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Abstract

Aggregate production and total factor productivity (TFP) fall dramatically during sudden
stop episodes. During these episodes, domestic demand contracts, while foreign demand
remains largely stable, and exchange rate depreciation favors exporters. This shift leads to
a relative expansion of export-oriented activities over domestic-oriented activities. Due to
a combination of differences in market power and tax treatment, export-oriented activities
exhibit lower revenue-based TFP (TFPR) than domestic-oriented activities. Consequently, the
reallocation of resources toward export-oriented activities reduces aggregate TFP. Leveraging
detailed microdata from Mexico, I provide new empirical evidence demonstrating the difference
in distortions and reallocations of resources at the plant—product—destination level during the
1994 sudden stop. I then build a multisector small open economy new Keynesian model and
show that reallocation effects explain about 50% of the observed decline in value added in the

manufacturing sector.
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1 Introduction

A sudden stop is characterized by three empirical patterns: (i) reversals of international capital
flows, reflected in sudden increases in net exports and the current account; (ii) a significant decline
in output; and (iii) falling asset prices. Growth accounting exercises show that a substantial portion
of the output decline is explained by a drop in total factor productivity (TFP), as measured by the
Solow residual. For instance, during Mexico’s 1994 sudden stop, aggregate TFP fell by 5.7%,
while real GDP declined by 6.1%. In the manufacturing sector, TFP declined by 4.5%, and real
value added contracted by 5.2%.

This paper demonstrates that resource reallocation can account for a significant portion of the
observed decline in TFP during sudden stop episodes. The central hypothesis is as follows: a
sudden stop triggers an increase in net capital outflows, leading to a decline in domestic disposable
income and a contraction in domestic aggregate demand. In contrast, foreign aggregate demand
remains stable, and exchange rate depreciation enhances the competitiveness of exporters. As a
result, export-oriented activities relatively expand by more than domestic-oriented activities. Due to
differences in market power and tax treatment, export-oriented activities face smaller distortions—
defined as gaps between prices and marginal costs—than domestic-oriented activities. In other
words, export-oriented activities exhibit lower revenue-based TFP (TFPR). Therefore, by shifting
resources from high-TFPR to low-TFPR activities, a sudden stop induces a decline in aggregate
TFP through a reallocation effect.

To test this hypothesis, I use novel, detailed microdata to document four empirical facts about
the Mexican sudden stop. First, prior to the sudden stop, unit values at the plant—product level in
foreign markets were, on average, 11% lower than those in the domestic market. During the sudden
stop, however, this difference disappeared. Assuming uniform marginal costs across markets at
the plant—product level, this implies that pre-crisis distortions (i.e., markups) were 11% lower in
foreign markets than in domestic ones, and that markup levels equalized during the crisis.! The

latter finding is important for evaluating changes in TFP up to the second order, as will be discussed

I This estimate is consistent with the results in Blum et al. [2023] who find that, on average, markups by Chilean
manufacturing plants are 15% lower in foreign destinations than in the domestic markets within the same firm, product,
and year. Similar evidence is observed by Bughin [1996], Moreno and Rodriguez [2004], Jaumandreu and Yin
[2017], and Kikkawa et al. [2019], all of whom demonstrate that foreign markups tend to be lower than their domestic
counterparts.



later.

Second, I show that 34% of the increase in the aggregate export share during the sudden stop
is accounted for by the expansion of sales in foreign markets at the plant—product level. Using a
difference-in-differences approach, I further find that production quantities for foreign markets rose
by 60% more than those for domestic markets at the plant—product level. This relative expansion
triggered a reallocation of inputs within plants toward product lines serving foreign markets.
Because these product lines are associated with lower distortions—reflected in lower TFPR—this
input reallocation is expected to worsen allocative efficiency and contribute to a decline in aggregate
TFP.

Third, I show that the relative expansion of maquiladoras—export-oriented plants that benefit
from special tax incentives—accounts for 40% of the increase in aggregate export during the
sudden stop. Using a difference-in-differences approach, I further find that the number of worker
in maquiladoras relatively increased by 20% more than that in non-maquiladoras during the sudden
stop. As specialized exporters, maquiladoras sell less than 5% of their output in the domestic
market and were therefore largely insulated from the contraction in domestic aggregate demand.

Fourth, the supply chains of maquiladoras are subject to fewer domestic market distortions than
those of non-maquiladoras, the standard manufacturing plants. This is largely due to differences
in production structure. Maquiladoras allocate 77.2% of their expenditures to foreign intermedi-
ate inputs, compared to just 20.4% for non-maquiladoras. Thanks to preferential tax treatment,
maquiladoras are exempt from tariffs on foreign inputs. In contrast, non-maquiladoras allocate
58.8% of their spending to domestic intermediate inputs, while maquiladoras allocate only 8.3%.
The production of domestic intermediate goods typically requires the use of labor, capital, and both
foreign and domestic inputs—each layer of which introduces distortions arising from market power
or taxation. These distortions accumulate along the supply chain, making the domestic portion of
the supply chain more distortionary for non-maquiladoras than for maquiladoras. Therefore, the
relative expansion of maquiladoras—whose supply chains are less distorted—is expected to reduce
allocative efficiency and contribute to a decline in aggregate TFP.

Motivated by these empirical facts and to clarify the underlying mechanism, I develop a pen-and-
paper New Keynesian model of a sudden stop. Based on the empirical evidence, export-oriented

activities face lower ex-ante distortions, reflected in lower TFPR, than domestic-oriented activities.



In the model, export-oriented firms face sticky prices in foreign currency and therefore raise
their markups in response to exchange rate depreciation during a sudden stop. This mechanism
reduces the ex-post TFPR gap between export- and domestic-oriented activities, consistent with
the empirical findings. When considering changes in aggregate TFP up to the first order, only
ex-ante TFPR levels matter—hence, the relative expansion of export-oriented activities with lower
ex-ante TFPR reduces aggregate TFP. However, when accounting for changes up to the second
order—consistent with how statistical agencies measure TFP using the Tornqvist index—ex-post
TFPR dispersion also matters. In the context of a sudden stop, the narrowing of TFPR differences
due to sticky prices in foreign currency helps mitigate the decline in aggregate TFP. Nevertheless,
the first-order effect dominates the second-order effect, and aggregate TFP declines during a sudden
stop.

Finally, to quantify how a sudden stop shock contributes to the decline in aggregate TFP through
reallocation effects, I extend the pen-and-paper New Keynesian model into a quantitative framework
with multiple sectors and sectoral input—output linkages. Simulations from the model show that
resource reallocation accounts for approximately 50% of the decline in value added in Mexico’s
manufacturing sector. Moreover, I demonstrate that evaluating changes in aggregate TFP using the
first-order approximation leads to an overestimation of the decline in both TFP and value added,
highlighting the quantitative importance of the second-order term during sudden stop episodes. In
addition to capturing the decline in aggregate TFP, the model successfully matches the dynamics
of key macroeconomic variables, including the real exchange rate, the net export-to-GDP ratio,

employment, and the use of foreign intermediate inputs.

Related Literature

Using aggregate macro-level data, Meza and Quintin [2007], Kehoe and Ruhl [2009] and Mendoza
[2010] examine the dynamics of the 1994 Mexican sudden stop through the lens of dynamic
stochastic general equilibrium (DSGE) models. Meza and Quintin [2007] and Kehoe and Ruhl
[2009] emphasize the role of capacity utilization, while Kehoe and Ruhl [2009] and Mendoza
[2010] conclude that identifying the mechanism behind the decline in TFP during the sudden

stop remains an open question. This paper contributes to the literature by focusing on resource



reallocation using firm—product—destination-level microdata. In addition, it highlights the role of
maquiladoras—a key export-oriented sector in Mexico that is often overlooked in TFP analyses.

Gopinath and Neiman [2014] study the 2000 Argentina sudden stop, attributing the substantial
decline in TFP to a 70% reduction in imported intermediate inputs. In contrast, during the 1994
Mexican sudden stop, imports of foreign intermediate inputs declined by only 0.1%?2, suggesting
that this channel cannot fully explain Mexico’s TFP decline. Sandleris and Wright [2014] examine
resource reallocation during the Argentine crisis using firm-level data. This paper differs from
theirs in several respects. First, I identify the specific types of firms and products that expanded or
contracted relative to others during the sudden stop. Second, I document wedge differences across
firms and products. Third, I account for changes in TFP up to the second order, in contrast to their
focus on first-order TFP changes.

Castillo-Martinez [2018] examines the impact of sudden stops on average TFPQ across firms.
In contrast, this paper focuses on aggregate TFP—measured by the Solow residual—which is linked
to changes in real GDP. Blaum [2024] analyzes the effects of the 1994 Mexican sudden stop on the
aggregate share of foreign intermediate inputs, emphasizing resource reallocation toward import-
intensive firms. This paper complements Blaum [2024] by using firm—product—destination-level
data to provide new empirical insights into reallocation dynamics. > Moreover, I highlight the
critical role of maquiladoras, an important but often overlooked component of Mexico’s export
sector.

Bagaee and Farhi [2020] extend Hulten’s theorem to distorted economies with disaggregated
and interconnected production structures, offering a sufficient statistics formula for the change in
TFP and real GDP. They show that the change in TFP can be decomposed into two factors: the
mechanical effect stemming from shifts in technology and the endogenous adjustments in allocative
efficiency due to resource reallocation. Bagaee and Farhi [2024] extends Baqgaee and Farhi [2020]
in the context of open economies, while Baqaee et al. [2024] examine the first-order reallocation

effects of monetary policy on aggregate TFP. Building on this sequence of papers, this paper

2See Figure A.1 in Appendix A.

3To assess the impact of NAFTA on prices and competition, Kikkawa et al. [2019] use the same firm—product—
destination dataset as this paper. Their primary focus is on the long-term effects of NAFTA, and they do not examine
the 1994 sudden stop. Using unit value data across destinations, they also find that markups in foreign markets are
lower than in domestic markets—consistent with the findings presented here. See also Pratap and Urrutia [2004],
Verhoogen [2008], Teshima [2008], and Meza et al. [2019] , who employ firm-level microdata from Mexico.



empirically and quantitatively assesses the role of resource reallocation in the context of sudden
stop episodes. While Baqaee et al. [2024] focus on the local change in TFP in response to a monetary
policy shock—where ex-post distortions are irrelevant—this paper highlights that measured TFP,
when computed using the Tornqvist index, is sensitive to ex-post distortions, particularly in sudden
stop episodes.

This paper contributes to the literature on cross-sectional misallocation, including seminal work
by Hsieh and Klenow [2009], Restuccia and Rogerson [2008], and Edmond et al. [2023]. In terms
of quantitative analysis of sudden stop shocks, it is related to studies such as Bianchi [2011], Pratap
and Urrutia [2012], Schmitt-Grohé and Uribe [2016], Ottonello [2021], Coulibaly [2023], Cugat
[2022], and Benguria et al. [2022]. Additionally, while prior research has highlighted the role of
maquiladoras in labor markets and international trade—see Feenstra and Hanson [1997], Hanson
[2003], Burstein et al. [2008], Bergin et al. [2009], Utar and Ruiz [2013], and Estefan [2022]—these

studies do not examine the impact of reallocation toward maquiladoras on aggregate TFP.

Outline

This paper is organized as follows. Section 2 presents empirical evidence on differences in
distortions and resource reallocation at the plant—product—destination level. Section 3 develops a
simple model of a sudden stop to characterize the underlying mechanism. Section 4 introduces the
quantitative model to analyze the propagation effects of a sudden stop shock. Section 5 presents

the quantitative results. Section 6 concludes.

2 Empirical Analysis

This section presents empirical evidence on differences in distortions and resource reallocation
at the plant—product—destination level during the 1994 Mexican sudden stop. First, I show that
export-oriented activities faced lower distortions than domestic-oriented ones prior to the crisis. In
particular, product lines targeting foreign markets exhibited lower distortions than those aimed at
the domestic market at the plant—product level. I also show that maquiladoras—specialized export-
oriented plants—had less distorted supply chains than non-maquiladoras, the standard manufac-

turing plants. Second, I document that these lower-distortion, export-oriented activities expanded
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relatively more than domestic-oriented activities during the sudden stop. This resource reallocation

has implications for aggregate productivity, explored in the following sections.

2.1 Data

I use three surveys conducted and maintained by the Mexican Institute of Statistics and Geography
(INEGI): the Monthly Industrial Survey (EIM), the Annual Industrial Survey (EIA), and the Statis-
tics on the Maquila Export Industry (EMIME). Both the EIM and EIA classify plants according
to a unique 6-digit system based on the 1994 Mexican Classification of Activities and Products
(CMAPY4), a precursor to the North American Industry Classification System (NAICS). These sur-
veys cover 206 6-digit manufacturing classes. The samples for the EIM and EIA were constructed
to ensure comprehensive coverage: they include all plants with more than 100 employees and are
designed to capture at least 85% of value added within each class, resulting in broad coverage of
the manufacturing sector.

The EIM provides monthly data on plant-level employment, the wage bill, and detailed informa-
tion on product quantities and sales values. It distinguishes between products sold in the domestic
market and those destined for export. Although the dataset does not report export destinations,
more than 85% of Mexico’s exports during the study period were shipped to the United States.
Given this concentration, I assume that all exported products are destined for the U.S. The product
data are reported at the 8-digit level, corresponding to individual product lines. This level of
granularity allows calculation of unit values, which serve as a measure of prices. Importantly, the
EIM instructs firms to standardize product units across domestic and foreign markets, ensuring that
unit values are comparable across destinations.

The EIA provides annual, plant-level data covering a broad range of variables, including input
use, total production, and operational characteristics. Except for product-level quantities and sales,
most of the manufacturing plant data used in my analysis is drawn from this survey. Specifically,
I rely on EIA data on domestic and foreign intermediate input expenditures, wage bills, total
employment, capital, and export status.

The EMIME provides monthly, plant-level data on maquiladoras, including the number of work-

ers, wage bills, usage of foreign and domestic intermediate inputs, and value added. Maquiladoras



are manufacturing or assembly plants operated by foreign firms—primarily from the United States—
that take advantage of Mexico’s cost-effective labor force to produce goods for export. When the
program began in 1965, maquiladoras were required to export 100% of their output. Although this
requirement was gradually relaxed after 1989, maquiladoras continue to export nearly all of their
production.* The program allows for tax-free temporary imports of raw materials from the U.S.
and Canada for final assembly in Mexico, with the finished products subsequently exported to their
countries of origin. It attracts foreign manufacturing operations by offering full VAT exemptions,
zero trade duties on temporary input imports, simplified administrative procedures, and infrastruc-
ture to support new or existing industrial operations. In 1994, maquiladoras accounted for 28.8%
of sales in the manufacturing sector, contributed 43.1% of Mexico’s total exports, and made up

52.7% of manufacturing exports.

2.2 Distortions across Domestic and Foreign Markets at the Plant-Product

Level

I conduct a comparative analysis of distortions in domestic and foreign markets at the plant—
product level by comparing unit values across destinations. In most cases, the unit of measurement
differs between markets. However, the EIM instructs firms to standardize product units to ensure
equivalence across domestic and foreign markets, enabling meaningful comparisons of unit values.
The foreign unit value is calculated by dividing the free-on-board export value (in Mexican pesos)
by the corresponding export quantity. The domestic unit value is computed by dividing the sales
value (excluding value-added tax) by the corresponding quantity sold in the domestic market. Unit

values are constructed at the quarterly frequency. My empirical specification is as follows:

log pijas = @iji+ B X1y deForeigns} + €ij.d.t (2.1

where i is the plant index, j is the product index, d is the destination index, and ¢ is the time index.
The term a; ;; is the plant-product-time fixed effect, and 1y; ; yeForeign,r} 18 @ dummy variable that

takes 1 if a product j produced by plant i at time ¢ is sold in foreign markets. By including plant—

4Verhoogen [2008] notes that these maquiladoras tend to sell less than 5% of their products within the domestic
market.



product-time fixed effects, the specification compares unit values between domestic and foreign
markets within the same plant, product, and time period. The standard errors are clustered at the
plant—product level.

Table 2.1 reports estimates of 8 across different time periods and weighting schemes. For 1994,
the year preceding the sudden stop, the estimates of 8 consistently range from —0.11 to —0.13 with
statistical significance. This result suggests that, at the plant—product level, the unit values were,
on average, 11% to 13% lower in foreign markets than in domestic markets prior to the sudden
stop. Conversely, for 1995—the year of the sudden stop— the estimates of S are approximately
—0.01 without statistical significance. This suggests no clear difference in unit values between
domestic and foreign markets during the sudden stop. Finally, for 1996, following the sudden stop,
the estimates of S settle around —0.07 with statistical significance. This implies that the unit values
were approximately 7% lower in foreign markets than in domestic markets after the sudden stop.

Assuming that marginal costs are equal across domestic and foreign markets at the plant—product
level, the observed disparities in unit values imply differences in markups across destinations.” It
is important to note that these estimates likely represent a lower bound on the true markup gap
between the two markets. Verhoogen [2008] documents that exporting plants tend to produce
higher-quality goods for foreign markets compared to domestic ones. Producing higher-quality
goods typically requires better inputs, which raises production costs. If exported products indeed
have higher marginal costs, the actual difference in markups between foreign and domestic markets
would be even greater than suggested by the unit value comparison.

My results are consistent with those of Blum et al. [2023] who use the Chilean manufacturing
survey and customs data. Similar evidence is reported by Bughin [1996], Moreno and Rodriguez
[2004], Jaumandreu and Yin [2017], and Kikkawa et al. [2019], all of whom find that markups in

foreign markets tend to be lower than those in domestic markets.

>See Burstein et al. [2024], who also assume uniform marginal costs at the plant—product level to examine markup
dispersion across different buyers.



(a) Maquiladoras (b) Non-Maquiladoras
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Figure 2.1: Distortions faced by Maquiladoras and Non-Maquiladoras

O ] Gy | Gy [ Gy [ » [ )]

-0.129 | -0.113 | —0.0152 | -0.008 | —0.072 | -0.071
P [0.014] | [0.013] | [0.011] | [0.011] | [0.010] | [0.010]
Plant—Product-Time Fixed Effect v v v v v v
Weighted by Sales v v v
Sample Period 1994 1994 1995 1995 1996 1996
Observations 14,042 | 14,042 | 16,198 | 16,198 | 19,028 | 19,028
Adjusted R? 0.967 0.971 0.971 0.974 0.975 0.978

Table 2.1: Unit Values Difference between Domestic Markets and Foreign Markets
Notes: This table displays estimates of S in equation (2.1). The first and second column use the samples in
1994. The third and fourth column use the samples in 1995. The fifth and sixth column use the samples in
1996. In the first, third, and fifth column, 8 is estimated without incorporating weights, whereas the second,
fourth, and sixth column use weights derived from sales data. These weights are based on sales value of each
product within each market. Across all specifications, plant—product-time fixed effects are included and the
standard errors are clustered at the plant—product level.

I summarize the findings as follows:

Fact 1. At the plant—product level, prior to the sudden stop, unit values in foreign markets were,
on average, 11% to 13% lower than in domestic markets. During the sudden stop, this difference
disappeared. After the sudden stop, unit values in foreign markets were, on average, 7% lower than

those in domestic markets.

2.3 Distortions across Maquiladoras and Non-Maquiladoras

I compare the distortions faced by maquiladoras and non-maquiladoras. The specific distortions
affecting maquiladoras are illustrated on the left side of Figure 2.1. Maquiladoras are exempt

from tariffs on foreign intermediate inputs and are subject to a 25% payroll tax on labor. When
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their products are exported, they are not subject to value-added tax (VAT). However, if domestic
intermediate goods producers possess market power, maquiladoras may face non-tax distortions
when purchasing domestically produced inputs. On average, maquiladoras allocate only 8.3% of
their expenditures to domestically produced goods, compared to 77.2% for foreign intermediate
inputs. This underscores their limited reliance on domestic suppliers and their heavy dependence
on foreign inputs.

In contrast, the distortions faced by non-maquiladoras (standard producers) are illustrated on
the right side of Figure 2.1. Non-maquiladoras are subject to tariffs on foreign intermediate
inputs, which typically range from 5% to 10%. They also face a 25% payroll tax and a 10%
value-added tax (VAT) when selling goods to domestic consumers, although exports are exempt
from VAT. Like maquiladoras, non-maquiladoras may also encounter non-tax distortions, such as
market power among domestic intermediate goods suppliers. Non-maquiladoras allocate a larger
share of their expenditures—358.8%—to domestically produced inputs, compared to only 20.4% for
foreign intermediate inputs. This indicates that non-maquiladoras are more dependent on domestic
suppliers and rely less on foreign intermediate inputs than maquiladoras.

The production of domestic intermediate inputs relies on a range of inputs from the domestic
economy, including labor, capital, and both foreign and domestic intermediate goods. Each stage
of this process can be subject to distortions, such as those stemming from market power or taxation.
As these distortions accumulate along the supply chain, non-maquiladoras are exposed to greater
domestic market distortions than maquiladoras.® The quantitative impact of these accumulated
distortions is analyzed in the subsequent section.

I summarize the findings as follows:

Fact 2. Maquiladoras have less distorted supply chains than non-maquiladoras.

2.4 Decomposition of Aggregate Export Growth

During a sudden stop, export-oriented activities expand relatively more than domestic-oriented

activities. This occurs because domestic aggregate demand contracts, while foreign demand

®Foreign producers that supply intermediate inputs to maquiladoras may exercise market power and incur tax
obligations in their respective countries. However, the associated profits and tax payments are not included in the
calculation of value added within Mexico. As a result, the maquiladora supply chain generates lower profit margins
and pays less in taxes within the Mexican economy compared to the supply chain of non-maquiladoras.
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remains stable, and the depreciation of the nominal exchange rate favors exporters. In the case of
the 1994 Mexican sudden stop, the share of manufacturing exports in total manufacturing sales
rose from 17.3% in 1994 to 27.2% in 1995. To understand whether this increase was driven by
intensive or extensive margins, and to uncover the underlying resource reallocations, I conduct the

following three decompositions.
First, to examine how the relative expansion of maquiladoras contributed to the increase in the
aggregate manufacturing export share, I decompose the change in the ratio of aggregate exports to

aggregate sales as follows:

A Aggregate Export

Averceate Sales = Z Si.1994 (Ei1995 — Ei,1994)
gareg 1994-1995 € {Maquiladoras,Non-Maquiladoras }

9.9% (=27.2%—17.3%)

Within Effect (6.2%)
+ Z E; 1994 (S:,1995 — Si,1994)
i € {Maquiladoras,Non-Maquiladoras }
Between Effect (4.0%)
+ Z (Ei,1995 — Ei,1994) (Si,1995 — Si,1994)

i € {Maquiladoras,Non-Maquiladoras}

Covariance (—0.3%)

where i denotes the sector index, S;; is the sales of sector i as a share of aggregate manufacturing
sales at tim 7, and E;; is the export share (exports as a fraction of total sales) within sector i at time ¢.
The first term is the within effect, which holds the sectoral sales shares fixed and captures changes
in export intensity within maquiladoras and non-maquiladoras. The second term is the between
effect, which holds export shares constant and reflects compositional shifts between maquiladoras
and non-maquiladoras. The third term is a covariance term that captures the interaction between
changes in sectoral size and export orientation—i.e., the extent to which sectors that expand also
change their export intensity.

The decomposition results show that the within effect accounts for 62.6% and the between
effect for 40.4% of the total increase in the export share. In this decomposition, I assume
EMaquiladoras, 1994 = EMagquiladoras,1995 = 1, as maquiladoras export nearly all of their output. There-
fore, the within effect reflects an increase in the export share within non-maquiladoras. The pos-

itive between effect suggests a potential reallocation of resources from non-maquiladoras toward
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maquiladoras during the sudden stop.

I summarize the finding as follows:

Fact 3. The compositional shift toward maquiladoras accounts for 40.4% of the increase in the

aggregate export share. The increase in export intensity within non-maquiladoras explains 62.6%.

Second, I decompose the increase in the export share within non-maquiladoras. In my data, the
ratio of aggregate exports to aggregate sales among non-maquiladoras rose from 10.5% in 1994
to 20.1% in 1995. I assess the extent to which this increase can be attributed to various channels,
including within-plant effects, between-plant effects, covariance effects, and plant entry into or

exit from export status. I decompose the increase in the export share among non-maquiladoras as

follows:
Non-Magquiladoras Aggregate Export 5i,1994
- = = (€i,1995 — €i,1994)
Non-Maquiladoras Aggregate Sales [994_;995 = 2lieC 5i,1994
9.6% (=20.1%—-10.5%) Within Effect (6.5%)
N Z . ( 5i,1995 5i,1994 )
i,1994 -
e YieC Si,1995  Diiec Si1994

Between Effect (2.3%)

1= Yiec $i,1995
+ $i,1995€1,1995 — —=———————— ) 5i,1995€i,1995

ieN 2iec $i199s  fd

Entry Effect (—0.6%)

1= Yicc 5i,1994
+|—=——""— ) 5i1994€i 1994 — ) 5i1994€; 1994

Ziec 51,1994 ieC ieE
Exit Effect (0.7%)
87,1995 57,1994
+ - (ei,1995 - ei,1994)
S\ Licc sin9s  Diec 5i1994

Residual (0.7%)

Here, C is the set of plants whose export status did not change from 1994 to 1995; N is the set of
plants who were non-exporters in 1994 but began exporting in 1995; and E is the set of plants that
exported in 1994 but exited the export market in 1995. s;; is the share of total sales by plant i as
a fraction of aggregate sales at time 7, and e;; is the share of export as a fraction of total sales by
plant 7 at time ¢. The first term is the within effect, which fixes the sales shares across plants and

captures changes in export intensity within plants. The second term is the between effect, which
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fixes the export shares and captures changes in the composition of sales across plants with different
export intensities. The third and fourth terms capture the contributions from entry into and exit
from the export market, respectively. The fifth term is a residual capturing the interaction between
changes in sales shares and export shares among continuing exporters.

The decomposition results show that the within-plant increase in export share accounts for
67.7% of the overall rise in export share, while between-plant reallocation contributes 24.0%. The
trade liberalization literature, such as Melitz [2003], emphasizes the reallocation of resources from
smaller to larger exporters as a key mechanism. However, such adjustments typically occur over
a longer horizon and are less pronounced in the short run. Plant entry into and exit from export
markets explains only a small fraction of the total change. The quantitative model developed in the
subsequent section is built on this empirical observation.

I summarize the findings as follows:

Fact 4. Within-plant expansion into export markets accounts for 67.7% of the increase in the
export share among non-maquiladoras. Compositional changes across plants with different export

intensities explain an additional 24.0%.

Finally, I further decompose the previously calculated within-plant effect by leveraging plant—

product—destination-level information. The decomposition is as follows:

Si,1994 87,1994
- (&,1995 - 85,1994 Z Z Si,p,1994 (ei,p,l995 - ei,p,l994)

2 iec 51,1994 2 Liec siaoos Lo,
Within-Plant Effect (6.5%) Within-Plant-Product Effect (5.3%)
51,1994
+ Z Z €;.p,1994 (si,p,1995 - Si,p,1994)
eC Ziec Siaoo4 Lo,

Within-Plant Across-Product Effect (0.8%)

S$i,1994
+ Sy oon 8i,p,1995€},p,1995 — 8i,p,1994€},p. 1994

pENLP peE®P

Within-Plant Extensive Margin (0.4%)

51,1994
+ Z S Z (8i,p,1995 — 8i.p.1994) (€i,p.1995 — €i p.1994)

Within-Plant Residual (0.03%)
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Here, p denotes the productindex, s; ,; is the share of product p in total sales by plant i at time 7, and
e; p. is the export share of product p in plant i’s sales at time . C*? is the set of products produced
by plant i in both 1994 and 1995. N*” is the set of new introduced in 1995, andE"” is the set of
products dropped after 1994. The Within—Plant—Product effect measures changes in export shares
at the product level within plants. The Within—Plant Across-Product effect captures compositional
shifts in sales among products with different export intensities within plants. The Within-Plant
Extensive Margin measures the contribution of product entry into or exit from the export basket
within plants. The Within-Plant Residual term captures the interaction between changes in product
sales shares and changes in export intensity within plants.

This decomposition shows that within—plant—product reallocation toward export markets ac-
counts for 81.5% of the within-plant increase in export share. Additions to or removals from the
export product basket contribute only a small portion of the overall change.

I summarize the findings as follows:

Fact 5. Sales expansion in foreign markets at the plant—product level accounts for 81.5% of the

increase in export intensity at the plant level.

2.5 Quantity Expansion at the Plant—-Product-Destination Level

The analysis in Section 2.2 shows that product lines serving foreign markets face lower distortions
than those serving domestic markets. Additionally, the decomposition in Section 2.4 highlights
the importance of sales expansion in foreign markets at the plant—product level. A key factor in
assessing changes in allocative efficiency and aggregate TFP is whether there are observable shifts
in relative input usage across products destined for different markets. A change in the relative
quantity of sales across destinations suggests a corresponding change in the allocation of inputs.
To examine whether there was a shift in input usage between domestic and foreign markets before
and after the sudden stop, I implement a difference-in-differences strategy. If production quantities
for foreign markets increase more than those for domestic markets at the plant—product level, this
implies a reallocation of inputs toward foreign-market products—those with lower distortions. Such
reallocation is expected to worsen allocative efficiency and reduce aggregate TFP.

I define g; ; 4+ as the quantity of product j sold by plant i to destination d during period ¢. The
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sudden stop is identified with the fourth quarter of 1994 (1994 Q4). I restrict the sample to products
sold in both domestic and foreign markets prior to the sudden stop and estimate the following panel

regression:

log (gi,j.a:) —10g (gi,j,4,1994 04) = Z ¥s (Ls=r - L{geForeign}) + @ij.a + Biji + €ij.ds
5#1994 04

for 1 = 1994 01, ---,1996 02, where 1,-, is an indicator for period s = 7, 1{jcForeign) €quals 1
if the destination is a foreign market and 0 otherwise The specification includes plant—product—
destination fixed effects (a; ; 4) and plant—product—time fixed effects (5; ; ;). Because the regression
is expressed in stacked log-differences relative to 1994 Q4, the fixed effects absorb not only the
constant but also any plant—product—destination-level secular trends over the sample period. By
including plant—product-time fixed effects, the specification compares sales quantities between
domestic and foreign markets within the same plant, product, and time period. Standard errors are
two-way clustered at the product and time levels to account for serial correlation and time-specific
shocks.

Figure 2.2 presents an event study plot showing the average effect of the sudden stop on
sales quantities to foreign markets relative to those in domestic markets. The graph indicates no
significant differences in trends prior to the sudden stop, consistent with the absence of differential
pre-trends. After the sudden stop, however, there is a markedly larger increase in sales to foreign
markets relative to domestic ones. By the second quarter of 1995, the average relative increase in
foreign sales quantities reached approximately 60%. This pattern suggests a reallocation of inputs
toward foreign-market product lines at the plant—product level.

I summarize the findings as follows:

Fact 6. Following the sudden stop, sales quantities in foreign markets increased by up to 60% more

than those in domestic markets.
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Figure 2.2: Changes in Quantity of Sales by Destination
Notes: This figure reports the event study graph, depicting the average effect of the sudden stop on the sales
quantity of products. The dependent variable is expressed in logarithmic terms. The sudden stop occured
in the fourth quarter of 1994. Each data point represents the coefficient on the interaction between being
observed t quarters after the sudden stop and being exported to foreign markets. The confidence interval is
at the 95% level.

2.6 Relative Expansion by Maquiladoras

The analysis in Section 2.3 shows that maquiladoras operate with less distorted supply chains
compared to non-maquiladoras. Furthermore, the decomposition in Section 2.4 reveals that the
relative expansion of maquiladoras accounts for 40.4% of the increase in the aggregate export share
during the 1994 sudden stop. As before, a key factor in evaluating changes in allocative efficiency
and aggregate TFP is whether there are shifts in relative input usage across maquiladoras and non-
magquiladoras. If input usage increases more among maquiladoras—which face fewer distortions—
relative to non-maquiladoras, this reallocation is expected to reduce allocative efficiency and lower

aggregate TFP.
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Figure 2.3: Changes in Number of Workers in Maquiladoras and Non-Maquiladoras
Notes: This figure reports the event study graph, depicting the average effect of the sudden stop on the
number of workers. The dependent variable is expressed in logarithmic terms. The sudden stop occured
in the fourth quarter of 1994. Each data point represents the coefficient on the interaction between being
observed ¢ quarters after the sudden stop and being maquiladora. The confidence interval is at the 95% level.

To measure the effect of the sudden stop on the relative use of inputs across maquiladoras
and non-maquiladoras, I employ a difference-in-differences strategy and estimate the following

equation:

log (Li,j,z) —log (Li,j,1994Q4) =a;+Yis+ Z WU (ls:, - Maquiladora Dummyhj) + €
5#1994 04

fort =199401,---,1996 02, where L; ;, is the number of workers in plant j, industry 7, at time
t; a; is a plant fixed effect; y;; is an industry-by-time-by-region fixed effect; 1, is a time indicator
function; and Maquiladora Dummy; ; equals 1 if the plant is a maquiladora and O otherwise.
Standard errors are two-way clustered at the industry and time levels to account for potential bias
due to serial correlation.

Figure 2.3 presents an event study graph showing the average effect of the sudden stop on
the number of workers. The graph reports quarterly differences in employment growth between
maquiladoras and non-maquiladoras before and after the sudden stop. Consistent with the absence

of differential pre-trends, there is no significant difference in employment growth prior to the
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shock. After the sudden stop, however, maquiladoras experienced a substantially larger increase
in employment relative to non-maquiladoras. By the third quarter of 1995, the average relative
increase in the number of workers in maquiladoras reached approximately 20%.

I summarize the findings as follows:

Fact 7. Following the sudden stop, the number of workers increased by up to 20% more in

magquiladoras than in non-maquiladoras.

3 A Stylized Model

Empirical evidence shows that, prior to the sudden stop, export-oriented activities faced lower
distortions than domestic-oriented ones. However, this distinction disappears at the plant—product
level during the crisis. At the same time, resources shift from domestic- to export-oriented
activities. To better understand how distortions, exchange rate dynamics, and resource reallocation
jointly shape aggregate TFP, I construct a stylized model of a sudden stop in a small open economy.

The empirical analysis reveals little evidence of reallocation from small to large exporters or of
significant entry or exit from export markets during the crisis. These margins may be relevant over
the medium to long run, but they appear negligible in the short run. Accordingly, I abstract from
them in the model.

The model features a representative household, two types of producers (domestic-oriented and
exporters), sticky prices in foreign markets, and nominal wage rigidity. The structure is deliberately
kept simple to allow for analytical tractability; richer features are incorporated in the quantitative

model.

Household The representative household allocates income between domestic and foreign goods
and repays external debt. Its nominal budget constraint, expressed in domestic currency, is given
by:

PpCp + ePFCr +€0® = WL +11,

where Py Cyq represents expenditure on domestically produced goods, e P#Cg denotes spending on

foreign goods converted into domestic currency, € is the nominal exchange rate (units of domestic
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currency per unit of foreign currency)’, W is the nominal wage, and IT denotes profits transferred
from firms. © is exogenously determined net foreign repayment in foreign currency. For simplicity,
I abstract from intertemporal saving and borrowing behavior. A sudden stop is modeled as an
exogenous increase in ©, reflecting a tightening of external financing conditions.®

The household’s preferences are represented by a Cobb-Douglas utility function:
U(Cp,Cr) = Cy " CL.
In the quantitative model, this specification is generalized to a CES utility function.

Producers There are two types of producers in the economy: domestic-oriented producers (D)
and exporters (7). In this stylized model, I do not distinguish between maquiladoras and exporters
among non-maquiladoras; this distinction is introduced in the quantitative analysis.

Exporters face fully sticky prices in foreign currency, consistent with pricing-to-market behav-
ior, while domestic producers are assumed to set prices flexibly. This assumption is supported
by empirical evidence from the 1994 Mexican crisis. During the crisis, domestic prices adjusted
rapidly, whereas export prices—denominated in foreign currency—remained stable.” Using micro
price data, Gagnon [2009] shows that in April 1995, 64.3% of domestic consumer goods under-
went price changes, indicating high pricing flexibility. In contrast, relative prices in foreign markets
showed minimal movement, suggesting strong nominal rigidity abroad. For analytical tractability,
I model domestic prices as fully flexible and foreign prices as fully sticky.

Nominal wages are assumed to be perfectly rigid. While this simplifies the analysis and allows
for closed-form solutions, this assumption is relaxed in the quantitative model.

Production uses labor as the sole input, with output linear in labor:

Y; = AiL;,

7An increase in € implies depreciation of the home currency.

81f the household’s borrowing and saving behavior were explicitly modeled, ® could be expressed as: © =
b — (1+7*) b where b’ is new borrowing in foreign currency, b is outstanding foreign debt, and r* is the foreign
interest rate. In this formulation, a sudden stop corresponds to an increase in r* or a tightening of borrowing constraints,
which would reduce 5. In this paper, I abstract from modeling the source of the shock and treat the increase in © as
exogenous. My focus is on tracing the equilibrium responses to this change in .

9See Figure A.2.
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where Y; is the output of producer i, A; isproductivity, and L; is the labor input. In the quantitative
model, this specification is generalized to allow for a CES production function with multiple inputs.
Given that prices in foreign markets are fixed in foreign currency, the markup charged by

exporters evolves with the nominal exchange rate. The change in markup is given by:

W
dlog ug+ = dlogeP#+ — dlog (A

) =dloge.
7:*

under the assumption that productivity (As~) is not affected by a sudden stop shock. Thus, the

change in exporters’ markups is driven entirely by changes in the nominal exchange rate.

Monetary Policy and Current Account Monetary policy is assumed to perfectly stabilize nom-
inal GDP, that is:
dlogGDP = 0.

Under this assumption, all fluctuations in real output are entirely driven by movements in the
aggregate price level. In the quantitative model, this assumption is relaxed, and the monetary
authority instead targets both inflation and employment.

The current account identity, expressed in domestic currency, is given by:
ePF Yy — ePyCq = €0,
where the left-hand side represents net exports, and the right-hand side captures net capital outflows.
Aggregate TFP 1 define changes in the aggregate price index using Divisia weights:
dlog Py = Apdlog Pp + Ag+dlog Py,

L PrYp .
where Ay = }Z;‘DDY % the sales share of domestic-oriented producers, and Ag- = ("; Df is the sales

share of exporters. The local change in real GDP is then:

dlogY = dlog (GDP) —dlog Py,
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and the local change in aggregate TFP is:

dlogTFP = dlogY —dlogL,

where total labor is L = Ly + L.

Finally, the harmonic average markup across domestic producers and exporters is given by:

-1

(i)
Summary This stylized model captures how a sudden stop—modeled as an exogenous increase in
external repayment ®—interacts with nominal rigidities, labor reallocation, and markup dynamics
to influence aggregate TFP. I now use this framework to analyze how aggregate TFP responds
to changes in the nominal exchange rate and resource allocation following a positive net capital

outflow shock.

Proposition 1. In response to a positive net capital outflow shock, the local changes in the nominal

exchange rate, labor across domestic producers and exporters, and aggregate TFP are as follows:

B PpCp O

dloge = =
%€ =P CrGDP

0,

A
dlogLyp = —ﬂidloge <0,
D

dlog Ly =0,

dlog TFP = g (1 - L) dlog Lp.
HD

If up > p holds, dlog TFP < 0, and vice versa.

In response to a positive net capital outflow shock, net export needs to increase to balance
the current account. This adjustment occurs through a reduction in foreign consumption goods
since exports remain unchanged due to the fully sticky prices in foreign currency. To facilitate
this adjustment, household’s income in foreign currency must decrease. As the domestic monetary

authority perfectly controls nominal GDP, it effectively controls nominal household’s income in
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domestic currency. Consequently, the adjustment occurs through the depreciation of the domestic
currency. The increase in net capital outflow and the depreciation of the domestic currency leads to a
reduction in domestic disposable income and, consequently, decreases domestic consumption. This
deceases demand for products by domestic producers. Since nominal wage is perfectly sticky, all
the adjustments in the labor market take place through the quantity of labor and domestic producers
reduce employment. On the other hand, exporters don’t change their employment because demand
for exported products does not change due to the perfect rigid price in foreign currency and constant
aggregate foreign demand due to a small open economy assumption. Consequently, in relative term,
exporters expand by more, while producers for the domestic market shrink. In essence, I observe a
reallocation of labor away from domestic producers toward exporters.

The effect of this reallocation on local TFP depends on the relative markup charged in the
domestic market, captured by the ratio (%) Empirical evidence shows that, prior to the sudden
stop, domestic markets were more distorted than foreign markets: pqp > @ > pg. This implies that

exporters operate with a lower TFPR than domestic producers:
TFPR# = PrAg = Wug < Wugp = PpAgp = TFPRyp.

Hence, the labor reallocation—away from high-TFPR domestic producers and toward low-TFPR
exporters—worsens allocative efficiency. This leads to a local decline in aggregate TFP.

However, while this local change in aggregate TFP is reliable for small shocks, it does not
capture the nonlinear effects that arise with large shocks. To remedy this, I compute the global TFP
change over the interval [7,7 + 1] using a second-order approximation. This is consistent with how

statistical agencies compute TFP using the Tornqvist index.'?

10Statistical agencies often measure the change in real GDP using the Tornqvist index, which aggregates the growth
rates of individual outputs using their average nominal value shares as weights. Specifically, if Y}, is the output of sector
or product i in period ¢, and P;; is its price, the growth rate of real GDP between periods ¢ and ¢ + 1 is approximated by:

AlogY; ~ Z sitAlogYyy,

12
where 5;; = % (sir + si141) 1s the average sales share of product i in nominal GDP across two periods, and s;; = Q;)Y;‘;
is the sales share in period 7. Notice that the local change in real GDP is calculated by using the sales share at the
beginning. TFP growth is then obtained as the residual from output growth, subtracting the contribution of factor
growth—also measured using a Tornqvist index with factor cost shares as weights.
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t+1
=t

Theorem 1. The global change in TFP ( /S dlog A (s)) up to the second order is given by

— 1 — —
AD,,(l— H )AlogLD,,+— (@,,H (1—M)—ADJ(1— H ))AlogLD,,.
MHD.t 2 HD,t+1 HD 1
First-Order Effect Second-Order Effect

If up: > u, holds, the first-order effect is always negative while the second-order effect is always

positive.

When uqp; > u,, the first-order component is negative, reflecting an efficiency loss. The second-
order term, however, is positive and reflects a partial correction: the exchange rate depreciation
raises exporters’ markups (due to exporter’s price stickiness in foreign currency), reducing the
ex-post TFPR gap and easing the allocative distortion.

While Baqgaee et al. [2024] analyze the local change in TFP in response to a monetary policy
shock—where ex-post distortions are irrelevant—Theorem 1 highlights that measured TFP, consis-
tent with the Tornqvist index approach, is sensitive to ex-post distortions, particularly in sudden stop

episodes. This second-order effect is non-negligible as demonstrated in the quantitative exercise.

4 Quantitative Model

To quantify how a sudden stop contributes to the decline in TFP through reallocation effects—and
how it affects key macroeconomic variables—I extend the stylized model developed in the previous
section.!! The quantitative version incorporates additional features, including a non-manufacturing
sector, input—output linkages, richer production technologies, endogenous labor supply, and more
realistic price rigidities. The simple model discussed earlier can be viewed as a special case of the

quantitative framework presented here.

1 Another way to assess the effect of allocative efficiency on TFP is through a sufficient statistics approach, following
Bagaee and Farhi [2020]. The results of this analysis are presented in Appendix C and are broadly consistent with
those from the quantitative model. While informative, the sufficient statistics approach captures the combined effects
of multiple shocks—including the sudden stop, the financial crisis, and the introduction of NAFTA—making it difficult
to isolate the impact of the sudden stop alone. For this reason, I rely on a quantitative structural model to more precisely
evaluate the effect of allocative efficiency on TFP.
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4.1 Household

A representative domestic household maximizes the discounted expected lifetime utility over con-

sumption and labor:

DL EB WL,
=0

where aggregate consumption (C;) consists of manufacturing consumption goods (Cys ) and non-
manufacturing consumption goods (Cyaz1):
/(-1
I -1 1 -1)/¢]*
€= [oreci s - e ciione] "
with ¢ denoting the elasticity of substitution between manufacturing and non-manufacturing con-

sumption goods. Manufacturing consumption goods (Cys;) consist of domestically produced

(Cm u,1) and foreign-produced manufacturing consumption goods (Cys r):

n/(n-1)

-1 -1
Cus = Y 1C )+ (L= ey

I allow for home bias in preferences and y denotes the expenditure share of foreign-produced
manufacturing goods. 1 captures the elasticity of substitution between domestically produced and
foreign-produced manufacturing consumption goods.

The household is subject to the following nominal budget constraint:
Py naiCuns+ &Py, Corurs+ Py niCnmms + €0 = WL + 114,

where Py g is the price index of domestically produced manufacturing products; € is the nominal

exchange rate, defined as the units of home currency for one unit of foreign currency; P is the

M
price index of foreign-produced manufacturing products in foreign currency, which is exogenously
determined due to the small open economy assumption; and Py u, is the price index of nonman-
ufacturing products. Additionally, W; L, is labor income, and I, is the sum of profits generated by
all firms operating within the domestic economy. ®, captures exogenously determined net foreign

repayment in foreign currency. As in the stylized model, I abstract from the household’s borrow-

ing and saving behavior. A sudden stop is modeled as an exogenous increase in ®,, capturing a
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tightening of external financing conditions.
Consumers have homothetic preferences over domestically produced manufacturing consump-
tion goods and non-manufacturing consumption goods. Consumption bundles Cys g, and Cypy 1

are defined by the following CES aggregators:

I o o=l
o J—
[[eiunn) =

1 o—-1 o-1
o p—
(/0_0 CNM,H,G,tdQ) = CNMH,t>

o

Consumption bundles consist of various varieties of goods indexed by 6 € [0,1]. ca g, and
CNM.H g, are the consumption of variety § among domestically produced manufacturing and non-
manufacturing consumption goods, respectively. The elasticity of substitution across varieties is
given by o > 1.

By solving the household’s utility maximization problem, I obtain the demand curve for variety

0 in the manufacturing and non-manufacturing sectors:

-0
PMHO
cmHe: = || Cwmmus
Py g
-0
DPNM,H 6,
cNMHO: = || CNmH:
PNmH

where py .o and pyuy a o, denote the prices of variety 6 in the respective sectors, and Py 5, and
Pywm m, are the corresponding CES price indices.

The household supplies labor through a continuum of labor unions, represented by / € [0, 1].
Each union transforms the household’s labor L, into specialized labor services denoted as n; (/).

The total labor supply of the household L, is the integral of n, () across the continuum of /:

1
L[ = / n; (l) dl
0

Firms aggregate these differentiated labor inputs into an effective labor composite n; via a CES
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aggregator:

€

1 ew—1 Tv‘il
n=(/ nz(l)le) ,
0

where €, > 1 is the elasticity of substitution between the labor types.
Cost minimization by firms implies that each labor union faces a downward-sloping demand

curve for its specific labor type:

n, (1) = (Wt—(l))_ew ng,

W,
where W, (1) is the nominal wage set by union /, and W, denotes the nominal wage index, defined

as:
1

1 T-ew
W[ = (/ Wt (l)l_ew dl) .
0

Following Erceg et al. [2000], each labor union [/ sets its wage W; (/) to maximize the expected
utility of the representative household. Wage setting is subject to Calvo-style nominal rigidity: in
each period, a union can reoptimize its wage with probability ¢,,. Union / chooses {W; (1), N; (1)}

to maximize the objective function:
D UE (B =60))" [ (Crays Liss)],
s=0

subject to:

Negs (1) = (Wl 0 )_ew Nitss

Wiss

1
Liss = / nees (1) dl,
0

*
Py i+sCmHivs + €sPyy p o sCMF trs + PNMH t+sCNM H 45 + €145Ores = WiasLigs + Hpys.

The solution to this optimization problem is presented in Supplement Appendix F.!?
Finally, I assume symmetry in the foreign household’s problem. All variables associated with

the foreign economy are denoted with an asterisk (*).

12The Supplement Appendix F is available on the author’s webpage.
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4.2 Firms

There are two sectors in the economy: the manufacturing sector and the non-manufacturing
sector. Within the manufacturing sector, I distinguish between maquiladoras and non-maquiladoras
(standard manufacturing plants). Non-maquiladoras produce goods for both domestic and foreign
markets, while maquiladoras produce exclusively for foreign markets. The non-manufacturing
sector supplies goods solely to the domestic market.

I assume that the production technology is the same within non-maquiladoras, maquiladoras,

and, non-manufacturing sector. The production function for sector i is expressed as:

where n;; is the labor input, ii;, is the aggregated intermediate input, w; is the share parameter
for how intensely sector i uses labor, and &' is the elasticity of substitution among labor and the

aggregated intermediate input. The aggregated intermediate input is given by:

m,nm
gmnm_; gm.nm_ _gin,nm,l

iii,t _ Xim,t “gmm Xipme) €00
= =|vi|l= +(1-v) = ,

Xim inm

where x; ,, ; 1s the intermediate input from the manufacturing sector, including foreign intermediate
input; X; ., 1s the intermediate input from the non-manufacturing sector; v; is the share parameter
for how sector i uses intermediate input from the manufacturing sector; and gmanwnon-man jq
the elasticity of substitution among intermediate inputs from the manufacturing sector and non-

manufacturing sector. The intermediate input from the manufacturing sector is given by

£hd_y ghd_y\ Zhay

Xim.t Ximds| & Xim,fr) €0 |
—-— = (1—§i)(—_ ) +6i|= ,

Xim Xim,d

where x; ,, 4 15 the domestically produced intermediate input from the manufacturing sector; x; , r s
is the foreign-produced intermediate input from the manufacturing sector; ¢; is the share param-

eter for how sector i uses the domestically produced intermediate input from the manufacturing
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sector; and &4 is the elasticity of substitution among domestically produced and foreign-produced
intermediate inputs from the manufacturing sector.

I assume that exporters in the manufacturing sector (excluding maquiladoras) face sticky prices
in foreign currency when selling in foreign markets. In contrast, both the manufacturing and
non-manufacturing sectors are assumed to set prices flexibly when serving the domestic market.
Magquiladoras, which produce exclusively for export, are also assumed to face flexible prices
in foreign currency. This last assumption is motivated by empirical evidence indicating that
maquiladoras’ markups, measured using the accounting approach, remained stable between 1994
and 1995 13.

Following Calvo [1983], I model price rigidity for non-maquiladora exporters by assuming that
firms can reset their price in foreign currency with probability 6,. Exporter 6 sets its price in

foreign currency, to maximize the expected discounted stream of profits:

*
Pymosr

(o)

(B(1- 5p))s E; [Qt,t+sy}kv[,[-[,0,t (p;[,H,o,t - mc?\/I,H,G,t)] ’
=0

N

subject to the demand in foreign market:

% -0

. _[PmAb) e

YMFo: = P M,Ft>
M,F.t

*

where Q.+ 1s the domestic household’s stochastic discount factor, P, .,

is the aggregate price

index of foreign-produced manufacturing goods (in foreign currency), and Yy, .., is total demand

M. Ft

in the foreign market. P} and Y

M.Fi v.r, are taken as exogenous due to the small open economy

assumption. The solution to this maximization problem can be found in Supplement Appendix F.

4.3 Distortions from Taxation

To account for differences in tax rates across sectors—particularly between maquiladoras and
non-maquiladoras—I introduce intermediaries who sit between suppliers and buyers of goods or

labor. These intermediaries apply a markup of 1 + 7, where 7 is the tax rate. I consider three tax

3Markup is calculated as the ratio of total sales to total variable costs. For details on the measurement of total
variable costs, see footnote 18 in Appendix C.1.
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distortions: the payroll tax (7;qp0,), a tariff on foreign goods (7;4,i ), and value-added tax (7yq;).
For example, when a manufacturing producer sells its product to domestic consumers at a price

p, an intermediary purchases the product at the same price p and subsequently sells it to domestic

consumers at a price of (1 + 7,4) p. In essence, this intermediary transfers the product from the

producer to the consumer with a markup of (1 + 7,4;).

4.4 Nominal GDP, Current Account, and Monetary Regime

Domestic nominal GDP is given by the following equation:

*
Py u:Cus+ €Pyp Cru e+ Pnm i CNMH

1 1
* * & * * *k
+ /0 €M 1,60 M H.9:90 + /0 &Py m oY M09~ Py p Crre — aXiPy,

= GDP;,

where X; denotes the total quantity of imported foreign intermediate inputs:

1 1 1 1
X; = / XM’H’Q,m’deQ + / x}kl/I,H,H,m,f,de + / x;k\/I,M,G,m,f,tdQ + / XNT’H’G’m’f’[dQ,
0 0 0 0

and P}, . 18 the price of foreign intermediate input in foreign currency.

The current account identity equates net exports to net capital outflows:

1 1
* * * * * *
/0 Epr,H,Q,tyM,H,O,th "‘/0 EtpM,M,G,tyM,M,G,tdQ - PM,F,tCM,FJ —&X/Py,

= Et®t-

The monetary authority’s policy rule targets a weighted average of changes in the consumer

price index and labor market conditions:
EAlogP.;+ (1 -5)AlogL; =0.

where P.; is the domestic consumer index, and = € [0, 1] determines the extent to which the

monetary authority prioritizes stabilization of the domestic consumer price index (CPI). When
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Z =1, the monetary authority fully focuses on stabilizing the domestic CPI, while = = 0 signifies
a complete focus on stabilizing the domestic labor market.
I also allow for incomplete exchange rate pass-through to the price of foreign intermediate
inputs. Specifically:
Alog Py, = oAloge.

where o € [0, 1] denotes the pass-through rate from changes in the nominal exchange rate to
changes in the price of foreign intermediate inputs.
I define the equilibrium in Supplement Appendix F and the way to calculate the steady state of

the model is explained in Supplement Appendix G.'#

5 Quantitative Analysis

5.1 Calibration

I assign standard values to most of the parameters in my model, with a detailed list available in
Appendix B. Here, we highlight the key parameters. The input shares for production are derived
from the EIA and EMIME. The elasticity of substitution across foreign-produced and domestically-
produced manufacturing intermediate inputs is 0.76, following Boehm et al. [2023]. For the
elasticity of substitution between manufacturing and non-manufacturing intermediate inputs, I adopt
a value of 0.2, consistent with Bagaee and Farhi [2022]. Likewise, the elasticity of substitution
between labor and the entire bundle of intermediate input is set to 0.6, also based on Bagaee and
Farhi [2022].

When measuring markups in the data, they reflect the combined effects of various distortions,
including market power, financial frictions, and tax distortions. In this quantitative analysis, I
explicitly separate tax distortions from other sources of inefficiency. Tax distortions are incorporated
with the following parameter values: Tyar = 0.1, Tjgpor = 0.25, and 7447y = 0.08. All remaining
distortions—such as market power and financial frictions—are captured by the markup.

Based on empirical evidence, I assume that the initial markup charged by non-maquiladoras

in the foreign market is 11.3% lower than that in the domestic market prior to the sudden stop.

14The Supplement Appendix G is available on the author’s webpage.
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In the benchmark analysis, maquiladoras and exporters within non-maquiladoras are assumed to
charge the same markup (1.05). As a robustness check, I allow for differential markups between
these two groups. Similarly, in the baseline, I assume a common average markup of 1.16 across
non-maquiladoras and the non-manufacturing sector. As a robustness check, I also explore cases
with sector-specific differences in average markups.

While microdata provide information on markup differences and tax exposures across sectors,
they do not reveal the absolute level of markups. To proceed with the numerical exercise, it is
therefore necessary to pin down the level of markup in one sector. I calibrate the average markup
charged by non-maquiladoras to match a net export-to-GDP ratio of —4.82% before the sudden
stop. Markups influence this ratio because a higher markup increases the wedge between export
prices and input costs, thereby raising the value of exports and, in turn, the net export-to-GDP
ratio. Figure 5.1 illustrates the relationship between markups and the net export-to-GDP ratio. The
resulting calibrated average markup for non-maquiladoras is 1.16.

As export prices become more rigid, markups in foreign markets rise during the sudden stop.
Based on empirical evidence, the degree of price stickiness for exporters among non-maquiladoras
is calibrated to ensure that markups are equal across destinations during the sudden stop. I assume
that the goods markets are perfectly competitive, and the aggregator for final demand takes a CES
function with the elasticity of substitution 1.85.!> This number is calibrated so that real exchange
rate depreciates by 31.7% in response to the sudden stop shock.

The elasticity of substitution across manufacturing and non-manufacturing goods calibrated at
0.4, as indicated by Burstein et al. [2007]. The consumption share of foreign manufacturing good
is set to 0.11, based on Blaum [2024]. Labor elasticity is set to 1.84, as in Mendoza [2010]. Wage
stickiness is set to 0.08, in line with estimates from Fukui et al. [2023]. The discount factor is set
to 0.91, following Cugat [2022].

The monetary authority’s weights on CPI and labor stabilization, along with the exchange rate

pass-through to the price of foreign intermediate inputs (which is allowed to differ from one), are

SWhen I introduce a monopolistic competition under the Kimball demand or an oligopolistic competition with the
nested CES demand, the implied demand elasticity is bigger than this number. For example, average demand elasticity
is calculated to be 5.66 in Edmond et al. [2023] who estimate the Kimball demand by using the US Census data. If I
set demand elasticity to be higher, it results in a smaller degree of real exchange depreciation than what is observed in
the data. This occurs because lesser exchange rate devaluation is sufficient to increase export and satisfy the current
account balance. To avoid this issue and ensure consistency with the observed data, I consider the CES demand
function with perfect competition in my analysis.
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Figure 5.1: The Relationship Between Markup and Net Export

jointly calibrated to replicate a 2.8% decline in manufacturing employment observed in the data.
The magnitude of the sudden stop shock is calibrated to generate a 156.3% increase in the net

export-to-GDP ratio, consistent with empirical evidence.

5.2 Impulse Response Functions

Figure 5.2 and 5.3 show the impulse response functions.'® The change in allocative efficiency up
to the first order is —4.62%, while the change in allocative efficiency up to the second order is
—3.70%. This difference stems from the distinction between ex-ante and ex-post markups. Prior to
the sudden stop, the markup in foreign markets is lower than that in domestic markets. However,
during the sudden stop, the foreign markup rises due to price stickiness, narrowing the markup gap
between the two markets.

When second-order effects are considered, the increase in the foreign markup reduces the ex-
post TFPR gap, thereby alleviating allocative inefficiencies. As a result, the second-order change

in allocative efficiency is smaller in magnitude, indicating a partial mitigation of the misallocation

161 observe hump-shaped impulse response functions for the markup ratio across domestic and foreign markets,
labor in the manufacturing sector, and foreign intermediate inputs in the manufacturing sector. This pattern arises
from the fact that producers face sticky prices in foreign markets in foreign currency. When a sudden stop happens,
flexible producers reduce their prices in foreign currency because the marginal cost of production in foreign currency
decreases. In the subsequent period, some producers maintain these lower prices, leading to increased demand and
higher input utilization. The marginal cost of production in foreign currency recovers quickly after the sudden stop,
but some producers continue to offer lower prices due to the price stickiness, resulting in a decline in the markup on
foreign markets.
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caused by the shock.

The change in allocative efficiency is primarily driven by the relative expansion of maquiladoras.
When decomposed up to the second order, reallocation within non-maquiladoras accounts for 0.34%
of the decline in TFP in the manufacturing sector, while reallocation between maquiladoras and non-
maquiladoras contributes 3.36%. As discussed in Section 2.3, maquiladoras face fewer distortions
in their supply chains because they rely less on domestically produced intermediate inputs, which
tend to accumulate distortions throughout the production process.

This finding highlights the quantitative importance of maquiladoras—and more broadly, pro-
ducers in special economic zones— when analyzing TFP and GDP dynamics. Overall, reallocation
effects explain approximately 50% of the observed decline in value added in the manufacturing
sector.

The model matches key features of the data well. In the data, the sales share of maquiladoras
rises to 45.3% compared to 44.3% in the simulation. The sales share of exporters among non-
maquiladoras increases to 46.0% in the data, versus 39.3% in the model. Part of this discrepancy
may be attributed to the effects of NAFTA, which is not incorporated in the model. NAFTA likely
benefited exporters among non-maquiladoras, while having limited impact on maquiladoras, which
already benefited from tax exemptions prior to NAFTA.

Regarding input use, imports of foreign intermediate inputs declined by 0.1% in the data but
increased by 0.22% in the simulation. In terms of output, real value added in the manufacturing
sector declined by 5.2% in the data during the sudden stop. Given that the contribution of capital
to real value added was 1.5%, this implies that TFP and labor jointly contributed to a 6.7% decline.
The model, which abstracts from capital, predicts a 7.2% decline in real value added, suggesting a

close match with the data.

5.3 Robustness
5.3.1 Markup by Maquiladoras

In the benchmark analysis, I assume that maquiladoras and exporters within non-maquiladoras
charge the same markup, which is set to 1.05. As a robustness check, I vary the markup for

maquiladoras to 1.00 and 1.15, while keeping the markup for exporters within non-maquiladoras
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Figure 5.2: Transition Dynamics during a Sudden Stop

Note: The figure reports the impulse response functions. Panel (a) reports the magnitude of the sudden stop shock, which is unanticipated at time
zero. Panel (b) reports the net export to nominal GDP ratio. Panel (c) reports the sales share of maquiladoras as a percentage of value-added in the
manufacturing sector. Panel (d) reports the sales share of exporters excluding maquiladoras as a percentage of value-added in the manufacturing
sector. Panel (e) reports the impulse response function of real exchange rate, expressed as a percentage deviation from the steady state. Panel (f)
reports the ratio of markup by non-maquiladoras for the foreign market to that for the domestic market.
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(g) Foreign Intermediate Inputs in Manufacturing Sector (h) Labor in Manufacturing Sector

oaF , , , , . , , , , 1
0.7+ B 4
0.6 1 L

> > |
2 05/ * g

[0} w0

L 04r 1 « 1

IS 1SN
0.3F 1 1
0.2f ] J
01f 1 ]

L L L - & L
-2 0 2 4 6 8 -2 0 2 4 6 8
(i) Allocative Efficiency up to the First Order (j) Allocative Efficiency up to the Second Order
-05F 1 051 ]
1k 4
1k 4
15F 1

E a2l i E 15¢ .

w0 w0

0 -25F B n  -2F 4

1SN 1SN

3r 1 25} 1
-35¢ 1
3k 4
4+ 4
45t i i i I ] Bl s : : . ]
2 0 2 4 6 8 2 0 2 4 6 8
(k) Real Value-Added in Manufacturing (f) Reallocation across Maquiladoras and Non-Maquiladoras
[o)) e—
| -05F 1
J By J
3 >
o) )
A - 1 Q15+ 1
wn w0
w0 w0
2 ] X ol 4
1 25} 1
3t 4
4 6 8 -2 0 2 4 6 8

Figure 5.3: Transition Dynamics during a Sudden Stop

Note: The figure reports the impulse response functions. Panel (g) reports the impulse response function of the quantity of foreign intermediate
inputs in the manufacturing sector, expressed as a percentage deviation from the steady state. Panel (h) reports reports the impulse response function
of the number of workers in the manufacturing sector. Panel (i) reports the percentage change in allocative efficiency up to the first order. Panel
(j) reports the percentage change in allocative efficiency up to the second order. Panel (k) reports the percentage change in real value-added in
the manufacturing sector up to the second order. Last, panel (f) reports the reallocation effect up to the second order across maquiladoras and
non-maquiladoras in percentage terms.
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Figure 5.4: Impulse Responses under Alternative Maquiladora Markup Assumptions

Note: The figure reports the impulse response functions. Panel (a) reports the impulse response function of real value added in the manufacturing
sector, expressed as a percentage deviation from the steady state. Panel (b) reports the percentage change in allocative efficiency up to the first order.
Panel (c) reports the percentage change in allocative efficiency up to the second order.

and all other parameters fixed. The resulting impulse response functions are shown in Figure 5.4.
When the markup charged by maquiladoras decreases, the reallocation of resources toward
maquiladoras amplifies the decline in allocative efficiency, since their supply chains are less dis-
torted. This leads to a larger decline in real value added in the manufacturing sector. Conversely,
when the markup by maquiladoras increases, it mitigates the decline in allocative efficiency and
softens the contraction in real value added. In all cases, the second-order effect of allocative
efficiency partially offsets the first-order effect. The main results remain robust to variations in

maquiladora markups.

5.3.2 Markup by Non-Manufacturing Sector

In the benchmark analysis, I assume that non-maquiladoras and non-manufacturing sectors charge

the same average markup, set at 1.16. As a robustness check, I vary the markup for the non-
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Figure 5.5: Impulse Responses under Alternative Non-Manufacturing Markup Assumptions

Note: Note: The figure reports the impulse response functions. Panel (a) reports the impulse response function of real value added in the
manufacturing sector, expressed as a percentage deviation from the steady state. Panel (b) reports the percentage change in allocative efficiency up
to the first order. Panel (c) reports the percentage change in allocative efficiency up to the second order.

manufacturing sector to 1.06 and 1.26, while keeping the average markup for non-maquiladoras
and all other parameters fixed. The resulting impulse response functions are shown in Figure 5.5.

When the markup charged by the non-manufacturing sector increases, the reallocation of
resources toward maquiladoras amplifies the decline in allocative efficiency, as supply chains for
non-maquiladoras become more distorted. This effect reflects the fact that non-maquiladoras rely
more heavily on non-manufacturing intermediate inputs, which are now more distorted. As a result,
the decline in real value added in the manufacturing sector becomes larger. Conversely, when the
markup in the non-manufacturing sector decreases, it reduces the degree of distortion in the supply
chains of non-maquiladoras, thereby mitigating the decline in allocative efficiency and softening
the contraction in real value added.

Overall, the main results remain robust to variations in the markup charged by the non-

manufacturing sector.
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6 Conclusion

This paper analyzes the impact of a sudden stop on allocative efficiency and TFP. I show that
during a sudden stop, the reallocation of resources from non-exporting activities—typically more
distorted—to export-oriented activities—typically less distorted—Ieads to a decline in TFP. I
approach this question through a combination of empirical evidence, theoretical modeling, and
quantitative analysis.

Using detailed plant—product—destination level microdata from Mexico, I provide new empirical
evidence on how distortions and resource allocation patterns shift during a sudden stop. From a
quantitative standpoint, the model successfully replicates key moments in the data and shows that
resource reallocation accounts for approximately 50% of the observed decline in value added in the
manufacturing sector during the 1994 Mexican sudden stop. These findings highlight the central
role of misallocation dynamics in amplifying the real effects of sudden stops and highlight the

importance of incorporating micro-level distortions into open-economy macroeconomic models.
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A Appendix A: Additional Figures and Tables

A.1 Import of Foreign Intermediate Inputs
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Figure A.1: Foreign Intermediate Inputs in US Dollars
Notes: This figure illustrates the import of foreign intermediate inputs in US dollars from 1994 to 1995. The
data is sourced from the balance of payments records at the Bank of Mexico.

A.2 Export Price Index
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Figure A.2: Trade-Weighted Exchange Rate and Export Price Index
Notes: This figure illustrates cumulative logarithmic changes in trade-weighted nominal exchange rates and
export price indices relative to the month preceding the sudden stop. To calculate the export price index, we
subtract the the cumulative logarithmic change in trade-weighted nominal exchange rate from the cumulative
logarithmic change in export price index in local currency. The data source is credited to Burstein et al.
[2005].
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B Appendix B: Parameters

Parameter Description Value Note/Source
A. Parameters for Producers
WM.H Labor Input Share of Non-Maquiladoras 0.21  INEGI
VM.H Manufacture Input Share of Non-Maquiladoras 0.59 INEGI
SM.H Foreign Manufacture Input Share of Non-Maquiladoras 0.44  INEGI
WM .M Labor Input Share of Maquiladoras 0.14 INEGI
VM.M Manufacturing Input Share of Maquiladoras 0.95 INEGI
SM.M Foreign Manufacturing Input Share of Maquiladoras 0.95 INEGI
WNM.H Labor Input Share of Non-manufacturing 0.54 INEGI
VNM.H Manufacture Input Share of Non-manufacturing 0.31 INEGI
SNM.H Foreign Manufacture Input Share of Non-manufacturing 0.05 INEGI
UM H Average Markup of Non-Maquiladoras for Domestic Markets 1.17  Read the Main Text
My m Average Markup of Exporters 1.05  Read the Main Text
VY, Average Markup of Maquiladoras 1.05  Read the Main Text
UNM.H Average Markup of Non-manufacturing 1.16  Read the Main Text
Op Price Change Probability of Exporters 0.78  Read the Main Text
Ay u Sales Share of Exporters in Value-Added 0.26  INEGI
Ay Sales Share of Maquiladoras in Value-Added 0.29  INEGI
£hd Elasticity (Foreign vs Domestic Manufacturing Intermediate Input) 0.76  Boehm et al. [2023]
gmnm Elasticity (Manufacturing vs Non-manufacturing Intermediate Input) 0.2 Baqaee and Farhi [2022]
ghit Elasticity (Value Added vs Intermediate Input) 0.6 Bagaee and Farhi [2022]
o Trade Elasticity for Exporters and Maquiladoras 1.85  Read the Main Text
Table B.1: Calibration of Parameters (1/2)
Parameter Description Value Note/Source
B. Parameters for Households
¢ Consumption Share of Manufactured Good 0.21 INEGI
14 Elasticity (Manufacturing Good & Non-manufacturing Good) = 0.4  Burstein et al. [2007]
0% Consumption Share of Foreign Good 0.11  Blaum [2024]
B Discount Rate 0.91  Cugat[2022]
L Labor Supply Elasticity 1.84  Mendoza [2010]
Ow Probability of Changing Wage 0.08  Fukui et al. [2023]
C. Other Parameters
) Weight Placed on CPI by Monetary Authority 0.842  Read the Main Text
o Pass-Through Rate 0.53  Read the Main Text
TV AT Value-Added Tax 0.1
Tlabor Payroll Tax 0.25
Trarif f Tariff on Foreign Intermediate Inputs 0.08

Table B.2: Calibration of Parameters (2/2)
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C Sufficient Statistics Analysis

C.1 Sufficient Statistics Approach

I consider a small open economy framework, building on Bagaee and Farhi [2024], with the key
distinction that I analyze changes in TFP up to the second order. Let N denote the set of plants in
the economy. Each plant is assumed to produce a single type of product. Some plants serve both
domestic and foreign markets, while others supply only one. Production at each plant requires labor,

capital, and intermediate inputs, which may be sourced from either domestic or foreign producers.

Producers

Each good i € N is produced using a constant-returns-to-scale production function:

Vi = AiFi (li, ki» {xij}jENUT) ’

where A; is an exogenous Hicks-neutral productivity shifter of plant 7, /; is the labor input of plant
i, k; 1s the capital input of plant i, x;; is intermediate inputs from plant j. Plants may use foreign
intermediate input j € F to produce outputs. Importantly, the ideal markup by plant i could
be different across destinations. p; 4 is exogenously given ideal markup of plant i for destination
d € {D,F*}. The destination is either the domestic market (9) or the foreign market (7).
This ideal markup, y; 4, incorporates all distortions stemming from various sources such as tax
distortions, financial frictions, market power, and other relevant factors.

Plant i chooses inputs to minimize cost and sets destination-specific prices:
Pid = Hiamci,

where mc; is the marginal cost of production, assumed to be identical across destinations within

each plant.
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Nominal GDP, Input-Output Matrices and Sales Shares

Nominal GDP, equal to aggregate value added, is given by:

2,Pi= 2, 0, Pt = ), ), Py = GDP.
ieN ieN jeN ieN jeF
The first term represents gross output, the second captures expenditure on domestic intermediate
inputs, and the third reflects foreign intermediate input spending.
Let Q be the revenue-based input—output matrix of size (N +2+ F) X (N +2+ F). Each

entry is:
PjXij
Qi = ,
PiYi

denoting the share of producer i’s revenue spent on inputs from j. The last 2 + ¥ rows are zero
because capital and labor require no inputs, and the expenditure shares of the foreign intermediate
input on domestically produced products are zero due to the small open economy assumption.

The revenue-based Leontief inverse matrix is given by
¥=(-Q°",

Let udenote the diagonal matrix of markups, then the cost-based input—output matrix is:

~ PjiXij
Q=pQ=—7-——.
Z}V:il+7‘_ P Xij
The corresponding cost-based Leontief inverse is:
P=(1-9)".

While ¥;; captures how spending on good i affects the sales of good j through production network,
¥, ; captures how the price of j affects the marginal cost of good i.

Define the forward and backward exposure of GDP to good k as:

/lk:/ Qy ;WY rdi,
ieN
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Ak =/ Qy ¥ xdi,
ieN
Piqi

where Qy; = &5 is the share of final output of good i in GDP, and g; = y; — . ;e ;i 18 the final
output of good i. Notice that g; < 0 holds for the foreign intermediate inputs i € . Let Ay, Ak,
A7 denote the shares of labor, capital, and foreign intermediates in GDP, respectively, and Ar, Ax,
/~\j.‘be their cost-based analogs.

The harmonic average markup of plant i across destinations is:

Lip g\
i = ( i,.D + i ) '
HiD  HiF+

Real GDP

Using Divisia index weights, the local change in the aggregate price level at time 7 is:
dlog Py, = Z Qyi:dlogpi;.
iIENUF™

Then, the local change in real GDP is:
dlogY; = dlog (GDP;) — d log Py ;.

The Change in Allocative Efficiency

For any variable X, the global change from time 7 to 7 + 1 is defined by integrating local changes

over the interval:

t+1
Alog X; = / dlog X;.
\)

s=t
The second-order approximation of the global change in real GDP at an inefficient equilibrium

is given by the following lemma.

Lemma 1. The global change in real GDP at an inefficient equilibrium from time t to t + 1, can be

approximated up to the second order by the following equation:

Aps+ A Ap:+A Ak +A
alogy, ~ [ (T)Algfwk(f Alogm(w)mgm
keN
Change in Technology Change in Labor Change in Capital
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A+ R, —A - A

it i,t+1 i,t+1

2

* ),

ief

) Alog X; ;

Change in External Inputs

A+, AL A

i,t+1 i,t+1

/~\f,t + [\f,t+1

AlogAg, =
ief

2 2

Akt +/7kt+1)
— ————— | Alog uydk —
/keN( 2 ' Z

Se{K,L}

Alog A;, .

Change in Allocative Efficiency

where Xi; = Y. jen Xjis Jor i € F denotes the total quantity of imported intermediate good i.

Lemma 1 provides the second-order approximation of Theorem 1 in Baqaee and Farhi [2024].
As shown in their work, the change in real GDP can be decomposed into four components: the
change in pure technology, the change in factor inputs, the change in external inputs, and the
change in allocative efficiency. Correspondingly, the change in TFP reflects the combined effects of
changes in technology, external inputs, and allocative efficiency. The change in allocative efficiency
specifically captures how reallocation contributes to the overall change in TFP and thus to real GDP.

To account for second-order effects, I follow Baqaee and Farhi [2024]’s approach by averaging
the coeflicients at time ¢ and ¢ + 1 for each term. For example, the change in labor input, Alog L,

is weighted by the average of A ; and Ay ;1 when computing the second-order contribution.

Reallocation from Non-Maquiladoras toward Maquiladoras

I'use lemma 1 to see how reallocation across maquiladoras and non-maquiladoras contribute to the
change in TFP.!” To calculate the change in allocative efficiency, I need to know the input—output
relationship, the cost structure of production and markup of each producer. I rely on the World
Input-Output Database (WIOD) to measure the input—output linkages and the final output share in

the manufacturing sector. The cost structure of production can be obtained directly from the EIA

7To be specific, I subtract the sales-weighted change in average markup of maquiladoras and non-maquiladoras
from the weighted change in factor shares.
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and the EMIME. I calculate markups as total sales relative to total variable costs.'3

The resulting change in allocative efficiency due to reallocation between maquiladoras and
non-magquiladoras is —3.50%, highlighting the quantitative importance of this margin. As shown in
Section 2.3, maquiladoras operate with less distorted supply chains, so a shift of resources toward
maquiladoras tends to worsen allocative efficiency.

While markup estimates from the data reflect all sources of distortion—such as market power,
financial frictions, and tax distortions—the quantitative model explicitly separates tax distortions
from other forms of inefficiency. Notably, the reallocation effects computed in the quantitative
exercise are consistent with those obtained through the sufficient statistics approach, reinforcing

the robustness of the findings.

Reallocation toward Product Lines for Foreign Markets: First-Oder Effect

I next examine how reallocation toward product lines for foreign markets contributes to changes in
TFP. When the markup for foreign markets is lower at the plant—product level, reallocating output
toward those markets is expected to reduce plant—product-level TFPQ.

To compute the change in TFPQ at the plant—product level, I begin by defining the price deflator

for product j at time ¢:

dlogP;; = Z/ljd,zdlogpjd,t,
d

where d indexes the destination (e.g., domestic or foreign), and A4, = % is the share of sales
JtE s

of product j at destination d, relative to the gross output of product j.

The change in real gross output at the plant—product level is then given by:

dlogY;; =dlogP;;Y;,—dlogP;;.

18Total variable costs consist of total remuneration, raw materials of national origin, imported raw materials,
containers and packaging used, electrical energy consumed, fuels and lubricants consumed, expenses for maquila
services, and the cost of capital. The cost of capital is calculated by the product of the capital stock and user cost of
capital. The capital stock is reported by plants in the EIA. The user cost of capital is the sum of the rental rate of capital
and the capital-specific depreciation rates. See Supplement Appendix E for these capital-specific depreciation rates.
The rental rate of capital is set to 8.8% for 1994 and 17.3% for 1995, which is the annualized international interest rate
faced by Mexico from Neumeyer and Perri [2005] computed as the 90-day U.S. T-bill rate plus the emerging market
bond index (EMBI) for Mexico, adjusted by U.S. inflation. As for maquiladoras, I cannot observe the value of capital
stock. Hence, I use rental expenditures on various capital items, including machinery, equipment, buildings, and office
space reported in the EMIME, as a proxy for the cost of capital.
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I assume that the production technology is identical across destinations for each plant—product pair.

In such a case, the change in TFPQ at the plant-product level is given by the following lemma.

Lemma 2. The global change in TFPQ at the plant-product level up to the first order is given by

1y,
AlogAj;~ > Aja;Alog Aja;—Cova,,, (u ']dtt ,Alogy jd,,) .
d Ja,

Change in Technology ; , Reallocation Effect;,

Ajq, is Hicks-neutral productivity shifter at the plant-product-destination level, u;; is the
harmonic average markup of product j, u;jq, is the markup of product j for destination d, and
dlogy;, is the change in quantity of output of product j for destination d. This lemma is a
plant—product-level version of Lemma 2 in Baqaee et al. [2024]. The first term captures the
direct contribution of technological change at each destination, while the second term reflects the
reallocation effect—how shifts in sales across destinations, each with different markups, affect
TFPQ. An immediate implication is that if a product is sold only in one market (e.g., the domestic
market), the reallocation term is zero, since no destination-level substitution is possible.

Empirical evidence shows that, during the sudden stop, output expansion was greater for product

lines sold in foreign markets, which tend to have lower markups. As a result,

Cova,,, (ﬂ,Alogyjd,,) >0,
Hjdt

implying a negative reallocation effect on TFPQ. This is consistent with the prediction of the
stylized model, which analytically shows that this covariance term is positive when markup is lower
in the expanding destination (foreign market), thus reducing aggregate TFP.

I estimate this reallocation effect using plant—product—destination-level data. The sales shares
Aja; and quantity changes Alogy;; are directly observed. Markups are calculated using the
accounting approach, as previously described. For multi-product plants, I assume a common
markup across domestic products.

After computing the reallocation effect on TFPQ at the plant—product level, 1 aggregate its
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contribution to overall TFP as:

Z A; Reallocation Effect; ,,
J

where 1, is the cost-based sales share of product j . The calculated effect on the change in
aggregate TFP is —0.63%.
Reallocation toward Product Lines for Foreign Markets: Second-Oder Effect

Empirical evidence indicates that the markup difference across destinations disappeared during the
sudden stop. This has important implications for analyzing the global change in TFPQ up to the

second order.

Lemma 3. The global change in TFPQ at the plant-product level up to the second order is given
by

1 K,
AlogAj, ~ ) 5 (jas + Ajaet) Alog Aja, ~Covay,, (ﬂ—’d’l Alogy jd,,)
d Ja,

Change in Technology First-Order Effect ;,

1 Mj.t Hjr+1
+=|Covy; t(—’,Alogy-d,)—Cov,l. . (’—,Alo Yidtl|-
2( T\ i o A Wjd et SYjds

Second-Order Effect; ,

The second term captures the first-order effect and the sum of the third and fourth terms
capture the second-order effect in allocative efficiency. Lemma 3 implies that when the sales
share and markup remain constant from time ¢ to ¢ + 1 at the plant-product-destination level
(Mjas = Mjde+1s djay = Adja+1 Yd), the second-order effect is 0. When the magnitude of the shock
is substantial, as is the case with a sudden stop shock, the second-order effect cannot be ignored.
As my empirical analysis has revealed, the sales share and markup of product lines for foreign
markets experienced a remarkable increase during the 1994 Mexican sudden stop. In essence, this
translates to A, # Adja 41 and pjg, # i1

Cova,,, (M,Alog y jd’t) is expected to be positive because product lines for the foreign

Mjd.t

market had lower markup before the sudden stop and they expanded their production during the
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sudden stop. My empirical evidence shows that there was no markup difference across desti-

nations during the sudden stop, which is likely to make the markup ratio p%
Ja,

closer to 1 and

Mjt+1
Hjdr+1’

Cova,g ( Alogy jd,t) closer to 0. Therefore, the second-order effect is expected to be
positive. In the stylized model, I analytically show that this second-order effect is positive.

Once I calculate the change in TFPQ at the plant-product level due to the reallocation effect,
I can calculate its effect on the change in aggregate TFP up to the second order by using Lemma
3. The second-order reallocation effect on aggregate TFP is estimated to be —0.34%. Compared
to —0.63% for the first-order effect, the second-order term partially offsets the allocative loss. This
occurs because the increase in markups for previously underpriced foreign-market product lines
leads to a more uniform distortion profile across destinations, improving efficiency.

However, the quantitative magnitude of the destination-level reallocation effect remains small

relative to the larger reallocation from non-maquiladoras to maquiladoras, consistent with the

findings from the quantitative model.
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D Proofs

Proof of Lemma 1

According to Baqaee and Farhi [2024], the local change in real GDP is expressed as:

/ Txdlog Ak + Rp,dlog Lo+ Y (A7, - AL,) dlog Xi,
keN ieF 7 ,

_ / Tisdlog pgdk = Ap,dlog Ay~ Y ([\;f, - A;",) dlog AL,. (D.1)
keN ief ’ , ’

Now I think about a function /s :1 xsdlog ys. The first-order logarithmic approximation of x; for

this function can be expressed as:

t+1
1
/ xsdlogy, = (xz + E (Xp41 _xt)) (log)’tﬂ —log Vi)

=t

By integrating equation (D.1) from s = ¢ to s = ¢ + 1 and applying this formula to each term, I

obtain the desired equation.

Proof of Lemma 3

The global change in TFP up to the second-order is expressed as:

t+1
1
/ dlogTFPj s~ Alogpu;, - / (/ljg,z ) (20041 — /lje,r)) Alog jg,d0

-t 0e{D,F*}
1
= Alogpuj, - / AjosAlog pjo,d0 — 5 / (Aj0.0+1 = A70.) Alog u70,,d0.
0e{D.F*} 0e{D, 7}
(D.2)

Now I narrow my attention to Alog u;;, which is denoted as fs :1 dlogu; (s).

t+1 t+1 A
jo.,s
/ dlogpu;(s) = / —Hj / (dlogdjes —dlogujgs) do
s=t 0e{D,F* } Hjo,s

t+1 0.5
/ / S0 (og 1y, — dlog Ajs.) d6
0e{D,F* } #Jes
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s=t Hjo,s
—_———
E)ngys

t+1 pl ‘0
:/ / 1522 (dlog pje. — dlog g d6.
0e{D,F*}

By performing the first-order log approximation of x g s, I get

t+1
/ Xjo.s (dlogpjos —dlogdjgs) = xjg. (Alog uje, — Alog Ajg,)
s=t
1
+ 5 (Xje,t+1 —xje,z) (A log Hjor — Alog /lje,z) .

Therefore, I get

1
Alog ;. %/ } (Xje,r (Alog ujg, —Alogdjg,) + > (xjo.41 —Xjos) (Alog ujgs — AlogAje,) | dO
0e{D,7*

Aoy
= / Hj,s J (A log pj6, — Alog /lje,t)
0e{D,F*} Hjo
1 Ao r+1 Ajo
+ 5 (/Jj,t+1 JOrT — My, / ) (A logujg,, — AlOg/ljg,[) dé.
Hjo,t+1 Hjo.r

By substituting the approximated A log 1 ; into equation (D.2), I get

t+1 A 0.1
/ dlogTFP; x/ Hjs 2 (Alog pjg, —Alogdjg,) do
s=t 0e{D,F*} Hjo,
1 Ao 141 Aoy
+ = / (/Jj,t+lj— —Mjt ! ) (A log wjgs — Alog/lje,t) do
2 Joe(D.F%) Mg i+1 Mo
1
- / AjoAlog ujgdb — 3 / (Vo1 = Ajo.s) Alog uje,db,
0e{D, 7~} 0e{D, 7~}
t+1 /ljet
<=>/ dlog TFP; z/ pijs—— (Alog e, —Alogﬂje,t)de—/ AjorAlog e do
s=t 0e{D, 7} M6, 0e{D, 7"}
=A

1 Ajor+1 Aje,
+ = / (ﬂj,m i — t) (Alogpjor —Alogdjg,) — (o041 — Ajoy) Alog ujg, do ¢ .
2 1 Joe(n.7) Mo+l Hior

=B
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I focus on term A.

Adjo,
A= / Hj.s il (A log,ujgt AlOg/ljg,t) do —/ /ljg,tA logﬂj971d9
0e{D,F*} Hjo.r 0e{D.7"}

= E/lje,z [ﬂ Alog,ujgt] E/lja,z [,u AlOg/ljgt] E/lj(_“ [AlOg/lng]

Jjo.t Jo.t

Hj,s

+E/1je,t ['u o :|E/l}6t [Alog,ujgz]
Jo.t

———
=1

=Covy,,, [A,Alogu-g,
70 e a

Hj, Hj
- COVAJ.(_” [—] a ,Alog g, +E),, [ 2 ] E) i, [Alog/llgt] —Ey,, [A]og,ujg,,]
Mot Hjo.r
=0
= Covayy, [M,Alogpﬂm] —Cova,y, lm,Alog/ljg,,]
T LMo T LMo

. A
=—-Cov,. M,Alo 101 .
Jjo.t g

Hjo.r Hjo.r

Next, I focus on term B.

Ao r+1 Aoy
BZ/ (.Uj,z+1 I — ;i —= | (Alog uje, — Alog djq,) d6
0e{D,7*} Hjo,t+1 Mot

—/ (Ajo.0+1 — Ajos) Alog pje,do
0e{D,F*}

Ao r+1
= Ml (Alog ujg, — AlogAje,) do — Ajorr1Alog pjg ,dO
6e{D,F*} Mjor+1 0e{D,F*}

Adjg
- {/ (,u P ) (Alog p1je, — Alog A;q,) dO —/ Ajo,Alog ,ujgvlde}
0e{D,F*} Mjo. 0e{D,7*}

A . A
==CoVyg, [,u, ad ,Alo g( ]H’Z) +Cova,y, [ﬁ,Alog( ]'e’t)].
Mo, Hjo.t

Hjo,t+1 Mot
I know that Alog ( 19’) = Alogy g, +Alogmecj; —Alogp;y;.

In the end, the global change in TFP up to the second order is given by

Hjt
—Covy,,, [;, Alog ng,t]
Mo,

Mji+1
( Covﬂjerﬂ [/,t

M.t
+C0v,l 0 [ /
Hjo.

Alogy]()t

I\JI'—‘

orel 7A10gy]9,l‘:|)
Jjo,t+

57



which concludes the proof of Lemma 3.
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E Depreciation Rate

There exist four distinct categories of capital: machinery and production equipment, transportation
equipment, construction of buildings and land, and other fixed assets, including office equipment
and others such as computers. In accordance with Iacovone [2008] and Kikkawa et al. [2019], the

depreciation rates for these capital assets are provided in the subsequent table.

’ Type of Fixed Assets \ Depreciation Rate ‘
Machinery and Equipment 10%
Buildings 5.5%
Transportation Equipment 20%
Office Equipment and Others 21%

Table E.1: Depreciation Rates of Capital
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F System of Equations

In this appendix, I describe the system of equations used in the quantitative exercise.

Household

(i) Consumption Expenditure Shares

The change in the consumption expenditure share of foreign-produced manufacturing goods (y)

can be expressed as follows:

Alogy: = (1=n) (1=7) (Alog (&P ) ~ Alog Py

(F.1)

It is important to note that due to the small open economy assumption, Alog P; = 0. The

M, Ft

change in the price of domestically produced manufacturing consumption goods (P g () 1S given

by

Alog Py iy = wyaAlogW, + (1 —wm ) (1 —vm) Alog pym.iy

+ (1 —wmn) vmr (supAloge + (1 — cp ) Alog puiy)

The change in the price of manufacturing intermediate input (p s ;) 1S given by

Alog puiy = wmaAlog Wy + (1 —wp i) (1 = vm) Alog pym.ii

+ (1 —wmn) viu (smaAloge + (1= sp ) Alog puris)

The change in the price of non-manufacturing intermediate input (pyas i) 1s given by

Alog pym.iiy = onmaAlogW, + (1 —wymm) (1= vm,a) Alog pym.iis

+ (1 — wnmu) vwmp (snmpAloge + (1 — sy ) Alog paiiy)

The change in the consumption expenditure share of manufacturing goods (¢) is given by

Alogg, = (1-2) (1-¢) (AIOgPM,t—AIOgPNM,H,z)
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The change in the price of manufacturing consumption goods (Pjy,;) is given by
Alog Py, = yAlog (etP;‘W’ F’,) +(1 =) Alog Py s (F.6)
Lastly, the change in the price of non-manufacturing consumption goods (Pys ) 1s given by

Alog pymas = wnm,uAlogWr + (1 — wym,u) (1= vivmm) A1og pamiy

+ (1 — wymu) vm i (snmuAloge + (1 — eymu) Alog paiy) (E.7)

(ii) Aggregate Consumption and Consumer Price Index

We need an equation which pins down the change in aggregate consumption, as this is needed for
calculating marginal utility from consumption, a factor that plays a role in the New Keynesian Wage

Phillips Curve derived in the next section. The definition of nominal GDP can be expressed as
Aggregate Consumption + Net Export = GD P,

& PCC, + €0, = GDP;

By log-linearizing this equation, we get

Alog GDP, — 2~ (Alog e + Alog ®
Alog PC + Alog €, = —= 271~ GDP (e@ i g®) (F.8)
1 - o5

The change in the consumer price index, represented as A log PC, can be expressed as follows
Alog PS = ¢pAlog Pys + (1 — ¢) Alog Py (F.9)

(iii) New Keynesian Wage Phillips Curve

Union [ chooses {W; (1), N; ()} to maximize the objective function:

D E(B(1=6))" [u(Cras, Lisy)]
s=0
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1 .
where L, = /0 ny+s (1) dl and the constraints are

C
PrCi+ €450 = WigsLigs + iy

The first order condition with respect to W; (/) gives us

—€—1 —€,—1
_u2,t+sfwh (Wt—(l)) + Arss (Nt+s (l) -W; (l) fw% (W[ (l)) )] =0

i (B (1 - 6w))s
s=0

Wl‘+S Wt+s Wl‘+S WZ+S
h _ Ou(Ciys,Liss) The h hold’ LI : : li 1 _ Ult+s Bv defini
where uj sy = 0L—I+s . € nousenolia s OptlleﬂtIOl’l mples Aqyg = PT . y aenning

t+s

Uy = E;—“_’], Ul t+s = MUy, and —up 45 = M D 44, we can simplify this expression further:

Yoo (B(1=0y))" Niws (1) ptwM D5

Wi (1) =
220 (B (1= 8,)) Nyas (1) MUps (52-)

Log-linearizing this equation, we obtain:

Alog W™ (1) = (1= B (1= 6,)) Y (B(1=6,))° (A log Py, — Alog MU, + Alog MDM)
s=0

1

Log-linearization of the wage index equation represented by W, = ( /01 W, (I)!=6 dl)m, we
obtain

Alog W;y1 = 6,,Alog W (1) + (1 - 6,,) Alog W,

t+1

Combining these two equations and using the , we arrive at:

(AlogW, — AlogW;_1) — B (Alog W11 — AlogW;)

MD
= ¢, |-AlogW; + {Alog P¢ + Alog d (F.10)
MU,
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_Lt 17yHH_1
where ¢,, = lf‘g (1-8(1-46,)). Utility function is given by u (C;, L;) = [ : ]

l-yHH

Alog (%&) can be expressed as

MD, %
Al ~ Alog [ =
Og(MUt) Og(PC)

=(-1)AlogL (F.11)

Producers in Manufacturing Sector
(i) Sales Share

The sales share of an exporter of type 6 can be expressed as:

* *
€PyMH0,:YMHG

/l*
M,H0,t —
VAMJ

*
Ym,H,6
*

M. Ft

& Alogdy, o, = Aloge + Alog piy g, + Alog ( ) +AlogYy o, —AlogVAy,

where Y

T.r,; 18 the total imported manufacturing consumption by foreigners. Importantly, foreign

aggregate demand remains unaffected during a sudden stop (AlogYy ,, . = 0). Additionally, we

know
y*
M.H.0.t * . x *
Alog — =~y oA Py o0t Our 108108 Py
M,F,t
where P, ., is the aggregate import manufacturing price index in foreign countries. Small open

*

economy assumption leads to Alog P}, .,

= 0. This leads us to the simplified equation:
Alog Ly 0, = Moge + (1= 1) Alog iy ., — Alog VA, (F.12)

We denote the expectation over producers of type 8, some of which can adjust their prices while

others cannot, with the symbol E. The expected sales share for an exporter of type 6 is given by

E [Alog Ay 0,] = Aloger + E | (1= 05p.110) Alog Py, ~ MlogVAw, (F.13)
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Taking the sales-weighted expectation of (F.13), we can derive the change in the total sales

share by exporters in manufacturing sectoras follows:

Alog Ay py = Ex, s |E [Alog Xy pr6,] ]

MH

& Alog Ay y, =Aloge+Ey;, , [E [(1 - 0';/1,1{,9) Alog p;d,H,H,t]]

=
’1M,H

— Alog VA, (F.14)

M,H,0

/IMH

the next section.

E [E [(1 - O'IT/[’Hﬁ) Alog PL,H,Q,;” can be derived by solving the price-setting problem in

(ii) Price and Markup

Exporter in manufacturing sector 6 sets its price in foreign currency ( Py Ho t) SO as to maximize

Z )’ E, [Qlt+syMH91 (pMHet mc;kl/I,H,H,t)]
s=0

subject to

% -0
. | PmH0 v
YmFor = P M,Ft
M,F.t

The first order condition with respect to p}, , 4, 1s given by

N
My H.0.t+s

(o) * * * _
1 s Ervs | OVt 16045 /y MH,+s | PM.H,0.t €res
(:8( - 517)) ut (Crass Lits) P > IMHO+s| 1T 9p* /D ¥
=0 t+s Pym ot Pymmos Pynes
_ Ou(Cras,Liss) : * _ _ ayj\/l,H,H,t/y*M,H,é),r
where u| (Cryg, Liys) = o By using OMHOL = "0 0 P mas” we get

A s E " MCr H.0.0+
mc;/[,H,g,z ) ZS 0 (,8(1 -0 )) [”1 (Cras> Liss) p[:yMHQHS( OM.H.0,1+s mcMﬂg,é)]

* flex - s %
Piins I8 (1=5,)" [ (Crass Lin) #55iges (1= Timgnes) |

(F.15)
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where nfcj\lHHz = Dm0 By log-linearizing equation (F.15) and using Alog :“}kleem =

€t+s

=Pyne 1 (y’IF\/I,H,G,Hs )
Pyvie TMH.6 A 10g Yy taes ) we get
#,fl * A % * *
Alog PM{I;,);,; = (1=B(1-6p)) |Phmedlognicy po,+ (1 - PM,H,e) Alog Py r,
—_———
=0

#, fl
+B(1-6,) Alogpylie

The expected price for an exporter of type 6 are given by

*,flex

E [A10g Pl sy g141] = 6pAlog Prrrosn T (1=06p) Alogpiy 4,

By combining these two equations, we get

E [A log P;ﬁu,H,e,z —Alog PL,H,@J—L] - BE [A log p?\l,H,O,t+l — Alog P?w,H,e,z]

= ¢y |~E [A10g Py 0] + P10 (i 10 | (F.16)

where ¢, = lf—gp (1-B(1-6,)).

By subtracting £ [A log nicj‘w’H’gJ — Alog n/ll\C*M,H,G,t—l] - BE [A log nic}kw,H’g’t+1 —Alog m“chLH’gJ]

from both sides of equation (F.16), we get the difference equation for E [A log 1y . t] :

E [A log :u}k\/I,H,H,z —Alog :“;FVI,H,e,z—l] - BE [A log lu;kVI,H,G,Hl —Alog /“l}ktd,H,G,t]
=~ [Alog (i g, ) - Mog (ricy g, )| + BE | Alog (ricy .41 ) - Alog (mciy g, |

Ty [_E [Alog /“L;k\/I,H,H,t] + (p;kl/I,H,H,t - 1) Alog (’ﬁC*M,H,e,m)]
(F.17)

From equation (F.16), we can calculate the dynamics of E; , [E [(1 - UL’H’Q) Alog p;‘W’H’B’l”
vm

which shows up in equation (F.14).

Ex e [E [(1 - 0';4,H,9) Alog P po — (1 - UX/I,H,G) Alogpj\/[,H,H,t—l”

*
/lM,H
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—BEx, ., [E [(1 - O-;\k/[,H,H) A1Og Pt 1.g.0e1 ~ (1 - 0';(/1,}1,9) Alogp?\/[,H,H,t”
A1

=@
Ty A1

B0 [E [(1 - O-IT/I,H,H) Alog p*M,H,é),t” +EL, L, [p*M,H,H (1 - O-IT/I,H,G)) Alog ('ﬁC*M,H,H,t)H

(F.18)

The change in marginal cost of production for exporters in foreign currency is given by

Alogmciy g, = Wiy b log Wi+ (1= wiy ) (1= vig) Alog pri
+ (1 - cu}kvLH) VL,H (g;LHA loge + (1 - g;I’H) Alog pM,ii,t) —Aloge;, (F.19)
(iii) Input Shares
The change in foreign intermediate input share can be expressed by
Alog sy = (1-£%) (1= sru) (Aloge - Alog puis) (F.20)
Alog ¢}y, = (1 - gf’d) (1 ~¢r M) (Alog & — Alog par.ii) (F21)
The change in manufacturing input share can be expressed by

m,nm) (

Alogvy ., = (1-¢ 1=vun)

(smuAloge + (1 — g m) Alog pa iy — Alog pnwmiis) (F.22)

Alog vy, = (1=€™™) (1= v}, )

(st loge + (1= i) Alog pavis = Alog puasis) (F23)

The changes in labor input share can be expressed by

AlOg WM Ht = (1 — fl’ii) (1 — a)M,H)

(AlogW; — (vmm (smuAloge + (1 = sy ) Alog pariis) + (1 = varu) Alog pymiis))
(F.24)
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Aog iy, = (1-89) (1-wiyu)
(A log W; — (V;k\/I,H (g;[,HA log € + (1 - 93/1,}1) Alog pMil-,-,,) + (l - v}"WH) Alog pNM,ii,t))
(F.25)
Producers in Maquiladoras
The equations for the sales share, price, and input shares for maquiladoras parallel the derivation
for producers in the manufacturing sector.
(i) Sales Share

The change in the total sales share for maquiladoras is given by

A]og/l;‘w’M’t = Aloge + E/%,M,e [E [(1 - 0';/1,11/1,9) Alogp;ﬁv[,M,e,t”

E3
/IM,M

—AlogVApy, (F.26)

(ii) Price and Markup

The difference equation for £ [A log Py a6, [] is given by

E [A log p}k\/l,M,G,t — Alog p?\/l,M,G,t—l] - BE [A log p?l/[,M,O,Hl —Alog p;k\/I,M,Q,t]

= ¢y |~E (8108 Py ar0.] + Phyarot 108 (s ara )| (F.27)

The difference equation for £ [A log 1y 116, t] is given by

E [A log NL,M,@J — Alog #7\4,M,9,z—1] - BE [A log :“;4,M,0,t+1 — Alog /J}kw,M,H,t]
=-E [A log (”fc}kvl,M,e,t) — Alog (”icjvz,M,e,z—l)] + BE [A log (”fCT\/[,M,a,m) — Alog (n;icjl/[,M,Q,t)]

2 [_E [A log ﬂ?w,M,e,r] + (p;kl/I,M,G,t - 1) Alog (’ﬁc;kvl,M,H,tH)]
(F.28)
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Ex .y [E [(1 — Oy M,e) Alog py, M,e,t” satisfies the following difference equation:

v

Ex e [E [(1 - O-IT/I,M,H) Alog Py vor = (1 - O—IT/I,M,H) Alog Py vg.4-1
M o

“BEx, ., , [E [(1 - O-;/[,M,é)) A10g Py v g.a+1 — (1 - O-;\k/[,M,H) Alog p*M,M,G,t_ |

MM

=@

“E %, 0 [E [(1 - UX/[,M,H) Alog p?\d,M,(),t” +ELG, 0, [p}k\/[,M,H (1 - 0';4,M,9) Alog (Wicj\l,M,é),z)_

* *
D m m

(F.29)

The change in marginal cost in foreign currency for maquiladoras is given by

Alog rﬁcjl/I,M,G,t = w;/LMAlOg W, + (1 — a);,[,M) (1 - V;k\/I,M) Alog PNM. it

+ (1 — Wy M) Vi (934, yAloge + (1 —i M) Alog p M,i,,) —Aloge (F.30)

(iii) Input Shares

The change in foreign intermediate input share can be expressed by

Alog 6%y 4y, = (1 - gf’d) (1 - g;;,’M) (Alog & — Alog par.i.) (E31)

The change in manufacturing input share can be expressed by

Alog iy, = (1= €™ (1=} )

(S‘L,MA loge + (1 - S'}ku,M) Alog p iy — Alog PNM,ii,t) (F.32)

The changes in labor input share can be expressed by

Alog iy uy, = (1-€5) (1 - wiyu)
(A log W; — (V}kw,M (gL’MAlog € + (1 - g;[’M) Alog pM,,-i,,) + (1 - v}"W’M) Alog pNM,,-i’,))
(E.33)
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Producers in Non-Manufacturing Sector

The equations for the input shares for non-manufacturing sector parallel the derivation for producers
in the manufacturing sector.

(i) Input Shares

The change in foreign intermediate input share can be expressed by

Alog syus = (1= €) (1= oum.n) (Alog e — Alog puis) (F.34)

The change in manufacturing input share can be expressed by

Alogvym s = (1 =" (1= vNmm)

(svmaAloge + (1 — symm) Alog puiis — Alog pnmiiy) (F.35)

The changes in labor input share can be expressed by

Alog wnm s = (1 - fl’ii) (1 -wNmn)
(Atog W, = (Viur (Shunsdlog e+ (1= Shari) Alog passie) + (1= Vius) Aog paasis)
(F.36)

Intermediaries Aggregating Domestically Produced Manufacturing Products
(i) Sales Share

There are five distinct intermediaries that aggregates domestically produced manufacturing products
and distribute them to manufacturing producers for domestic markets, manufacturing exporters,
magquiladoras, non-manufacturing producers, and final consumers. These intermediaries have the
same aggregating function as the final consumers. We denote the sales share of these intermediaries

by Am.H, Ay Ay gy Apgt? Xy Angt? ANM.H. Ay 1> and byr ;. First, we consider a market clearing
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condition for manufacturing product 8 produced for domestic market:

-_— ’ ’ * ’ * ' s ’
YM,HO,t = CM,H,Q,Z"'/XM,H,H ,iiT(G)de +/XM’H’9”iiT(g)d9 +/XM,M,6',iiT(9)d9 +/XNM,H,0 ,le(H)de

where ¢y 1,0, 1s the quantity of consumption by domestic households, x, 4 ¢ i, (p) 1S the quantity

*

M, H.0 it (0)
is the spending by maquiladoras ¢', and x, M.H.6' iy (6) 1S

of spending by manufacturing producer 6" for the domestic market, x is the spending by

*

manufacturing exporter 6, x
g eXp > MM iiT (6)

the spending by non-manufacturing producer 6. By integrating over all manufacturing products

0 € [0, 1] for domestic markets, we get

/YM,H,H,tdQZ/CM,H,H,td9+//XM,H,G',iiT(H)dH/dH

(F.37)

Due to the presence of VAT denoted by 7yar, the intermediary for the final consumers charges

a markup with 1 + 7y4r on the final consumer prices. Consequently, the sales share of this

_ JQ+tvar) pmb.0.0C M H.0.0d

) . . 0 . .. .
intermediary is given by by g, = Vi where py mo, 1s the original price set

by manufacturing producer 6 for the domestic market. By transforming equation (F.37), we get

by m

A H At ¥ Vg an s T A A s T ANMH A
(1+TVAT) JM1L,AM, M,Apm,

AMH: =

Log-linearizing this equation, we get

by H * .
/lM’HA log /lM,H,t = (1 " TVAT) A lOg bM,H,t + /lM,H,AMA 10g /1M,H,AM,I + /lM,H,AMA log ﬂM,H,AM,t
+ Ut ay, D10 Ay v Ao+ ANMH AN ALOZ ANM H Ay 1 (F.38)

We proceed to analyze the change in sales share by these intermediaries. We begin by examining
Am H.A,, Which is the sales share of an intermediary that aggregates domestically produced manu-

facturing products intended for manufacturing producers who produce for domestic markets. This

71



is expressed as follows:

’

/ pM,ii,txM,H,e',iiM,tdQ
VAy

AMH Ayt =

The numerator on the right-hand side corresponds to the total expenditure on domestically produced
manufacturing inputs by manufacturing producers for domestic markets. This equation can be

transformed as follows:

sales

‘/‘SCllesM’H,O',t‘/ /sale

i g X -
M0 s COmmg e PV M0 iy 4o’

sales cost

SM,H,H’,I M,H,H,,t M,H,H’,t

VAy

A ' 1 ,
= AMHy / MAT (1 —wmms) vars (1 - smmy) dO
AMH: MpmHe

AMH Ayt =

(1 —wmps) varre (1 - Smmy)

1
= AM’H’IEAM,H,H’ [ ]
Tun LEMHG

By log-linearizing this equation, we derive

AlOg/lM,H’AMJ = AlOg /lM,H,t +A10g E +A10g ((1 - (,L)M’H’t) VM. H,t (1 — g‘MﬂJ))

M,H,0 ,
H [ﬂM,H,e Jz

1

’
_M.H.6 [ Hyrmo
AM.H

Further, by transforming A log E ], we obtain

1 —_ Alogdy g | _ Alog iy e 4
AlOg EAM,H,G/ —:| = —A log /1M,H,l‘ +l‘tM,HE M,H,H/ [— _ﬂM’HE/lM,H,H, -
T LHMHG ¢ YT Hyp He YT My He
Subsequently, we get
_ Alogdypo | — Alog iy o
Alog/lM,H,AMJ :/’tM,HE/lMHe)' - _IJMsHEAMHH' [—
YYRT] Hpm He VAT Hpm He

+Alog (1 - wmms) vmms (1= Smni))

Producers face flexible prices in the domestic markets, therefore changes in the sales share for the
domestic markets are uniform across all producers even when considering if the Kimball function as
the final demand function. This is because production function is the same within sector, resulting

in the equivalence of the change in aggregate price and the change in individual price. As a result,
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Alog A

we have Eir e [
AM.H

function as the final demand function, there is no change in markup for the domestic market since

Alogpy, 1y o7 4

Hyme

M’H’”I't] = Alogdwis - pyrthermore, even when employing the Kimball

IJMHH/ Hm.H

the relative sales share remains constant. This leads to £ DI [

] = 0. As aresult, we
AM.H

get

AlOg /IM,H,AM,Z = AlOg /lM,H,t + AlOg ((1 - (,L)M’H’t) VM. H.t (1 - g‘M7H’t)) (F39)

In the same way, we can get the sales shares of intermediaries for exporters:

Alog 1* E Alog /lM H.0 E Alog 'uM,H,e’,z
O At H Ayt F‘MH e " :uMH P
PHp. H M,H,0 Piop H M,H,0
+Aog ((1 = i) Vi (1= i) (F.40)
Alog
The calculation of £+, [%] can be performed as follows:
M ,H,0 H,
—/lju . M.H.,0
E Alog/lMHH ] / MHH Alog/lMHa Ly
a* ,
IfMH; “M JH.,0 MM,H,()/

Xog o E [M102 311,
:/ M.H.0 apy

* *
Ay 1 Har a0

/ Xop o Moge +E [(1 - O'X,[,H’a) Alog p*M’H’QJ] ~ AlogVAw,

- * * de
Ay m Har a0
1—
Aloge —Alog VA, ( MHa) .
= T +Ev o |E ———FAlog Pm.H,0.
M.H T My H.0

(F.41)

Notice that measure 6  distinguishes between sticky and non-sticky firms, while measure 6 does

not make this distinction. We use equation (F.13) for the third transformation. Similarly to (F.29),
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(1_0';4,H,9)

E Nyro E T Alog py .| | satisfies the following difference equation:
Mm
[ =Givma) o (i)
Ex o |E|————Alogpy o, — * Alog P m.0.0-1
Ty My a6 My H.6
(1 B O-;;/[’H’H) * (1 B O-;;J’H’g) E
“PEy o |E = APy b o1~ Alogpy g,
T Hp,H.6 M H.6
(1 ~OMHG . PM.H.0 (1 - U;/I,H,e) o
=¢|=Ex, .0 m Alog Py mou ||+ Eagme * Alog (mCM’Hv"J)
T Hm.H.0 Py Hm ..o
(F.42)

From equation (F.17), E»» | [
M,H.,0

Alog iys 1y g,

] satisfies the following difference equation :

M 1.0
M1
* * 11
r Alog sy, Al Ly b os
aH.0 * - *
T M ,H.6 HaH.6 |
* * 11
£ E Alog s o1 AOZHY b ooy
B 1.0 * - *
Py Hm.H,0 Hm H,0
A % A %
Alog (mcM’H’g’t) Alog (mcM,H’GJ_I)
=-F E - ,
M .H.0 * ®
Ty Hm.H,0 Hm.H,0
Alog (mcM’Hﬁ’Hl) Alog (mcM’H’HJ)
+8E Lo E " - -
Py M H.6 Hwm.H.6
Alog iy (pijm_l)
M,H,0,t H.0, o
+¢|-Ex o |[E|———2 | +Esy, | ————LAlog (mc " H’Q’HI) (F.43)
T Hym.H,0 Py Hm a0
We can derive the change in sales share of intermediaries for maquiladoras in the same way:
Alog A* , Al * ,
Alos 1* o 8y mes| _. £ O8 Ky o s
EAMMAms = Bumbr, - / KumEr % /
. M.M.0 Tos M.,M.0
* k *
+Alog ((1 - wM,M,t) VMMt (1 - §M,M,z)) (F.44)
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Alog/l’}‘WM , o
where E » | —22E211 ig given by
M.M.6 Hyime
MM
k _ *
Alog AM,H,H/,I Aloge —Alog VA, (1 O-M,Mﬁ) "

E,l* , " = — +E4* E T — AlogpMMGI
M,H,0 i , My g A;I,M,F) u »M,0,
T n M.H.0 , T M.M.6

(F.45)
and £ E wA log p3 satisfies the following difference equation:
) o EPymM.b. g q '
M
* *
) P ot 277 B
Eaynio |E * Alog piyspos — * Alog s ar.0.1-1
Tt o M0 Hpm.0
* ES
(1-hrara) (1-hrara)
“BEx, ., . |E ¥ Alog Py vr.041 - Alog Py v o
Ty s S YRYA’ Ham.m.6
* % M
(1 - O'M,M,e)) . Pm.m.0 (1 - O'M,M,o) o
=@|=Ex, ., ———Alogpymos || T Exy e " Alog (mcM’M,g,t)
T Hym.0 T M0
(F.46)
Alog A* , . . . )
E;y | —MMeL | satisfies the following difference equation:
M.M.0 Fome
/lM,M
* * 11
£ Alog s o A1OZ K a1 041
.m0 * - *
Ty ar Hyimo Har om0
* * 11
E Alog s v g0e1 DlOZHY a1 g,
B Ao * - *
T Ham.m.6 Hym.6
Ak Ak
Alog (mcM,M’HJ) Alog (mcM’M’H’t_l)
= _E E -
M ,M .6 * *
Tt Hp om0 Mo
A s Ak
Alog (mcM’M’g’Hl) Alog (mcM’M’g’t)
+ﬁEﬂ7V,7M’9 E ,Ll* - M*
Tt M.M.0 M.M.6
Alog (pjlee - 1)
M,M,0,t M, 0.t "
4@ |<Exyypyy [E | = | 4 gy, [ Alog (it pr .01 (FA47)
Ty ar .m0 Ty My mo
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The sales share of intermediaries for non-manufacturing sector, Ay, H.4,,.+» 1S given by

[ Paiia XN ,iirg 4O

VAm,
VA [ DM XNM 6 iirg 10
- VAm, VANM

ANMH Ayt =

salesym H,00 COSINM H,04 PM.iitXNM,H,0,iips .t
sales / T — do
_ VANMJ -/ NM.H.0.t fsalesNM,H,g,, salesNm.H.0.¢ COSINM.H.0,t

VA, VANM

_ VANM,t /INM,H,G,I 1
= ——ANM.H,;
VAum,; ANM,Hy MNM,H. 6.t

(1 —wonmm) vamag (1= snmmy) dO
By log-linearizing this equation, we get

AlOg /INM,H,AM,t = AlOg VANM,, — AlOg VAMJ +A IOg /lNM,H,t

+ Alog (EANM,H,Q [
ANmMH LMNM,HOt

) +Alog ((1 — wnmms) vma (1= SnmH.))

(F.48)

We have A log (E ANM.H.0 [m] ) = 0 for the same reasons observed in the case of manufactur-
ANM.H T

ing producers for the domestic markets.

Intermediaries Aggregating Domestically Produced Non-Manufacturing Prod-

ucts

(i) Sales Share

There are five distinct intermediaries that aggregates domestically produced non-manufacturing
products and distribute them to manufacturing producers for domestic markets, manufacturing
exporters, maquiladoras, non-manufacturing producers, and final consumers. These intermediaries
have the same aggregating function as the final consumers. We denote the sales share of these
intermediaries by A g4y, .15 /I*M’H’ANMJ, /I*M’M’ANMJ, ANM.H.Anp o A0 DNy -

The calculation of changes in sales share for these intermediaries follows the same methodology
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as that applied to intermediaries aggregating manufacturing products for domestic markets.

bnm.H . .
/lNM,HA log/lNM,H’, = mAlOg bNM,H,t +/1M,H,ANMA10g/lM,H7ANM,l +/1M,H,ANMA10g/lM,H,ANM,t
+ AL,M,ANMA lOg /l;/l,M,ANMJ + /lNM,H,ANMA 10g /lNM,H,ANM,t (F.49)

Alog Ay H.Anp . = AlogV Ay — AlogVAny,

_ Alogdypmey | — Alog fiy my 4
+ 'uMsHE/lM,H,H, —, - MM,HEAM,H,H’ ,
T My H.0 MH My H.0
+A10g((1 _CL)M’H,[) (1 _VM,H,I)) (FSO)
Alog Ay ar s = D1ogVAy, —AlogVAnm,
. Alog /ljld,H,G',t . Alog Pyt bg s
tuypbr : BN T e e—
T v e Ut Fy e
+Alog ((1 - @iy p) (1-vinn)) (F.51)
Alog Ay vr anyys = DlogVAy, —AlogVAnum,
—s Alog /lM,M,H' t — Alog 'uM,M 0t
+ F‘M,MEA;‘W o - - :“M,MEAL o m
AMM H M,M.0' AMM H M.M.0
+Alog ((1 - wiur,) (1= Vi) (F.52)
— Alog Ayyng | — Alog pywy me
Alog ANMH ANy = /lNM,HE/INM,Hﬁ, [ M , _ﬂNM’HE/]NM,HﬁI [ / ]
ANM.H NM,H.0 ANM.H HNM.Hpo
+Alog ((1 - wym.my) (1= vmas)) (F.53)
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Factor Shares in Manufacturing Sector

First, we consider the revenue-based labor share in manufacturing sector.

WLy,
AmLi= -
VA,
W, ( S maging 8+ i d6 ] n“]‘W’M’B,,tdQ')
B VA
_ / " Py 1Y mome  Expenditure on Labory, o, Wiy mo s 40
0 VA, PumHY YMHG 1 Expenditure on Labory, 4 o ,
. / 1€ p;’H’ o y;’ Ho Expenditure on Labor;’ Ho' W,nj‘VL Ho ”
0 VAr, & p;,Hﬁ, y;’Hﬁ, Expenditure on Laborjw, H' s
. /1 € p;’ M. g,Jy; M Expenditure on Labor;’ Mo th*M’ M ”
0 VAr, & p;Mﬁ, . y;’Mﬂ,J Expenditure on Laborjw’ M
~ / Y Pyrng +Ym.me  Expenditure on Labory, 4 o ; 1 6
~Jo VA, Mg X Total Costy, o 1+ Tiapor
. /1 € pj\/I,H, 9’,zy}kv1, Ho's Expenditure on Labor;‘w’ H 1 "
0 VA, 'u}kw,H,e’,z X Total Costh?H’e,’l 1 + Tiupor
. /1 € ij,M, e’,tijz, Mo Expenditure on Labor}"wﬂ’ o 1 ”
0 VAum; ,u;[,Mﬁ,t x Total Cost;/[,Mﬁ, p 1+ Tiapor

1 1 *
WM,H.t 1 , WpHy 1 ,
,H,0 t P M,HO t * 1+T1
0 luM,H,G N labor 0 ﬂM,H,G' 1 labor

1 w* 1
% M ,M .t ’
+ A ;= de
0 M.M.6 ’t/J s 1+ Tlabor
M,M.0 ¢t

where “Expenditure on Labor” represents the total expenditure on labor by producers, including
payroll taxes, which introduces a wedge between worker income and producer labor expenditure,

denoted as 1 + 7,4p,-. By log-linearizing this equation, we get

AM.H WM.H A iy (OMH
AM,LA log AM,L,t = —1 - EAM,H,G/ ——A log _—
+ Tiabor 2y LHMHY HM.H.6 1
* * A* wt
Ay n Wy H MHO t MHL
+ Tor Ey | —F——Alog|——————
+ T M.H.0 , ’
labor = luM,H,g 'uM,H,H N

M.H
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/l* (,L)>I< /l* ’ w?WM
+ MM g, MM A Jog | AMEL T (F.54)

’ *

1+71 M.M.6 ,
labor =™ Hym g Hyimg s

Similarly, the revenue-based foreign intermediate inputs share in the manufacturing sector can be

expressed as:

. ! (1 — oM be) VM HSM 1 ,
ANy, = A ’ do
M.t M.H.,0 ¢ 1 + T
My a0 1 Tim,NM

1 . (1 - w;/[,H,t) VXJ,H,tg;k\/I,H,t 1 ,
+ A do
0

/
M.H9.t My a s L+ Tim,nm
k k %
b (1 - wM,M,t) YMumiSums 1 p
+ 0 /lM,M,G',z i 1+ Timus 0
MM, 1 s

where 7, yy and T, ) are import tariff faced by non-maquiladoras and maquiladoras. By log-

linearizing this equation, we get

Am H l -—wmH) VM HESM H
ALAlogA;‘W[:—’EAMHg, ( H) VM, ,
’ 1 + Tlm,NM /1];4 I’-I MM,H,O,
A ’y
MH§ VM.HSTH,t WM H
(A log ( ) - Alog a)M,HJ)
MT.H t l—wynH

* * *
(1 - wM,H) YMHSM.H

k
At
+ I — Er _
+ T; M,H,0
im,NM i IJM,H,()'
k * * «
Al AM,H,H',tVMﬂJgM,H,t CyH Al .
0g ¥ R 08 Wy g4
M.H.0 M.H
Avm £ (1 - “’M,M) Vm.mSmm
M P
1+7; M.M.0 * ,
T s
A* , v St w*
MM9 ¢ MMit>MM;i MM
Alog p — T Alog Wiy, (F.55)
M.M.0 it MM
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The revenue-based non-manufacturing intermediate input share in the manufacturing sector is given

by

1—wmns) (1=varmy) i

: (
AmyNme = / Ay me s
0 MM H.0.t

b (1 - w?l/[,H,z) (1 - VJ*W,H,t) ,
+ / A do
0

M,H,0 "
M7 1.6,
* *
/1 e (1 - wM,M,t) (1 - VM,M,z) 46
+ ,
MMt *
0 om0,
By log-linearizing this equation, we get
(1-wmn) (1 =vun)
AM,NMA log AM,NM,t = /leHE’lM,H,e'
a7 Hy.me
/lM,H,Q’ )t WM H VM .H
Alog - Alogwy gy — ————Alog vy H,
Humes) 1—-wmn I -vmu
* *
e (i)
+ Ay nE L "
e Hym He
T.H
N w* Vi
M.H,0 t MH * M.H *
Alog| — D Alogwyy g, — 1 v*—Alog VM.H
Hyno s M.H M.H
* *
([ [
+ Ay mE o n
T Hypmo
M.M
MM ¢ MM " MM *
Alog | — 1o Aloga)M,M’t——l_v* Alog Vi ar.
M,M,H',t M.M M,.M

Factor Shares in Non-Manufacturing Sector

The change in factor shares in non-manufacturing sector can be obtained using the same method

as employed for deriving factor shares in manufacturing sector.
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The change in the revenue-based labor share in non-manufacturing sector is given by

ANM.H

—FEa ,
NM.H.0
L + Tiapor M

AnmpAlog Any s =

A )
WNM.H Alog( NM.H.0 1 NM,HJ)] (E57)

HNM HE HNM.HO

The change in the revenue-based foreign intermediate input share in non-manufacturing sector

is given by

. . ANM.H (1 - wnmH) YNMHSNM.H
NMAlog ANM,Z‘ = 1 +T ANM‘H,Q/

imNM — —qe HUNM,HO

A %

NM,H,§' tYNM,HtSNM,H.t WNM,H
Alog - Alog wym H (F.58)
MNMHG 1 | —wymH

The change in the revenue-based domestically produced manufacturing intermediate input share

in non-manufacturing sector is given by

(1 - wnmn) vama (1 - snm.n)

Anym mAlog ANy = AnmaE

—7,3,4 MHHG / MNM,H
ANM G 1VNM.H i WNM.H SNM.H
(A log ( S ) - —Alogwympy — ————AlogSnm n
HNM.H I -—wnvmn l—¢nmu
(F.59)

Value Added and GDP

Value added in manufacturing sector is given by

VA, = Z (Sales; ; — Intermediate Input, ,)

ie{Manufacture,Maquiladoras}

— ’ % * ’
— VAM,[ = ‘/6, (1 + Tvat) pM,H,G,,tCM,H,H,,th + ANM,M,tVANM,l + L pM,H,F)/,[yM,H,Q,,tdO
] sales to non-manufacturing sector
sales to domestic household sales by exporter
* * ! *
+ '/9: pM,M,QI,l‘yM,Mﬁ/,tdQ M’tVAM,t AM,NM,I‘VAM,I
| —— S——

. expenditure on foreign input ~ expenditure on non-manufacturing input
sales by maquiladoras

VANM
VAM t

s

ES * ES
1 =byu:+Avmm. + s Y s = Nyps — AMNM
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By log-linearizing this equation, we get

VA
by uAlogby m + Anmm v ANM

VA
A log (ANM,MJﬂ)

NM VAm,:

+Ay yAlog Ay + Ay Alog Ay g — Ny Alog Ay, — Ay nmAlog Ay vy = 0 (F.60)
Value added in non-manufacturing sector is given by

VAnm, = (Salesyy, — Intermediate Input,, ,)

& VANm,: = // PNmHG (CNmHg A0 + AMH AnptVANM 1
)

] sales to manufacturing producer for domestic market
sales to domestic consumer

k k
t A VANMe Ay aay, VANML

sales to manufacturing exporter sales to maquiladoras
*
- AymVANm: o - ANMMVANM
;__..\/______/

expenditure on foreign input ~ expenditure on manufacturing input

_ * * A% _
& 1 =bymHs + A H A ot Apg i anags T AMMANss — DNms = ANMM

By log-linearizing this equation, we get

*

*
bnmHALOZ by H e + A H, AN ALOZ AM ANt + Aag Ay DVOB s 1 Anas o

+/1*M,M,ANMA lOg AL,M,ANM,I - A;MA 10g A;VM,t - ANM,MA lOg ANM,M,Z =0 (F61)

The sum of value added by manufacturing sector and non-manufacturing sector equals nominal

GDP.
VAMJ + VANM,, =GDP;

By log-linearizing this equation, we get

VAyAlogVAy, + VAyyAlogVAyy, = GDPAlog GDP; (F.62)
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Nominal GDP can also be calculated using the expenditure approach:

*
Py u:Cms+ &Py p ,Cr e+ Pnm i CNMH

Domestic Consumption

+Net Export, = GDP;

We know net export is equal to net capital outflow, i.e., Net Export, = €0,. Therefore, we have

PyunCrns+ &Py p,Crrs+ PnmniCnpns + €60, = GDP, (F.63)

We know PM’g’bC;,Af’H’t = PM”;’A%I L1 ZADZ}I, = bT,H,t%TPJ[- From consumer’s preferences, we get

Pyyn Cnm _1-9

Pub Crme+ &Py p Crry ¢

and

sz}kVI’F’,CM,F,t Y

PunCmnus 1-vy
By using these equations, we can transform equation (F.63) as follows:
Py niCuns+ &Py, Crrs+ Py niCnmns+ 60O = GDP,
VAM’I Y VAM’[ 1- ¢ 1 VAM’[ EZG)Z
= buns +——bm s + M.H.t + =
GDP, 1-vy GDP, ¢ 1-vy GDP,  GDP,
1 1 VAMJ _ 6t®t
1-y¢ "H'GDP, ~  ~ GDP,
By log-linearizing this equation, we get
Alogby s+ AlogVAy,—AlogGDP, + ILA logy; — Alog ¢;
-7
! O ) (AlogGDP, - Alog®, - Aloge)) (F.64)
= - - €, .
(1 B c® ) GDP g 1 g t g t
GDP
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Current Account Identity

According to the current account identity, net export is equal to net capital outflow:

1 1
* * * * * *
/0 elpM,H,Q,zyM,H,e,tdQ "‘/0 elpM,M,G,tyM,M,G,tdg - PM,F,tCM,F,t - ElePX,t

Net Export

= €0,
~——
Net Capital Outflow

ol 1, 1, 1 .
where X; = /0 XM.H,0,m,fd0 + [0 xM’H’Q’m’f’ldH + /0 xM’M’H’m’f’tdQ + [0 XNT,H.0,m,fd0 1s total

quantity of foreign intermediate input. From consumer’s preference, we get

EIPL,FJCM,FJ 0%

Pun:Cvu; 1-vy

*
&Py rCMFr  y  PyniCumma
VAm, -y VAm,
—_———
=bm,H,

Also from the definition of revenue based foreign intermediate input share, we know

. /0 EzPX,,xM,H,e,m,f,tdQ‘i'fo e,PX’txM’H’H’m’de0+f0 etPX’txM’M’H’m’f’th
My =
VAM,t
[l ePy do
« _Jo 15 X" NM,H,0,m,ft
NM,;t =
VANM,t

By using these equations, we can transform the current account identity as follows:

* * Y * * VANMJ Ez@;
Attt A = 7 Pt = Rare = Mg = g

By log-linearizing this equation, we get

e®
VAy

(Aloge +Alog ® — Alog VAy,) = Ay yAlog Xy, + Ay yyAlog Xy oy, — %bM,HA 10g by 1

y 1 . «
- bypyAl — A%, Alog A
1=y MH ogy: — Ay Alog Ay,
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VA
- A;‘VMWAZ/[ (A log A}"VMJ +AlogVAnyu, — Alog VAM,,)

(F.65)

Aggregate Labor

We need an equation which pins down the change in aggregate labor supply, as this is needed for
calculating marginal disutility from labor, a factor that plays a role in the New Keynesian Wage

Phillips Curve. The revenue-based aggregate labor share is given by

g
L= GDP,
1
= (A VAy:+ A VA
( M,L,t M.t NM,L,t NM,t) GDP,
By log-linearizing this equation, we get
AlogAp; = : Alog A +AlogVA
B (Am.LVAy + Anp.LVAnu) (Alog A gVau)

N Anm,LVANM
(Am.LVAM + Avm.LVANM)

(Alog Anm.L; +AlogVAny,) —AlogGDP, (F.66)

Once the change in the revenue-based aggregate labor share is pinned down, we can determine the

change in aggregate labor supply, which can be expressed as
AlogAr; = AlogW,+AlogL; — AlogGDP,

& AlogL; = AlogAr;—AlogW,; + AlogGDP, (F.67)

Monetary Policy

The primary objectives of the monetary authority are to achieve stabilization in the labor market
and price levels:

EAlog P + (1 - E)AlogL, =0 (F.68)

where P€ is the domestic consumer index, and = determines the extent to which the monetary

authority prioritizes the stabilization of the domestic consumer price index.
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Shock

Sudden stop is described by an exogenous increase in ®; which follows the following AR(1) process:
Alog®; = peAlog®;_1 + €o, (F.69)

We refer to the shock to this equation {e@,,} as the sudden stop shock.

Equilibrium

Given a sequence of sudden stop shock, the equilibrium consists of the paths of allocations, { A log vy,

Alog ¢;, Alog C;, Alog GDP;, Alog (%ID]:

), Alog/lj‘wﬂ’t, Alog ¢y s Alog g}"w,H’[, Alog vy my,

*

Alog V}kl/l,H,t’ Alogwy gy Alog wj‘w’H,t, Alog /lM,MJ, Alog g;‘V[,M’t, Alog VLMJ, Alog w}kl/[,M,t’
Alog ¢nm H.i» Alog vy i, Alog Wi b, Alog Ay s, AlOg g s, A1Og Apt Ay a5 A1OZ Ay 4 s

* AIOg/lije’z Alog ty, o AlOg/ljlee’z
AlOg/lMMA ,aAlOg/lNM,H,AM,t’E/l* || Ex , [—* 2.0, ]’E/l* | ==,
M Ay, M.H.0 Kne Hm.H.0 M.M.0" Hormo’
7 H, B M

/lM,H M.H M.M

E/l*

M.M.6
*
A,

M
Alog ANm H Anp > A1Og Apr s, Alog A

Alog A* ,
M.,M,O t * *
[ T ] sAlog Anm s, Alog AN H s A1OZ Aps 1 An 1o AlOE /lM,H,ANM,t’ Alog AM,M,ANM,I’

£ *

v D10g Ay Na e, Alog A, Alog Ay o Alog ANz,
AlogVAp;, AlogVAnm,, Alog AL, Alog L, }, the path of shock processes, {Alog ©;,}, the path
of prices, {Aloge€;, Alog Py ps, AlogW,;, Alog pnmiis, Alog payiis, Alog Py, Alog Py ms,

C Ak Ak * *
Alog Py, Alog MCys 11000 Alog MiCy a1 000 E%’Hﬂ [E [(1 - O'M,Hﬁ) Alog pM,HﬂJ”,

M.H
E El(1-07,,,,)Alogp: E | o ino) o e
Ym0 [ [( _O'M,M,e) ngM,M,Q,t”’ Uy 0 Tone S0Pyl
A?\/I,M A}‘W,H o
-0}
Ex, o |E %Abg p;kVI’M’gJ”} such that equations (F.1), (F.2), (F.3), (F4), (F.5), (F.6),
At M o

(F.7), (E8), (F.9), (F.10), (F.11), (F.14), (F.18), (F.19), (F.20), (F.21), (F.22), (F.23), (F.24), (F.25)
(F.26), (F.29), (F.30), (F.31), (F.32), (F33), (F.34), (F.35), (F.36), (F.38) (F.39), (F.40), (F.41),
(F42), (F43), (F.44), (F.45), (F.46), (F4T), (F48) (F.49), (F.50), (F51), (F.52), (F.53), (F.54),
(F.55), (F.56), (F.57), (F.58) (F.59), (F.60), (F.61), (F.62), (F.64), (F.65), (F.66), (F.67), (F.68), and
(F.69) hold.
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G Steady State

We outline the procedure for calculating the steady state. Once we calculate the steady state
values of the following four variables, we can pin down the steady states of all other variables:
the sales share of manufacturing producer for domestic markets as a fraction of value-added in
the manufacturing sector (47 p), the sales share of non-manufacturing producers as a fraction of
value-added in the non-manufacturing sector (Ays ), domestic household’s consumption share of
manufacturing good as a fraction of value-added in the manufacturing sector (b ), and the sales

share of an intermediary aggregating manufacturing products for the non-manufacturing sector

(ANM.H,Ap)-
The vector representing the final output sales as a fraction of value-added in the manufacturing

sector is as follows:
Q,, = (0 A3 Vbgrs butsts A0, 0,0, 0,0,0,0,0,0)

The order of producers and inputs is structured as follows:
1. Manufacturing producers for domestic markets.
2. Manufacturing exporters in non-maquiladoras.
3. Maquiadoras.
4. An intermediary aggregating manufacturing products for the domestic consumer.
5. An intermediary aggregating manufacturing products for the non-manufacturing sector.

6. An intermediary aggregating manufacturing products for the manufacturing producer for

domestic markets.
7. An intermediary aggregating manufacturing products for the exporters in non-maquiladoras.
8. An intermediary aggregating manufacturing products for maquiladoras.

9. An intermediary imposing payroll tax on labor and providing labor service to producers.
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10. An intermediary imposing tariff on foreign intermediate inputs and providing them to non-

magquiladoras.
11. An intermediary passing foreign intermediate inputs to maquiladoras.
12. Non-manufacturing intermediate inputs.
13. Foreign intermediate inputs.
14. Labor.

The cost-based input-output matrix is give by

0 0 Quump 0 0 Ovur QmuomrF 0 Quunm 0 0 |

00 0 O\ mmp Oy vnmr Qyunm 0 0

00 0 0 Oymmp amr 0 Oymmr Xamny 00

1 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0
&2 1 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0

0o 0 0 0 0 0 0 0 0 0 1

(U} 0 0 0 0 0 0 0 1 0

(U1} 0 0 0 0 0 0 0 1 0

0o 0 0 0 0 0 0 0 0 0 0

(U] 0 0 0 0 0 0 0 0 0

(U] 0 0 0 0 0 0 0 0 0 |

where 0 represents a 1 X 4 zero vector, Qi, L = w; denotes the expenditure share on labor by sector
i QLNM = (1 —wy) (1 —v;) represents the expenditure share on non-manufacturing intermediate
input by sector i, Q; ;. p = (1-w;)v;:(1—¢;) denotes the expenditure share on domestically-
produced manufacturing intermediate input by sector i, and Qi, mr = (1 —w;)vig; indicates the

expenditure share on foreign-produced manufacturing intermediate input by sector i.

The revenue-based input-output matrix is give by
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0 0 Q. H.M.D 0 0 QuuL  CMHMF 0 Qu HNM 0 0
HM H . HM.H _ HMH _HMH
0 0 0 Qv HM.D 0 Dynr  CMmMHMF 0 Dy HNM
HMH . N”;VI.H My H . B */‘)*\/I,H
0 0 0 0 Qymmp CmmL 0 Qymmr  CmmNm 0 0
MM MM Harm Higm
1
0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0
Q= 1 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0
1
0 0 0 0 0 0 0 0 0 0 =
1
0 0 0 0 0 0 0 0 0 rarif 0
0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

Next, we can calculate:

1=y (I-Q)7!

Notice that the revenue-based input-output matrix can be observed directly from the data. Once
we have an initial guess for Axy m.4,, and by g, we can then derive Qy, and compute A using the
above equation.

Now we consider the non-manufacturing sector. Given Ay m.4,, and Aypy g, we can calculate
VAnum

VA, using the following equation:

1- 1- N
(1 —wnmnm) vamu (1 = snmu) VAnu

ANMH AV AM = ANMH
UNM.H

The left-hand side represents the total sales by an intermediary aggregating manufacturing prod-
ucts for the non-manufacturing sector, while the right-hand side represents the total expenditure
by the non-manufacturing sector on domestically-produced manufacturing intermediate inputs.

Rearranging this equation, we obtain

VANM _ ANM H. Ay HUNM.H
VAy Avmnr (1= wonmn) vamn (1 - snmn)

Using this relationship, we can calculate the sales share by intermediaries aggregating non-

89



manufacturing products:

3 _ Vau ,  (L-wun) (- vun)
M H Ao VAANM | MM H

Vin . (1= (1 i)

by -
M.H,A 7 M.H
NM VANM #;"W’H
N _ k _ 3k
1 VAy (1 wM,M) (1 VM,M)
M.,M,A T hA M.M
NM VANM lu}k\l,M

(1—wnmn) (1= vvmn)
MNM H

ANMH Any = ANM.H

From the goods market clearing condition for non-manufacturing goods, we obtain:

bnm.H

+/iMHA +/i* +/,i>‘< +/iNMHA
1+TVAT SIL,ANM M, H,An M MM, ANMm ST,ANM

ANMH =

A N Ay Ay A
& byun = (ﬂNM,H ~AMH AN = A ANy T MM ANy T ﬂNM,H,ANM) (1+1var)
Revenue-based factor shares in the non-manufacturing sector are expressed as:

WNM 1
MNM H 1 + T1apor

Anm.L = ANMH

(1 —wym) vwmm (1= snmm)
MNM,.H

ANmm = ANmH

(1 - wym) (1 - vNm.g)
MNM.H

ANMNM = ANM.H

(1 - wnm) YNMHSNM,H 1
Ny = ANMH
MNM,.H I+ Ttarif f

A

Lastly, from the household’s maximization problem, we obtain:

[;NMH:1_¢ ! bTHVAAM
’ ¢ 1_7 ' VAANM

The steady state (Aum, ANm.m> Dy, AN A, ) 1s the solution to the following system of
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equations:

ANMH Ay — ANMH, Ay =0
* * A * A
bM,H +/1M,H + /1M,M +/1NM,H,AM - AM - AM,NM =1
A A A A Ay ~ _
bNM,H +/1M,H,ANM +/lM,H,ANM + /lM,M,ANM - ANM _ANM,M =1

bnmH = bNmH

where Ayy.m.a, and by g are initial guesses for the steady state values, A4 M.H and A M.y are
directly observable from data. the variables Axw,g.4,,, Ny AN ONMH> AbiH ANy /ljw, HoAny®
2%
/lM,M,A Ny’
this section, given the initial guesses for the steady state values of (/1 M.Hs ANMH, by H, ANM H.Ay, )

/A\;"V Ve /A\NM,M, b ~NM.H, and b ~Mm.H can be calculated by using the equations derived in

Once these equations are solved, we can calculate the steady state values for the rest of the variables.
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