs.

II. Data and Institutional Background

VALUE ADDED Taxres. — VATSs are a form of indirect taxation that applies to
the value-added of goods and services sold. Sales taxes, excise taxes and VAT'Ss
are theoretically equivalent, but there are a few differences in the way they are
implemented. First, intermediate inputs are subject to VATs, but firms can
claim credits for the VAT that they pay on these inputs, which implies that only
value-added is ultimately taxed and the statutory incidence of VAT falls on final
consumers, similarly to sales taxes. Second, VATSs in the EU are included in con-
sumer prices, while sales taxes in the U.S. are not. Third, EU member countries
have several VAT rates in place, including a standard rate that applies to most
commodities and reduced rates for food, pharmaceuticals, works of art, newspa-
pers, books and certain agricultural products. There are also some commodities
that are not subject to VATSs, such as commodities offered by not-for-profit in-
stitutions. For imports, value-added taxes are due at the moment of import; this
ensures that we are able to correctly assign VAT rates based on the month of
import.

Importantly for this analysis, VATS, sales taxes and excise taxes in the EU, the
US and around the world are border adjustable, i.e., imports are subject to these
taxes while exports are not. The WTO makes a clear distinction between sales
taxes, excise taxes and VAT's on the one hand, and tariffs on the other; the latter
are considered to be trade barriers.

HisTorICAL VAT DaTAa. — We use the data on historical VAT rates compiled by
Benzarti et al. (Forthcoming). This database contains detailed information on
VAT rates by commodity and country, and the exact dates of tax rate changes.
The data covers all commodities subject to VATSs but does not contain informa-
tion on VAT re-classifications, i.e. commodities that are re-classified from the
standard to the reduced VAT rate and vice versa. These re-classifications are rel-
atively rare, as they are only allowed by the FEuropean Commission under special
circumstances. During the studied period, VAT rate changes vary between 0.40
and 15 percentage points. Half of the VAT changes in our sample are under 2pp,
and 75% are under 4pp.

TRADE DATAa. — The information on export and import flows was obtained
from the European Commission’s Eurostat database.!! The trade data records
trade flows between members of the European Union (28 countries) and their
partners from 1988 to 2016. For this reason, the data availability depends on

11 The trade data (Table DS-016890) is periodically updated. The version of the data used in this
paper was downloaded on April 11, 2017.
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the year a given country joined the EU or announced such plans: trade data is
available starting from 1988 for Austria, Denmark, France, Finland, Germany,
Greece, Ireland, Italy, the Netherlands, Portugal, Spain, Sweden and the United
Kingdom; while data for Belgium and Luxembourg is available starting from 1999;
and data for Bulgaria, the Czech Republic, Cyprus, Estonia, Hungary, Latvia,
Lithuania, Malta, Poland, Romania, Slovakia and Slovenia is available from 2000
onward. Finally, trade flows for Croatia are available starting from 2002. The
data is classified following the Combined Nomenclature Levels classification (HS2,
HS4, HS6 and CNB8), which are described in more detail in Appendix Section A.
For each product category, Eurostat records monthly import and export flows in
euros and tons, as well as trade quantities in supplementary units for some goods,
separately for each partner country. Partner countries include all countries of the
world.

DESTINATION AND ORIGIN COUNTRIES. — We follow the way trade economists refer
to trade partners. Most trade economics research considers the effect of trade costs
on imports. In this case, a destination country is the country that receives the
good imported, whereas the origin country is the country that produces the good
being imported by the destination country. In this paper, we also consider exports,
in which case the destination country is the country that receives the exported
good, whereas the origin country is the one that produces it. Occasionally, we
refer to a “partner country”, which, when considering imports as an outcome
variable, corresponds to the origin country and, when considering exports, to the
destination country.

MATCHING THE TRADE DATA WITH THE TaX DATA. — Because VATSs only apply
to final products, the first step in the matching process is to exclude categories
of goods that are likely to be used as intermediate products. To do so, we rely
on the United Nations Broad Economic Categories (BEC) classification, which
divides products into four categories according to a given good’s main use: (1)
intermediate, (2) consumption, (3) capital goods and (4) others. We exclude
categories 1 and 3 as they are not subject to VATSs. Category 4 contains some
products that can be used both as a means of production or as consumption
goods by individuals, e.g. a car, which can be used by firms or individuals. Our
main analysis only includes consumption goods (category 3) since they are the
most likely to be affected. We then match the BEC categories to the Harmonized
System (HS) categories, which is the classification used in the trade data. After
dropping intermediate goods, we are left with 320 product categories at the HS4
level.

SUMMARY STATISTICS AND SAMPLE CONSTRUCTION. — The trade data available
from Eurostat is very detailed. However, for many importer-exporter pairs, trade
volume in many goods is zero. This happens for two reasons: first, the Combined
Nomenclature classifies goods into very narrow categories. Second, imports and
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exports are recorded for all potential partners, which include all countries of
the world, irrespective of how plausible or frequent such trade relationships are.
To minimize the impact of infrequent trade observations and thus reduce the
extent of measurement error, we aggregate our data along two dimensions: by
trading partners and by commodity type. When aggregated by trading partners,
our main sample consists of records of imports and exports at the HS4 level
from/to individual EU countries to/from all countries of the world combined. In
order to aggregate at the commodity level, we aggregate commodities into seven
groups that are subject to the same type of VAT rate: commodities subject to
the standard VAT rate, food (subject to the reduced VAT rate), pharmaceuticals
(often subject to a “super-reduced” VAT rate), books, newspapers, agricultural
goods and works of art. Furthermore, we restrict the set of partner-countries to
37 countries: Australia, Canada, China, Japan, Korea, Mexico, Turkey, the UK,
the USA, as well as every “eventual” EU country (i.e., all current 27 EU Member
States). The rest of the trading partners are combined into one observation.
Hence, when aggregated by commodities, our sample consists of records of imports
and exports for 7 groups of commodities from/to individual EU countries to/from
the subset of partner countries listed above.

Table 1 shows summary statistics on the aggregated samples and the VAT rate
variation we use to estimate how trade flows respond to VAT changes. Even
when aggregated (either at the partner or commodity level), the sample size is
large and ranges from 400,000 to 700,000 observations. VAT rate changes vary
between 0.4 and 15 p.p., with a median of 2 p.p. Roughly one third of these
changes represent changes of reduced tax rates rather than standard tax rates;
approximately one quarter are tax decreases. Note that the number of tax changes
counts the number of observations that experience a VAT change. Therefore, if,
for example, the standard VAT rate increases in a given country in a given month
and it affects N number of HS4 categories, then we count this as NV VAT changes.
We also provide further details, in Appendix Section A, on how we construct our
dataset and what observations are included in each one of the Figures and Tables.



Table 1—: Summary Statistics and Sample Sizes

Collapsed by Partner Collapsed by Commodity
Imports Exports Imports Exports

Euros Tons Euros Tons Euros Tons Euros Tons
Panel A: Main Samples — Quarterly data:
N of Observations 772,789 762,061 739,380 718,083 444,556 418,828 447,356 424,004
N of Observation with Lags 763,033 752,434 730,242 709,421 440,284 414,939 443,375 420,326
N of Tax Changes 19,953 19,453 18,661 18,045 8,198 7,908 7,834 7,527
N of Tax Changes of Reduced Rates 5,258 5,225 4,984 4,922 5,684 5,412 5,353 5,083
N of Tax Change of Standard Rates 14,695 14,228 13,677 13,123 2,514 2,496 2,481 2,444
N of Large Tax Changes (i.e. >4pp) 1,359 1,350 1,246 1,220 1,070 992 869 802
N of Non-Austerity Tax Changes 17,819 17,348 16,626 16,065 7,461 7,185 7,115 6,815
N of Tax Increases 16,010 15,562 14,957 14,429 6,531 6,341 6,341 6,145
N of Tax Decreases 3,943 3,891 3,704 3,616 1,667 1,567 1,493 1,382
Mean Absolute Tax Change (pp) 1.91 1.90 1.89 1.88 2.45 2.41 2.31 2.26
Mean Tax Rate Before Reform (pp) 17.87 17.97 17.99 18.07 14.17 14.25 14.06 14.19
Absolute Tax Change Min (pp) 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Absolute Tax Change P50 (pp) 2 2 2 2 2 2 2 2
Absolute Tax Change Max (pp) 15 15 15 15 15 15 15 15
Panel B: N of Observations in Subsamples — Quarterly data:
Reduced Rates Only 275,580 273,467 262,862 258,940 356,544 331,651 360,084 337,750
Standard Rates Only 487,453 478,967 467,380 450,481 83,740 83,288 83,291 82,576
VAT Increases Only 667,378 658,047 638,800 621,026 398,730 376,258 405,262 385,059
VAT Decreases Only 463,428 458,102 443,338 431,106 313,600 293,852 319,559 302,034
Large VAT Changes Only 433,140 428,274 414,137 402,808 305,558 286,844 312,705 295,768
No Austerity Changes 638,539 629,071 611,056 593,170 383,287 360,162 388,632 367,813
Euro-zone Importer 330,582 327,654 316,488 308,836 198,670 188,737 205,891 197,554
Non Euro-Zone Importer 432,451 424,780 413,754 400,585 241,614 226,202 237,484 222,772
Partner Rates Sample 309,058 292,435 313,500 297,092
Panel C: N of Observations in Other Samples:
Monthly 2,272,576 2,225,471 2,125,759 2,044,844 1,197,518 1,121,795 1,218,291 1,148,220

Disaggregated 1st Differences (uncollapsed) 11,145,332 9,786,492 11,371,016 9,939,283

Notes: Panel A shows summary statistics for the main samples that were used to estimate the results displayed in Figures 1 and 2 and Table 2. Because
lags and leads cannot be calculated for all data points, the number of observations in the distributed lag-lead model is smaller. Panel B shows the
number of observations for the robustness subsamples used to generate Figures 3 and 4. Panel C shows the number of observations used to generate
Figures B.1 and B.2.
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ITII. The Effect of VATs on Trade
A.  Empirical Approach

To estimate the effect of VAT rate changes on trade flows, we follow the ap-
proach of Evans, Ringel and Stech (1999), Suérez Serrato and Zidar (2016) and
Fuest, Peichl and Siegloch (2018) by running the following fixed effects regression
and including leads and lags of tax rates:

k=K
(7) I <X3“.t> = > Opn(7 )+ & + i+ i A+ Cop + Yi + 20y,
k=—K

where X measures imports in euros or tons for commodity j imported by des-

tination country n from origin country i at time ¢, 7, — 1 measures the VAT
rate in the destination country n at time ¢ for commodity j.'? Time is measured
monthly or quarterly, depending on the specification. Destination country con-
trols Cy,; include the destination country’s GDP and whether the country is a
member of the Eurozone. Y;; measures the origin country’s GDP.

While most of our specifications measure the effect of VATs on imports, a few
of our specification estimate the effect on exports. In these cases, X/ measures
exports in euros or tons for commodity j exported by origin country n to destina-
tion country i at time ¢, 7, — 1 measures the VAT rate in the origin country n at
time ¢ for commodity j. Origin country controls C),; include the origin country’s
GDP and whether the country is a member of the Eurozone. Y;; measures the
destination country’s GDP.

The main coefficient of interest is 6. It is the elasticity of trade flows (imports
or exports) with respect to the VAT rate at the time of the VAT rate change: for
example, if §y = 0, then trade flows do not respond to VAT changes, and if 6y = 1,
then a one percentage point change in VAT rates leads to a one percent change in
trade flows.'® For k < 0, the 6}, coefficients estimate the lagged response of trade
flows, k months after the VAT rate change takes place. Conversely, for & > 0,
the 0y, coefficients estimate anticipatory responses, k months before the VAT rate
changes take place.

This fixed effects regression with leads and lags generalizes a difference-in-
differences specification with multiple periods, commodities and countries. The
main identification assumption is the same as that for difference-in-differences re-
gressions: absent the tax change, there would have been no change in trade flows
of the treated relative to the untreated commodities. Figures 1 and 2, which plot
the leads and lags coeflicient estimates, show no pre-trends in the response of

12Throughout the paper, we follow the trade notation, whereby 7 measures the ad valorem tax, and
T=1+T.
13 Under the assumption that log(1 + 7) &~ 7 for small values of 7.
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trade flows to VAT rate changes, which supports this identification assumption.
The identification is obtained from within-country specific-commodity variation
in VAT rates over time.

As described in Section II, to reduce the effect of measurement error and to
ensure that our results are not driven by unit, time or commodity aggregation,
we run specification (7) along three different dimensions of the data. First, we
aggregate the data in two ways: across trading partners and across commodities.
When aggregating by trading partners, we focus on trade flows at the HS4 level,
using specification

(8) ( ) Z len t+k —1—5 +/Ln+>\t+0m+6m

When aggregating by commodities, we collapse by seven categories of VAT rate
type, and focus on the following 37 partner-countries: the USA, China, Japan,
Mexico, Canada, Korea, Turkey, Australia, the UK, as well as all current 27
EU Member States. The rest of the trading partners are combined into one
observation.' This results in specification:

(9) mt Z 0 ln t+k + Cj + fn + K + A+ Cht + Y + Enits

where (;; denote VAT rate type fixed effects. Second, we use two different mea-
sures of trade, which are volume (tons) and value (euros). And third, we consider
both monthly and quarterly trade flows. We include leads and lags within three
years of reforms, thus setting K = 12 for quarterly data and K = 36 for monthly
data. Overall, this amounts to running eight different specifications. Standard
errors are clustered by country of destination (for imports) or origin (for exports).

Figure 1 plots the results of running specification (8) on quarterly data, for
both tons and euros, aggregated across partner countries. Similar results based
on specification (9) are available in Figure 2. Monthly level results are reported
in Appendix Figure B.2.

Consistently across all specifications, we find that trade flows — be it exports
or imports — are barely affected by changes in VAT rates. The estimates of
0y range between -1.61 to +0.81. Our estimates imply a lower 95% confidence
bound of the elasticity of trade flows, 6y, in value (euros), with respect to VAT
rates of -2.58 and -3.82 for imports and exports, respectively. The bounds on the
estimates in tons are equal to -3.5 and -2.95 for imports and exports, respectively.
Specifications in tons control for possible price effects if VATs are passed through

14 We do this because the data is extremely detailed and will include very small countries with no or
very little trade, making the bilateral trade matrix very large.
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Figure 1. : Distributed Lag-Model: Partner Aggregates
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(b) Outcome: Imports in Tons
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confidence intervals from regression model (8), with 12 quarters of leads and lags included. All

specifications include the destination country (for imports) or the origin country (for exports), product
category, and year-quarter fixed effects, as well as the following controls: the GDP of the destination
country (for imports) or origin country (for exports), whether the destination country (for imports) or
the origin country (for exports) is a Eurozone member, whether a tax change is an increase. The
outcome variable measures import or export flows in euros or tons. Standard errors are clustered by

country of destination (for imports) or origin (for exports). The number of observations are (a)

763,033; (b) 752,434; (c) 730,242; (d) 709,421.



16 AMERICAN ECONOMIC JOURNAL MONTH YEAR

to prices. These elasticities are smaller than trade flow elasticities with respect to
tariffs, as discussed in Section IV. Importantly for our identification strategy, we
detect no evidence of pre-trends, anticipatory or lagged responses, as can be seen
in Figures 1 and 2. This mitigates concerns that VAT changes are implemented
as a response to trade flow changes.

Figure 2. : Distributed Lag-Model: Product Category Aggregates

(a) Outcome: Imports in Euros (b) Outcome: Imports in Tons
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Notes: This figure plots the estimates of 8 (where 6 is the elasticity of trade flows with respect to the
VAT rate of the country of destination (for imports) or origin (for exports)) and the corresponding 95%
confidence intervals from regression model (9), with 12 quarters of leads and lags included. All
specifications include the destination country and origin country, tax rate type, and year-quarter fixed
effects, as well as the following controls: the GDP of the destination country and the origin country,
whether the destination country (for imports) or the origin country (for exports) is a Eurozone
member, whether a tax change is an increase. The outcome variable measures import and export flows
in euros or tons. Standard errors are clustered by destination (for imports) or origin (for exports)
country. Number of observations: (a) 440,284; (b) 414,939; (c) 443,375; (d) 420,326.

We interpret the lack of trade response as evidence of relative trade neutrality:
a change in the VAT rate of a given commodity ¢ does not distort the amount
of imports or exports of commodity i relative to another untaxed commodity
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j. In our view, it remains possible that VATs increase or decrease trade flow
levels across all commodities in a country. Our interpretation stems from the fact
that our fixed effects specification effectively compares changes in imports and
exports of commodities in a given country that have experienced a tax change to
those that have not, thus differencing out any changes that affect all commodities
equally. Our findings therefore do not exclude the possibility that individuals
reduce consumption of all goods in response to a VAT increase, or vice versa to
a VAT decrease.

B. Robustness Checks

To ensure that our results are not driven by our choice of aggregation, specific
reforms or subsets of the data, we perform several robustness checks. For all
of the specifications described below, we find coefficients of similar magnitudes
as the ones estimated using our main specifications (shown in Figures 1 and 2),
which mitigates our concerns that our elasticity estimates are spurious.

We start by ensuring that our results are robust to sample selection. First,
we estimate equation (8) for imports measured in euros separately for standard
and reduced tax rates (Figures 3(a) and (b)). Second, we run specification (8)
separately on VAT increases and decreases in (Figures 3(c) and (d)).!> Third,
to ensure that the absence of response of trade flows to VAT rates is not due
to the fact that the VAT rate changes are small, we run specification (8) on the
10% largest VAT changes, i.e. those with tax changes of 4pp or greater (Figure
3(e)). Fourth, to ensure that our reforms do not occur at the same time as
recessions, which in turn could affect trade flows, we exclude any reforms that
are part of stimulus packages (Figure 3(f)). The excluded reforms are listed in
Appendix Section A. Fifth, we consider Eurozone and non-Eurozone countries
separately (Figure 3(g) and (h)), to account for potential differences in exchange
rate adjustments. Equivalent results for equation (9) are available in Appendix
Figure B.3.

Next, we ensure that our results are robust to different estimation approaches.
First, we run specification (7) on the disaggregated HS4 categories. Due to the
large number of product categories and partners, we perform this analysis in
first differences. The results are available in Appendix Figure B.1. Second, we
consider different levels of time aggregation and estimate specifications (8) and
(9) on monthly data (Appendix Figure B.2). Third, instead of relying on des-
tination and origin country fixed effects, we add year-destination-country and
year-origin-country fixed effects (Appendix Figure B.4). Adding such fixed ef-
fects significantly reduces our sources of variation, since identification relies on
tax changes that happen within the same year in the same origin country (for

15We do so because the pass-through of VATSs to domestic prices is a key parameter in determining the
responsiveness of trade flows to VAT rates, and Benzarti et al. (Forthcoming) show that pass-through
rates are different for VAT increases and decreases.
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Notes: This figure plots the estimates of 0, where g is the elasticity of imports with respect to the VAT rate of the destination country, and the
corresponding 95% confidence intervals from regression model (8), with 12 quarters of leads and lags included. All specifications include destination,

product category, and year-quarter fixed effects, as well as the following controls: the GDP of the destination country, whether the destination country is
a Eurozone member, whether a tax change is an increase. The outcome variable is import flows in euros. Standard errors are clustered by destination

country. The number of observations is shown in Panel B of Table 1.
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exports) or destination country (for imports) for different products, which are
rare. Nonetheless, all these results are similar to our baseline specification.

Finally, we estimate how imports respond to the VAT rate of the origin country
and to the difference between the VAT rate of the destination and origin countries
using specification (9) in Figure 4. We find that, similar to when considering the
VAT rate of the destination country, imports do not respond to the difference
between the VAT rate of the destination and origin countries. We find a small
and statistically significant response of imports to the contemporaneous VAT rate
of the origin county, but it is still substantially smaller than trade cost elasticities
estimated in the trade literature.

Figure 4. : Distributed Lag-Model: Destination and Origin VAT Rates (Product
Aggregates)

(a) Difference in Destination and Origin VAT Rates (b) Origin VAT Rates
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Notes: This figure plots the estimates of 0 (where 6g is the elasticity of imports with respect to VAT
rates) and the corresponding 95% confidence intervals from regression model (9), with 12 quarters of
leads and lags included. In Figure (a), the tax rate equals the logarithm of one plus the difference
between destination and origin VAT rates. In Figure (b), the tax rate measures the logarithm of 1 plus
the origin VAT rate. All specifications include destination and origin country, tax rate type and
year-quarter fixed effects, as well as the following controls: the GDP of the country of origin and
destination, and whether the destination country is a Eurozone member. The outcome variable is
import flows in euros. Only origin countries for which tax rates are known are included (i.e. “eventual”
EU countries). Standard errors are clustered by destination country. The number of observations for
both figures is 309,058.

IV. Relation to Trade Cost Elasticities

The international trade literature estimates elasticities of trade flows with re-
spect to trade costs. Therefore, comparing our VAT elasticity estimates to the
elasticity estimates derived in the trade literature allows us to compare the distor-
tionary effects of VATs on trade to the distortionary effects of trade costs overall,
and tariffs in particular.
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While trade economists are primarily interested in how trade flows respond to
all types of trade costs, a substantial share of elasticity estimates are derived
using variation in tariff costs. Among these, the most recent elasticity estimate
of trade flows with respect to tariffs is from Caliendo and Parro (2015) who find
an average elasticity of 4.55 (0.35).'6 Romalis (2007) also uses tariff changes
under NAFTA and finds a trade elasticity that ranges between 6.2 and 10.9.
Clausing (2001) and Head and Ries (2001) find elasticities between 7 and 11.4.
Studies that do not rely on tariff variation typically find similar elasticity es-
timates: Eaton and Kortum (2002) report elasticity estimates ranging between
3.60 and 12.86, and their preferred estimate is 8.28; Hillberry et al. (2005) find an
average elasticity of 17; Broda and Weinstein (2006) find an average elasticity of
17 at the seven-digit (TSUSA), 7 at the three-digit (TSUSA), 12 at the ten-digit
(HTS), and 4 at the three-digit (HTS) goods disaggregation. Yi (2003) considers
several trade models and shows that elasticities equal to 15 are needed to match
the observed bilateral trade flows.

In contrast, our elasticity estimates are systematically smaller than 2, both for
imports and exports, in euros and in tons, in most specifications and subsamples
of the data we consider. The implied 95% confidence upper and lower bounds
from our estimates are smaller than 4 in absolute value. This implies that VAT's
are unlikely to distort trade flows in the way tariffs do.

That being said, one could argue that our setting and approach are different
from the trade literature. We address this concern by discussing the similarities
and differences between our approach and the approaches taken in the trade lit-
erature. Most trade estimates are derived from gravity models. This approach
is summarized in Head and Mayer (2014) Handbook of International Economics
Chapter 3: the baseline gravity equation relates bilateral imports, X,,; to country
n from country ¢ as a function of exporter capabilities .S;, features of the destina-
tion market M,,, and the bilateral accessibility of exporter i to importer n, ¢n;,
and takes the following form:

(10) In(X,;) = In(G) + In(S;) + In(M,,) + In(¢p;).

In this framework, ¢,; measures the overall impact of trade costs on trade flows
and, hence, combines measures of trade costs with the corresponding elasticities
(see Definition 1 in Head and Mayer (2014)). Finally, G represents a gravitational
constant. As discussed in Head and Mayer (2014), a wide class of models is
consistent with this gravity equation, despite differing underlying microstructures
of the model.'”

16Note that, while all trade elasticities are reported as positive numbers in the literature, the negative
sign is simply omitted (as is often the case). The gravity model implies a negative relationship between
trade flows and trade costs, tariffs representing one form of such costs.

17 For example, in Caliendo and Parro (2015), the elasticity of trade with respect to trade costs mea-
sures the dispersion of productivity, rather than the elasticity of substitution as in Armington models,
used, for example, in Romalis (2007). As explained by the authors, their parameter of the dispersion
of productivity can be related to the elasticity of substitution by restricting producers of the interme-
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Earlier studies estimated (10) using countries’ GDPs in place of S; and M,,
but the modern practice estimates gravity equations with time-varying importer
nxt and exporter k;y; fixed effects, as well as time-varying industry fixed effects
§7%% resulting in specification:

) =00 (7)) + 077 + e + Kixt + Mt +e

nit nit?

(11) (X,
where j identifies industries or commodities, n identifies importers, i exporters,
and ?ii — 1 measures tariffs.

Alternatively, a number of recent studies estimate variants of (11), by taking
ratios of imports and therefore estimating multi-differences in logs. In this respect,
tariffs and VATs differ in two important dimensions. A given destination country’s
tariffs vary by product, by time, and by importer, while VATs only differ by
product and time. Therefore estimation strategies that rely on differences in
tariffs between partner countries (these include Caliendo and Parro (2015) and
Romalis (2007)) cannot be replicated using VAT rate variation. This limitation
is offset by the fact that VAT changes should not result in spillovers to other
commodities, as inputs are effectively tax-exempt. On the other hand, changes in
tariffs can result in changes in imports of various commodities since tariffs apply
to inputs as well as final goods.

Since VATs do not depend on the exporter ¢, we cannot include time-varying
commodity fixed effects in our estimation procedure. Because we use aggregated
data (across commodities and across partners), we estimate two variants of the
gravity model (11). For data aggregated across partners, we estimate

(12) In <ngt) =0y ln(%ﬂlt) + 57 + Unxt + A +Chop + €¥Lt‘
and for commodity aggregates

(13) In (Xyit) = 6o 1H(7z,1t) + Gt + pnxt + Kixt + A + Cng + Yig + €nit,

where 5’ identify commodity groups based on VAT rate type. These two specifica-
tions derived from the gravity equation differ from our main estimation equations
(8) and (9) in that they include exporter-year and importer-year fixed effects in-
stead of exporter and importer fixed effects, and do not include lags and leads of
tax rates.'®

diate good aggregate from purchasing goods from the same source, irrespective of trade costs. In this
special case, the trade elasticity will be given by the elasticity of substitution as in Armington models.
Importantly, both models result in similar gravity-type equations, despite conceptually different effects
of tariffs on trade flows: in Caliendo and Parro (2015), trade generates production-side gains, whereas
in Romalis (2007), gains are driven by consumption preferences for variety.

18Note that these two gravity-model-based estimations are similar to the one we implemented in
Appendix Figure B.4, which include year-destination-country and year-origin-country fixed effects but
also leads and lags.
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Table 2—: Comparing to Trade Literature

Aggregated by Partner Aggregated by Product
(1) (2) 3) (4) (5)

log(7¢) -0.852 -0.767 -0.871 -0.784 0.143

(0.601) (0.650) (0.549) (0.550) (0.475)
N of observations 772,789 772,789 444,556 444,556 444,556
Quarter-Year FE Yes Yes Yes Yes Yes
Product/Tax Rate Type FE Yes Yes Yes Yes Yes
Destination FE Yes No Yes No Yes
Destination x Year FE No Yes No Yes No
Origin FE No No Yes No Yes
Origin x FE Year No No No Yes No

Notes: This table presents the estimates of 0y, which is the elasticity of imports with respect to
the VAT rate of the country of destination, from
In (X7,) = 60In(7),) + 6 + pinxt + At + Cne + €3, (regression model 12) in columns (1) and (2)

and estimates of 6y from In (Xnit) = 0o ln(i’fl;) + Gt + pnxt + Kixe + Mt + Cne + Yie + €nat
(regression model 13) in columns (3) — (5). The outcome variable is imports in euros in
columns (1) — (4), and in column (5) the outcome variable is imports as a share of imports
from all countries. The standard errors are clustered at the destination country level.

The results of estimating equations (12) and (13) on imports in euros are shown
in Table 2. Note again that these coefficients should be compared to the negative
of the ones reported in the trade literature since the trade literature often omits
the negative sign when reporting elasticities (as is common in other literatures as
well). These estimates are similar to the ones we estimate using our fixed-effect
specifications (8) and (9), mitigating concerns that the reason the effect of VATs
on trade flows is substantially smaller than that of tariffs or trade costs is due to
specification differences.

V. Conclusion

This paper uses a large set of VAT changes to provide empirical evidence on
the effect of VATs on trade flows. We find that VATs have very little effect on
imports or exports, and our elasticity estimates are substantially lower than the
tariff elasticities estimated in the trade literature. Our finding has important
implications. First, it fills a gap in the international trade and public finance
literatures by providing causal empirical evidence on the effect of VATSs on trade
flows. Second, it helps settle a long-lasting debate between the U.S., the WTO
and EU Member States as to whether VATs should be treated as tariffs.
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