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1 Introduction

The past few decades have observed drastic reductions in tari�s, a large share of which

can be attributed to reciprocal multilateral or bilateral trade liberalizations. Reciprocal

tari� reductions among participating countries may a�ect domestic �rms' prices and the

competition they face through multiple channels. As tari�s on foreign goods fall, domestic

�rms face more competition but at the same time can take advantage of cheaper imported

inputs. In addition, as tari�s imposed on exported goods fall, exporters may enjoy greater

access in foreign markets. Accounting for all these channels together is therefore important

in understanding the economic e�ects of reciprocal trade liberalizations.

Despite the increasing research on reciprocal trade liberalizations, their impact on prices

and markups has yet been empirically analyzed. Decomposing prices into costs and markups

allows us to assess both the total gains from an episode of reciprocal trade liberalization and

the distribution of gains between producers and consumers. However, identifying the impact

of tari� reductions on markups and marginal costs is empirically challenging, because price

data at a disaggregated product-destination level for a broad set of industries is usually

not publicly available. Moreover, since markups and marginal costs are not observable, a

structural model must be used to estimate them.

In this paper, we empirically analyze the impact of reciprocal trade liberalizations by

focusing on how Mexican �rms responded to the North American Free Trade Agreement

(NAFTA). To do so, we rely on a con�dential dataset from Mexican manufacturing plants

that includes disaggregated plant-product-level data for the period 1994-2008. The data

records quantity and price (unit value) information for both domestic and exported prod-

ucts produced by plants that cover 85% of value added in manufacturing. A unique feature

of this dataset is the distinction between domestic and foreign markets, which allows us to

distinguish between the impact of reciprocal trade liberalization on exporters and domes-

tic producers. Equipped with this data, we follow the empirical framework developed by

de Loecker et al. (2016) and derive estimates of markups and marginal costs at the plant-
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product-destination level. This method estimates production functions to identify markups

from the wedge between the output elasticity of a variable input and its expenditure share

out of total revenue, which is now a standard approach in the industrial organization lit-

erature.1 One advantage of this approach is that we do not need any assumption about

market structures or consumer preferences to recover markups.2 In addition, we are able to

estimate product-level markups and marginal costs of multi-product �rms across a broad set

of manufacturing industries, which is a novel contribution to existing studies on NAFTA.3

Tari� reductions from NAFTA can potentially a�ect markups and marginal costs of

Mexican manufacturing plants via three di�erent channels. The �rst is the competition

channel : higher competitive pressure due to lower tari�s imposed by the Mexican authorities

can force Mexican producers to lower their markups and also compel them to become more

productive. The second channel is the cost channel : a decline in tari�s on intermediate inputs

directly lowers the marginal cost for Mexican plants that import those products. Lastly, since

NAFTA is reciprocal, reductions in tari�s imposed by the United States allow incumbent

Mexican exporters to raise their factory-gate prices and markups without increasing the after-

tari� price paid by U.S. consumers. We refer this channel as the market access channel. We

explore these three channels by examining the impact of Mexican output tari�s, tari�s on

intermediate inputs, and U.S. tari�s on prices, markups, and marginal costs at the plant-

product-destination level. For each channel we analyze both the average e�ects and the

dynamic e�ects over time following Dix-Carneiro and Kovak (2017). In both cases, the

impacts of the three channels are identi�ed by exploiting the variation of these quantities

1See Olley and Pakes (1996), Levinsohn and Petrin (2003), de Loecker (2011), de Loecker and Warzynski
(2012), and Ackerberg et al. (2015) for production function estimation at the plant level. de Loecker et al.
(2016) and Garcia-Marin and Voigtländer (2016) are examples of production function estimation at the
product level.

2An alternative approach for markup estimation, exempli�ed by Berry et al. (1995), Goldberg (1995),
and Goldberg and Hellerstein (2013), assumes speci�c preferences and market structure to derive estimates
of markups. The detailed product-market-level data required as well as the particular assumption on market
structure makes it impossible to use this approach for a broad set of industries like we do in this work.

3A large body of empirical studies has analyzed the impact of NAFTA on trade volume (Romalis, 2007),
productivity (López-Córdova, 2003; Iacovone, 2012; de Hoyos and Iacovone, 2013), quality upgrading (Ver-
hoogen, 2008), and income (Easterly et al., 2003; Esquivel and Rodríguez-López, 2003). We are not aware
of any existing work that studies NAFTA's impact on markups and marginal costs at plant-product level.
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within a plant-product-destination, controlling for changes in macroeconomic conditions at

the sector-year level.

We �rst analyze the competition channel and �nd that reductions of Mexican output

tari�s have had a signi�cant e�ect on prices, markups and marginal costs. For domestic

products, we �nd that both marginal costs and prices decreased in response to reductions in

output tari�s, but changes in markups were insigni�cant. In addition, we also �nd evidence

of pro-competitive e�ects of NAFTA: once the impact on marginal costs is controlled for,

output tari� reductions led to a decrease in markups. This e�ect is stronger for large �rms

and �rms higher initial markups. On the other hand, exporters, whose competition were

not a�ected by the decline in Mexican output tari�s, responded to lower marginal costs by

raising markups, and the resulting e�ect on prices is insigni�cant. Through time, we �nd

that marginal costs declined immediately after tari� cuts, but increases in markups were

gradual.

Our results on the impact of NAFTA operating through the cost channel are mixed. We

�nd that input tari� reductions had no signi�cant e�ect on markups and marginal costs of

domestic products on average. Over time, input tari� reductions on domestic products led to

a gradual increase in marginal costs after an initial drop. To rationalize this dynamic pattern,

we construct proxies of quality following the intuition introduced in Khandelwal (2010) and

�nd supporting evidence of quality upgrading over time. On the other hand, declines in

input tari�s signi�cantly reduced marginal costs of exported products. Exporters, who are

more likely to import inputs from abroad, increased markups in response to the reduction

in marginal costs, resulting in a zero e�ect on the prices.

Finally, we �nd signi�cant evidence of the impact of NAFTA from the market access

channel. Declines in U.S. tari�s on Mexican products led to a substantial reduction in the

marginal costs of domestic and exported products as Mexican producers increased their

productivity. The decrease in the marginal cost of exported products is consistent with the

�nding in Bustos (2011) that Argentinian exporters increase their spending on technology
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in response to tari� reductions from Brazil. For exported products, we �nd that markups

increased by more than the decline in marginal costs because the reduction in U.S. tari�s

led producers to increase their prices on exported products. Lastly, we �nd that controlling

for marginal costs, exporters responded to declines in U.S. tari�s on Mexican products by

raising their markups. Moreover, this increase in markups on exported goods was stronger

for smaller exporters. We do not �nd any existing empirical study that documents this

anti-competitive e�ect during an episode of reciprocal trade liberalization.

Our estimates imply that the observed tari� declines during the 1994-2008 period led to

an average reduction in prices and marginal costs of Mexican domestic products by 3.4%

and 8.2% respectively. At the same time, markups increased by 4.8% on average. For

products exported to the United States, the tari� reductions led to a small price increase of

1.9%, a reduction in marginal costs of 27.9%, and an increase in markups of 29.9%. These

results suggest that Mexican consumers bene�ted from NAFTA through lower prices. On the

other hand, Mexican producers enjoyed more pro�ts through lower input prices and higher

markups.

Our work complements existing works on estimating the competitive e�ects of a trade

liberalization by providing the �rst assessment of the impact of a free trade agreement on

prices and markups. In this strand of literature, our work is most closely related to de Loecker

et al. (2016) who estimate product-level markups and analyze the Indian trade liberalization

during the 1990s.4 Relying on the same estimation framework, our paper and de Loecker

et al. (2016) both �nd the pro-competitive e�ects from output tari� declines as well as the

incomplete cost pass-through to prices. In addition to the competition channel and the

cost channel studied in de Loecker et al. (2016), we also �nd evidence of anti-competitive

e�ects from improved foreign market access for Mexican exporters. This market access

channel distinguishes between reciprocal and unilateral trade liberalizations, but existing

4Other contributions to this literature are the studies by Levinsohn (1993) on Turkey, Harrison (1994)
on the Ivory Coast, Krishna and Mitra (1998) on India, and Brandt et al. (2017) on China. Caselli et al.
(2017) also follows the same method in de Loecker et al. (2016) to estimate markups of Mexican plants at
product level, but the focus of that paper is on exchange rate pass-through.
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studies such as Lileeva and Tre�er (2010) and Bustos (2011) mostly focus on its impact on

productivity instead of markups.

Our second contribution is to separately identify the e�ect of tari� reductions on goods

that are exported and sold domestically, compared to existing studies that do not distinguish

between foreign and domestic markets. For example, both de Loecker et al. (2016) and

Brandt et al. (2017) �nd a strong negative relationship between input tari�s and markups.

Our results for Mexico con�rm this negative relationship among the exported goods but not

those serving the domestic market. In other words, the bene�t of input cost reduction during

episodes of trade liberalization emphasized by de Loecker et al. (2016) and previously Amiti

and Konings (2007) only applies to Mexican exporters. This pattern we �nd is intuitive

because only a small share of non-exporters in Mexico use imported intermediates.

The empirical �ndings presented in this paper are in line with the theoretical literature

that analyzes the competitive e�ects of trade reforms. Within this literature, our work is

closely related to the trade model analyzed by de Blas and Russ (2015) in which the endoge-

nous distribution of markups responds to changes in trade costs.5 By lowering trade costs,

trade liberalization indirectly reduces the residual demand for domestic goods, leading to a

decline in domestic markups (pro-competitive e�ects) and an increase in welfare. However,

in a regional free trade agreement, the increase in welfare is o�set by a rise in foreign markups

(the anti-competitive e�ects in de Blas and Russ, 2015), lowering overall gains from trade.

Our paper contributes to this literature by providing the �rst empirical evidence for both

pro-competitive and anti-competitive e�ects of reciprocal trade liberalizations.

Finally, our paper is related to the literature that examines e�ects of trade liberalization

on productivity, which mostly emphasizes two main channels. The �rst channel is through

foreign competition, as increased competitive pressure compels producers to be more e�-

5Quantitative trade models, like that from Eaton and Kortum (2002) with perfect competition, and the
monopolistic competition model of Melitz (2003), are unable to capture the competitive e�ects of trade
liberalization since they assume constant markups. Even in models with variable markups, few predict
changes to competition from liberalization. Bernard et al. (2003) and Arkolakis et al. (2017), for example,
allow for variable markups and �nd that the distribution of markups is invariant to changes in trade costs.
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cient.6 The second channel is through cheaper imported intermediate inputs, which not only

lower the cost of production but also allow for substantial technological improvements by

expanding the set of available inputs.7 Within this literature, our work is closest the papers

of López-Córdova (2003) and Iacovone (2012), which analyze the impact of tari� declines

during NAFTA on plant-level measures of revenue productivity from Mexican manufacturing

plants. One potential issue of using revenue productivity is biased estimates: if more e�cient

producers charge lower prices, this would be re�ected as lower revenue productivity.8 Our

paper, in contrast, analyzes the impact of tari� reductions on marginal costs and hence is

immune to this problem.

The rest of the paper is structured as follows. Section 2 introduces the data used in

the estimation and performs a preliminary analysis on the impact of tari�s reductions from

NAFTA on prices. Section 3 formally presents the empirical framework used in the estimation

of markups and marginal costs. Section 4 shows the estimates of markups and marginal costs

and provides evidence on the validity of the estimation results. Section 5 analyzes the impact

of tari� reductions on prices, markups, and marginal costs, and the last section concludes.

2 Data and empirical facts

In this section, we describe the data used in this paper and provide some preliminary em-

pirical facts before formally introducing our estimation framework in Section 3.

6Examples of papers that emphasize this channel include Tre�er (2004) and Lileeva and Tre�er (2010)
for the Canada-U.S. Free Trade Agreement, and Pavcnik (2002), who studies trade liberalization in Chile.

7 The analysis of Amiti and Konings (2007) for Indonesia and Khandelwal and Topalova (2011) for India
emphasize this second channel.

8See Garcia-Marin and Voigtländer (2016) for a detailed discussion on this point.
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2.1 Data

2.1.1 Manufacturing Survey Data

We use manufacturing plant and product data from two surveys conducted and maintained

by the Mexican Institute of Statistics and Geography (INEGI)-the Monthly Industrial Survey

(EIM) and the Annual Industrial Survey (EIA), available for the 1994-2008 period. Both

surveys cover initially the same set of plants based on the 1993 Economic Census. The

EIA, however, was updated in 2003 to include new plants that were either opened after

1994 or were identi�ed by INEGI after that year. Since our analysis requires information

of variables from both EIA and EIM, we include only plants present in both the EIM and

EIA in the estimation. These surveys classify plants according to a unique 6-digit class

(similar to the 6-digit North American Industrial Classi�cation System (NAICS) industry

code) based on the 1994 Mexican Classi�cation of Activities and Products (CMAP94), a

precursor of NAICS. The surveys cover 206 6-digit classes in the manufacturing sector. The

number of plants included was chosen to ensure that they covered at least 85% of value

added in each class and that it contained all plants with more than 100 employees. The �nal

sample of plants comprises around 85% of value added in manufacturing in Mexico. For a

more detailed description of the sampling methodology and data, refer to Online Appendix

Section 2. These surveys, however, have some limitations. Although coverage concerning

value added is excellent, the sample is skewed toward larger plants. Also, while the surveys

track plant exit systematically, they do not record plant entry.

The EIM survey reports monthly data on employment and the wage bill at the plant

level, and quantities and sales value of disaggregated products separated between products

destined for the domestic and export market. The distinction of products between domestic

and export markets is a unique feature of EIM. The data does not include the destinations

of exports. However, Mexico's exports are highly concentrated, with more than 85% of

exports going to the U.S. during the period examined. Since the majority of these products
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were going to the U.S., we assume that all exported products were destined for that country.

Products are disaggregated at the 8-digit level and can be viewed as individual product lines.

See Online Appendix Section 2 for examples of these product lines. These products are very

disaggregated relative to other manufacturing surveys that include product or product line

information. The availability of sales and quantity data by product allows construction of

unit values as a measure of prices. We aggregate monthly values into annual data to match

them with information from the EIA.

The EIA survey records plant-level yearly information on plant inputs, total production,

and other detailed data on their operations. Most of the manufacturing plant data used in

estimation, except for quantities and sales at the product level, came from this survey. We

use material expenditures, total employment, capital, import and export status, research

and development expenditures, and plant's state from this survey.9 We de�ate all monetary

variables by their appropriate price de�ator. For more information on the construction of

the variables and other sources of external data used during estimation, see Online Appendix

Section 2.

We match the EIM and EIA surveys using a unique plant identi�er provided by INEGI

and construct a panel of approximately 180 thousand product-plant-year observations from

1994 to 2008. Table 1 shows the average number of plant-product-destination observations by

sector, as well as the average number of products by a plant in the sample. Table 2 presents

the number of plants in the sample as well as summary statistics of the main variables from

the EIA that we use in the estimation by sector. We can see that the majority of plants

in the sample are multi-product and non-exporter plants. However, the number of single-

product plants per sector in the sample is relatively large. This feature will contribute to

the empirical strategy discussed in later sections.

9We construct the capital series with the perpetual inventory method using investment by type and the
initial book value of a capital stock. See Online Appendix Section 2 for more details.
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2.1.2 Tari� Data

Tari� data for Mexico and the United States comes from the World Bank's World Integrated

Trade Solution., available at the HS 6-digit level. Since there is no concordance available

between HS-6 classi�cation and the Mexican CMAP94 classi�cation, we constructed the

concordance manually. The process involved matching approximately 5,000 products in the

CMAP94 classi�cation to one or sometimes multiple HS codes using the CMAP94 product

description provided by INEGI. When multiple HS-6 codes corresponded to a single CMAP94

product, we used the average tari� across corresponding HS-6 codes. We explain the details

in Online Appendix Section 7. Utilizing this concordance, we constructed a measure of

output tari�s, the tari�s applied by the Mexican authorities to goods coming from the

United States. We also constructed a measure of U.S. tari�s applied to goods coming from

Mexico using the same concordance.

To capture the impact of cheaper access to imported intermediates that resulted from

tari� declines under NAFTA, we construct class-level intermediate input tari�s using the

Mexican input-output tables available from INEGI for 2003 at the 4-digit NAICS classi�-

cation and match them to a CMAP94 class classi�cation using concordances provided by

INEGI.10 To do this, we calculate the average output tari� within a class and then use direct

and indirect requirement coe�cients from the I-O table to compute a weighted-average tari�

at the class level. Formally, the intermediate input tari�s of plants from class j at time t is

given by:

τ inputjt =
∑
k

Φkj · τ outputkt ,

where Φkj is class j's share of intermediate inputs coming from class k, and τ outputkt is the

average output tari� in class k. See Online Appendix Section 2.2 for more details on the

construction of the tari�s measures.

To summarize, the output and U.S. tari�s used in our analysis vary at the product level,

10This is the only I-O table available in Mexico with a high degree of disaggregation since I-O tables before
2003 are available only at a highly aggregated level.

10



whereas intermediate input tari�s vary at the class level. Table 3 gives summary statistics

on the tari� measures for the year 1993 (the year before NAFTA started) and 2008 (the last

year in the sample). As we can see, output tari�s declined 14.6 percentage points on average

during this period. The measure of intermediate input tari�s decreased by 9.3 percentage

points. Finally, U.S. tari�s on Mexican products fell by only 5.1 percentage points as their

level before NAFTA was lower than the initial level of Mexican tari�s. Figure 1 shows the

average of our three measures of tari�s for the period of 1993-2008.

2.2 The Impact of Tari� Declines on Prices

Before decomposing prices into markup and marginal costs, we examine the impact that de-

clines in our tari� measures had on prices. We estimate the following speci�cation separately

for domestic and exported products:

logPijt = α + β1τ
output
it + β2τ

input
jt + β3τ

US
it + ξij + ψst + εijt, (1)

where Pijt are prices of product i from plant j at time t, τ outputit are Mexican output tari�s

applied to product i, τ inputjt are the intermediate input tari� of plant j, τUSit are the tari�s

applied by the United States on goods i from Mexico, and ξij and ψst are plant�product

and sector-year �xed e�ects, respectively. Since the primary policy variable, output tari�s,

varies at the product level, we cluster standard errors at the product level. As tari�s enter

in levels in equation (1) and prices in logarithms, the coe�cients β's are semi-elasticities.

That is, they measure the percent change in prices when tari�s increase by one percentage

point. We include U.S. tari�s on Mexican products in the speci�cation for two reasons.

First, since most exported products go to the United States, changes in U.S. tari�s should

a�ect their prices. Second, declines in U.S. tari�s might in�uence the behavior of Mexican

plants, a�ecting both exported and domestic products. Iacovone and Javorcik (2012), for

example, �nd that an increase in market access driven by a decline in U.S. tari�s stimulates
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investment by Mexican manufacturing plants as they prepare to introduce new products into

the export market.11

The coe�cients on the tari�s are identi�ed by exploiting variation in the dependent

variable and tari�s within a plant-product-destination over time, controlling for changes in

macroeconomic conditions at the sectoral level.

2.2.1 More on Identi�cation: Exogeneity of Tari� Cuts

The main concern with this speci�cation is that tari� changes might be correlated with

omitted factors that also a�ect Mexican sectoral outcomes. However, by focusing on the

disaggregated product level, identi�cation requires the more plausible assumption that tari�

cuts are exogenous at the level of individual plant-product pairs. In this particular exercise,

the main concern for identi�cation would be if tari� schedules under NAFTA were set to

protect speci�c products or industries. If this protectionism was a factor in determining

tari� schedules, the previous speci�cation would su�er from endogeneity problems as tari�s

would be correlated with an omitted factor that also determines prices: protectionism. If

this were the case, we would be overestimating, for example, the impact of output tari�s on

prices.12

There is substantial evidence, both empirical and anecdotal, that endogeneity arising

from protectionism is not likely to be the case. If tari�s were set with protectionism in mind,

we would expect that products with high initial tari�s would face higher tari�s after NAFTA

than the average product, and a slower tari� decline schedule. The data shows, however, that

products with high initial tari�s faced the largest tari� declines from NAFTA (See Online

Appendix Section 2.2). Moreover, Kowalczyk and Davis (1998) present empirical evidence

that indicates that phase-out periods for Mexican tari�s appear to be uncorrelated with their

levels before NAFTA. From the anecdotal side, as discussed in Online Appendix Section 1,

11See also Head and Ries (1999), in which they explore the e�ect of Canada-U.S. Free Trade Agreement
on Canadian �rms' productivity through increases in scale.

12See Online Appendix Section 3 for a formal argument.
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the circumstances surrounding negotiations of NAFTA suggest that Mexican negotiators

had very little bargaining power in setting tari�s. Both sets of evidence suggest that we can

treat tari� reductions under NAFTA as plausibly exogenous from the viewpoint of individual

Mexican plant-product pairs during the analysis. We will, therefore, maintain the assumption

that tari� cuts from NAFTA are exogenous for the rest of the paper.

Another potential identi�cation problem is that the three measures of tari�s are likely to

be correlated so there might not be enough variation in the data to identify the coe�cients

in equation three separately. Table 7 in the Online Appendix shows that the three tari�

measures are indeed correlated. However, the correlation is far from perfect, suggesting that

there is enough variation leftover to identify the coe�cients separately.

2.2.2 Results

Table 4 presents the results of the estimation of equation (1). We can see that the coe�cient

on output tari�s of domestic products is positive and statistically signi�cant. This result

accords with the argument that increased foreign competition places competitive pressures

on domestic producers, pushing them to reduce prices. The magnitude of the coe�cient

means that a one percentage point decline in tari�s leads to a 0.13% decline in prices.

Coe�cients for input and U.S. tari�s on domestic products are not statistically signi�cant.

Using the estimated coe�cients and the observed average tari� declines from 1993, before

the beginning on NAFTA, to 2008, we �nd that tari� declines led to a statistically signi�cant

reduction in the prices of domestic products of 3.43%.

For exported products, the e�ect of declines in output tari�s or intermediate input tari�s

on prices is not statistically signi�cant. We �nd a statistically and economically signi�cant

impact of U.S. tari�s on the prices of exported products with estimates suggesting that a

one percentage point decline in U.S. tari�s leads to a 0.50% increase in prices. Therefore,

it appears that exporters are responding to the reductions in U.S. tari�s by raising prices,

partially o�setting the decrease in tari�s. Prices, however, increase by less than the decline
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in U.S. tari�s. In other words, the after-tari� price paid by U.S. consumers is still declining.

Finally, the observed decrease in tari�s seems to raise the price of exported products slightly,

but this increase is not statistically signi�cant.

To better understand the forces that drive the results in Table 4, we analyze the impact

of tari�s on prices through their e�ect on marginal costs and markups. In the following

section, we show the empirical framework used to decompose observed product-level prices

into their unobserved markup and marginal cost components.

3 Empirical Framework

In this section, we set up and discuss the empirical framework used to recover markups

and marginal costs at the product level, separately for domestic and exported products.

We use the framework developed by de Loecker et al. (2016) that relies on the estimation of

quantity production functions and exploits plants' �rst-order conditions to arrive at estimates

of markups and marginal costs at the plant-product level.13

Estimating production functions at the product level o�ers many advantages over stan-

dard plant-level estimation, but it also poses some important empirical challenges since the

multi-product feature of plants must be taken into consideration. In particular, it forces us

to deal with the fact that we do not observe input allocations at the product level in the

data.14 We can surmount this challenge under some assumptions as will be demonstrated

below. Essential to resolving this issue is the suggestion from de Loecker et al. (2016) that

a researcher can estimate production functions using a sample of single-product plants, and

then recover the unobserved input allocations for multi-product plants from restrictions im-

posed by the structural model. We follow methods from de Loecker et al. (2016) closely,

with slight modi�cation to the product de�nition to account for the unique features of the

13For a more general exposition of the framework see Online Appendix Section 3 and de Loecker et al.
(2016).

14To our knowledge, Cajal-Grossi et al. (2019) is the only paper that directly observes input allocations
at this level of disaggregation. However, they focus on the garment exporters in Bangladesh only instead of
all manufacturing sectors.
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data.

As mentioned in Section 2.1.1, the data includes quantities and sales revenues separately

for domestic and exported products. One issue is how to treat these products during esti-

mation. We assume that domestic and exported varieties of the same disaggregated product

category are distinct products, even if the same plant produced them. We treat, for exam-

ple, bicycles destined for the domestic market as a di�erent product than bicycles intended

for the export market. We treat domestic and exported varieties as di�erent products for

two reasons. First, the quality of the products destined for the domestic market might be

di�erent than the quality of exported products within the same plant. If quality is positively

correlated with consumer income, for example, we would expect that products exported to

the U.S. to be of higher quality than those sold to the domestic market.15 Second, since

domestic and exported products are shipped to two di�erent markets, they might respond

very di�erently to changes in tari�s even if they are exactly the same physical product. This

treatment is consistent with the model and evidence presented by Verhoogen (2008), in which

a single plant manufactures products of varying qualities for di�erent markets. Therefore,

in what follows we treat each product-market pair as a distinct product. We describe the

main elements of the framework below.

3.1 Recovering Markups and Marginal Costs

We use a structural model of production to obtain estimates of markups and marginal costs

at the product level. Consider the following production function of product-market i from

plant j in sector s at time t:

Qijt = Fi(Mijt, Lijt, Kijt; βs)Ωjt, (2)

15See, for example, Linder (1961), Hallak (2006) and Hallak and Sivadasan (2013).
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where Qijt is physical output,Mijt is material inputs, Lijt denotes labor inputs, Kijt is capital

inputs, βs is the parameter vector of the production function that we assume is sector speci�c,

and Ωjt is Hicks-neutral productivity at the plant level. We restrict the parameters of the

production functions to be the same for all products within a sector.

To estimate equation (2), we must make some additional assumptions. We assume that

production function Fi(·; βs) is product-market speci�c and twice di�erentiable with respect

to materials, Mijt. This assumption implies that a multi-product plant that produces SUVs

and sedans, for example, uses the same production technology in the production of SUVs

as a single-product plant that manufactures only SUVs. Their productivities are allowed to

di�er, however. We also assume that all of the inputs used by a plant are allocated to the

production process and that the share of input expenditures by product is the same across

all inputs.16 Finally, we assume that plants minimize short-run costs, taking quantities and

input prices of materials, labor, and capital as given.

We follow the approach from Hall (1986) and subsequently re�ned by de Loecker and

Warzynski (2012) and de Loecker et al. (2016), and use a plant's �rst-order conditions from its

cost minimization problem to recover the model's implied markups. Consider the Lagrangian

of the cost minimization problem of a product-market i from plant j at time t:

L(Mijt, Lijt, Kijt, λijt) = WM
ijtMijt +WL

ijtLijt +WK
ijtKijt

+ λijt[Q̄ijt −Qijt(Mijt, Lijt, Kijt,Ωjt)],

where Qijt(Mijt, Lijt, Kijt,Ωjt) = Fi(Mijt, Lijt, Kijt; βs)Ωjt, λijt is the Lagrange multiplier

from the cost minimization problem, Q̄ijt is a given level of output, and WM
ijt , W

L
ijt and

WK
ijt are the input prices of materials, labor, and capital respectively. Taking the �rst-order

16This means for example, that if a product uses 20% of plant-level material expenditures, it must also use
20% of labor and 20% of capital. While restrictive, it allows us to identify input allocations and productivities
for multi-product plants.
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condition of the Lagrangian with respect to materials we have:

∂Lijt
∂Mijt

: WM
ijt − λijt

∂Qijt

∂Mijt

= 0, (3)

where λijt in equation (3) is the marginal cost of production.17 Using this fact, we can

rewrite the �rst-order condition to obtain an expression for markups. In particular, let µijt

denote the markup of product-market i from plant j. We have:

µijt = θMijt × (ΨM
ijt)
−1, (4)

where θMijt =
∂Qijt

∂Mijt

Mijt

Qijt
is the output elasticity of material inputs, ΨM

ijt =
WM

ijtMijt

PijtQijt
the expen-

diture share of materials in product i's revenues, and Pijt its sales price.
18

The derivation of equation (4) highlights the need to have at least one input that is freely

adjustable since it comes from the static, �rst-order condition of a plant's cost minimization

problem. We use materials as the �exible input. Although in principle we could use labor

as the �exible input, as de Loecker and Warzynski (2012), in a Mexican context, using

labor might be problematic. Juarez and de la Cabada (2016) �nd signi�cant labor market

rigidities in Mexico from 1996 to 2011, that indicate adjustment costs and make labor a

dynamic input, thus violating the validity of the �rst-order condition.

Equation (4) reveals that we need estimates of output elasticity, product revenue, and

input expenditures per product to construct markups at the product level. Unfortunately,

information on input expenditures by product within a plant is unavailable in the Mexican

data. For example, the data includes total expenditures on labor, capital, and materials for a

producer of bicycles and tricycles, but not what portions were allocated to the production of

bicycles and tricycles separately. Moreover, under general production functions such as the

17The Lagrange multiplier tells us how much the objective function changes if we relax the constraint by
one unit. In the cost minimization case, it tells us how much costs increase if we increase production by one
unit, which is precisely the de�nition of marginal costs.

18Under perfect competition, output elasticity equals the expenditure share, and the markup is therefore
equal to one.
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translog production function we use in the estimation, output elasticities will depend on these

unobserved input expenditures. One exception is the Cobb-Douglas production function.

Under the assumptions described above, output elasticities of Cobb-Douglas production

functions are constant across products in a sector. The downside is that all variation in

product markups comes from di�erences in input expenditure shares. Because of this, we

chose the more �exible translog speci�cation.

For these reasons, we take additional steps to recover input expenditures by product for

multi-product plants. We follow the procedure developed by de Loecker et al. (2016), that in-

volves estimating the parameters of Fi(·; βs) using single-product plants and employing these

estimates and the equations implied by the structural model to recover these unobserved in-

put expenditures. We develop this procedure in more detail below. Once we estimate the

markup, we can obtain estimates of a product's marginal cost, MCijt, from:

MCijt =
Pijt
µijt

.

Thus, once we estimate the markups, we have all of the elements needed to decompose the

observed prices into unobserved markups and marginal costs.

3.2 Estimation of the Production Function

Allowing for log-additive measurement errors in output, we have the following equation by

taking logs of equation (2):

qijt = fi(xijt; βs) + ωjt + εijt. (5)

xijt = (mijt, lijt, kijt) are the log of inputs, qijt is the log of output, ωjt is the log of pro-

ductivity, and εijt is the measurement error. Following the literature, we estimate a translog

production function on materials, labor, and capital. The translog production function of
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product-market i of plant j in sector s is:

fi(mijt, lijt, kijt; βs) =βsmmijt + βsmmm
2
ijt + βsllijt + βslll

2
ijt + βskkijt + βskkk

2
ijt

+ βsmlmijtlijt + βsmkmijtkijt + βslklijtkijt + βsmlkmijtlijtkijt, (6)

where mijt, lijt, and kijt represent the logarithm of materials, labor, and capital, respectively,

for plant j used in the production of product-market i at time t. One feature of translog

production functions is that elasticities will vary not only at the sector level but also at the

product�market level within a plant. Therefore, a plant that manufactures the same product

category for export and domestic markets has di�erent output elasticities for each market.

By not restricting elasticities to be the same across plants and products within a sector, as is

the case with a Cobb-Douglas production function, the translog speci�cation does not limit

variation in markups to come exclusively from heterogeneity in input expenditure shares

from sales revenue. To estimate equation (5), however, we must resolve some issues.

The presence of unobserved productivity ωjt in equation (5) leads to simultaneity bias.

This bias arises because plants observe their productivity draws before making their choice

of inputs. Not taking into account this bias in the estimation yields inconsistent estimates of

the parameters. If we had data on physical inputs at the product level, we could solve these

problems following the proxy methods used by Olley and Pakes (1996) and Levinsohn and

Petrin (2003). Unfortunately, we do not have input allocation across products in a plant.

We have an additional obstacle since we do not have data on physical units of inputs, but

on input expenditures de�ated by industry-level input price indexes. Not observing input

prices at the plant or product level when estimating quantity production functions might lead

to signi�cant biases in the estimation.19 To understand how this biases estimation, consider

an example. Suppose two Mexican producers of bicycles manufacture their products using

materials as their only input. Assume that the �rst producer makes its bicycles using cheap

19See the argument by de Loecker and Goldberg (2014).
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domestic materials, and the second uses more expensive imported materials. Given their

cost structures, suppose the �rst produces twice as many bicycles, spending half of what

the second spends, but the second producer has larger revenues due to its higher-quality

product. Naive application of OLS of the number of bicycles sold on material expenditures

de�ated by a common industry-speci�c price index would yield a negative output elasticity

of materials. Failure to correct for input price di�erences, therefore, can also lead to biased

estimates.

We introduce some additional notation to understand the econometric problems better.

Let ρijt denote the logarithm of the share of input expenditures of product-market i of plant

j assumed to be the same across inputs. Since all the inputs are assumed to be allocated to

the production of products, ρijt's of plant j have to satisfy:

∑
i∈Jj

exp(ρijt) = 1,

where Jj is the set of products produced by plant j. Although in principle we would like

to have real input allocations at the product level, xijt = (mijt, lijt, kijt), in practice we

have plant-level input expenditures that are de�ated by industry-level input price indices,

x̂jt = (m̂jt, l̂jt, k̂jt). Let wijt denote the vector of unobserved deviations of the logarithm of

product i's input prices from the log of the industry-speci�c input price indexes. We can

write the vector of inputs xijt of product i from plant j as:

xijt = ρijt + x̂jt −wijt.

Substituting this expression into equation (5), we have:

qijt = fi(x̂jt; βs) + Γ(ρijt, x̂jt; βs) + Λ(wijt, ρijt, x̂jt; βs) + ωjt + εijt, (7)

where Γ(·) comes from the fact that we do not have product-level input allocations, and
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Λ(·) from the fact that we do not have plant�product-level input prices. From equation (7),

it is clear that even if we control for unobserved productivity, ωjt, estimates of βs would

still be biased since both Γ(·) and Λ(·) depend on the vector of input expenditures, x̂jt.

Estimation of the production function, therefore, requires dealing with several issues: (1)

the unobserved input expenditures by product, (2) unobserved product-level input prices,

and (3) unobserved plant-level productivity. We address each of these below.

Unobserved Input Expenditures by Product

The assumptions above imply that multi-product plants use the same technology as single-

product plants that manufacture the same product. For example, a plant that produces

bicycles and tricycles has the same technology when producing bicycles than a plant that

only produces bicycles. This observation suggests that we can use single-product plants to

estimate the parameters of the production functions. For single-product plants, the input

expenditure share is one and therefore ρijt = 0, and term Γ(·) in equation (7) is zero. This

strategy, however, leads to a new type of sample selection bias since we would be conditioning

on plants that produce only a single product. To correct for this bias, we use an unbalanced

panel of plants that produce a single product at any point in time. Thus our estimating

sample includes plants that produce a single product in a given year but may become multi-

product in subsequent years. In practice, a plant must be single-product for at least two

consecutive years to be included in the sample. Also, we use selection correction in the

spirit of Heckman (1979) to control for the probability of becoming a multi-product plant.

We will explain the details of the selection correction below. In what follows, we use only

single-product plants during the estimation of the parameters of the production function.

Unobserved Product-Level Input Prices

Following de Loecker et al. (2016), we proxy for unobserved plant-product-level input prices

using a function of output prices, market share, and product dummies. It is useful to break
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the mechanism into two components to understand why such a proxy works. The �rst

component comes from the insight developed by Khandelwal (2010), which suggests that if

two products in the same category have the same price, then, the product having a larger

market share should be higher quality. This observation indicates that we can proxy for

product quality using a function of output prices, market share, and product dummies. The

second component is that higher-quality products require higher-quality inputs that are more

expensive. Kugler and Verhoogen (2012) provide a theoretical framework for this assertion

and provide supportive empirical evidence using data from Colombian manufacturing plants.

Although the Mexican survey data do not o�er input prices for intermediate inputs, we

can test whether this result approximately holds using data on wages. Figure 2 in Online

Appendix Section 2 shows a positive correlation between average hourly wages at the plant

level and output prices. Thus, more expensive products in our sample use more costly labor

inputs.

Combining these two components implies that a product that has a higher market share

conditional on its price should be of higher quality, and therefore must be produced using

more expensive inputs. We test this relationship in Figure 2, in which we examine the

correlation between the residuals from a regression of market shares on output prices and

product dummies (our measure of quality), and average wages.

As the �gure illustrates, there is a mainly positive relationship between the residuals (the

proxy for quality) and average plant-level wages. This relationship is the foundation of the

input price control function that we use:

wijt = wt(pijt,msijt, Di, Gj, EXPjt; δs),

where pijt is the logarithm of the price of product i, msijt the market share of product i, Di

a product dummy, Gj a plant's state, EXPjt a plant's export status at time t, and δs is a

sector-speci�c parameter vector that we estimate. The speci�cation of the input price control
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function allows for di�erent products manufactured by the same plant to have di�erent

input prices, and for the same product produced by di�erent plants to have di�erent input

prices. The framework, however, does not allow separate control functions for each input.

In principle, we could include an input-speci�c control function during estimation of the

parameters of the production function, but we would be unable to identify δs. Unfortunately,

δs is necessary to recover the input expenditures per product for multi-product plants.20

Unobserved Plant-Level Productivity

To control for unobserved productivity, we follow the proxy methods developed by Olley and

Pakes (1996) and Levinsohn and Petrin (2003) and use a control function based on a static

input demand equation for materials. We use only single-product plants in the estimation,

and therefore will simplify the notation at the plant level in what follows. Reference to

plant j will thus refer to a product in the following procedures. We assume that demand for

materials takes the form:

m̂jt = mt(ωjt, k̂jt, l̂jt, pjt,msjt, Dj, Gj, EXPjt, τ
output
jt , τ inputjt , τUSjt ),

where m̂jt, k̂jt and l̂jt denote expenditures on materials, capital and labor de�ated by their

respective industry price index, τ outputjt is the tari� applied to the product produced by plant

j, τ inputjt is the tari� applied to the intermediate inputs used by plant j, and τUSjt is the U.S.

tari� applied to the product produced by plant j. Under the assumption that demand for

materials is increasing in productivity, we could potentially invert the demand function to

arrive at a control function for productivity:

ωjt = ht(x̂jt, zjt),

20See de Loecker et al. (2016) for a detailed discussion of this point.
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with x̂jt = (m̂jt, l̂jt, k̂jt) and zjt = (pjt,msjt, Dj, Gj, EXPjt, τ
output
jt , τ inputjt , τUSjt ). We use

second-order polynomials on x̂jt and zjt to approximate the unknown function ht(·) to control

for unobserved productivity.

Selection Correction

To resolve selection bias associated with estimations using single-product producers, we use

the probability of remaining as single-product plants as a control. We assume, as in Mayer

et al. (2014), that the number of products increases with productivity. Let the state vector

of plant j at time t be:

sjt = (Njt, Kjt,Ωjt, Gj, EXPjt, τ
output
jt , τ inputjt , τUSjt ),

where Njt denotes the number of products produced by plant j at time t, and Kjt the capital

stock. Denote by ω̄jt(sjt) the productivity cuto� associated with introduction of a second

product as a function of state variables sjt. De�ne the indicator variable Ijt = 1 if a plant

remains single-product. We can then write the probability of remaining single-product as:

Pr(Ijt = 1) = Pr(ωjt ≤ ω̄jt(sjt)|ω̄jt(sjt), ωjt−1)

= κt−1(ω̄jt(sjt), ωjt−1)

= κt−1(x̂jt−1, zjt−1) ≡ SPjt,

where the last equality comes from substituting control function of productivity in t− 1 and

zjt = (pjt,msjt, Dj, Gj, EXPjt, τ
output
jt , τ inputjt , τUSjt ). In practice, we estimate this probability

using the �tted values from a probit estimation.
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Estimation

We assume that productivity follows a �rst-order Markov process, with the law of motion:

ωjt = g(ωjt−1,τ
output
jt−1 , τ inputjt−1 , τ

US
jt−1, EXPjt−1, SPjt,R&Djt−1) + ξjt,

where SPjt is the �tted probability of remaining single-product, R&Djt is research and

development expenditures, and ξjt is the innovation to the productivity shock. The speci-

�cation for the law of motion for productivity allows tari�s and export status to in�uence

productivity but does not assume that they will necessarily a�ect it. The data will tell us if

there is any signi�cant correlation between productivity and these variables. We also allow

research and development expenditures to a�ect productivity. We perform the estimation of

the parameters of the production function and input price control function by constructing

moments based on innovations to the productivity shock ξjt. To do this, we �rst express ωjt

as a function of data and parameters. Plugging in the input price and productivity control

functions into the production function, we can write equation (5) as:

qjt = φjt(x̂jt, zjt) + εjt,

where the function φ(·) = fj(x̂jt; βs)+Λ(wt(pjt,msjt, Dj, Gj, EXPjt; δs), x̂jt; βs)+ht(x̂jt, zjt)

captures output net of measurement error. Estimating this equation and recovering q̂jt = φ̂jt

allow us to dispose of ε. In practice, we form second-order polynomials on x̂jt and zjt to proxy

φ(·), and estimate the �tted values. Once we have a measure of output net of measurement

error, we can express productivity directly as a function of data and parameters as:

ωjt(βs, δs) = φ̂jt − fj(x̂jt; βs)− Λ(wt(pjt,msjt, Dj, Gj, EXPjt; δs), x̂jt; βs),

where the input price control function has been evaluated in Λ(·). We approximate Λ(·)

using a second-order polynomial on the elements of the input price control function wt(·)
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and their interactions with input expenditures.21 Finally, we form the moment conditions

using the innovations to productivity:

ξjt(β, δ) = ωjt(β, δ)− E[ωjt(β, δ)|ωijt−1(β, δ), τ outputjt−1 , τ inputjt−1 , τ
US
jt−1, EXPjt−1, SPjt,R&Djt−1].

Following Ackerberg et al. (2015), we estimate both the parameters of the production

function β and the input price control function δ by GMM using the moment conditions:

E[ξjt(βs, δs)Ijt] = 0, (8)

where the instrument matrix Ijt includes lagged materials, current capital, current labor,

and their higher-order interactions. It also incorporates lagged market shares, lagged tar-

i�s, lagged prices, lagged export status, and the interaction of lagged prices with inputs

and market shares. We also include a time trend and its square to control for aggregate

macroeconomic trends.

Estimation yields consistent estimates of the parameters of the production function β

and input price control function δ. Identi�cation of these parameters come from the timing

assumptions on productivity. We assume that labor and capital do not respond contempo-

raneously to the innovation to productivity, but materials do, to construct the appropriate

moment conditions. We follow de Loecker et al. (2016) and assume that input and output

prices are contemporaneously correlated with innovations to productivity to construct the

moments needed to identify the parameters of the input price control function.

As mentioned above, in principle, we would like to estimate the production function and

input price control function at the product level, but in practice, we do not have enough

observations of single-product plants that produce each product. Therefore, we follow the

literature and estimate the production functions and input price control function at the sector

21Estimating interactions between product and state dummies and input expenditures is infeasible, so they
are excluded.
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level. We use the following sectors in the estimation: food and beverages, textiles, apparel,

wood and furniture, paper industries, chemical industries, non-metallic mineral products,

metallic manufacturing, and machinery and transportation equipment.

3.3 Recovering the Input Expenditure Shares by Product:

The procedure described above allows estimation of the parameters of the production func-

tion, and those of the input price control function. With these estimates, we have all of the

elements needed to construct elasticities and markups for single-product plants. However,

for multi-product plants, we still need to recover input expenditure shares by product. Given

that around 73% of the plants in the sample are multi-product plants, recovering input ex-

penditure shares by product is very important if we want to analyze the impact of NAFTA

on the whole manufacturing industry. Our strategy is to use the estimates of the parameters

of the production function and input price control function and the restrictions imposed by

the structural model of production to recover input expenditure shares for each product.

To illustrate the method of recovering input expenditure shares, we consider a simpli�ed

example with no input price di�erences below.22

Consider a plant that manufactures three products, q1, q2, and q3 with a translog pro-

duction function. Let ρi denote the logarithm of the input expenditure share of product i

(common across inputs within a product), and mi, li, and ki the logarithm of the units of

materials labor and capital used during production of product i. Under these assumptions,

We can write the logarithm of labor used in product i as li = ρi + l. The same is true for

22The intuition and procedure work for a more general production function and plant-product input price
di�erences. See Online Appendix Section 3.
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the other two inputs. The production function is then:

qi = βmmi + βmmm
2
i + βlli + βlll

2
i + βkki + βkkk

2
i + βmlmili + βmkmiki + βlkliki + βmlkmiliki + ω

= βm(m+ ρi) + βmm(m+ ρi)
2 + βl(l + ρi) + βll(l + ρi)

2 + βk(k + ρi) + βkk(k + ρi)
2 +

βml(m+ ρi)(l + ρi) + βmk(m+ ρi)(k + ρi) + βlk(l + ρi)(k + ρi) + β(m+ ρi)(l + ρi)(k + ρi)

+ω

for i = {1, 2, 3}, where m, l, and k are logarithms of the total units of materials, labor, and

capital used by the plant. After manipulation, we have the following equations:

q1 − βmm− βll − βkk − βmmm2 − βlll2− = Aρ1 +Bρ21 + Cρ31 + ω,

βkkk
2 − βmlm− βmkmk − βlklk − βmlkmlk

q2 − βmm− βll − βkk − βmmm2 − βlll2− = Aρ2 +Bρ22 + Cρ32 + ω, (9)

βkkk
2 − βmlm− βmkmk − βlklk − βmlkmlk

q3 − βmm− βll − βkk − βmmm2 − βlll2− = Aρ3 +Bρ23 + Cρ33 + ω,

βkkk
2 − βmlm− βmkmk − βlklk − βmlkmlk

with:

A = βm + βl + βk + 2βmmm+ 2βlll + 2βkkk + βmlm+ βmll + βmkm

+βmkk + βlkl + βlkl + βmlkml + βmlkmk + βmlklk,

B = βmm + βll + βkk + βml + βmk + βlk + βmlkm+ βmlkl + βmlkk,

C = βmlk.

Given estimates of the parameters of the production function (the βs), the left-hand side

of the system of equations (9) depends only on product quantities and plant-level inputs,

both of which are included in the dataset. The right-hand side depends on the unknown

input expenditure shares ρi and unobserved productivity parameter ω. We thus have a
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nonlinear system of three equations and four unknowns. To solve the system, we need an

additional equation, given by the assumption that all inputs used by a plant are allocated

to the manufacturing of products. Under this assumption, we must have:

3∑
i=1

exp(ρi) = 1.

This �nal equation completes a system of four nonlinear equations and four unknowns. We

can numerically solve it to recover both unobserved input expenditure shares and plant-

level productivity for multi-product plants.23 This is where the assumption of productivity

being at the plant level is important. Were productivity allowed to be product-speci�c, the

previous system would have four equations but six unknowns, making it impossible to solve.

Returning to the general framework, by recovering the input expenditure shares for each

product, we can construct output elasticities for all the products in the sample. We can

then use these estimates to construct markups from µ̂ijt = θ̂Mijt

(
exp(ρ̂ijt)M̂jt

PijtQijt

)−1
, where θ̂Mijt

is the estimated output elasticity of materials for product i from plant j at time t, ρ̂ijt is

the corresponding logarithm of the input expenditure share, and M̂jt denotes the plant's

expenditure on materials. We can then use data on prices to construct an estimate of

marginal costs from ˆMCijt =
Pijt

µ̂ijt
.

4 Estimates of Elasticities and Markups

This section presents and analyze the estimated elasticities and markups using the framework

established in Section 3.

23We have a system of nonlinear equations for each multi-product plant and each year in our sample. We,
therefore, have to solve for around 46,000 systems of nonlinear equations to recover input expenditures by
product.
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4.1 Estimates of Elasticities

Columns (1) through (4) of Table 5 show the median estimates of the output elasticities and

returns to scale by sector (Table 9 in the Online Appendix shows the corresponding average

elasticities and standard deviations). Column 5 indicates the number of observations used

during estimation of the production function. Only products manufactured by single-product

plants are used during estimation of parameters of the production function.

The interpretation of the magnitudes of the elasticities is as follows: an elasticity of

materials above equal to 0.86 means that a one percent increase in material inputs will

increase output by 0.86 percent. Our estimates of the elasticities accord with what other

studies that use product level data report, with the largest elasticity for materials, followed

by labor, and a small elasticity of capital.24 From Column 4, we can see that most of the

sectors are characterized by increasing returns to scale, with few exceptions.

To analyze the validity of estimates further, we examine the correlation between reported

input expenditure shares out of total input expenditures at the plant level and the theoretical

expenditure shares implied by the output elasticities under cost minimization. For produc-

tion, F (L,K,M), cost minimization yields a labor expenditure share equal to θL

θL+θK+θM
,

where θL, θK , and θM are the output elasticities of labor, capital, and materials, respectively.

The expression for capital and materials share is analogous.

Figure 3 shows the relationship between the observed material expenditure share out of

total input expenditure and the implied expenditure share given by θ̂M

θ̂L+θ̂K+θ̂M
, where θ̂L,

θ̂K , and θ̂M are the estimates of the output elasticities of labor, capital, and materials,

respectively. As the �gure shows, there is a positive and signi�cant relationship between

the observed expenditure shares of materials out of total inputs and the expenditure share

implied by our estimated elasticities. We consider this as additional support to the plau-

sibility of our elasticity estimates. Figure 5 in the Online Appendix shows similar positive

relationship for the capital and labor share.

24See, for example, de Loecker et al. (2016) and Garcia-Marin and Voigtländer (2016).
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To analyze the importance of the input price control function and the selection correction

in the estimation, we reestimated the production functions and calculated the resulting

output elasticities without them. We �nd that correcting for input price di�erences during

estimation is crucial. As Table 6 shows, exclusion of the input price control function yields

highly implausible estimates for the elasticities, with many sectors having negative median

elasticities.25 In contrast, failure to correct for the sample selection bias that arises from

conditioning on single-product plants yields estimates that are very similar to those obtained

during benchmark speci�cation, suggesting that the selection problem is not worrisome.

4.2 Estimates of Markups

Table 7 shows the median estimates of markups by sector and destination.26 A markup of

1.12 in the table means that that the price has a 12% markup above marginal cost. The value

of the estimated markups is reasonable and similar to those found by de Loecker et al. (2016)

in India and Garcia-Marin and Voigtländer (2016) in Chile, both of which use product-level

data. In Table 7 and all of the results that follow, we trimmed outliers above the 99th

and below the 1st percentiles of the markup distribution by sector and destination to make

sure that outliers are not driving the main results. All the results presented in the paper,

however, are robust to using the original untrimmed sample or trimming the top 97th and

bottom 3rd percentile of the markup distribution.27

To verify that the estimates capture markups accurately, we compare them to account-

ing measures of revenue/variable costs at the plant level. Figure 4 shows a positive and

signi�cant correlation between the estimates of markups and accounting measures of rev-

enue/variable costs, supporting the validity of the estimates. We also con�rm that the

estimates for markups and marginal costs are consistent with the returns to scale parame-

ters. Since most of the sectors are characterized by increasing return technologies, we expect

25The same is true for average elasticities. See Table 10 in the Online Appendix.
26Table 11 in the Online Appendix shows the average and median markup by sector.
27See Section 5.1 in the Online Appendix.
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a negative correlation between quantities produced and marginal costs. Figure 5 con�rms

this prediction, suggesting that plants that produce larger amounts, on average, have lower

marginal costs and higher markups.

The estimates also concur with theoretical models in the multi-product plant literature,

such as Mayer et al. (2014). Consistent with the predictions of their model, we �nd that a

plant's most important products, measured by revenue share, have lower marginal costs and

that plants charge a higher markup to such products (see Figure 4 in the Online Appendix).

Having established the validity of our estimates of elasticities, markups, and marginal costs,

in the following section, we use these estimates to analyze the impact of NAFTA.

5 The E�ects of Tari� Reductions

In this section, we use the product-destination level estimates of markups and marginal cost

to analyze the impact of tari� declines from NAFTA on prices through their impact on

markups and marginal costs, using data for the period 1994-2008. We �rst analyze both

average e�ects of tari� reductions and these e�ects over time. Moreover, the e�ect of tari�s

on estimated markups after controlling for marginal costs is also examined to assess whether

tari� reductions a�ected competition.

5.1 The Impact of Tari� Reductions

5.1.1 The Average Impact of Tari� Reductions

To analyze the impact of tari� declines during NAFTA on prices, markups, and marginal

costs of products directly, we estimate the following regression equation:

log Yijt = α + β1τ
output
it + β2τ

input
jt + β3τ

US
it + ξij + ψst + εijt, (10)
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where Yijt is either prices, markups, or marginal costs of product i from plant j at time

t. τ outputit are Mexican output tari�s applied to product i, τ inputjt is a weighted measure of

Mexican tari�s applied to intermediate inputs of plant j, and τUSit is the tari� applied by the

United States on goods i coming from Mexico. ξij and ψst are plant�product and sector-year

�xed e�ects, respectively. We estimate equation (10) separately for domestic and exported

products, and the coe�cients on tari�s of equation (10) are identi�ed from variation in time

of the dependent variables and tari�s within a plant-product pair.28 We also cluster standard

errors at the product level because that is the level of variation of the majority of the policy

variables. The results are robust to clustering standard errors by di�erent groups.29

To assess the mechanism by which tari�s are a�ecting prices, we decompose the impact

of changes in tari�s on prices of domestic products into their impact on marginal costs and

markups in Table 8. Column 1 repeats the estimates of the e�ect of tari�s on prices of

domestic products shown in Column 1 of Table 4 in Section 2.2. Columns 2 and 3 show the

result of the impact of tari� changes on marginal costs and markups respectively. Because the

logarithm of prices exactly equals the sum of the logarithm of marginal costs and markups,

the sum of the coe�cients on Columns 2 and 3 have to be equal to the coe�cients in Column

1. In this way, we can in analyze the impact of each tari� on prices through their impact on

marginal costs and markups.

We �rst analyze the impact of output tari�s. From Column 2, the coe�cient on output

tari�s on the marginal cost speci�cation is positive and statistically signi�cant. The magni-

tude of the coe�cient implies that a one percentage point decline in output tari�s leads to a

reduction in marginal costs of 0.15%. One channel that explains this result is competition.

28We exclude outliers in the top and bottom 1% of the markup distribution within each sector in the
regressions. The results, however, are robust to the use of the full sample or other cuto�s. We also conduct
a di�erent estimation speci�cation from (10) and the main results also hold. See Section 5 in the Online
Appendix for details.

29Since markups and marginal cost measures are estimates themselves, ideally, we would construct stan-
dard errors using bootstrapping methods to take into account potential measurement errors and parameter
uncertainty in the �rst stage of the estimation. In particular, we would bootstrap over the entire procedure
to construct standard errors of the coe�cients of equation (10). However, it is infeasible due to capacity
limits of INEGI's computers.
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Many studies document that increases in foreign competition, measured by cuts in output

tari�s, increase plant-level productivity as it forces plants to reduce their X-ine�ciencies.30

Using a sample of Mexican plants for 1993�2000, López-Córdova (2003) �nds that a one

percentage point decline in output tari�s raises revenue total factor productivity by 0.26%.

In Appendix A.3, we estimate the impact of tari� declines on our measure of Quantity Total

Factor Productivity (TFPQ). Consistent with the results from López-Córdova (2003), we

�nd that a one percentage point decline in output tari�s leads to a 1.3% increase in TFPQ.

Since productivity and marginal costs are negatively correlated (see Online Appendix Sec-

tion 3), the rise in productivity might be driving the correlation between marginal costs and

output tari�s that we �nd in the data. The 0.15% decline in marginal cost is not passed

through completely to prices which decline by 0.13%. This leads to a small increase in the

markup of 0.02% that is not statistically signi�cant.

The lack of statistical signi�cance on the markups, however, does not mean that there

were no pro-competitive e�ects. The coe�cient on output tari�s on the speci�cation for the

markup is capturing two distinct e�ects. One the one hand, it captures the pro-competitive

forces where an increase in foreign competition compels Mexican domestic producers to lower

their markups. On the other hand, it also captures the fact that declines in output tari�s

lead to reductions in marginal costs, which are not completely passed through to prices

and hence increases the markup. The fact that the coe�cient is negative, although not

statistically signi�cant, suggests that the incomplete pass-through e�ect dominates.

The coe�cients on intermediate input tari�s are not statistically signi�cant in any of the

speci�cations. One of the reasons why this is the case is that that the majority of plants in

the sample do not use imported intermediates in their production. For example, only 49%

of the sample of plants in the sample use imported intermediates, and the fraction among

non-exporters is even lower at 35%. Moreover, because speci�cation (10) is capturing the

average impact of tari� changes across time, it might not be able to capture cost savings for

30See López-Córdova (2003), Pavcnik (2002), and Khandelwal and Topalova (2011).
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plants that change their intermediate input suppliers from domestic to foreign sources with

a lag. Once we condition on the sample of importing plants, however, we do indeed �nd

that declines in intermediate input tari�s lead to a large and statistically signi�cant decline

in marginal costs and an increase in markups.31

Another explanation for the lack of statistical signi�cance is that a decline in tari�s

on intermediate inputs might have increased the incentives for local producers to upgrade

the quality of their products. To the extent that quality upgrading is costly, this would be

re�ected in a higher marginal cost, driving a negative correlation between intermediate input

tari�s and costs. Indeed, as we show in Section 5.1.2 where we explore the time-varying

e�ects of intermediate input tari� reductions, we �nd that the marginal costs gradually

increase after an initial decline, and that the quality estimates increase gradually over time

in response to the input tari� reductions.

Finally, we analyze the impact of declines in U.S. tari�s on the three dependent variables.

The coe�cient on the marginal cost speci�cation is positive and statistically signi�cant. Its

magnitude suggests that a decline in U.S. tari�s of one percentage point leads to a reduction

in marginal costs of 1.06%. An explanation for this result is that increased market access

to the U.S., captured by declines in U.S. tari�s, raises the productivity of plants. López-

Córdova (2003), for example, �nds that a one percentage point decline in U.S. tari�s applied

to Mexican products increases revenue total factor productivity by 3%. Consistent with

these results, we show in Appendix A.3 that declines in U.S. tari�s lead to a rise in TFPQ

of around 3.4% in our preferred speci�cation. Increased market access might lead to an

increase in productivity from two channels. First, it increases the incentives for Mexican

producers to upgrade their technologies to export to the U.S. market. Second, the expansion

of markets allows producers to increase their production allowing them to exploit economies

of scale. Supporting the �rst channel, Iacovone and Javorcik (2012) �nd that Mexican plants

signi�cantly increased investment during years immediately before the introduction of new

31See Table A1 in the Appendix.
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exported products. Complementing their evidence, in Appendix A we �nd that reductions

in U.S. tari�s signi�cantly increased the probability of introducing a product to the export

market. In support of the second channel, we �nd that the median product in the sample

operates under increasing returns to scale in Table 5 in the previous section. The large

impact on marginal costs of a one percentage point reduction in U.S. tari�s is not passed

through to prices leading to a signi�cant increase in the markup of around 1.01%

Using the estimated coe�cients in Table 8 and the observed average decline in tari�s

during this period we calculate that tari� declines from NAFTA led to a reduction in the

marginal costs of domestic products of 8.24%. This decline only led to a reduction in prices

of 3.43% with markups increasing by 4.81%.

We next analyze the impact of tari� declines on exported products, summarized in Table

9. We examine �rst the impact of output tari�s. From Column 2, the e�ect of output

tari�s on the marginal cost of exported products is positive and statistically signi�cant. The

reason for this result is that manufacturers of around 96% of exported products in the sample

produce the same product for the domestic market. Declines in output tari�s, therefore, raise

competition on their domestic products compelling them to increase plant-level productivity

ultimately leading to a reduction in the marginal costs of their exported products. The

magnitude of the coe�cient suggests that a one percentage point decline in output tari�s

reduces the marginal cost of exported products by 0.52%.

Looking at intermediate input tari�s, we �nd that reductions input tari�s have a substan-

tial impact on marginal costs of exported products. The coe�cient suggests that a decline in

intermediate input tari�s of one percentage point reduces marginal costs of exported prod-

ucts by 1.45%. Declines in intermediate input tari�s can have a large impact on the marginal

costs of exported products via two channels. The �rst channel is the direct impact through

the reduction in the cost of intermediates: for �rms that use imported intermediates in their

production, a decline in tari�s directly reduces their costs. The second channel is through

the impact of cheaper intermediates on productivity. As documented by Amiti and Konings
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(2007) and Khandelwal and Topalova (2011), the availability of cheaper imported inputs can

raise productivity via learning, variety, and quality e�ects. These two channels work in the

same direction leading to a signi�cant reduction in marginal costs. Krueger (2004) provides

some anecdotal evidence supporting the second channel for the largest Mexican producer of

refrigerators. She documents that before NAFTA, Mexican refrigerators were of poor quality

and had a very short lifespan. The reason for the short durability was the low quality of

Mexican-made compressors. Once NAFTA came into e�ect, the manufacturer was able to

substitute its Mexican compressor with a better-made American compressor at competitive

prices. The subsequent increase in productivity observed by the manufacturer, allowed him

to become the largest supplier of smaller, apartment-sized refrigerators to the US market.

We �nd some evidence of this channel in Appendix A.3 with reductions in intermediate input

tari�s leading to an increase in quantity total factor productivity of around 2.2%. The con-

trast between domestic and exported products can be explained by the fact that the latter

use more imported intermediates. Among exporters, the share of plants using imported in-

termediates is 72% v.s. 35% for non-exporters. Because of incomplete pass-through of costs

to prices, a one percentage point decline in intermediate input tari�s leads to an increase in

the markup of 1.46%.

Finally, we analyze the impact of cuts in U.S. tari�s. We �nd a positive and signi�cant

coe�cient of U.S. tari�s on marginal costs. Its magnitude implies that a decline in U.S.

tari�s of one percentage point leads to a reduction in marginal costs of 1.34%. The intuition

for the decrease in marginal costs is the same as that for domestic products above. Increased

market access raises productivity. Looking at the impact of U.S. tari� on the price of

exported products, we �nd that a one percentage point decline in U.S. tari�s leads to an

increase in the price of exported products of 0.5%. Finally, a one percentage point decline in

U.S. tari�s leads to an increase in the markup of 1.84%. Markups increase by a signi�cant

amount because of two forces. On the one hand, reductions in marginal costs raise the

markup because of incomplete pass-through. On the other hand declines in U.S. tari� raises
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prices and therefore markups as exporters can raise prices without increasing the after tari�

price paid by U.S. consumers.

The estimates suggest that the observed average decline in tari�s during this period

led to a reduction in marginal costs of exported products of 27.93%, to a non-statistically

signi�cant increase in prices of 1.98%, and to an increase in markups of 29.92%.

5.1.2 The Impact of Tari� Reductions Over Time

In the previous section we used speci�cation (10) and explored the average impact of changes

in tari�s from NAFTA on prices, markups, and marginal costs. To the extent that plants

may respond with a lag to changes in tari�s, the results may not be capturing the full

impact of tari� declines from NAFTA. This might be the case, for example, if it takes time

to integrate cheaper imported intermediates into the production process, if it takes time for

foreign competition to respond to changes in tari�s, or if it takes time to upgrade the quality

of the product.

To shed light on these e�ects that may vary over time, we follow the analysis of Dix-

Carneiro and Kovak (2017) and analyze the impact of tari� reductions from NAFTA through

time. We consider the following speci�cation:

log Yijt − log Yij1994 = α + β1t∆τ
output
i,93−08 + β2t∆τ

input
j,93−08 + β3t∆τ

US
i,93−08 + ϕst + εijt, (11)

for t = {1995, 1996, ..., 2008}. The term log Yijt−log Yij94 is the log change in prices, markups,

and marginal costs between year t and 1994, and ∆τ93−08 are the 93-08 change in the tari�s

measures. ϕst are sector �xed e�ects, and the coe�cients β1t, β2t and β3t capture the

cumulative e�ect of tari� declines by year t.

Figure 6 shows the evolution of the e�ects of output tari�s on prices, marginal costs,

and markups for both domestic and exported products. Consistent with the results on the

average e�ects, price of domestic goods declines in response to the reduction in the output
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tari�s, and this decline is mostly driven by the fall in marginal costs. However, the results

indicate that while the drop in marginal costs due to the decline in output tari�s materialized

immediately, prices fell only gradually. For exported products, prices are relatively stable

over time and marginal costs decrease in a more gradual manner.

We then show the evolution of the e�ects of intermediate input tari�s on the three

measures for domestic and exported products in Figure 7. In contrast with the results on

the average e�ects, we see a clear dynamic pattern in the e�ects of intermediate input tari�s

on domestic products. Initially, the reduction in intermediate input tari�s leads to decline

in prices. This decline is driven by the reduction in marginal costs, from the fall in the price

of intermediate inputs. Over time, however, reductions in intermediate input tari�s appear

to lead to an increase in prices of domestic products. For exported products, we observe

similar dynamic patterns of the e�ect of input tari�s but changes are again more gradual.

A possible explanation for the patterns in Figure 7 is that over time, Mexican �rms

choose to upgrade the quality of their products by using higher-quality intermediates. This

is also consistent with the pattern of marginal costs, which over time, increases and partially

o�sets the initial decline in the prices of intermediate goods. Markups gradually increase

over time, and this is consistent with Mexican �rms upgrading the quality of their products

as long as higher quality products have higher markups. To verify this, we take the residuals

from a regression of market shares on output prices and product dummies and consider

their evolution as the LHS of speci�cation (11). This proxy of quality follows the intuition

introduced in Khandelwal (2010): conditional on prices, products with higher market shares

are assigned better quality.32 Figure 8 shows that the quality of domestic products indeed

increased gradually in response to the decline in input tari�s. On the other hand, the quality

improvement of exported products are weaker and mostly insigni�cant over time.

Finally, we turn to Figure 9, in which we present the evolution of the e�ects of U.S. tari�s

32In this case, identifying the dynamic e�ect of tari�s on quality requires the unobserved product-time
speci�c component of quality to be orthogonal to tari�s. More details of our quality estimation and dynamic
changes of quality as a response to other tari� changes are reported in Online Appendix Section 6.
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on the three measures. Consistent with the results on the average e�ects, we see an increase

in markups and a decline in marginal costs of domestic products in response to the decline

in U.S. tari�s. A similar pattern is also found in markups of exported products. However,

marginal costs did not decline as signi�cantly, resulting in an increase in prices. In addition,

all these movements did not happen immediately and took around a decade to materialize.

5.2 E�ects of competition on markups

The point estimates presented in Column 3 of Table 8 seem to suggest that declines in

output tari�s did not have an impact on the markup of domestic products. Considering only

these point estimates as evidence of pro-competitive e�ects, however, is misleading since the

speci�cation in Column 3 does not hold marginal costs �xed and therefore might not be

capturing the ceteris paribus impact of a decline in output tari�s on markups. If plants

adjust their markups in response to changes in marginal costs, the coe�cient in Column 3

will capture not only the direct impact of tari�s on the markup but also the indirect impact

through changes in marginal costs that are driven by changes in tari�s. In fact, the nature

of variable markups implies that the covariance between markups and marginal costs is non-

zero. Only in the particular case of complete pass-through of marginal costs to prices would

this covariance be zero.33 The �nding that there is a positive correlation between marginal

costs and output tari�s suggests that the coe�cient in Column 3 is indeed capturing these

two e�ects. Intuitively, changes in output tari�s lead to adjustments in marginal costs that

are not entirely passed through to prices, causing movements in markups. The coe�cient

in Column 3, therefore, captures both the direct impact of output tari�s on markups (the

pro-competitive e�ects) and the indirect impact of marginal costs on markups.

To test for e�ects of competition on markups, we control for marginal costs. We estimate

33See Online Appendix Section 3 for the formal argument. In Table 8 in the Online Appendix, we provide
evidence of incomplete pass-through of marginal costs to prices.
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the following regression:

log µijt = α + κ1τ
output
it + κ2τ

US
it + g(m̂cijt; η) + ξij + ψst + εijt, (12)

where g(m̂cijt; η) is a polynomial on marginal costs used as a control. The speci�cation

also includes plant-product �xed e�ects, ξij, and sector-year �xed e�ects, ψst. We use a

third-order polynomial on marginal costs, but the results are robust to a linear or second-

order polynomial. Measurement errors in marginal costs will lead to attenuation bias. We,

therefore, instrument the polynomial of marginal costs with its lagged polynomial and inter-

mediate input tari�s. These instruments are valid as long as there is no serial correlation in

the measurement errors of marginal costs. We estimate equation (12) separately for domestic

and exported products.34

Table 10 shows results from estimation of equation (12) for the sample of domestic prod-

ucts. We present the baseline speci�cation in Column 1 and instrument for the polynomial on

marginal costs using the lagged polynomial and input tari�s in Column 2. From Column 1,

once we control for marginal costs the coe�cient on the impact of output tari�s on markups

becomes positive and statistically signi�cant. Its magnitude suggests that a decrease in out-

put tari�s of 1 percentage point leads to a decline in the markup of domestic products of

0.11%. Thus, output tari� declines during this period have pro-competitive e�ects. The im-

pact of U.S. tari�s on domestic products is, on the other hand, non-signi�cant. Contrasting

this result with the one from Column 3 of Table 8, we can see that all of the impact of U.S.

tari�s on the markups of domestic products was coming through their impact on marginal

costs. Once we control for marginal costs, U.S. tari�s have no additional e�ect on the markup

of domestic products. From Column 2, instrumenting the marginal-cost polynomial a�ects

the values of the coe�cients only slightly, leaving conclusions above unaltered.

For exported products, the coe�cient on output tari�s in Column 1 of Table 11 is not

statistically signi�cant. This result shows that the impact of output tari�s on the markup

34In Appendix A.1 we explore the heterogeneity of results along a number of dimensions.
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of exported products found in Table 9 came from its e�ect on marginal costs. Holding

marginal costs �xed, output tari�s have no additional e�ect on the markup of exported

products. We obtain a negative and signi�cant e�ect of U.S. tari�s on markups of exported

products. A decline in U.S. tari�s of 1 percentage point leads to an increase in the markup

of exported products of 0.54%. This last result is consistent with anti-competitive e�ects of

trade liberalization predicted by the model from de Blas and Russ (2015). This work is the

�rst to document this mechanism empirically.

5.3 Discussion

The results in the previous section suggest that tari� declines from NAFTA led to both an

increase in competition in the domestic market, forcing domestic producers to lower their

markups pushing down prices, and separately, to a reduction in marginal costs that were

not completely passed through to prices. The reason for this incomplete pass-through is

that producers o�set part of the decline in marginal costs by raising their markups. Using

the coe�cients from Column 3 in Table 8 and the observed reduction in tari�s suggest that

markups increased by 4.81% during this period. The fact that we observed that markups rose,

however, does not mean that competitive forces were not signi�cant. Without competitive

forces, it is likely that prices of domestic products may have declined by less as producers

capture more of the gains from declines in marginal costs. The estimates suggest that while

Mexican consumers bene�ted from a decrease in prices, producers pro�ted by more as the

reduction in marginal costs, induced by reductions in tari�s, allowed them to increase their

margins despite the increased competitive pressure. Finally, note that while the total declines

in prices were small relative to the size of the reductions in tari�s, we cannot rule out quality

upgrading as another potential source of consumer gains.

For exported products, the results suggest that tari� declines during NAFTA led to an

increase in markups as cuts to U.S. tari�s on Mexican products allowed Mexican producers

to raise their prices and because reductions in marginal costs were not passed through to
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prices as producers o�set the decline in costs by raising markups. These two e�ects lead to

substantial improvements in the pro�tability of Mexican exporters. The fact that producers

increased their markups in response to declines in U.S. tari�s does not mean that U.S.

consumers did not bene�t from NAFTA. First, reductions in U.S. tari� led to an increase

in the price of exported that was smaller than the actual decline in tari�s suggesting that

after-tari� prices paid by U.S. consumers still declined. Second, the period was characterized

by introductions of new products to the export market, with approximately 15 percent new

exported products introduced each year on average (see Table 6 in the Online Appendix).

Therefore, the U.S. consumers signi�cantly bene�ted from the extensive margin as new

product varieties were available to them.

Moreover, we also explore the heterogeneity of our main results and the detailed analysis

in presented in Appendix A.1. In particular, we explore how these pro-competitive and

anti-competitive e�ects vary across several dimensions such as type of goods and �rm size.

We �nd that pro-competitive e�ects are stronger for homogeneous products (using Rauch

(1999)'s classi�cation), whereas anti-competitive e�ects are mostly from non-homogeneous

exported goods. In addition, pro-competitive e�ects tend to come from large �rms, but

anti-competitive e�ects are more signi�cant among small exporters.

All in all, the results above suggest that the de�nite bene�ciaries from NAFTA were

Mexican manufacturers. They were able to increase their pro�tability despite the increase in

foreign competition by raising their productivity which allowed them to boost their margins.

Moreover, it appears that exporters disproportionately bene�ted, as the reductions in U.S.

tari�s on Mexican products permitted and additional expansion in their pro�t margins.

6 Conclusion

This paper analyzed the impact of NAFTA on prices and competition in Mexico using de-

tailed disaggregate information from Mexican manufacturing plants. Employing the method-
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ology developed by de Loecker et al. (2016), we estimate markups and marginal costs at the

plant-product-destination level by exploiting quantity and price data on domestic and ex-

ported products. Our results suggest that tari�s declines from NAFTA led to large reductions

in marginal costs of domestic and exported products through di�erent channels. Declines

in output tari�s lowered the marginal cost of plants as the increase in foreign competition

compelled them to raise their productivity. Cuts in tari�s on intermediate inputs directly

reduced the marginal cost of plants that use imported intermediates. Finally, declines in

U.S. tari�s lowered marginal costs as the increased market access allowed plants to expand

production and led them to upgrade their technology. These large reductions in marginal

costs, however, were not passed through to lower prices, as exporters signi�cantly increased

their markups in response to improved market access.

Results controlling for changes in marginal costs suggest that declines in output tari�s

have the expected pro-competitive e�ects: an increase in foreign competition compelled Mex-

ican manufacturers to reduce markups on domestic products. We also found that exporters

responded to declines in U.S. tari�s by increasing markups on exported goods. This novel

evidence on anti-competitive e�ects through the market access channel suggests that the

direct gain for consumers from a decrease in tari�s on incumbent imported goods might be

lower than previously thought as producers adjust their prices to increase their pro�tability.

Our analysis shed light on how reciprocal trade liberalizations a�ect �rms' prices, and the

competition �rms face. The NAFTA episode and the detailed plant-product level data from

Mexican manufacturing plants provide us an opportunity to study this question empirically.

Our work complements existing literature by di�erentiating �rms' adjustment in domestic

and foreign markets. We believe that understanding �rms' responses under such circum-

stances is very important since a large proportion of past tari� reductions are reciprocal.
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A Robustness and Additional Results on the Impact of

Tari�s

This section presents results from the estimation of various speci�cations to test the ro-

bustness of the main empirical speci�cation. The section also includes additional empirical

results of the impact of tari�s on a number of variables.

A.1 Heterogeneity of Results

In this appendix we explore the heterogeneity of the results from our main speci�cations

along a number of dimensions.

A.1.1 Main Speci�cation

In this subsection we analyze the heterogeneity of the results of our main speci�cation.

We focus in particular in the heterogeneity of the results by import and export status. In

particular, we estimate the following two variations of the main speci�cation:

log Yijt = α+β1τ
output
it +β2τ

input
jt +β3τ

US
it +Import×[γ1τ

output
it +γ2τ

input
jt +γ3τ

US
it ]+ξij+ψst+εijt

(13)

log Yijt = α+β1τ
output
it +β2τ

input
jt +β3τ

US
it +Export×[γ1τ

output
it +γ2τ

input
jt +γ3τ

US
it ]+ξij+ψst+εijt,

(14)

where Import is an indicator variable equal to one is the plant imports intermediate inputs

and Export is an indicator function equal to one if the plant exports. Table A1 and Table A2

show the results for these speci�cations.

A.1.2 Markup speci�cation

In this subsection we explore the heterogeneity of our markup speci�cation. Firstly, Table A3

and Table A4 show the heterogeneity of the results by separating the sample of products
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between homogenous products and non-homogenous products. The classi�cation of products

follows Rauch (1999) classi�cation. Under this classi�cation, a products is classi�ed as

homogenous if it is traded in an organized exchange.

We also analyzed the heterogeneity of the results by size. We repeat the markup spec-

i�cation (12), but separate the estimation sample between large plants, which are those

classi�ed as those having more than 150 employees, and small plants having less than 150

employees. Table A5 and Table A6 shows the results for these speci�cations.

We also analyzed the heterogenous impact of tari�s on markups by initial level of the

markup. To do this, we estimate the following speci�cation:

log µijt =α + β1τ
output
it + β2τ

US
it +High_Tariff0,ijt × [γ1τ

output
it + γ2τ

US
it ] + g(logMCijt)

+ ξij + ψst + εijt, (15)

where High_Tariff0,ijt is an indicator function equal to one if product i′s markup in 1994

is in the the top 10% of that product category. Table A7 and Table A8 show the results

from the estimation.

A.2 The Impact of Tari�s on the Introduction of New Products

In this subsection, we analyze the impact of tari� changes from NAFTA on product intro-

duction. In particular, we estimate the following probit model at the plant level:

Pr(Introjt = 1) = Φ(α+β1τ
output
jt +β2τ

input
jt +β3τ

US
jt +EXPjt×[β4τ

output
jt +β5τ

input
jt +β6τ

US
jt ]+γXjt)

(16)

where Introjt is an indicator function that is equal to 1 if plant j introduces a product in year t,

and Φ(·) is the cumulative distribution function of the standard normal distribution. τ outputjt , τ inputjt

and τUSjt , are plant-level output, intermediate input and U.S. tari�s respectively. Output and U.S.

plant level tari�s are constructed as a sales-weighted average of the tari�s on products sold by the
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plant. EXPjt is an indicator function that is equal to 1 if plant j is an exporter plant. Finally,

Xjt is a vector of plant level controls which include the plant's level of labor, capital, and material

expenditures, a plant's import and export status, as well as year, state and sector �xed e�ects. The

tari�s are interacted with the export status indicator to capture the heterogenous impact of tari�

changes for plants that export products to the U.S.

Equation (16) is estimated using contemporaneous as well as lagged independent variables.

Table A9 shows the results of the estimation.

As we can see from Table A9, declines in U.S. tari�s signi�cantly increase the probability

of introducing a new product by exporters. This result suggests that exporters respond

to an increase in market access by introducing new products to the export markets. This

result is consistent with Iacovone and Javorcik (2012), who �nd that a decline in U.S. tari�s

stimulates investment by Mexican plants leading them to introduce new products into the

export market. Declines in input tari�s on the other hand, decrease the probability of

new product introduction. As we found in Section 5.1.2, declines in input tari�s induce

manufacturing plants to upgrade the quality of products they produce. The results suggest

that plants concentrate more resources on quality upgrading and less on introducing new

products. The results are robust to the exclusion fo plant level controls.

A.3 The Impact of Tari�s on Quantity Total Factor Productivity

In this subsection, we study the impact of changes in tari�s arising from NAFTA, on Quantity

Total Factor Productivity (TFPQ). As shown in Subsection 3.3, the empirical framework

used to estimate production functions and construct product level markups allows us to

recover a measure of TFPQ. TFPQ represents a more appropriate measure of productivity

than the more commonly used Revenue Total Factor Productivity (TFPR), as it does not

confound changes in productivity with movements in prices or markups.35 we estimate the

35The majority of papers analyzing the impact of trade policy on productivity use a measure of revenue
productivity. Examples include the studies by Pavcnik (2002), López-Córdova (2003), Amiti and Konings
(2007), Khandelwal and Topalova (2011), and Iacovone (2012).
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following equation based on the speci�cation used by López-Córdova (2003):

ωjt = α + β1τ
output
jt + β2τ

input
jt + β3τ

US
jt + γXjt + εjt (17)

where ωjt is is the logarithm of TFPQ of plant j. τ outputjt , τ inputjt and τUSjt , are plant-level

output, intermediate input and U.S. tari�s respectively. Output and U.S. plant level tari�s

are constructed as a sales-weighted average of the tari�s on products sold by plant j. Xjt is

a vector of plant level controls which include the plant's import and export status, the total

industry sales of plant j excluding its sales, and the Her�ndahl�Hirschman Index, HHI, of

market concentration in the industry of plant j, as well as year, state and sector �xed e�ects.

Table A10 shows the results of the estimation with di�erent �xed e�ects.

As we can see from Table A10, declines in tari�s lead to large and statistically signi�cant

increase in plant-level TFPQ. The magnitude of the coe�cients in Column 3, for example,

suggest that a one percentage point decline in output tari�s raises TFPQ by 1.3%, a one

percentage point reduction in input tari�s increases TFPQ by 2.2% and �nally cuts in U.S.

tari�s of one percentage point raises TFPQ by 3.4%.
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Table 1: Average Number of Plant-Product pair per Sector

Sector # of Products Avg. # of Products Per Plant

Total Domestic Exported Total Domestic Exported†

(1) (2) (3) (4) (5) (6)

Food and Beverages 2,963 2,622 340 3.66 3.23 1.55

Textile Manufacturing 548 417 131 2.36 1.78 1.13

Apparel Manufacturing 1,240 1,091 149 3.00 2.64 1.13

Wood and Furniture 610 547 63 4.13 3.70 1.57

Paper Industries 850 752 98 2.62 2.33 1.16

Chemical Industries 2,908 2,348 561 4.11 3.31 1.66

Non-Metallic Minerals 839 708 130 2.86 2.40 1.67

Metallic Manufacturing 1,105 809 296 3.17 2.30 1.66

Machinery & Equipment 890 666 225 2.76 2.06 1.17

Notes: Columns 1�3 show the average number of plant�product pairs per sector for all years in the sample.

Columns 4�6 show the average number of products per plant for all years in the sample.

†Average number of exported products for exporter plants.

Table 2: Summary Statistics on Plants

Sector # of Plants Average (Thousands of Dollars)

Total Exporter Single Employees† Sales VA/Employees Materials Capital

(1) (2) (3) (4) (5) (6) (7) (8)

Food and Beverages 814 224 151 378.9 35,823.9 164.7 16,230.4 7,363.1

Textile Manufacturing 235 118 85 248.9 13,339.1 56.3 5,568.6 4,116.2

Apparel Manufacturing 410 135 143 148.9 4,864.8 25.5 2,217.0 771.4

Wood and Furniture 150 42 43 133.6 4,681.2 15.2 2,457.6 1,136.5

Paper Industries 318 81 165 210.5 16,761.4 45.5 6,907.1 5,543.5

Chemical Industries 707 339 167 244.0 24,221.0 48.6 10,123.2 6,940.8

Non-Metallic Minerals 292 79 125 212.1 19,815.1 67.6 2,938.7 9,455.3

Metallic Manufacturing 354 183 123 242.7 32,703.9 36.6 18,443.7 8,752.3

Machinery & Equipment 325 192 96 467.0 78,896.3 26.3 44,954.4 15,835.7

Notes: Includes sector-level averages of plant-level variables across all years in the sample. Units in columns

5�8 are in 1994 US dollars, converted from Mexican pesos using the average 1994 exchange rate. †Number
of employees.
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Table 3: Summary Statistics on Tari�s

1993 2008 Di�erence

2008-1993

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

(1) (2) (3) (4) (5) (6) (7) (8)

Output Tari�s 14.8 15.0 4.3 0.2 0.0 1.0 -14.6 −15.0

Intermediate Input Tari�s 9.4 9.2 2.3 0.1 0.0 0.0 −9.3 −9.2

U.S. Tari�s 5.2 4.3 4.5 0.1 0.0 0.5 −5.1 −4.3

Notes: The table shows the mean, median and standard deviation of the tari�s during 1993 and 2008 in

percentage points. Columns 7 and 8 report the di�erence in means and medians, respectively, between 2008

and 1993.

Table 4: Impact of Tari�s on Prices

Domestic Exported

(1) (2)

τoutputit 0.13a 0.04

(.04) (.08)

τ inputjt 0.14 −0.00

(.54) (.14)

τUS
it 0.05 −0.50c

(.14) (0.30)

Total Impact (%) −3.43a 1.98

(1.43) (2.50)

Within R2 0.073 0.035

N 145, 887 28, 738

Notes: The dependent variable is the log of prices. Column 1 uses the sample of domestic products and

Column 2 the sample of exported products. The regressions exclude outliers in the top and bottom 1% of

the markup distribution within each sector. Regressions include plant�product and sector�year �xed e�ects.

Standard errors are clustered at the product level. We calculate the total impact of tari� declines by taking

the average percentage point decrease in tari�s for the 1993-2008 period, -14.6, -9.3 and -5.1 for output,

input and U.S. tari�s respectively, and multiplying them by their associated coe�cients.

Signi�cance: a (1%), b (5%), and c (10%), respectively.
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Table 5: Median Elasticities by Sector, All Products

Sector Materials Capital Labor RTS Obs. in Estimation

(1) (2) (3) (4) (5)

Food and Beverages 0.86 0.06 0.19 1.12 1,781

Textile Manufacturing 0.62 0.02 0.28 0.97 992

Apparel Manufacturing 0.86 0.05 0.11 1.00 1,691

Wood and Furniture Industries 0.73 0.12 0.08 0.91 490

Paper Industries 0.95 0.01 0.30 1.21 1,968

Chemical Industries 0.65 0.09 0.27 1.03 1,995

Non-Metallic Mineral Products 0.58 0.08 0.42 1.05 1,519

Metallic Manufacturing 0.67 0.18 0.23 1.09 1,493

Machinery and Equipment Manufacturing 0.74 0.02 0.10 0.80 1,073

Total 0.76 0.08 0.18 1.05 1,073

Notes: Estimates of output elasticities of the production function for all products, domestic and exported,

and all years in the sample (1994-2008). Columns 1�3 report median elasticities for each sector. Column

4 reports the median returns to scale (RTS), which is the sum of labor, capital, and materials elasticities.

Column 5 reports the total number of observations used during estimation of the production function for

each sector. The total corresponds to the median observation across all products and years.

Table 6: Median Elasticities by Sector, No Correction

No Selection Correction No Input Price Correction

Sector Materials Capital Labor Materials Capital Labor

(1) (2) (3) (4) (5) (6)

Food and Beverages 0.88 0.03 0.16 0.69 -0.12 0.52

Textile Manufacturing 0.69 -0.01 0.21 0.56 0.12 0.28

Apparel Manufacturing 0.87 0.05 0.10 0.52 -0.01 0.12

Wood and Furniture Industries 0.68 0.08 0.07 -0.26 -0.01 -0.39

Paper Industries 0.96 0.01 0.31 0.23 -0.30 1.04

Chemical Industries 0.64 0.11 0.27 0.35 0.38 0.81

Non-Metallic Mineral Products 0.54 0.09 0.43 0.50 0.04 0.48

Metallic Manufacturing 0.68 0.15 0.22 0.80 0.40 0.11

Machinery & Equipment 0.59 0.08 0.16 0.80 -0.64 -0.30

Notes: Estimates of the output elasticities of the production function for all products, domestic and exported,

and all years in the sample (1994�2008). Columns 1�3 report median elasticities in each sector for estimation,

without including selection correction for the probability of remaining single-product. Columns 4�6 report

median elasticities for estimation, without including the input price control function.
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Table 7: Median Markup by Destination

Markup

Sector Domestic Exported

(1) (2)

Food and Beverages 1.12 1.11

Textile Manufacturing 1.11 1.32

Apparel Manufacturing 1.27 1.19

Wood and Furniture Industries 1.06 0.90

Paper Industries 1.47 1.93

Chemical Industries 1.29 1.03

Non-Metallic Mineral Products 1.96 1.79

Metallic Manufacturing 1.14 1.03

Machinery and Equipment Manufacturing 1.27 1.45

Total 1.24 1.19

Notes: We trim outliers above the 99th and below the 1st percentiles of the markup distribution by sector

and destination. The total corresponds to the median markup across all products and years in each sample.

Table 8: Impact of Tari�s on Prices, Marginal Costs, and Markups, Domestic Products

logPijt logMCijt logµijt

(1) (2) (3)

τoutputit 0.13a 0.15b −0.02

(.04) (.08) (.09)

τ inputjt 0.14 0.07 0.07

(.54) (.16) (.16)

τUS
it 0.05 1.06a −1.01a

(.14) (.32) (.32)

Total Impact (%) −3.43a −8.24a 4.81b

(1.43) (2.67) (2.48)

Within R2 0.073 0.01 0.02

N 145, 887 145, 887 145, 887

Notes: Dependent variables in Columns 1�3 are the logs of prices, marginal costs, and markups, respectively.

The regressions exclude outliers in the top and bottom 1% of the markup distribution within each sector.

Regressions include plant�product and sector-year �xed e�ects using data for the sample of domestic products

and all years (1994-2008). Standard errors are clustered at the product level. We calculate the total impact

of tari� declines by taking the average percentage point decrease in tari�s for the 1993-2008 period, -14.6, -9.3

and -5.1 for output, input and U.S. tari�s respectively, and multiplying them by their associated coe�cients.

Signi�cance: a (1%), b (5%), and c (10%), respectively.
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Table 9: Impact of Tari�s on Prices, Marginal Costs, and Markups, Exported Products

logPijt logMCijt logµijt

(1) (2) (3)

τoutputit 0.04 0.52c −0.48c

(.08) (.29) (.28)

τ inputjt −0.00 1.45a −1.46a

(.14) (.33) (.35)

τUS
it −0.50c 1.34b −1.84a

(0.30) (.67) (.66)

Total Impact (%) 1.98 −27.93a 29.92a

(2.50) (6.40) (6.34)

Within R2 0.035 0.034 0.032

N 28, 738 28, 738 28, 738

Notes: Dependent variables in Columns 1�3 are the logs of prices, marginal costs, and markups, respectively.

The regressions exclude outliers in the top and bottom 1% of the markup distribution within each sector.

Regressions include plant�product and sector-year �xed e�ects using data for the sample of exported products

and all years (1994-2008). Standard errors are clustered at the product level. We calculate the total impact

of tari� declines by taking the average percentage point decrease in tari�s for the 1993-2008 period, -14.6, -9.3

and -5.1 for output, input and U.S. tari�s respectively, and multiplying them by their associated coe�cients.

Signi�cance: a (1%), b (5%), and c (10%), respectively.

Table 10: The Pro-Competitive E�ects of NAFTA, Domestic Products

Dependent Variable: logµijt

(1) (2)

τoutputit 0.11a 0.12a

(.04) (.04)

τUS
it −0.06 0.00

(.14) (.13)

Instruments No Yes

First Stage F - 44.08

Within R2 0.82 0.83

N 145, 887 124, 971

Notes: The dependent variable in Columns 1�2 is the log of the markup. Both speci�cations include third-

order polynomials on log marginal costs (coe�cients not reported). In Column 2, we instrument the marginal

cost polynomial using its lag and intermediate input tari�s. The regressions exclude outliers in the top and

bottom 1% of the markup distribution within each sector. Regressions include plant�product �xed e�ects and

sector-year �xed e�ects using data for the sample of domestic products and all years (1994-2008). Standard

errors are clustered at the product level.

Signi�cance: a (1%), b (5%), and c (10%), respectively.
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Table 11: The Pro-Competitive E�ects of NAFTA, Exported Products

Dependent Variable: logµijt

(1) (2)

τoutputit 0.02 −0.01

(.08) (.08)

τUS
it −0.54c −0.55c

(.33) (.33)

Instruments No Yes

First Stage F - 7.66

Within R2 0.88 0.88

N 28, 738 23, 207

Notes: The dependent variable in Columns 1�2 is the log of the markup. Both speci�cations include third-

order polynomials on log marginal costs (coe�cients not reported). In Column 2, we instrument the marginal

cost polynomial using its lag and intermediate input tari�s. The regressions exclude outliers in the top and

bottom 1% of the markup distribution within each sector. Regressions include plant�product �xed e�ects and

sector-year �xed e�ects using data for the sample of exported products and all years (1994-2008). Standard

errors are clustered at the product level.

Signi�cance: a (1%), b (5%), and c (10%), respectively.
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Table A1: The Impact of Tari�s on Prices, Marginal Costs, and Markups
Domestic Products by Import Status

logPijt logMCijt logµijt

(1) (2) (3)

τoutputit 0.13c 0.11 0.02

(.07) (.16) (.16)

τ inputjt 0.11c −.13 0.24

(.06) (.19) (.18)

τUS
it 0.13 1.07a −0.93a

(.16) (.37) (.37)

Import× τoutputit −0.01 0.08 −0.09

(.06) (.16) (.16)

Import× τ inputjt 0.02 0.35a −0.33b

(.04) (.13) (.14)

Import× τUS
it −0.17 0.07 −0.24

(.14) (.38) (.38)

Within R2 0.07 0.01 0.02

N 145, 887 145, 887 145, 887

Notes: Dependent variables in Columns 1�3 are the logs of prices, marginal costs, and markups, respectively.

The regressions exclude outliers in the top and bottom 1% of the markup distribution within each sector.

Regressions include plant�product and sector-year �xed e�ects using data for the sample of domestic products

and all years (1994-2008).Standard errors are clustered at the product level.

Signi�cance: a (1%), b (5%), and c (10%), respectively.
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Table A2: The Impact of Tari�s on Prices, Marginal Costs, and Markups
Domestic Products by Export Status

logPijt logMCijt logµijt

(1) (2) (3)

τoutputit 0.16a 0.08c 0.08

(.05) (.04) (.12)

τ inputjt 0.09c −0.06 0.16

(.05) (.18) (.18)

τUS
it 0.03 0.94a −0.91a

(.14) (.34) (.35)

Export× τoutputit −0.07 0.22 −0.29c

(.05) (.16) (.16)

Export× τ inputjt 0.11b 0.52a −0.42a

(.05) (.17) (.17)

Export× τUS
it 0.13 0.40 −0.27

(.15) (.42) (.42)

Within R2 0.07 0.01 0.02

N 145, 887 145, 887 145, 887

Notes: Dependent variables in Columns 1�3 are the logs of prices, marginal costs, and markups, respectively.

The regressions exclude outliers in the top and bottom 1% of the markup distribution within each sector.

Regressions include plant�product and sector-year �xed e�ects using data for the sample of domestic products

and all years (1994-2008). Standard errors are clustered at the product level.

Signi�cance: a (1%), b (5%), and c (10%), respectively.
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Table A3: The Competitive E�ects of NAFTA
Domestic Products by Classi�cation

Homogenous Non-Homogenous

(1) (2) (3) (4)

τoutputit 0.78c 0.96c 0.07c 0.07c

(.40) (.56) (.04) (.04)

τUS
it 0.49 1.24 -0.03 −0.00

(1.19) (1.28) (.14) (.14)

Instruments No Yes No Yes

First Stage F - 12.33 - 40.63

Within R2 0.86 0.86 0.81 0.83

N 8, 721 7, 591 136, 228 116, 600

Notes: The dependent variable in Columns 1�4 is the log of the markup. All speci�cations include third-

order polynomials on log marginal costs (coe�cients not reported). In Column 2 and 4, we instrument the

marginal cost polynomial using its lag and intermediate input tari�s. The regressions exclude outliers in the

top and bottom 1% of the markup distribution within each sector. Regressions include plant�product �xed

e�ects and sector-year �xed e�ects using data for the sample of domestic products and all years (1994-2008).

Standard errors are clustered at the product level.

Signi�cance: a (1%), b (5%), and c (10%), respectively.

Table A4: The Competitive E�ects of NAFTA
Exported Products by Classi�cation

Homogenous Non-Homogenous

(1) (2) (3) (4)

τoutputit 0.83 0.61 −0.02 −0.03

(.80) (.77) (.07) (.08)

τUS
it 1.05 0.56 -0.67

c −0.64c

(.70) (.78) (.36) (.35)

Instruments No Yes No Yes

First Stage F - 8.27 - 47.36

Within R2 0.88 0.86 0.88 0.88

N 1, 333 1, 045 27, 405 22, 162

Notes: The dependent variable in Columns 1�4 is the log of the markup. All speci�cations include third-

order polynomials on log marginal costs (coe�cients not reported). In Column 2 and 4, we instrument the

marginal cost polynomial using its lag and intermediate input tari�s. The regressions exclude outliers in the

top and bottom 1% of the markup distribution within each sector. Regressions include plant�product �xed

e�ects and sector-year �xed e�ects using data for the sample of exported products and all years (1994-2008).

Standard errors are clustered at the product level.

Signi�cance: a (1%), b (5%), and c (10%), respectively.
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Table A5: The Competitive E�ects of NAFTA
Domestic Products by Size

Large Small

(1) (2) (3) (4)

τoutputit 0.12a 0.13a 0.12 0.15

(.04) (.04) (.09) (.10)

τUS
it −0.14 −0.10 0.26 0.27

(.16) (.16) (.25) (.22)

Instruments No Yes No Yes

First Stage F - 50.82 - 22.35

Within R2 0.85 0.85 0.84 0.85

N 73, 612 64, 455 75, 261 61, 929

Notes: The dependent variable in Columns 1�4 is the log of the markup. All speci�cations include third-

order polynomials on log marginal costs (coe�cients not reported). In Column 2 and 4, we instrument the

marginal cost polynomial using its lag and intermediate input tari�s. The regressions exclude outliers in the

top and bottom 1% of the markup distribution within each sector. Regressions include plant�product �xed

e�ects and sector-year �xed e�ects using data for the sample of domestic products and all years (1994-2008).

Large plants are those with more than 150 employees. Standard errors are clustered at the product level.

Signi�cance: a (1%), b (5%), and c (10%), respectively.

Table A6: The Competitive E�ects of NAFTA
Exported Products by Size

Large Small

(1) (2) (3) (4)

τoutputit −0.05 −0.07 0.15 0.17

(.05) (.06) (.15) (.14)

τUS
it −0.39 −0.40 −2.34a −2.19a

(.32) (.41) (.09) (.08)

Instruments No Yes No Yes

First Stage F - 10.20 - 8.98

Within R2 0.89 0.85 0.86 0.86

N 21, 734 17, 902 7, 600 5, 572

Notes: The dependent variable in Columns 1�4 is the log of the markup. All speci�cations include third-

order polynomials on log marginal costs (coe�cients not reported). In Column 2 and 4, we instrument the

marginal cost polynomial using its lag and intermediate input tari�s. The regressions exclude outliers in the

top and bottom 1% of the markup distribution within each sector. Regressions include plant�product �xed

e�ects and sector-year �xed e�ects using data for the sample of exported products and all years (1994-2008).

Large plants are those with more than 150 employees. Standard errors are clustered at the product level.

Signi�cance: a (1%), b (5%), and c (10%), respectively.
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Table A7: The Competitive E�ects of NAFTA
Domestic Products by Initial Markup

(1) (2)

τoutputit 0.08b 0.11b

(.04) (.04)

τUS
it −0.06 −0.01

(.14) (.04)

High_Tariff0,ijt × τoutputit 0.10c 0.07

(.06) (.05)

High_Tariff0,ijt × τUS
it 0.24 0.32

(.21) (.23)

Instruments No Yes

First Stage F - 39.70

Within R2 0.84 0.85

N 148, 873 127, 341

Notes: The dependent variable in Columns 1 and 2 is the log of the markup. Both speci�cations include

third-order polynomials on log marginal costs (coe�cients not reported). In Column 2, we instrument the

marginal cost polynomial using its lag and intermediate input tari�s. The regressions exclude outliers in the

top and bottom 1% of the markup distribution within each sector. Regressions include plant�product �xed

e�ects and sector-year �xed e�ects using data for the sample of domestic products and all years (1994-2008).

Standard errors are clustered at the product level.

Signi�cance: a (1%), b (5%), and c (10%), respectively.
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Table A8: The Competitive E�ects of NAFTA
Exported Products by Initial Markup

(1) (2)

τoutputit −0.00 −0.03

(.06) (.06)

τUS
it −0.68c −0.60

(.40) (.44)

High_Tariff0,ijt × τoutputit 0.86 0.23

(.53) (.55)

High_Tariff0,ijt × τUS
it −0.05 0.04

(.86) (1.04)

Instruments No Yes

First Stage F - 9.42

Within R2 0.89 0.88

N 28, 738 23, 207

Notes: The dependent variable in Columns 1 and 2 is the log of the markup. Both speci�cations include

third-order polynomials on log marginal costs (coe�cients not reported). In Column 2, we instrument the

marginal cost polynomial using its lag and intermediate input tari�s. The regressions exclude outliers in the

top and bottom 1% of the markup distribution within each sector. Regressions include plant�product �xed

e�ects and sector-year �xed e�ects using data for the sample of exported products and all years (1994-2008).

Standard errors are clustered at the product level.

Signi�cance: a (1%), b (5%), and c (10%), respectively.
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Table A9: The Impact of NAFTA on Product Introduction

Contemporaneous Lagged

(1) (2) (3) (4) (5) (6)

τ outputjt 0.000 0.000 −0.001∗ 0.001 0.001 −0.001

(.001) (.001) (.001) (.001) (.001) (.001)

τ inputjt 0.029∗∗∗ 0.029∗∗∗ 0.023∗∗ 0.028∗∗∗ 0.027∗∗∗ 0.021∗∗∗

(.003) (.003) (.003) (.003) (.003) (.003)

τUSjt 0.007 0.007 0.009∗ 0.004 0.003 0.006

(.005) (.005) (.005) (.004) (.004) (.004)

τ outputjt × EXPjt −0.003∗ −0.003 −0.004∗∗∗ −0.005∗∗∗ −0.005∗∗∗ −0.006∗∗∗

(.002) (.002) (.002) (.002) (.002) (.002)

τ inputjt × EXPjt −0.008∗∗ −0.008∗∗ −0.006 −0.008∗ −0.008∗ −0.005

(.004) (.004) (.004) (.004) (.004) (.004)

τUSjt × EXPjt −0.024∗∗∗ −0.021∗∗∗ −0.018∗∗ −0.015∗∗ −0.012∗ −0.010∗

(.008) (.008) (.008) (.007) (.007) (.006)

Plant Controls X X X X X X

Year FE X X X X

State FE X X X X

Sector-Year FE X X

Pseudo R2 0.069 0.071 0.077 0.027 0.030 0.036

N 54, 091 54, 091 54, 091 48, 571 48, 571 48, 571

Notes: Columns 1-6 gives the results of the probit speci�cation. Columns 1-3 include the speci�cation

with the independent variables in their contemporaneous values, and Column 4-6 shows the results with the

independent variables lagged one year. All speci�cations include labor, capital, and material expenditures as

well as import and export status as plant-level controls. The coe�cients on controls are omitted for brevity.

Regressions include plant-level for the years 1994-2008.

Signi�cance: a (1%), b (5%), and c (10%), respectively.
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Table A10: The Impact of NAFTA on TFPQ

(1) (2) (3) (4) (5)

τ outputjt −1.272∗∗∗ −1.225∗∗∗ −1.255∗∗∗ −1.363∗∗∗ −0.200∗∗∗

(.224) (.218) (.221) (.245) (.056)

τ inputjt −2.307∗∗∗ −2.453∗∗∗ −2.197∗∗∗ −1.868∗ −2.024∗∗∗

(.467) (.466) (.781) (1.001) (.166)

τUSjt −4.009∗∗∗ −3.802∗∗∗ −3.383∗∗∗ −1.824∗ −0.550∗∗

(.769) (.762) (.852) (1.073) (.264)

Plant Controls X X X X X

State FE X X X

Year FE X

Sector-Year FE X X

Plant FE X

R2 0.072 0.083 0.084 0.107 0.088

N 37, 498 37, 498 37, 498 37, 498 37, 498

Notes: The dependent variable in Columns 1- 5 is the logarithm of a plant's productivity. The speci�cations

in Columns 1-5 vary only on the set of �xed e�ects included in the estimation. The R2 reported in Column

5 corresponds to the within R2. All speci�cations include import and export status, total industry sales

excluding the plant's sales and the HHI index of concentration as plant-level controls. The coe�cients on

controls are omitted for brevity. Regressions include plant-level for the years 1994-2008. Standard errors are

clustered at the plant level.

Signi�cance: a (1%), b (5%), and c (10%), respectively.

67



Figure 1: Average Tari�s (1993-2008)

Notes: The �gure plots the average of our measures output tari�s, intermediate input tari�s, and U.S. tari�s
for the years 1993�2008. Output and intermediate input tari�s on the left scale. U.S. tari�s on the right
scale.

Figure 2: Quality and Average Wages

Notes: The �gure plots the the best-�tted polynomial of residuals from a regression of product market shares
on prices and product dummies (y-axis) and the log of average wages demeaned by product�market �xed
e�ects (x-axis) for the full 1994�2008 sample. Average wages were constructed by dividing total wage bill by
total number employees. The shaded area indicates a 99% con�dence interval.
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Figure 3: Average and Implied Material Expenditure Shares

Notes: The �gure shows the best-�tted polynomial of the share of materials expenditure out of total expendi-
tures in labor, capital, and materials (y-axis), and the materials expenditure share implied by the estimated
elasticities (x-axis). The shaded area indicates a 99% con�dence interval.

Figure 4: Estimated Markups and Accounting Revenue/Variable Costs

Notes: The �gure shows the best-�tted polynomial of the logarithm of estimated markups (y-axis) and
the log of the ratio of accounting revenue over variable costs (x-axis). The shaded area indicates a 99%
con�dence interval. The �gure excludes outliers below the 1st and above the 99th percentiles of the markup
distribution in each sector.
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Figure 5: Markups, Marginal Costs and Quantity Produced

Notes: The �gure shows the best-�tted polynomials of the logarithm of markups and marginal costs, de-
meaned by product�market �xed e�ects (y-axis) and the demeaned logarithm of quantity produced (x-axis).
The shaded area indicates a 99% con�dence interval. The �gure excludes outliers below the 1st and above
the 99th percentiles of the markup distribution in each sector.
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Figure 6: The Impact of Output Tari�s on P , MC, and µ

(a) Domestic Products (b) Exported Products

Notes: Each point in the graph represents an individual regression coe�cient multiplied by -1. The dashed
lines show the 95% con�dence intervals.
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Figure 7: The Impact of Input Tari�s on P , MC, and µ

(a) Domestic Products (b) Exported Products

Notes: Each point in the graph represents an individual regression coe�cient multiplied by -1. The dashed
lines show the 95% con�dence intervals.
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Figure 8: The Impact of Input Tari�s on Qualities

(a) Domestic Products

(b) Exported Products

Notes: Each point in the graph represents an individual regression coe�cient multiplied by -1. The dashed
lines show the 95% con�dence intervals.
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Figure 9: The Impact of U.S. Tari�s on P , MC, and µ

(a) Domestic Products (b) Exported Products

Notes: Each point in the graph represents an individual regression coe�cient multiplied by -1. The dashed
lines show the 95% con�dence intervals.
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