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1 Introduction

Taxes are among the most common market interventions, have significant economic
impacts, and serve as important information for policymakers across different areas.
Their impact is a central issue in economics. Identifying its effects requires the con-
struction of counterfactual scenarios describing what would have occurred in the absence
of the tax intervention. This poses a challenge typical of the social sciences, where vari-
ables generally cannot be controlled under laboratory conditions. In some exceptional
cases, however, quasi-experimental settings can be exploited, as in the present paper.

The Russian invasion of Ukraine generated a substantial shock to international
commodity prices, with significant implications for food prices. In response to this
exogenous shock, Uruguay temporarily exempted a single, highly popular beef rib cut
from the value-added tax (VAT) for a period of 60 days.

In this paper, we exploit a detailed database containing price information before,
during, and after the tax exemption period. The data include both the beef cut af-
fected by the policy and other cuts whose tax treatment remained unchanged. This set-
ting provides a unique opportunity to study tax incidence within a quasi-experimental
framework featuring clearly defined treatment and control groups. In addition, our
data allow us to evaluate the pass-through of the tax cut across different stages of the
beef supply chain, from slaughterhouses to final consumers. The ability to analyze tax
pass-through along the different stages of a vertical supply chain is relatively rare in
the existing literature. Except for the final retail stage, we also observe quantities sold,
enabling us to analyze the reallocation effects induced by the policy.

This setting allows us to address several related questions. Are temporary tax cuts
effective instruments for reducing prices within the food basket? To what extent are

VAT reductions passed through to consumers, and to what extent are they appropriated



by suppliers? How does the vertical structure of the market shape the transmission
of tax changes across the different stages of the beef supply chain? Do temporary
VAT reductions induce reallocation effects in traded quantities between treated and
untreated beef cuts? Is the VAT pass-through to prices symmetric in the face of tax
reductions and subsequent increases? What residual effects remain once the temporary
tax exemption period has expired?

We show that the VAT exemption was largely passed through to prices and generated
a sizable reallocation of traded quantities along the beef supply chain. Depending on
the stage of the vertical chain considered, the relative price of the treated cut falls by
8.6 to 10.7 percent during the exemption period, implying pass-through rates between
roughly 80 and 100 percent once the specific Uruguayan VAT regime for beef products
is taken into account. The price response is observed at every stage of the chain,
from slaughterhouses to downstream buyers and from retail points to final consumers.
In addition, quantities respond strongly upstream: traded volumes of the treated cut
increase by 48 to 63 percent in transactions from slaughterhouses to downstream buyers
and by 89 percent in sales from distributors to wholesale suppliers, relative to the control
cut. These findings show that the policy not only reduced prices, but also induced
substantial reallocations in traded quantities toward the treated product.

Our work contribute to a sizable literature on cost pass-through, including the pass-
through of exchange rates and tariffs, with important implications for firm productivity
and international trade (De Loecker and Goldberg, 2014), as well as applications to
specific industries such as health (Cabral et al., 2018) and energy (Fabra and Reguant,
2014). Beyond these specific applications, the broader literature on cost pass-through
emphasizes that pricing responses to marginal cost shocks depend crucially on market
structure, demand curvature, and firms’ strategic interactions. In imperfectly compet-

itive markets, incomplete pass-through can arise from variable markups and consumer



heterogeneity, while in competitive settings pass-through tends to be closer to unity.
Weyl and Fabinger (2013a) characterizes the relationship between pass-through and
demand curvature, and Fabinger and Weyl (2016) develops a unified framework linking
pass-through to conduct and cost structures across different competitive environments.
Empirical studies also document substantial heterogeneity across products, sectors, and
time horizons, reflecting differences in adjustment frictions, pricing strategies, and com-
petitive conditions.

In industrial organization, Aguirre et al. (2010) shows that cost pass-through in-
forms the welfare effects of price discrimination, while Pless and van Benthem (2019)
documents that subsidy pass-through reveals information about market power. Pass-
through estimates have also been used to guide recommendations on competition policy
and mergers, such as in Bonnet et al. (2013) and Jaffe and Weyl (2013). In interna-
tional macroeconomics, Atkin and Donaldson (2015) uses pass-through to recover trade
costs, while Corsetti and Pesenti (2005) discusses its implications for optimal monetary
policy.

More specifically, in the context of our study, in public economics, pass-through mea-
sures are widely used to study tax incidence and to inform the design of taxation, as in
Weyl and Fabinger (2013b). A well-studied topic concerns the distributive consequences
of taxes, namely, how tax burdens are shared between producers and consumers. Auer-
bach and Hines Jr (2002) and Fullerton and Metcalf (2002) review the literature across
different market structures. More recent work has expanded this analysis to indirect
taxes such as value-added taxes, excise taxes, and sales taxes, often exploiting quasi-
experimental reforms to estimate incidence. For example, Besley and Rosen (1999)
analyzes the effects of sales taxes on prices in the United States, while Carbonnier
(2007a) studies VAT reforms in France and documents asymmetric responses between

tax increases and decreases. Additional evidence from retail markets (Benedek et al.,



2015), gasoline markets (Marion and Muehlegger, 2011), and cross-border trade envi-
ronments (Kosonen, 2015) suggests that tax pass-through varies systematically across
products and market structures, and that temporary tax reductions may generate dif-
ferent pricing responses than permanent reforms due to expectations, menu costs, and
firms’ intertemporal pricing incentives.

Temporary VAT reductions are an increasingly relevant fiscal policy instrument. In
the context of international price shocks, they have been used as temporary measures
to alleviate pressures in economies with high cost structures. While permanent VAT
changes have been extensively studied in the literature (Benedek et al., 2020; Carbon-
nier, 2007b), there is comparatively less evidence on temporary tax changes, largely
due to their limited historical use.

There are several reasons why tax pass-through may differ between temporary and
permanent tax reductions. These include standard price adjustment frictions, such as
menu costs, but also intertemporal considerations related to expectations, reputation,
and customer retention. In particular, firms may have weaker incentives to fully adjust
prices in response to temporary tax changes if they anticipate a reversal in the near
future, or if they seek to smooth perceived price volatility for consumers in order to
preserve long-run demand relationships.

In standard models of tax incidence, if the VAT rate is first reduced and then set
back to its original level, the pass-through rates should be identical. In this sense, there
should be no permanent changes in the price levels. On the empirical front, things
are not so clear. Analyzing quasi-experimental evidence for barbershops in Finland,
Benzarti et al. (2020) suggests that prices respond more to tax increments than to tax
reductions. If this is the case, tax cuts might be more harmful to consumers in the
long run while benefiting producers. Nevertheless, Benzarti et al. (2023) suggests the

opposite, analyzing Argentinian data on food-basket products. Fuest et al. (2024) also



finds a bigger pass-through in the reduction comparing supermarkets in Germany and
Austria.

The level of market competition might explain this difference. There is a consensus
that, in less competitive markets, the bigger the pass-through to prices of permanent
tax changes. This result has been tested in the US for the alcohol industry (Shrestha
and Markowitz, 2016) and the fuel industry (Kopczuk et al., 2016). On the other hand,
Genakos and Pagliero (2022) using Greek islands as a source of exogenous variation in
the market size shows that the pass-through increases from 0.4 in islands with only one
station to 1 in islands with four or more. Heterogeneity has also been considered in the
presence of vertical changes in the markets. Bajo-Buenestado and Borrella-Mas (2022)
using data on one of the most important refineries in Spain, shows that the pass-through
is 38 percent bigger in stations integrated vertically in comparison to independent ones.

In summary, while the tax pass-through literature has largely focused on retail prices
and final consumer incidence, less attention has been devoted to how temporary VAT
changes propagate across different stages of the production and distribution chain. Even
less attention has been given to temporary tax changes with clearly defined start and
end dates, particularly when the duration of the exemption is relatively short. Even
more limited is the evidence based on quasi-experimental settings with clearly defined
treatment and control groups, which allow for a credible causal identification strategy.

Our paper contributes to this literature by studying both the introduction and the
expiration of a temporary tax cut, by measuring transmission across multiple stages of
the value chain, and by documenting quantity reallocation across related products.

The remainder of the paper is organized as follows. Section 2 presents the institu-
tional setting of the meat tax cut. Section 3 describes the data. Section 4 outlines the
identification strategy and argues that the estimated price effects of the tax cut should

be interpreted as a lower bound of the true effects, while the estimated quantity effects



should be viewed as an upper bound. Section 5 presents the main results. Section
6 concludes. Additional tables and robustness figures are reported in Appendices A
and B, while Appendix C formalizes the argument for lower and upper bounds in the

presence of substitution spillovers.

2 Institutional Setting

Although global inflation remained relatively contained at 3.3 percent during the
first year of the Covid-19 pandemic, it rose to 4.7 percent in 2021 amid growing supply-
side pressures and disruptions in global supply chains. These inflationary dynamics
were later exacerbated by the Russia-Ukraine war, as rising energy and food prices,
fiscal uncertainty, and weakening consumer confidence added further pressure.

As inflation moved beyond acceptable levels, many countries, including Uruguay,
introduced VAT reductions on basic consumption goods. These policies were unusual
in both their magnitude and their prevalence across countries. They are also fiscally
relevant, since VAT reductions can have substantial implications for government rev-
enues. This is particularly important in Uruguay, where VAT is the main source of tax
revenue.

In the Uruguayan case, the measure targeted a product with high economic and
cultural salience, asado. Beef is a central component of domestic food consumption:
according to the National Meat Institute (Instituto Nacional de Carne, INAC), total
per capita meat consumption reached 92.5 kg per year in 2022, of which 45.1 kg was
beef, making it the most-consumed meat category in the country (Instituto Nacional
de Carnes, 2024). Moreover, an earlier INAC study on meat consumption preferences
ranked asado as the second most frequent beef cut in the national consumption basket,
after minced beef (Costas et al., 2010).

Against this background, Law No. 20,024, passed by the Uruguayan Parliament,
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temporarily exempted from VAT the beef rib cut locally known as corte de asado de
diez a trece costillas, hereafter referred to as the treated product. This distinction is
important for the empirical analysis: the statutory tax exemption applied only to the
treated asado cut, whereas all other meat cuts were not affected.

The exemption applied to sales of fresh, chilled, or frozen beef, but only when
the cut was prepared at a slaughterhouse or abattoir and duly individualized for final
consumption. The measure came into effect on March 24, 2022, initially for 30 days,
and was subsequently extended for an additional 30 days by Decree No. 128/022, so
that the exemption remained in place for 60 days (Repiblica Oriental del Uruguay,
2022b,a).

The tax regime designed by the Tax Authority (Direccion General Impositiva, DGI)
for the meatpacking industry concentrates taxpayers at the slaughterhouse level, which
invoice and collect the VAT that the DGI estimates is generated across all stages of the
marketing chain up to the final consumer. Under this system, slaughterhouses collect
the tax levied on value added in downstream stages and remit it to the tax authority
together with the VAT due on their own value added as taxpayers.

This implies that when the slaughterhouse settles VAT, it applies a 10% rate on
its own sales as a taxpayer, and it additionally collect a 10% tax on the value added
in the retail stage. For this purpose, the DGI sets a notional (imputed) profit margin
of 20% for the retail stage. For sales of bone-in cuts, boneless cuts, and offal, VAT
is first computed as 10% of the slaughterhouse’s sale price, and then, to compute the
withholding component, 10% is applied to the estimated 20% retail margin (which
is equivalent to applying an effective rate of 12% on the slaughterhouse’s sale price).
Therefore, full pass-through of the exemption implies a reduction in the tax-inclusive
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Under this tax regime for meat, VAT constitutes a cost for downstream intermedi-
aries and retailers; therefore, the exemption reduces their purchase cost (from distrib-
utors or butcher shops), and the policy aimed for this reduction to be passed through
to the final consumer price.

In parallel with the VAT reduction, authorities from INAC emphasized in the press
the importance of ensuring that the tax cut reached final consumers, even going so far
as to suggest the retail price level they considered appropriate. This prompted an in-
vestigation by the Competition Promotion and Defense Commission into the possibility
that a horizontal price agreement might have been induced, which is prohibited under
competition law. Following statements from INAC itself, the Chamber of the Meat In-
dustry (Cdmara de la Industria Frigorifica), and the Union of Meat Sellers (Unidn de
Vendedores de Carne), the Commission concluded that there was no basis to proceed
with the investigation. However, it warned INAC and market participants about the
competition-law risks associated with actions that could directly or indirectly facilitate
price coordination.

This institutional context is important for understanding the environment in which
the tax cut was implemented. While no evidence of collusion was found, there is
suggestive evidence of regulatory pressure aimed at ensuring that the tax reduction

was transmitted to final consumers.

3 Data

To analyze the effect of the VAT exemption across the vertical supply chain, we use
three administrative datasets from INAC containing information on beef cuts at differ-
ent stages of the distribution chain. The first dataset records sales from slaughterhouses
to downstream buyers. In the analysis, we split this dataset into two empirical sam-

ples according to the transaction destination: sales from slaughterhouses to distributors



and sales from slaughterhouses to wholesale suppliers. The second dataset records sales
from distributors to wholesale suppliers. The third dataset contains prices charged to
final consumers at the point of sale.

A key distinction is that the final-consumer dataset differs from the upstream trans-
action datasets. While the upstream datasets contain transaction-level information,
including quantities and sales values, the final-consumer dataset records retail prices
charged to final consumers, as reported by retail outlets to INAC. These data do not
include quantities sold or transaction values. Therefore, the consumer-level analysis
identifies price pass-through at the retail stage using reported retail prices, but it can-
not be used to estimate quantity responses or final-consumer demand elasticities.

A second distinction is that the three upstream empirical samples are observed
weekly. They cover 30 weeks before the policy, 9 weeks during the policy window,
and 30 weeks after the policy. The treatment window is defined to align with the 60-
day VAT exemption as closely as possible on a weekly basis: it runs from event week
0 to event week 8. The consumer-level price sample is observed monthly and covers
seven months before the policy, the treatment period of April and May 2022, and seven
months after the policy. Thus, the analysis follows the policy through four empirical
samples: slaughterhouse—distributor, slaughterhouse-wholesale supplier, distributor—
wholesale supplier, and retail point—consumer.

Across all samples, the treated product is the beef rib cut locally known as asado
de diez a trece costillas (product code 1127001), while the control product is colita de
cuadril (product code 1124012). The treated product is a chilled bone-in beef cut,
whereas the control product is a chilled boneless beef cut. !

The choice of colita de cuadril as a control is motivated by several considerations.

First, it is one of the most popular and frequently consumed beef cuts in Uruguay,

In robustness exercises, we also use alternative control cuts, including bola de lomo (product code
1124009) and nalga (product code 1124039), and obtain very similar results.
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and, like asado, it is commonly used for barbecue consumption, which is central to
local dietary and cultural habits. Second, both cuts belong to the same broad product
category and are close substitutes in consumption bundles, although they differ in bone
content and preparation methods. This similarity suggests that they are subject to
comparable demand shocks and seasonal patterns, particularly those related to meat
consumption cycles.

From a production perspective, beef carcasses are processed into a relatively fixed
set of standardized cuts, which can be interpreted as a Leontief technology in which
each animal yields predetermined proportions of each cut. In this context, and in a mar-
ket such as Uruguay with a strong tradition of meat consumption and well-established
butchering practices, the scope for misclassification or reallocation across cuts by sup-
pliers is limited. Cut definitions are highly standardized and enforced through industry
practice and official classification systems, reducing concerns that the policy-induced
price changes in treated products could mechanically spill over into the composition of
reported products. The official descriptions and classifications of Uruguayan beef cuts
are available in INAC’s Manual Uruguayo de Cortes Bovinos (Instituto Nacional de
Carnes, 2023). Table 1 describes the treatment and control products used throughout

the analysis.

Table 1: Treatment and Control Products

Group Product code Product description

Treated product 1127001 Asado 10/183 costillas bovina enfriada con hueso
Control product 1124012 Colita de cuadril bovina enfriada sin hueso

For the upstream samples, we observe sales values and quantities sold in kilograms,
which allow us to construct unit values as a measure of prices. Specifically, the nominal

unit price is defined as the ratio between the tax-inclusive sales value and the quantity
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sold. Let V;. denote the sales value of seller i, cut ¢, and period ¢, and let ;s denote
the corresponding quantity in kilograms. For the upstream samples, the nominal unit

price is given by:

P»,wm o V;ct
ict - .
Qict

The final-consumer sample is different. In this case, we do not observe sales values

or quantities. Instead, we observe retail prices charged to final consumers at the point
of sale, as self-reported by retail outlets to INAC. Therefore, for the consumer sample,
P2 corresponds directly to the reported retail price for point of sale ¢, cut ¢, and
month ¢.

For all samples, we construct a real price measure by expressing nominal prices in

pesos of October 2022:

rea nom C"PIOct. 2022
Pt = PR x AR

We also construct a standardized price measure:

—real

real
Pstd . Pict - Pc,pre
et T ?real ’
c,pre

I . . : .
where FZ;‘M is the average real price of cut ¢ in the pre-treatment period. This stan-

dardization allows us to compare price movements across cuts with different price levels.

For the upstream samples, we also construct a standardized traded-volume measure:

std Qict - Qc,pre

ict )
Qc,pre

where Q.. . is the average traded volume of cut ¢ in the pre-treatment period. This vari-
able is only constructed for the upstream transaction datasets, since the final-consumer

dataset does not report quantities sold.
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Before constructing the final estimation panels, we remove outliers separately by
cut and sample. The outlier rule is based on prices in levels. For each cut and sample,
observations are removed if the price lies outside the median price for the corresponding
period, plus or minus three standard deviations of the full price series for that cut. Table
2 reports the number of original observations, the number of observations after outlier
removal, and the share of observations lost in each sample, while Table A.2 in Appendix
A provides information on the standard deviation of prices in each sample. The share
of observations removed is small in all cases, ranging from 1.11 percent in the consumer

sample to 2.09 percent in the slaughterhouse-wholesale supplier sample.

Table 2: Outlier Cleaning

Sample All observations By product group

Original Clean Lost (%) Group Original Clean

Slaughterhouse—Distributor 9,604 9,486 1.23 Treated 4,902 4,839
Control 4,702 4,647
Slaughterhouse—Wholesale supplier 9,684 9,384 2.09 Treated 2,841 2,740
Control 6,743 6,644

Distributor—Wholesale supplier 17,665 17,401 1.49 Treated 8,332 8,192
Control 9,333 9,209
Retail point—Consumer 2,887 2,855 1.11 Treated 1,437 1,421

Control 1,450 1,434

Notes: “Original” refers to the number of observations before outlier removal, and “Clean” refers
to the number of observations after applying the outlier rule. The treated product is product
code 1127001, asado de diez a trece costillas. The control product is product code 1124012, colita
de cuadril. Outliers are removed separately by cut and sample using prices in levels.

After this cleaning step, we aggregate observations to construct the final esti-
mation panels. In the slaughterhouse—distributor and slaughterhouse-wholesale sup-
plier samples, each observation corresponds to a slaughterhouse—cut—week cell. In the
distributor—wholesale supplier sample, each observation corresponds to a distributor—
cut—week cell. For these upstream samples, when multiple transactions occur within a
cell, sales values and quantities are aggregated before computing the unit value. In the

consumer sample, each observation corresponds to a retail point—cut—month cell. Table
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3 below summarizes the structure of the resulting estimation samples.

Table 3: Sample Structure after Panel Construction

Sample Treated Control Treated Control Common
obs. obs. establishments establishments establishments

Slaughterhouse—Distributor 902 1,108 18 21 13

Slaughterhouse—Wholesale 667 952 17 22 10

supplier

Distributor—-Wholesale  sup- 901 1,417 22 29 15

plier

Retail point—Consumer 1,421 1,434 143 144 91

Notes: Treated observations correspond to product code 1127001, asado de diez a trece costillas.
Control observations correspond to product code 1124012, colita de cuadril. establishments are
slaughterhouses in the first two samples, distributors in the distributor—wholesale supplier sample,
and retail points in the consumer sample. Common establishments are those observed in the pre-
treatment, treatment, and post-treatment periods.

Appendix A provides additional information about the dataset. Table A.1 reports
outlier removal separately for the treated and control groups, and Table A.3 reports the
number of observations after outlier cleaning. Finally, Table A.4 reports the number of
establishments—slaughterhouses, distributors, and retail points—by treatment group
and period.

It is worth noting that the number of establishments reporting information differs
between the treated and control cuts. It also varies across periods, including the pre-
treatment period, the tax exemption window, and the post-treatment period. As a
result, our baseline estimates are based on an unbalanced panel that includes all avail-
able establishments, with the corresponding fixed effects. As a robustness check, we
also report results using a balanced panel restricted to what Table 3 defines as common

establishments.
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4 Identification strategy

The analysis proceeds in two steps. First, we estimate the effect of the tax cut on
prices at each stage of the chain: from slaughterhouses to distributors, from slaughter-
houses to wholesale suppliers, from distributors to wholesale suppliers, and from retail
points to final consumers. This allows us to examine where in the chain the price re-
sponse emerges and whether the tax benefit reaches final consumers. Second, we study
the response of quantities in the upstream transaction datasets, where traded volumes
are observed. This is important because a price reduction may affect not only prices,
but also the allocation of quantities across related beef cuts.

For the price and quantity analyses, we estimate event-study specifications sepa-
rately for each empirical sample and outcome. Let Y;., denote the outcome for estab-
lishment ¢, cut ¢, and period ¢, where the outcome is either the standardized real price

or the standardized traded volume. We estimate the following specification:

38
Yiet = Z Br {e =k} + i + €, (1)
k=—30, k#—1

where «; denotes establishment-level fixed effects that capture time-invariant hetero-
geneity across slaughterhouses, distributors or retail points, depending on the sample.
The variable e, denotes event time relative to the beginning of the VAT exemption,
measured at a weekly frequency. The omitted category is k = —1, corresponding to the
period immediately preceding the policy implementation. The coefficients [ trace the
dynamic response of prices or quantities for each meat cut over time. In the upstream
price regressions, observations are weighted by traded quantities, whereas no weights
are used in the quantity regressions.

At the retail level, where only monthly price data are available, the specification is

adapted by reducing the event window accordingly:
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Pict — Z ﬁk 1{ect - k} + o + Ejet- (2)
k=—8,k#—1

The event-study specifications allow us to characterize the dynamic evolution of
outcomes and to assess whether pre-trends are present and whether effects emerge
during the treatment period. Since other factors may affect meat prices at the aggregate
level (for a tradable product, such as exchange rates and international prices, but also
factors related to seasonal consumption patterns or changes in household income), it
is necessary to include a control cut, colita de cuadril, as a comparison group. We

therefore estimate the following difference-in-differences event-study specification:

38 38
Y = Z o H{eq = k}+ Z Br (Treat, x 1{eq = k})+ve+ai+€ic, (3)
k=—30, k#—1 k=—30, k#—1

where Treat. is a dummy equal to one for the treated cut (asado) and zero for the
control cut (colita de cuadril) and ~,. is cut fixed effects. The coefficients 0y capture the
baseline dynamics of the control group, while [, measure the differential effect of the
VAT exemption for the treated cut relative to the control group.

For the consumer price analysis we adapt this specification to the monthly time

windows as

10

8
P, = Z O Heq =k} + Z Br (Treat, x 1{eq = k}) + e+ @i+ €iet, (4)
k=—8, k#—1 k=—8, kA1

Finally, we summarize the average effect of the policy during the treatment window
using a difference-in-differences specification that collapses the VAT-exemption period

into a single indicator:
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Yie = B (Treat. x Exempty) + Ve + a; + 04 + €ie

where Exempt, equals one during the VAT-exemption period and zero otherwise.
The coefficient 5 measures the average change in the treated product relative to the
control product during the policy window.

Estimating these equations separately for each stage of the supply chain provides a
direct comparison of price and quantity responses across upstream, intermediate, and
downstream markets. As previously mentioned, we present our baseline estimates using
the full unbalanced database and, as a robustness check, we report results for a balanced
panel restricted to the set of common reporting establishments.

When interpreting the policy effect as tax pass-through, we compare the estimated
price reduction during the exemption period with the mechanical price change implied
by the removal of the VAT burden. As explaiend before, under the Uruguayan VAT
regime for beef cuts, the relevant tax wedge is 12 percent of the upstream sale price.
Therefore, full pass-through of the exemption implies a reduction in the tax-inclusive

0.12

price equal to 775 = 0.1071. Since the dependent variable is the standardized real price,

the implied pass-through rate is computed as

-8

Pass-through = —— .
osTHrOnIt = 9 12/1.12

A value of one corresponds to full pass-through of the tax exemption to prices,
values below one indicate incomplete pass-through, and values above one indicate over-

shifting.
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4.1 Lower and upper bounds

Because the control product may also be affected by substitution spillovers, these
estimates should be interpreted as conservative measures of the treated product’s own-
price effect. In particular, they can be interpreted as a lower bound of the tax effect
on prices and as an upper bound of the effect on quantities. This is because, while
on the supply side firms have limited scope to alter the fixed proportions of different
cuts obtained from a carcass, consumers are likely to respond to the expected price
reduction in the treated product (asado).

Ideally, the control group would be unaffected by the policy. However, this may not
hold in practice. Given that asado and colita de cuadril are substitutes, the reduction in
the price of asado implies a decline in demand for colita de cuadril. As a result, during
the exemption period, in theory, the price of the control product might also be affected
downward. Our estimates of pass-through to prices should therefore be interpreted as
a lower bound: absent this negative spillover on the control group, the estimated DID
price reduction would be larger in absolute value.

The same argument applies to quantities, implying that the estimated effects should
be interpreted as an upper bound. The reduction in the price of asado increases its
quantity demanded, while reducing the demand for the substitute good colita de cuadril.
Therefore, the difference between treated and control quantities provides an upper
bound on the pure quantity response to the tax cut.

Appendix C provides a formal derivation of this argument.
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Figure 1: Price Event Studies for the Treated Product: Unabalanced panel.
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Notes: The figure reports event-study estimates for the treated beef cut, asado de diez a trece
costillas, along the vertical supply chain. Panel (a) shows sales from slaughterhouses to wholesale
suppliers. Panel (b) shows sales from slaughterhouses to distributors. Panel (c) shows sales from
distributors to wholesale suppliers. Panel (d) shows retail prices charged to final consumers, as
self-reported by retail outlets to INAC. The shaded area marks the VAT-exemption period. Points
represent estimated coefficients, and vertical lines report 95% confidence intervals.
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5 Results

5.1 Price Responses Along the Supply Chain

Figure 1 shows the evolution of prices for the treated cut along the vertical supply
chain. Across the upstream and intermediate stages, prices fall sharply at the beginning
of the VAT-exemption period. The decline is visible bothfrom slaughterhouses to dis-
tributors and wholesale suppliers, and in sales from distributors to wholesale suppliers.
The timing of the drop is consistent with the implementation of the tax exemption and
suggests that the policy affected prices early in the chain rather than only at the final
retail stage.

The consumer-level panel shows a similar decline during the treatment period. The
estimated drop in retail prices is large and occurs precisely during the months covered
by the exemption, indicating that most of the tax reduction was passed through to final
consumers. We also observe that prices remained low after the tax exemption period
ended. To distinguish whether this reflects an inertial effect of the policy or is driven by
other confounding factors, we have to incorporate the control group into the analysis.

As a robustness check, Appendix B Figure B.1 repeats the event-study analysis for
the treated product, restricting the sample to the balanced panel of common estab-
lishments observed throughout the relevant periods. The pattern is very similar to the
baseline results in Figure 1: prices of asado de diez a trece costillas fall sharply during
the VAT-exemption period across all stages of the vertical supply chain.

Also, Figures B.2 and B.3 in Appendix B report the corresponding event-study
estimates for the control product, colita de cuadril. These figures provide a benchmark
for the evolution of prices of a non-treated beef cut over the same policy window, using
both the full sample and the restricted sample of common establishments. Importantly,

we do not find any empirical evidence of a significant effect of the policy on the price
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of colita de cuadril.

However, we do observe a decline in the price of the control cut after the end of
the exemption period, suggesting that other factors may have affected beef prices more
broadly. The event-study evidence above documents a sharp decline in the price of the
treated cut during the VAT-exemption period. To distinguish this policy response from
broader changes in beef prices, we next estimate a difference-in-differences specification
comparing the treated cut with the control cut, colita de cuadril. This comparison
allows us to net out common price movements affecting both products and provides a

more direct estimate of the effect of the VAT exemption along the supply chain.

Figure 2 reports the difference-in-differences estimates for prices along the vertical
supply chain. The estimates compare the evolution of the treated product, asado de
diez a trece costillas, relative to the control product, colita de cuadril. Across the four
stages, the coefficients fall sharply during the VAT-exemption period, indicating that
the treated cut became cheaper relative to the control cut precisely when the tax cut
was in place.

The decline is visible at the upstream stages, both from slaughterhouses to wholesale
suppliers and from slaughterhouses to distributors, and it also appears in the intermedi-
ate stage from distributors to wholesale suppliers. This suggests that the price response
was not confined to the final retail market, but emerged earlier in the supply chain.
The retail-to-consumer panel shows a comparable fall during the treatment period,
consistent with at least partial pass-through of the VAT exemption to final consumers.

After the policy window, the estimates tend to move back toward zero, especially
in the upstream and intermediate stages. This pattern is consistent with a temporary
price response concentrated around the period in which the VAT exemption was in
effect, with no persistent effects thereafter. The pre-treatment coefficients are generally

close to zero, though not perfectly flat across all panels, so the event-study evidence
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Figure 2: Price Difference-in-Differences Estimates: Unbalanced panel
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Notes: The figure reports difference-in-differences event-study estimates comparing the treated
beef cut, asado de diez a trece costillas, with the control beef cut, colita de cuadril, along the
vertical supply chain. Panel (a) shows sales from slaughterhouses to wholesale suppliers. Panel
(b) shows sales from slaughterhouses to distributors. Panel (c¢) shows sales from distributors to
wholesale suppliers. Panel (d) shows retail prices charged to final consumers, as self-reported
by retail outlets to INAC. The shaded area marks the VAT-exemption period. Points represent
estimated coefficients, and vertical lines report 95% confidence intervals.

should be read alongside the robustness exercises and the average treatment effects
reported below.

As a robustness check, Appendix Figure B.4 repeats the difference-in-differences
analysis restricting the sample to common establishments observed throughout the
relevant periods.

To summarize the magnitude of the price response, we estimate a difference-in-

differences specification that collapses the treatment window into a single post-treatment

22



indicator. This specification corresponds to the average effect version of the event-study
equation reported above.

We estimate this specification separately for each stage of the vertical supply chain.
When interpreting the coefficient as tax pass-through, we compare the estimated price
reduction with the mechanical reduction implied by the removal of the relevant VAT
component, equal to 10.71 percent. We report the implied pass-through rate obtained

by dividing the estimated price change by this benchmark.

Table 4: VAT Exemption Pass-Through Along the Supply Chain

Slaughterhouse Slaughterhouse Distributor Retail
to Wholesale  to Distributor to Wholesale to Consumer
Dependent Variable: Standardized Price (2) (4) (6) (8)
Treatment Effect -0.086*** -0.097*** -0.099*** -0.105%**
(0.013) (0.008) (0.007) (0.011)
Implied Pass-Through Rate 80.3% 90.5% 92.4% 98.0%
Cut FE Yes Yes Yes Yes
Event-Time FE Yes Yes Yes Yes
establishment FE Yes Yes Yes Yes
Observations 1,618 2,010 2,318 2,853
R? 0.577 0.645 0.552 0.649
Within R? 0.034 0.073 0.064 0.057

Notes: The table reports estimates of the average treatment effect during the VAT-
exemption period from the difference-in-differences specification. The treatment effect
corresponds to the coefficient on the interaction between the treated product, asado
de diez a trece costillas, and the VAT-exemption period. The control product is colita
de cuadril. The dependent variable is the standardized real price. The implied pass-
through rate is computed as

—3/(0.12/1.12),

where 0.12/1.12 = 0.1071 is the mechanical percentage reduction in the tax-inclusive
price implied by the removal of the relevant VAT burden under full pass-through. This
benchmark reflects the Uruguayan VAT regime for beef cuts, under which the relevant
tax wedge combines the statutory 10 percent VAT and the VAT perception on a fictitious
20 percent retail margin. Heteroskedasticity-robust standard errors are reported in
parentheses. Significance levels: ***p < 0.01, **p < 0.05, *p < 0.10.

Table 4 reports the average treatment effects associated with the difference-in-
differences specification introduced above. In this exercise, the coefficient of interest is
the interaction between the treated product and the VAT-exemption period. Since the

dependent variable is the standardized real price, the coefficient can be interpreted as
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the average price change of asado de diez a trece costillas relative to colita de cuadril
during the policy window. We estimate the equation separately for each stage of the
vertical supply chain and report two specifications per stage: one including cut and
event-time fixed effects, and another adding establishment fixed effects.

The estimates show a large and statistically significant reduction in the relative
price of the treated cut during the VAT-exemption period at every stage of the supply
chain. The estimated effects range from 8.6 to 10.7 percent, depending on the stage and
specification. These magnitudes are economically large and close to the mechanical price
reduction implied by full pass-through once the specific VAT regime for beef products
is taken into account.

Using this benchmark, the implied pass-through rates range from about 80 per-
cent in sales from slaughterhouses to wholesale suppliers to about 100 percent at the
distributor-to-wholesale and retail-to-consumer stages. More specifically, pass-through
is incomplete but substantial in the first two stages of the chain, ranging from roughly
80 to 91 percent, while it is close to full in the distributor-to-wholesale and retail-to-
consumer stages, ranging from roughly 92 to 98 percent. Overall, the results suggest
that the VAT exemption was largely passed through to prices, with evidence of sub-

stantial upstream pass-through and nearly complete downstream pass-through.

5.2 Quantity Responses Along the Supply Chain

The price results indicate that the VAT exemption led to a sizable reduction in
the relative price of the treated product T across the supply chain. We now examine
whether this price reduction was accompanied by changes in traded quantities. This
margin is important because the policy may have affected not only the prices paid at
each stage, but also the allocation of beef cuts across the chain.

The quantity analysis is restricted to the upstream transaction datasets, where we
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observe both sales values and quantities sold in kilograms. The final-consumer dataset
is not included in this part of the analysis because it contains only reported retail prices
and does not include quantities sold. Therefore, the quantity results cover three stages
of the supply chain: slaughterhouse to wholesale supplier, slaughterhouse to distributor,
and distributor to wholesale supplier.

We estimate the same event study and difference-in-differences specification used in

the price analysis, replacing the dependent variable with traded quantities.

Figure 3: Volume Event Studies for the Treated Product: Unbalanced panel
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Notes: The figure reports event-study estimates for traded volumes of the treated beef cut, asado
de diez a trece costillas, along the upstream stages of the vertical supply chain. Panel (a) shows
sales from slaughterhouses to wholesale suppliers. Panel (b) shows sales from slaughterhouses
to distributors. Panel (c) shows sales from distributors to wholesale suppliers. The shaded area
marks the VAT-exemption period. Points represent estimated coefficients, and vertical lines report
95% confidence intervals. The retail-to-consumer stage is not included because the final-consumer
dataset contains reported retail prices but does not contain quantities sold.
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Figure 3 reports event-study estimates for traded volumes of the treated product
along the upstream stages of the supply chain. The evidence shows a clear increase in
traded quantities during the VAT-exemption window, with no significant effects after-
ward. Across the three samples, the coefficients rise sharply during the treatment period
and are positive in most treatment weeks. The response is particularly visible in the
slaughterhouse—distributor and distributor—wholesale supplier samples, suggesting that
the temporary reduction in the tax-inclusive cost of the treated cut was accompanied
by a substantial expansion in traded volumes along the chain.

The dynamic pattern is consistent with a demand response to the temporary price
reduction documented above. In the weeks preceding the policy, the coefficients are
somewhat noisy, but they do not display a comparable discrete increase exactly around
the treatment window. During the exemption period, by contrast, the estimates be-
come systematically positive and economically larger. After the policy expires, the
coefficients decline relative to the treatment window, although some positive estimates
remain in subsequent weeks. This persistence may reflect gradual adjustment in orders,
inventories, or supply-chain relationships after the temporary tax exemption ended.

For robustness, Appendix B provides three additional sets of figures that help in-
terpret these results. First, Figure B.5 shows that the increase in treated-product
quantities is robust to restricting the sample to common establishments observed be-
fore, during, and after the policy period. Second, Figures B.6 and B.7 report the
corresponding event studies for the control product. These figures show that quanti-
ties of the control product do not increase during the VAT-exemption window and, in
several stages, decline relative to the pre-treatment period. This pattern is consistent
with substitution or reallocation away from the control cut and toward the treated cut
during the policy window and reinforce the need to take our estimation as lower bounds

of the price effects of the tax cut and upper bounds of the quantity effects of the policy.
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Taken together, the event-study evidence suggests that the VAT exemption affected
not only prices but also quantities traded along the supply chain. The treated prod-
uct experienced a clear increase in trading volume, while the control product either
remained flat or declined over the same period. This is important for interpreting the
difference-in-differences estimates of quantities: the estimated relative effect combines
an expansion in the treated product with a potential contraction in the control prod-
uct. Therefore, the quantity estimates should be read as evidence of relative demand
reallocation among related beef cuts, rather than as a pure own-quantity response of

the treated product.

Next, we proceed with the DID estimates for the quantities. Figure 4 shows that
traded volumes of the treated product increased relative to the control product during
the VAT-exemption window. Across the three upstream stages, the coefficients become
systematically positive during the treatment period, indicating that the reduction in
the relative price of T' was accompanied by a relative expansion in its traded quantities.

The effect is visible in all three segments of the chain. In sales from slaughterhouses
to wholesale suppliers, the coefficients rise during the exemption window and then de-
cline after the policy expires. In sales from slaughterhouses to distributors, the increase
is more pronounced and remains positive throughout the treatment period. In sales
from distributors to wholesale suppliers, the dynamic response is also positive during
the exemption window, consistent with downstream reallocation toward the treated
cut.

The treatment-period estimates display a clear discrete increase relative to the weeks
immediately before the policy. This pattern supports the interpretation that the VAT
exemption affected not only prices but also quantities traded along the supply chain.

These estimates should be interpreted as relative quantity effects. They combine

an increase in the traded volume of the treated product with any simultaneous change
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Figure 4: Volume Difference-in-Differences Event Studies: Unbalanced panel
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Notes: The figure reports dynamic difference-in-differences estimates for traded volumes of the
treated product relative to the control product along the upstream stages of the supply chain.
The treated product is asado de diez a trece costillas, and the control product is colita de cuadril.
Panel (a) shows sales from slaughterhouses to wholesale suppliers. Panel (b) shows sales from
slaughterhouses to distributors. Panel (c) shows sales from distributors to wholesale suppliers.
The shaded area marks the VAT-exemption period. Points represent estimated coefficients, and
vertical lines report 95% confidence intervals. The retail-to-consumer stage is excluded because
the final-consumer dataset reports prices but not quantities sold.
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in the traded volume of the control product. Therefore, the results are consistent with
demand reallocation across related beef cuts: the temporary tax exemption lowered
the relative price of asado increased its traded quantities, and reduced or weakened the
relative performance of colita.

Appendix B reports robustness exercises based on the same dynamic difference-in-
differences specification but restricting the sample to common establishments observed
before, during, and after the policy period. The results in Figure B.8 are qualitatively
similar, indicating that the main quantity response is not driven by changes in sample
composition across periods.

We now summarize this response using the average difference-in-differences speci-
fication. As in the price analysis, the coefficient of interest is the interaction between
the treated product and the VAT-exemption period. The dependent variable is stan-
dardized traded volume, defined relative to the pre-treatment average volume of each
cut. Therefore, the estimated coefficients measure changes in traded volumes relative to

pre-treatment average volumes, comparing the treated product to the control product.

Table 5 reports the estimated average effects on traded volumes along the upstream
stages of the supply chain. The results show a large and statistically significant in-
crease in traded volumes of the treated product relative to the control product during
the VAT-exemption period. The estimated effects are positive across all stages of the
upstream supply chain and across both specifications. In sales from slaughterhouses
to wholesale suppliers, traded volumes increase by approximately 63 percent relative
to pre-treatment average volumes. In sales from slaughterhouses to distributors, the
estimated increase is 48 percent. The largest response appears in sales from distributors
to wholesale suppliers, where the estimated effect is 89 percent. As discussed in Section
4.1, these estimates should be interpreted as upper bounds of the true quantity effects

of the policy.
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Table 5: Effect of the VAT Exemption on Traded Volumes Along the Supply Chain

Slaughterhouse Slaughterhouse  Distributor
to Wholesale to Distributor  to Wholesale

Dependent Variable: Standardized Volume (2) (4) (6)
Treatment Effect 0.631*** 0.477*** 0.891***
(0.149) (0.122) (0.243)
Implied Volume Change 63.1% 47.7% 89.1%
Cut FE Yes Yes Yes
Event-Time FE Yes Yes Yes
establishment FE Yes Yes Yes
Observations 1,618 2,010 2,318
R2 0.776 0.420 0.595
Within R? 0.018 0.009 0.014

Notes: The table reports estimates of the average treatment effect on traded
volumes during the VAT-exemption period from the difference-in-differences
specification. The treatment effect corresponds to the coefficient on the in-
teraction between the treated product, asado de diez a trece costillas, and the
VAT-exemption period. The control product is colita de cuadril. The dependent
variable is standardized traded volume, defined relative to the pre-treatment
average volume of each cut. Therefore, the treatment-effect coefficients can be
interpreted as changes relative to pre-treatment average volumes. The analysis
is restricted to upstream transaction datasets because quantities sold are not ob-
served in the final-consumer price dataset. Heteroskedasticity-robust standard
errors are reported in parentheses. Significance levels: ***p < 0.01, **p < 0.05,
*p < 0.10.

6 Conclusion

This paper studies the effects of a temporary VAT exemption in Uruguay’s beef
market. The policy created a short-lived, targeted tax shock on a specific beef cut, al-
lowing us to trace price transmission along the vertical supply chain and study quantity
responses in upstream transactions. Using INAC data, we compare the treated cut to a
related untreated control cut across sales from slaughterhouses to wholesale suppliers,
from slaughterhouses to distributors, from distributors to wholesale suppliers, and retail
prices charged to final consumers.

The results show that the VAT exemption was largely passed through to prices. The
relative price of the treated cut fell at every stage of the supply chain, with estimated

effects ranging from 8.6 to 10.7 percent. Once the specific Uruguayan VAT regime
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for beef products is taken into account, these estimates imply pass-through rates of
roughly 80 to 100 percent. Pass-through is substantial in the upstream stages and close
to complete in the downstream stages.

We also find that the policy affected quantities traded along the upstream supply
chain. Relative to the control cut, the treated product’s traded volumes increased
sharply during the exemption period. The estimated quantity effects range from 43
to 63 percent in sales from slaughterhouses to downstream buyers and from 89 to 103
percent in sales from distributors to wholesale suppliers. These responses indicate that
the policy not only reduced prices but also changed the allocation of quantities across
related beef cuts.

The dynamic evidence reinforces this interpretation. Price reductions and quantity
increases are concentrated during the VAT-exemption window and partially revert after
the tax returns to its original level. This pattern is consistent with a temporary policy
shock that was transmitted through the chain but did not permanently alter relative
prices or quantities.

The findings contribute to the literature on tax pass-through in three ways. First,
they provide evidence on both the introduction and expiration of a temporary tax
cut. Second, they trace pass-through across several stages of a vertically linked mar-
ket, rather than only at the consumer level. Third, they show that tax pass-through
can generate sizable quantity reallocations across related products. This last point is
important: when products are substitutes, the estimated effect on the treated product
should be interpreted not only as a pure own-price response but also as part of a broader
reallocation of demand within the product category.

The results also have policy implications. Temporary consumption tax cuts can
reduce consumer prices when they are transmitted along the supply chain, but the

extent of pass-through depends on the institutional details of the tax regime and on
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the structure of the market. In the Uruguayan beef market, the exemption was largely
transmitted to prices and generated a strong quantity response. However, the policy
was targeted to a specific product, so its effects should be interpreted as changes in
relative prices and quantities within the beef market rather than as evidence of a broad
reduction in inflation.

Finally, the analysis has two limitations. First, final-consumer data contain retail
prices self-reported by retail outlets to INAC, but not quantities sold, so quantity
responses can only be studied in upstream transactions. Second, the estimates compare
the treated cut to a related control cut that could be affected by spillovers effects,
therefore, the reported price effects are lower bounds and the quantity effects are upper

bounds of the true effect of the tax cut.
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A Additional Tables

Table A.1: Outlier Removal by Product Group

Sample Group  Product code Original obs. Clean obs. Lost (%)
Slaughterhouse—Distributor Treated 1127001 4,902 4,839 1.29
Slaughterhouse—Distributor Control 1124012 4,702 4,647 1.17
Slaughterhouse-Wholesale supplier Treated 1127001 2,841 2,740 3.56
Slaughterhouse-Wholesale supplier ~ Control 1124012 6,743 6,644 1.47
Distributor—-Wholesale supplier Treated 1127001 8,332 8,192 1.68
Distributor—-Wholesale supplier Control 1124012 9,333 9,209 1.33
Retail point—Consumer Treated 1127001 1,437 1,421 1.11
Retail point—Consumer Control 1124012 1,450 1,434 1.10

Notes: “Original obs.” refers to the number of observations before outlier removal, and “Clean
refers to the number of observations after applying the outlier rule. The treated product
is product code 1127001, asado de diez a trece costillas. The control product is product code
1124012, colita de cuadril. Outliers are removed separately by cut and sample using prices in

”

obs.

levels.

Notes:

Table A.2: Standard Deviations Used in the Outlier Rule

Sample Treated product SD  Control product SD
Slaughterhouse—Distributor 29.37 40.75
Slaughterhouse-Wholesale supplier 54.55 46.00
Distributor—-Wholesale supplier 37.79 49.23
Retail point—Consumer 46.26 53.42

The table reports the standard deviations used in the outlier rule. For each cut and
sample, observations are removed when prices lie outside the median price in the corresponding
period plus or minus three standard deviations of the full price series for that cut.
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Table A.3: Effective Panel Observations by Period

Sample Group Pre-treatment Treatment Post-treatment Total
Slaughterhouse—Distributor Treated 381 121 400 902
Slaughterhouse—Distributor Control 500 141 467 1,108
Slaughterhouse-Wholesale supplier Treated 290 85 292 667
Slaughterhouse-Wholesale supplier ~ Control 425 121 406 952
Distributor-Wholesale supplier Treated 393 138 370 901
Distributor-Wholesale supplier Control 608 184 625 1,417
Retail point—Consumer Treated 633 170 618 1,421
Retail point—Consumer Control 632 174 628 1,434

Notes: For the weekly samples, the treatment period corresponds to event weeks 0 to 8. For
the consumer sample, the treatment period corresponds to event months 0 and 1, April and May
2022. The table reports the effective panel observations used in the estimations after outlier
removal and aggregation.

Table A.4: Number of establishments by Period

Sample Group Pre-treatment Treatment Post-treatment Total
Slaughterhouse—Distributor Treated 15 15 18 18
Slaughterhouse—Distributor Control 20 19 21 21
Slaughterhouse—Distributor Common establishments 14 14 17 13
Slaughterhouse-Wholesale supplier Treated 14 11 15 17
Slaughterhouse-Wholesale supplier ~ Control 20 16 19 22
Slaughterhouse-Wholesale supplier =~ Common establishments 13 10 13 10
Distributor—Wholesale supplier Treated 21 19 17 22
Distributor—-Wholesale supplier Control 26 24 25 29
Distributor-Wholesale supplier Common establishments 19 17 17 15
Retail point—Consumer Treated 130 98 123 143
Retail point—Consumer Control 132 99 124 144
Retail point—Consumer Common establishments 128 96 122 91

Notes: Establishments are slaughterhouses in the first two samples, distributors in the distributor—
wholesale supplier sample, and points of sale in the consumer sample. The “Common units” row
reports the number of establishments observed in each period and, in the final column, the number
of establishments observed in all three periods.
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B Additional Figures

B.1 Price Event Studies

Figure B.1: Price Event Studies for the Treated Product: Balanced panel

Price Event Study: Slaughterhouse to Retail

Treatment - Asado 10/13 Cost Bov Enf ¢/h- Common Slaughterhouse

ot B
Hv i | wm}:ﬁ,ﬁ :

5 b

. Estimate

34

(a) Slaughterhouse to Wholesale

Price Event Study: Distributor to Retail

Treatment - Asado 10/13 Cost Bov Enf ¢/h- Common Distributors

Estimat
- B
: i N
e |
e
—
I
—— e
e
e
—r——
f—
[E e —
[
e
[P —]
[ ]

(¢) Distributor to Wholesale

Price Event Study: Slaughterhouse to Distributor

Treatment - Asado 10/13 Cost Bov Enf c/h- Common Slaughterhouse

(b) Slaughterhouse to Distributor

Price Event Study: Retail to Consumer

Treatment - Asado de tira de primera - Frecuent Retails
|

|
|
1
1
I
——— .,
1
1
1
|
|
|
|
1
1

{}H'{.}

1
|
|
T

i

(d) Retail to Consumer

Notes: The figure reports event-study estimates for the treated beef cut, asado de diez a trece cos-
tillas, along the vertical supply chain, restricting the sample to common establishments observed
throughout the relevant periods. Panel (a) shows sales from slaughterhouses to wholesale suppli-
ers using the sample of common slaughterhouses. Panel (b) shows sales from slaughterhouses to
distributors using the sample of common slaughterhouses. Panel (c¢) shows sales from distributors
to wholesale suppliers using the sample of common distributors. Panel (d) shows prices charged
to final consumers using the sample of retail points observed throughout the period. The shaded
area marks the VAT-exemption period. Points represent estimated coefficients, and vertical lines

report 95% confidence intervals.
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Figure B.2: Price Event Studies for the Control Product: Unbalanced panel

Price Event Study: Slaughterhouse to Retail
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(b) Slaughterhouse to Distributor

Price Event Study: Retail to Consumer
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(d) Retail to Consumer

Notes: The figure reports event-study estimates for the control beef cut, colita de cuadril, along
the vertical supply chain. Panel (a) shows sales from slaughterhouses to wholesale suppliers. Panel
(b) shows sales from slaughterhouses to distributors. Panel (c¢) shows sales from distributors to
wholesale suppliers. Panel (d) shows retail prices charged to final consumers, as self-reported by
retail outlets to INAC. The shaded area marks the VAT-exemption period for the treated product.
Points represent estimated coefficients, and vertical lines report 95% confidence intervals.
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Figure B.3: Price Event Studies for the Control Product: Balanced panel
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(b) Slaughterhouse to Distributor

Price Event Study: Retail to Consumer
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(c) Distributor to Wholesale

(d) Retail to Consumer

Notes: The figure reports event-study estimates for the control beef cut, colita de cuadril, along
the vertical supply chain, restricting the sample to common establishments observed throughout
the relevant periods. Panel (a) shows sales from slaughterhouses to wholesale suppliers using the
sample of common slaughterhouses. Panel (b) shows sales from slaughterhouses to distributors
using the sample of common slaughterhouses. Panel (c) shows sales from distributors to wholesale

suppliers using the sample of common distributors.

Panel (d) shows prices charged to final

consumers using the sample of retail points observed throughout the period. The shaded area
marks the VAT-exemption period for the treated product. Points represent estimated coefficients,

and vertical lines report 95% confidence intervals.
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B.2 Price Difference-in-Differences Robustness

Figure B.4: Price Difference-in-Differences Estimates: Balanced panel
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Notes: The figure reports difference-in-differences event-study estimates comparing the treated
beef cut, asado de diez a trece costillas, with the control beef cut, colita de cuadril, along the
vertical supply chain, restricting the sample to common establishments observed throughout the
relevant periods. Panel (a) shows sales from slaughterhouses to wholesale suppliers using the
sample of common slaughterhouses. Panel (b) shows sales from slaughterhouses to distributors
using the sample of common slaughterhouses. Panel (c) shows sales from distributors to wholesale
suppliers using the sample of common distributors. Panel (d) shows prices charged to final
consumers using the sample of retail points observed throughout the period. The shaded area
marks the VAT-exemption period. Points represent estimated coefficients, and vertical lines report
95% confidence intervals.
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B.3 Volume Event Studies
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Figure B.5: Volume Event Studies for the Treated Product: Balanced panel
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Notes: The figure reports event-study estimates for traded volumes of the treated beef cut, asado
de diez a trece costillas, along the upstream stages of the vertical supply chain. The sample is
restricted to common units, defined as establishments observed in the pre-treatment, treatment,
and post-treatment periods. Panel (a) shows sales from slaughterhouses to wholesale suppliers,
restricting the sample to common slaughterhouses. Panel (b) shows sales from slaughterhouses
to distributors, restricting the sample to common slaughterhouses. Panel (c) shows sales from
distributors to wholesale suppliers, restricting the sample to common distributors. The shaded
area marks the VAT-exemption period. Points represent estimated coefficients, and vertical lines
report 95% confidence intervals.
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Figure B.6: Volume Event Studies for the Control Product: Unbalanced panel
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Notes: The figure reports event-study estimates for traded volumes of the control beef cut, colita
de cuadril, along the upstream stages of the vertical supply chain. Panel (a) shows sales from
slaughterhouses to wholesale suppliers. Panel (b) shows sales from slaughterhouses to distributors.
Panel (c¢) shows sales from distributors to wholesale suppliers. The shaded area marks the VAT-
exemption period for the treated product. Points represent estimated coeflicients, and vertical
lines report 95% confidence intervals.
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Notes: The figure reports event-study estimates for traded volumes of the control beef cut, colita
de cuadril, along the upstream stages of the vertical supply chain. The sample is restricted to
common units, defined as establishments observed in the pre-treatment, treatment, and post-
treatment periods. Panel (a) shows sales from slaughterhouses to wholesale suppliers, restricting
the sample to common slaughterhouses. Panel (b) shows sales from slaughterhouses to distribu-
tors, restricting the sample to common slaughterhouses. Panel (c) shows sales from distributors
to wholesale suppliers, restricting the sample to common distributors. The shaded area marks
the VAT-exemption period for the treated product. Points represent estimated coefficients, and

Figure B.7: Volume Event Studies for the Control Product: Balanced panel
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vertical lines report 95% confidence intervals.
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B.4 Volume Difference-in-Differences Robustness

Figure B.8: Volume Difference-in-Differences Event Studies: Balanced panel
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Notes: The figure reports dynamic difference-in-differences estimates for traded volumes of the
treated product relative to the control product along the upstream stages of the supply chain. The
sample is restricted to common units, defined as establishments observed in the pre-treatment,
treatment, and post-treatment periods. Panel (a) shows sales from slaughterhouses to wholesale
suppliers, restricting the sample to common slaughterhouses. Panel (b) shows sales from slaugh-
terhouses to distributors, restricting the sample to common slaughterhouses. Panel (c) shows
sales from distributors to wholesale suppliers, restricting the sample to common distributors.
The shaded area marks the VAT-exemption period. Points represent estimated coefficients, and
vertical lines report 95% confidence intervals.
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C Interpreting Difference-in-Differences Estimates as Bounds

Our analysis is structured around two horizontally related products: the treated
product, denoted by T, and the control product, denoted by C. Because these prod-
ucts are partial substitutes, a policy-induced change in the price of T" may affect not
only the quantity and price of T', but also the equilibrium quantity and price of C.
This appendix shows how such spillovers affect the interpretation of the difference-in-
differences estimates.

The representation below corresponds to specifications with establishment fixed ef-

fects. If establishment fixed effects are omitted, the same algebra applies after sup-

pressing f4;.

C.1 Quantity Effects as Upper Bounds

Let the observed outcome be traded quantity, denoted by Y., for establishment i,

product ¢ € {T',C}, and period t. Consider the linear representation

Yiee = i + Ve + 0t + Eict

where p; captures time-invariant heterogeneity across market agents, v. denotes product
fixed effects, d; captures period fixed effects, and ¢;. is an idiosyncratic component.
We analyze a policy intervention between periods 1 and 2 that induces an exogenous

reduction in the price of the treated product T, such that

PT71 > PT72.

The causal parameter of interest is the own-quantity effect of the policy on the treated
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product:
T= ED/Z',T,2 ’ PT,2] - E[Yz‘,T,Q | PT,I]-

This compares the observed post-policy quantity of 7" under the lower treated-product
price Pro with the counterfactual quantity that would have been observed absent the

policy, holding the treated-product price at Pr .

Identification and Bounding under Spillovers

The standard parallel-trends assumption in potential outcomes implies that, un-
der the counterfactual price path Pr;, the difference between the control and treated

products would have remained stable over time:

ElYicq—Yira | Pral = E[Yic2 —Yira | Pral.

Under this assumption, the unobserved counterfactual quantity of the treated product

can be written as

ElYiro | Pril=EYir1| Pral+ ElYica | Pra]l — ElYica | Pra). (C.1)

The first and third terms on the right-hand side are observed in the pre-treatment

period. The problematic term is

ElY;co | Pral,

the counterfactual post-treatment quantity of the control product in a world where the
price of T" had not changed.
Because T' and C' are substitutes, the price reduction of T" reallocates demand away

from C. Therefore, the observed post-treatment quantity of C' under Pr is below the
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counterfactual quantity that would have prevailed under Pr;:

E[Y;',C,Q | PT,1] > E[Y;‘,C,Q | PT,2]-

This implies a lower bound for the unobserved counterfactual quantity of T

ElY,ro | Pri)l > EYir1 | Pral+ ElYica | Pr2l — ElYica | Pra). (C.2)

Using the definition of 7, this implies

T < EYirs| Pro] — ElYyra | Pra]l — E[Yico | Pro] + ElYica | Pral. (C.3)

The expression on the right-hand side is the standard difference-in-differences estimand.
Therefore, when the control product is negatively affected by substitution spillovers, the
quantity difference-in-differences estimator is an upper bound for the true own-quantity

effect of the policy on the treated product.

C.2 Exploiting the Linear Panel Data Representation

The same result can be seen directly using the linear panel representation. Under

the counterfactual price vector Pr;, impose parallel trends on the residual components:

E[&',T,z | PT,1] - E[Ez‘,T,1 | PT,1] = E[Q,C,Q | PT,1] - E[E’i,c,l | PT,1]. (C.4)

Let o denote the equilibrium spillover shock on the control product under the real-

ized policy price Pro:

o= FEleica| Pra] — Elcic2 | Pral.
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For quantities, product substitutability implies

o <0,

because the price reduction of T' shifts demand away from C.
Using
Yiet = pti +Ye + 0¢ + Eict,

the four observed conditional expectations can be written as
ElYira | Pro|l = pi +yr + 02+ Eleirg | Pra] + 7,
ElYir1| Pral = pi +vr + 61+ Eleira | Pral,

ElY;co | Pral = i +v¢ + 02+ Elgico | Pri] + o,

ElYica | Pral = i +vc¢ + 01+ Eleica | Pral.

Substituting into the difference-in-differences estimand gives

DiD = (ElYiro | Pro] — ElYir1 | Pra]) — (ElYicz2 | Pre] — E[Yica | Pra))

=7 —o0. (C.5)

Since o < 0, it follows that

DiD > 7.

Thus, the empirical quantity difference-in-differences estimate is larger than the true

own-quantity effect on the treated product. Equivalently,

7 =DiD 40 < DiD.
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C.3 Extension to the Event-Study Framework

The argument extends directly to the dynamic event-study specification. Let the
VAT exemption begin at period t*, and normalize the period immediately before the
intervention, t* — 1, as the reference period.

Under the counterfactual price path Pp;-_q, the parallel-trends condition for residual

components is

E[gi,T,t | PT,t*—l] - E[ei,T,t*—l | PT,t*—l] = E[Ei,c,t | PT,t*—l] - E[Ei,o,t*—l | PT,t*—l]
(C.6)

for all periods t.
Let 7; denote the period-specific true own-quantity effect on the treated product,

and let o; denote the period-specific spillover shock on the control product:

oy = E[Ei,C,t | PT,t] - E[Ei,C,t | PT,t*—l]-

For pre-treatment periods, t < t*, there is no policy-induced spillover, so

Tt — 0 and O — 0.

For post-treatment periods, ¢t > t*, the dynamic event-study coefficient can be

written as

B = (ElYirs | Pril — ElYire—1 | Pryo—1]) — (E[Yicy | Pry] — ElYicp—1 | Pry-1])

=Ty — Oy. (C-7)

If substitution reallocates demand away from the control product during the policy
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window, then

oy <0 vt >t

Therefore,

ﬁt > Ty tht*

The event-study coefficients for quantities should therefore be interpreted as upper
bounds for the true own-quantity response of the treated product. For pre-treatment

leads, the absence of policy spillovers implies

E[ﬁt] =0,

which is the standard pre-trends implication.

C.4 Price Effects as Lower Bounds in Absolute Value

The previous derivation focuses on quantities. The same logic applies to prices,
but the sign of the outcome reverses the interpretation. Let the outcome now be the

standardized real price, denoted by P2 Define the true own-price effect of the VAT

ict

exemption on the treated product as
™ = B[Py | Pra] — B[P, | Pral.
Because the policy reduces the tax-inclusive price of the treated product, we expect

P < 0.
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The observed price difference-in-differences estimand is
DiD? = (E[Py | Pro) — B[P | Pra)) — (E[BS, | Pra] — E[PE, | Pral) .
Let the price spillover on the control product be

o = Ble} oy | Pra]l — Ele} ¢y | Pral,

where £ denotes the residual component of the standardized price equation. Under

ict

parallel trends in the counterfactual price path, the same algebra as above gives
DiD?P = 7P — oP.

Because T and C' are substitutes, a reduction in the price of 7" shifts demand away
from C. If this reduction in demand for C' weakly lowers the equilibrium price of the

control product relative to its counterfactual path, then
o? <0.

Therefore,

DiD? = 7P — P > 7P,

When the estimated price effect is negative, as in the empirical application, this means
that the estimated difference-in-differences coefficient is less negative than the true

own-price effect on the treated product. Equivalently,

—DiD? < —7P,
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Thus, the estimated price reduction in absolute value is a lower bound for the true
own-price reduction of the treated product. The same implication applies to the implied

pass-through rate. Let

)

1
1.1

[\

m

[\]

be the mechanical tax-inclusive price reduction implied by full pass-through of the
VAT burden under the Uruguayan VAT regime for beef products. The estimated pass-

through rate is

., _DiD?
Joy

bl

m

whereas the true own-price pass-through is

_ 7P
PTp,true _ T
m
Since
— DiD? < —7P,

it follows that

PT" < ppptrue,

Therefore, when the control product is affected by substitution spillovers, the price
difference-in-differences estimates should be interpreted as lower bounds on the absolute
price reduction and on the true pass-through rate. This strengthens the interpretation of
the empirical results: the estimates in the main text already indicate substantial pass-
through, and any downward spillover in the control product’s price implies that the
true own-price pass-through for the treated product is weakly larger than the reported

estimate.
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