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Abstract

Production and total factor productivity (TFP) fall dramatically during sudden
stop episodes. This paper shows that reallocation of resources can explain a significant
share of observed decline in TFP. The key mechanism explored in this paper is the
reallocation of resources from domestic-oriented activities to export-oriented activities.
Due to a combination of differences in market power and tax treatment, export-oriented
activities have smaller distortions. Therefore, a sudden stop causes a decline in TFP by
shifting resources from high-distortion to low-distortion activities. 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 Mexican sudden stop. To evaluate how these empirical observations
impact allocative efficiency and TFP, I develop a stylized model of a sudden stop
and provide a sufficient statistics formula for the change in allocative efficiency up
to the second order. By utilizing the sufficient statistics formula, I demonstrate the
quantitative importance of both first-order and second-order terms. Last, I construct
a multisector small open economy model and show that about 50% of the decline in

value added in the manufacturing sector can be explained by reallocation effects.
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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)
declines in production, and (iii) corrections in asset prices. The growth accounting exercise
shows that the reduction in TFP, as measured by the Solow residual, accounts for a large
portion of the overall reduction in output. For example, during the 1994 Mexican sudden
stop, aggregate TFP declined by 5.7%, and aggregate real GDP declined by 6.1%. In the
manufacturing sector, TFP declined by 4.5%, and real value-added decreased by 5.2%.

This paper shows that reallocation of resources can explain a significant share of ob-
served TFP decline. The central hypothesis of this paper is as follows: During a sudden
stop, there is a reallocation of resources from domestic-oriented activities toward export-
oriented activities. Due to market power and tax reasons, export-oriented activities have
smaller distortions (gaps between price and marginal cost) than domestic-oriented activities.
Therefore, sudden stop causes a decline in TFP by shifting resources from high-distortion
activities to low-distortion activities. Given the same production technology, activities with
higher distortion generate higher value added because larger tax payments and higher prof-
its which are the sources of the higher distortion contribute to the increase in value added.
Reallocations of resources away from high-distortion activities toward low-distortion ac-
tivities lower aggregate value added because of the composition effect and aggregate TFP
declines given the supply of factors constant. Specifically, I focus on the following two real-
locations of resources: (i) reallocation of resources toward product lines for foreign markets
at the plant—product level, and (ii) reallocation of resources toward magquiladoras that are
specialized export plants enjoying various tax benefits.

To test this hypothesis, I exploit a novel detailed microdata to establish the following
empirical facts on the Mexican sudden stop. First, prior to the sudden stop, unit values in
foreign markets were on average 11% lower than those in the domestic market, while there
was no clear difference in unit values during the sudden stop. In most cases, observing
unit values across different markets is difficult because the unit measurement for products
varies between the markets. However, in the construction of my dataset, plants were asked
to adjust their product units for equivalence across the two markets. This ensures that

the unit values can be compared across markets. Assuming uniform marginal costs across



domestic and foreign markets at the plant—product level, the differences in unit values
across markets imply that the markups in foreign markets were on average 11% lower than
in the domestic market before the sudden stop, and that there was no significant difference
in markup levels during the sudden stop period.! The latter finding is important in the
context of evaluating changes in allocative efficiency up to the second order, as will become
evident.

Second, 34% of the increase in aggregate export share during the sudden stop is explained
by the expansion of sales in foreign markets at the plant—product level. My decomposition
analysis reveals that the extensive margin at the firm and product levels plays a relatively
minor role in this context. Applying a difference-in-difference analysis, I show that the
quantity of production for foreign markets increased by 60% more than that for domestic
markets during the sudden stop. This disparity in relative quantities of production trig-
gered a plant—product-level reallocation of inputs toward product lines for foreign markets.
Since product lines for foreign markets face lower distortions before the sudden stop, this
reallocation of inputs toward them worsens allocative efficiency and reduces TFP.

Third, the relative expansion of maquiladoras, which are export-oriented plants ben-
efiting from special tax incentives, accounts for 40% of the increase in aggregate export
share during the sudden stop. Furthermore, applying a difference-in-difference analysis,
I show that the number of worker in maquiladoras increased by 20% more than that in
non-maquiladoras during the sudden stop. These specialized exporting plants, leveraged by
both U.S. and foreign firms, serve as important hubs for assembling foreign intermediate
inputs into final output products, utilizing Mexico’s cost-effective labor force. Significantly,
maquiladoras enjoy a range of advantageous tax treatments, including exemptions from
tariffs when importing foreign intermediate inputs, full value added tax (VAT) exemptions,
and exemption from corporate income taxes.

It is important to highlight that the production structure of maquiladoras differs signif-
icantly from that of non-maquiladoras, the standard manufacturing plants. Maquiladoras

allocate 77.2% of their expenditure to foreign intermediate inputs, in stark contrast to non-

IThis estimate is consistent with the results in Blum et al. [2023] who find that, on average, markups
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.



maquiladoras, where this allocation is a mere 20.4%. Conversely, non-maquiladoras allocate
58.8% of their spending toward domestic intermediate inputs, while maquiladoras allocate
8.3% to these inputs. The production of domestic intermediate inputs involves purchasing
various inputs from the domestic economy such as labor, capital, and foreign and domestic
intermediate inputs, often entailing distortions such as those arising from market power and
tax in each transaction. These distortions accumulate throughout the production process,
resulting in the supply chain for domestic intermediate inputs facing more distortions than
that for the foreign intermediate inputs used by maquiladoras. As a result, the relative
expansion of maquiladoras with less distorted supply chain worsens allocative efficiency and
contributes to the decline in TFP and GDP.

Motivated by these empirical facts, I build a model of resource reallocations during a
sudden stop and provide a sufficient statistics formula for the change in allocative efficiency
up to the second order at the inefficient equilibrium. As shown by Baqaee et al. [2021], up to
the first order, allocative efficiency decreases when there is a reallocation of resources from ex
ante high-distortion to low-distortion firms. Up to the second-order, the change in allocative
efficiency depends not only ex ante distortions but also ex post distortions. This second-
order term is important in the context of the sudden stop because my empirical analysis
shows that markups for foreign markets were on average 11% lower than domestic markets
before the sudden stop, while there was no difference in markups during the sudden stop. If
ex post distortions get closer across firms, this leads to a more favorable situation in terms
of resource allocation because the achieved resource allocation gets closer to the one under
the planner’s problem. Consequently, the second-order effect mitigates the deterioration of
allocative efficiency in the context of the sudden stop. By utilizing the sufficient statistics
formula, I quantify the importance of these first-order and second-order effects. Up to
the second order, reallocation toward product lines for foreign markets decline TFP by
0.36% and reallocation toward maquiladoras reduces TFP by 3.5%. Reallocation toward
maquiladoras is quantitatively most important to explain the decline in TFP.

While the sufficient statistic analysis is useful for understanding how observed reallo-
cations of resources contribute to the decline in TFP, it remains silent on the underlying
mechanisms driving this decline in TFP. Also the results from the sufficient statistics anal-

ysis reflects not only the sudden stop shock but also other shocks, such as a financial crisis



shock and the introduction of North American Free trade Agreement (NAFTA) which took
effect at the beginning of 1994. Additionally, existing models of a sudden stop such as Ke-
hoe and Ruhl [2009] cannot match moments of macroeconomic variables as well as generate
endogenous decline in TFP. To assess how a sudden stop shock explains the decline in TFP
through reallocation effects and how a sudden stop shock changes relevant macroeconomic
variables, I conduct a quantitative analysis within an open economy New Keynesian model
incorporating features such as heterogeneous firms with different distortions, input—output
linkages, and sticky prices. My quantitative simulations reveal that the resource realloca-
tion can account for approximately 50% of the decline in value added in the manufacturing
sector in Mexico. Furthermore, considering changes in TFP and value added only up to the
first order can result in an overestimation of the decline in TFP and value added. This also

clarifies the significance of the second-order terms.

Related Literature

Using aggregate macro-level data, Meza and Quintin [2007]|, Kehoe and Ruhl [2009] and
Mendoza [2010] investigate 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] focus on the role of capacity utilization. However, when attempt-
ing to fully account for the decline in TFP due to capacity utilization, their models fall
short in matching crucial aggregate variables such as the trade balance and real exchange
rate. Kehoe and Ruhl [2009] and Mendoza [2010] conclude that elucidating the mechanism
behind the endogenous decline in TFP during the sudden stop remains an open research
question. In my paper, I contribute to addressing this question by focusing on reallocations
of resources utilizing the firm—product—destination-level microdata. Additionally, I shed
light on maquiladoras, an important sector in Mexico often overlooked in TFP analysis.
Gopinath and Neiman [2014] consider the 2000 Argentina sudden stop, where the re-
duction in imported intermediate inputs of 70% provides a compelling rationale for the
substantial decline in TFP. However, when we examine the 1994 Mexican sudden stop, the
import of foreign intermediate inputs decreased by only a marginal 0.1%.? Consequently,

attributing the decline in TFP in Mexico solely to the downturn in foreign intermediate

2See Figure C.1 in Appendix C.



inputs is an inadequate explanation. Sandleris and Wright [2014] focus on resource reallo-
cation during the 2000 Argentina crisis using firm-level data. My research differs from theirs
in several ways. First, I identify the specific types of firms and products that expanded or
contracted relative to others during the sudden stop. Additionally, I pinpoint the wedge
differences across firms and products. Moreover, I take into account the change in TFP up
to the second order at the inefficient equilibrium, deepening the level of analysis relative to
their paper’s consideration of the change in TFP up to only the first order.

Castillo-Martinez [2018] explores the impact of a sudden stop on average TFPQ across
various exchange rate regimes. However, the main focus of my paper is not average TFPQ
but aggregate TFP in the context of growth accounting, a metric directly relevant to changes
in real GDP. Blaum [2019] considers how the 1994 Mexican sudden stop affected the aggre-
gate share of foreign intermediate inputs, focusing on resource reallocation toward import-
intensive firms. My paper complements this paper by leveraging firm—product—destination-
level data to provide new empirical insights.® Additionally, I shed light on the critical role
of maquiladoras, a sector overlooked in this paper.

Baqaee and Farhi [2020] extend Hulten’s theorem to distorted economies with disaggre-
gated 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 crucial factors: the mechanical effect stemming from shifts in technology and the
endogenous adjustments in allocative efficiency due to resource reallocation. Baqaee and
Farhi [2019] extends Baqaee and Farhi [2020] in the context of open economies. The suffi-
cient statistics formula used in my analysis is based on Baqaee and Farhi [2019]. Building on
this sequence of papers, my paper empirically and quantitatively evaluates how important
resource reallocation is in the context of a sudden stop. Furthermore, my paper emphasizes
the importance of the second-order term of the change in allocative efficiency under a large
shock such as a sudden stop shock.

My paper intersects with a body of literature exploring cross-sectional misallocation, in-

3To assess the impact of NAFTA on prices and competition, Kikkawa et al. [2019] employ the same firm—
product—destination dataset as I do. Their primary focus lies in the long-term implications of NAFTA, and
they do not specifically investigate the 1994 sudden stop. Leveraging unit value data across destinations,
they also observe that markups in foreign markets are lower than those in domestic markets—a result that
aligns with my findings. See Pratap and Urrutia [2004], Verhoogen [2008], Teshima [2008], and Meza et al.
[2019] which employ firm-level microdata in Mexico. Note that these studies do not utilize the detailed
product—destination—level dataset employed in my analysis.



cluding Hsieh and Klenow [2009], Restuccia and Rogerson [2008], and Edmond et al. [2023].
In the context of my quantitative analysis in response to a sudden stop shock, my research
aligns with Bianchi [2011], Schmitt-Grohé and Uribe [2016], Ottonello [2021], Coulibaly
[2021], Cugat [2022], and Benguria et al. [2022]. While previous studies have explored the
significance of maquiladoras in labor markets and international trade, as exemplified by
Feenstra and Hanson [1997], Hanson [2003], Burstein et al. [2008], Bergin et al. [2009], Utar
and Ruiz [2013], and Estefan [2022], it is important to note that these studies do not address

the impact of reallocation toward maquiladoras on TFP.

Outline

My paper is organized as follows. In Section 2, I present the empirical evidence illustrating
the difference in distortions and resource reallocation at the plant—product—destination level.
In Section 3, I measure the change in allocative efficiency from a sufficient statistics formula
and develop a simple model of a sudden stop to characterize the underlying mechanism.
In Section 4, I introduce the quantitative model to see the propagation effects of a sudden

stop shock. In Section 5, I show the quantitative results. Finally, Section 6 concludes.

2. Empirical Analysis

This section provides new empirical evidence illustrating the difference in distortions and
reallocations of resources at the plant—product—destination level during the 1994 Mexican
sudden stop. First, I empirically show that export-oriented activities had lower distortions
than domestic-oriented activities before the sudden stop. To be specific, I show that prod-
uct lines for foreign markets had lower distortions than the ones for domestic markets at the
plant—product level before the sudden stop. Additionally, I show that maquiladoras, spe-
cialized exporting plants, have less distorted supply chains than non-maquiladoras. Then,
I illustrate that these export-oriented activities with lower distortions relatively expand by
more than domestic-oriented activities during the sudden stop, which are expected to reduce
TFP. The quantitative implications of these reallocations are explored in the subsequent

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 Statistics on the Maquila Export Industry (EMIME). Both the EIM and the
EIA categorize plants based on a unique 6-digit classification system aligned with the 1994
Mexican Classification of Activities and Products (CMAP94), which serves as a precursor
to NAICS. Together, these surveys encompass a total of 206 6-digit classes within the
manufacturing sector. The plants included in the EIA and EIM were purposefully selected
to ensure comprehensive coverage, such that the samples encompass at least 85% of the
value added within each class and all plants with more than 100 employees. As a result,
my final sample of plants represents approximately 85% of the total value added in the
manufacturing sector of Mexico.

The EIM provides monthly data pertaining to employment, the wage bill at the plant
level, and detailed information on product quantities and sales values. Notably, it dis-
tinguishes between products designated for the domestic market and those intended for
export—a distinctive feature of the EIM dataset. While the data do not specify export des-
tinations, it is worth noting that Mexico’s exports are predominantly directed to the United
States, which was the destination of over 85% of total exports during the examined period.
Given this concentration, I assume that all exported products are destined for the United
States. The product data are disaggregated to the 8-digit level, which essentially represents
individual product lines. This level of granularity allows calculation of unit values, which
serve as a measure of prices. Another noteworthy feature of the EIM is its request that
firms adjust their product units to ensure equivalence across domestic and foreign markets.
This adjustment ensures that unit values can be accurately compared and evaluated across
different markets, adding a valuable feature to the dataset.

The EIA provides annual, plant-level data encompassing a wide range of information,
including inputs, total production, and details regarding plant operations. With the excep-
tion of quantities and sales data at the product level, the majority of the manufacturing
plant data employed in my estimation is sourced from this survey. Specifically, I rely on
the survey data related to domestic and foreign intermediate input expenditures, wage bills,

total employment, capital, and export status.



Maquiladoras are manufacturing or assembly plants used by foreign companies to pro-
duce goods for export, utilizing Mexico’s cost-effective labor force. Maquiladoras are often
owned and operated by foreign companies, especially ones from the United States. When
the maquiladora program began in 1965, maquiladoras were required to export 100% of their
output. Although this requirement has gradually been loosened since 1989, maquiladora
plants continue to export nearly all of their output.* The program allows tax-free tempo-
rary imports of raw materials from the U.S. and Canada for final assembly in Mexico and
posterior export in the form of finalized products to their countries of origin. The program
attracts manufacturing operations of foreign companies by offering full VAT exemptions,
zero trade duties on the temporary input imports brought into the country, and simplifica-
tion of administrative procedures, together with the infrastructure needed to support the
companies’ opening of new industrial parks or operation of existing manufacturing plants.

In 1994, the sales share of maquiladoras was 28.8%, and maquiladoras contributed 43.1%
of the country’s total exports and 52.7% of manufacturing exports.

The EMIME survey includes detailed plant-level information about maquiladoras at
monthly frequency. I use the number of workers, wage bills, foreign intermediate input

usage, domestic intermediate input usage, and value added.

2.2 Unit Values across Domestic and Foreign Markets

I conduct a comparative analysis of unit values in both the domestic and foreign markets.
In most cases, the unit measurement for products varies between these markets. However,
the EIM asks each firm to adjust its product units for equivalence across the two markets.
This ensures that the unit values can be compared across markets. The foreign unit value is
measured by dividing the free-on-board export value in Mexican pesos by the corresponding
export quantity. On the other hand, the domestic unit value is measured by dividing the
sales value charged to customers by the corresponding quantity, with the exclusion of the
value added tax. Unit values are measured on a quarterly basis. My empirical specification

takes the following form:

log pijas = Qiji + B X 1y j deForeign,i} T €ijdit (2.1)

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



where ¢ is the plant index, j is the product index, d is the destination index, and t is the
time index. The term «;;, is the plant-product-time fixed effect, and 1y; ; acForeign,s} 1S @
dummy variable that takes 1 if a product j produced by plant ¢ at time ¢ is sold in foreign
markets. With the inclusion of plant—product—time fixed effects, my analysis compares the
unit values between the domestic and foreign markets at the plant—product level within the
same time frame. The standard errors are clustered at the plant—product level.

Table 1 reports estimates of 8 for different time periods and weighting schemes. For the
year 1994, prior to the sudden stop, the estimates of 5 consistently fall within the range of
—0.11 to —0.13 with high 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 the year 1995, during the
sudden stop, the estimates of [ are approximately —0.01 without statistical significance.
This suggests no clear difference in unit values between domestic and foreign markets during
the sudden stop. Last, for the year 1996, subsequent to the sudden stop, the estimates of
B settle around —0.07 with high statistical significance. This implies that the unit values
tended to be approximately 7% lower in foreign markets than in domestic markets after the
sudden stop.

Assuming that the marginal cost of production is the same at the plant—product level
across domestic and foreign markets, these disparities in unit values result in differences in
markups across destinations. It is important to note that these numbers could be viewed
as a conservative estimate representing the minimum discrepancy in markups between the
two markets. Verhoogen [2008] highlights that exporting plants produce higher-quality
products for foreign than for domestic markets. Higher-quality products require superior
inputs, thereby elevating production costs. Consequently, the marginal cost of exported
products is higher. If I consider the possibility of higher marginal cost for exports, the
disparity in markups between foreign and domestic markets is further magnified.

My results are consistent with those of Blum et al. [2023] who use the Chilean manu-
facturing survey and customs data. 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.
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(i) (i) (éi1) (iv) (v) (vi)
—0.129 | —0.113 | —0.0152 | —0.008 | —0.072 | —0.071
g [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 8 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, § 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 were, on average,
11% to 13% lower in foreign markets than in domestic markets. However, during the sudden
stop, there was no clear difference in unit values. After the sudden stop, unit values in

foreign markets were, on average, 7% lower.

2.3 Distortions across Maquiladoras and Non-Maquiladoras

I compare the distortions faced by maquiladoras and non-maquiladoras. The specific dis-
tortions faced by maquiladoras are illustrated on the left side of Figure 2.1. Maquiladoras
are exempt from paying tariffs on foreign intermediate inputs. They are subject to a 25%
payroll tax on labor. When products produced by maquiladoras are exported, they are
not subject to VAT charges. Additionally, if domestic intermediate good producers possess
market power, maquiladoras face non—tax—related distortion when purchasing domestically

produced intermediate inputs.
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Figure 2.1: Distortions faced by Maquiladoras and Non-Maquiladoras

The expenditure share of maquiladoras for domestically produced intermediate inputs
amounts to 8.3%. In contrast, the expenditure share of maquiladoras for foreign intermedi-
ate inputs amounts to 77.2%. This highlights that maquiladoras rely less on domestically
produced intermediate inputs and have a stronger dependence on foreign intermediate in-
puts.

On the other hand, the distortions faced by standard producers (non-maquiladoras) are
depicted on the right side of Figure 2.1. Standard producers are subject to tariffs, which are,
on average, from 5% to 10% on foreign intermediate inputs. They also face a 25% payroll
tax and a 10% VAT charge when selling goods to domestic consumers. However, when their
products are exported, VAT is not applied. Similarly to maquiladoras, standard producers
face non-tax-related distortions such as market power among domestic intermediate goods
suppliers —when purchasing domestically produced intermediate inputs.

The expenditure share of standard producers for domestically produced intermediate
inputs is considerably higher at 58.8% than that of maquiladoras. In contrast, the ex-
penditure share of standard producers for foreign intermediate inputs amounts to 20.4%.
This indicates that standard producers heavily rely on domestically produced intermediate
inputs and have a weaker dependence on foreign intermediate inputs.

Production of domestic intermediate inputs involves purchasing various inputs from the
domestic economy such as labor, capital, and foreign and domestic intermediate inputs,
often entailing distortions such as market power and tax in each transaction. These dis-

tortions accumulate throughout the production process, resulting in the supply chain for
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domestic intermediate inputs facing more distortions than the supply chain for the foreign
intermediate inputs used by maquiladoras.

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 by more than domestic oriented-
activities. This is because domestic aggregate demand shrinks during a sudden stop, while
foreign aggregate demand is stable and the depreciation of the domestic nominal exchange
is advantageous for export-oriented activities. In case of the 1994 Mexican sudden stop,
aggregate manufacturing export as a fraction of aggregate manufacturing sales increased
from 17.3% in 1994 to 27.2% in 1995. To understand which intensive or extensive mar-
gins contribute to this increase, and to unravel the underlying reallocations of resources, I
consider the following three decompositions.

First, to see how the relative expansion by maquiladoras contribute to this increase in
aggregate manufacturing export share, I decompose the change in the ratio of aggregate

export to aggregate sales as follows:

Aggregate Export Z

Aggregate Sales 10041905 z,1994( 41,1995 1,1994>

i1€{Maquiladoras,Non-Maquiladoras}

9.9% (=27.2%—17.3%
%l % ) Within Effect (6.2%)

+ Z E; 1994 (Si1995 — Si.1994)

i€{Maquiladoras,Non-Maquiladoras}

Between Effect (4.0%)

+ Z (Ein1995 — Ei1994) (Si1095 — Si1994)

i€{Maquiladoras,Non-Maquiladoras}

Covariance (—0.3%)

where ¢ is the sectoral index, S;; is the total sales in sector 7 as a fraction of aggregate sales
at time ¢, and E;; is export as a fraction of total sales in sector 7 at time ¢. The first term is
the within effect, fixing the sales share across maquiladoras and non-maquiladoras, thereby
reflecting shifts in the export shares within sectors. The second term is the between effect,

fixing the export share of each sector, thereby reflecting the compositional changes across
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maquiladoras and non-maquiladoras. The third term is the covariance term, which captures
the contribution of sectors that experience expansion while altering their export shares.

The decomposition result shows that the within effect explains 62.6% and the between
effect 40.4% of the change in export share. I have Eyjaquiladoras, 1994 = FMaquiladoras,1995 = 1 Dy
assumption; therefore, the within effect comes from the increase in export share within non-
maquiladoras. The positive between effect suggests the potential for resource reallocation
across maquiladoras and non-maquiladoras during the sudden stop. This finding, however,
does not conclusively imply resource reallocation, as an increase in maquiladoras’s sales
share due to an increase in price given the quantities of sales could have a similar effect.
To ascertain the extent of resource reallocation, I analyze inputs at the plant level. Before
delving into this analysis, I decompose the change in export share within non-maquiladoras
through microdata at the plant level.

I summarize our finding as follows:

Fact 3. The compositional shift toward maquiladoras explains 40.4% of the increase in
aggregate export shares. The increase in export share within non-maquiladoras explains the

rest of the increase in aggregate export shares.

Second, I consider the decomposition of the increases in the export share within non-

maquiladoras. Aggregate non-maquiladoras export as a fraction of aggregate non-maquiladoras

sales increased from 9.0% in 1994 to 15.9% in 1995. Within my microdata, it increased from
10.5% in 1994 to 20.1% in 1995. I evaluate what portion of this increase can be attributed
to various factors, such as within-plant effects, between-plant effects, covariance effects, and

plant entry into and exit from export status:

Non-Maquiladoras Aggregate Export B 5;,1994

: => = (€4,1995 — €i,1994)
Non-Maquiladoras Aggregate Sales 19941995 Py Y icC 5i,1994

9.6% (=20.1%~10.5%) Within Effect (6.5%)

54,1995 54,1994
+E €4,1994 5 -

icC ieC Si,1995 D _icc 8i,1994

Between Effect (2.3%)

1=>.cosi
icC Si,1995
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1- ZZEC 57,1994
+ g 84,1994€7,1994 — g 54,1994€4,1994

8

)

Exit Effect (0.7%)

Z 54,1995 57,1994
_l’_ —_
ieo ZieC 54,1995 ZieC 54,1994

) (€i,1995 — €4,1994)

Residual (0.7%)

where C' is a set of plants whose export status did not change from 1994 to 1995, N is a
set of plants that did not export in 1994 but started to export in 1995, and F is a set of
plants that exported in 1994 but stopped exporting in 1995. s;; is the share of total sales
by plant 7 as a fraction of aggregate sales at time ¢, and e;; is the share of export as a
fraction of total sales by plant ¢ at time ¢. The first term is the within effect, fixing the
sales share across plants, thereby reflecting the changes in export share within plants. The
second term is the between effect, fixing the export share of each plant, thereby reflecting
the compositional changes across plants with different export shares. The third and fourth
terms are the contribution from entrants into the export market and exits from the export
market. The fifth term is the residual.

The decomposition results show that the within-plant increase in export share explains
67.7% and the between-plant reallocation 24.0% of the increase in export share. In addition,
plant entries into or exists from export markets attribute only a small share of the change
in export share.

I summarize my finding as follows:

Fact 4. Within-plant expansion toward export markets explains 67.7% of the increase in
export share among non-maquiladoras. Compositional change across plants with different

export shares explains 24.0% of the increase in export share among non-magquiladoras.

Last, I decompose the within-plant effect by using the plant—product—destination infor-

mation. I decompose the within-plant effect as follows:

53,1994 54,1994
—Z ‘ (&‘,1995 - €i,1994 E E Z Si,p,1994 (ei,p,1995 - ei,p,1994>
ico 2uicC 91,1994 ieC £ieC 1990 coip
N ~~ 7 -~ J/
Within-Plant Effect (6.5%) Within-Plant-Product Effect (5.3%)
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NV
Within-Plant across Product Effect (0.8%)
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+ - Si,p,1995€i,p,1995 — Si,p,1994€4 p 1994

. S,
1eC Z’LEC 1’1994 peN'iap peEi,P

(.

~
Within-Plant Extensive Margin (0.4%)
5i,1994

2

m Z (Si,p,1995 - Si,p,1994> <€i,p,1995 - 6i,p,1994)
ZEC ZEC ,

peCiP

J/

TV
Within-Plant Residual (0.03%)

where p is the product index, s;,; is the ratio of sales of product p by plant ¢ as a fraction
of total sales by plant 7 at time ¢, and e;,; is the ratio of export of product p by plant
i as a fraction of total sales of product p by plant i. O is a set of products that were
available in both 1994 and 1995 in plant i. NP is a set of products that did not exist
in 1994 but existed in 1995 in plant i. E“P is a set of products that existed in 1994 but
disappeared in 1995 in plant i. The sub-within effect measures changes at the within—plant—
product level toward or away from foreign markets. The sub-between effect measures the
contribution of compositional change in products with different export shares within plants.
The sub-covariance measures the contribution of products that expanded and experienced
a change in export share. The sub-extensive margin measures the contribution of newly
added products or removed products.

This decomposition shows that the within—plant—product reallocation toward export
markets explains 81.5% of the within-plant increase in export shares. The addition of
products to or subtraction of products from export baskets explains a small fraction of the

change in the within-plant increase in export shares.

Fact 5. The sales expansion in foreign market within plant—product level explains 81.5% of

the increase in export at the plant level.

2.5 Quantity Expansion at the Plant—Product—Destination Level

The previous analysis shows that product lines for foreign markets have lower distortions
than the ones for domestic markets. Furthermore, the preceding decomposition analysis

reveals the importance of the sales expansion in foreign market within plant—product level.
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A crucial factor in my assessing changes in allocative efficiency and TFP is whether I observe
shifts in relative input usage among products for different destinations. When I detect a
change in the relative quantity of sales among products across destinations, it implies a
change in the relative utilization of inputs across destinations. To investigate whether there
was a shift in the quantity of sales between domestic and foreign markets before and after
the sudden stop, I employ a difference-in-differences strategy. If quantities of production for
foreign markets with lower distortions relatively increase by more than the ones for domestic

markets, this is expected to worsen the allocative efficiency and decline TFP.

0.61

0.44

0.21

00r--2======

1994q1 19942 199493 199494  1995q1 1995q2 199593 199504  1996q1 199642
time

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.

I define g; j 4+ as the quantity of sales of product j sold by plant 7 in destination d during
period t. The period coinciding with the sudden stop, in this case, is denoted as 1994 Q4.

I focus on products sold in both domestic and foreign markets prior to the sudden stop. I
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consider a panel regression of the form

log (¢i,j.4¢) — 108 (¢i,5,d19914 Q1) = Z Vs (1s:t : ]-{dEForeign}) + i ja+ Bije + €ijdt
5£1994 Q4

over the period t = 1994 Q1,--- , 1996 )2, where 1,_; is the time period indicator function,
1{4croreigny = 1 (= 0) if the destination is foreign markets (domestic markets), a;;q is the
plant-product-destination fixed effect, and f3; ;; is the plant-product-time fixed effect. As
the specification is in stacked differences, the fixed effects absorb not only the constant, but
also plant-product—destination-level secular trends over the entire period. Standard errors
are two-way clustered at the product and time level to account for any possible bias from
serial correlation.

Figure 2.2 presents an event study graph illustrating the average effects of the sudden
stop on sales quantity. It reports quarterly effects for products being exported to foreign
markets before and after the sudden stop. In line with the absence of differential pretrends,
I observe no effect in terms of products being exported to foreign markets before the sudden
stop occurred. For the post—sudden stop period, I observe a substantially greater increase
in the sales quantity in foreign markets than in the sales quantity in domestic markets.
The average difference in sales quantity change reached approximately 60% by the second

quarter of 1995.

Fact 6. Following the sudden stop, the sales quantity in foreign markets increased by as

much as 60% more than did that in domestic markets.

2.6 Relative Expansion by Maquiladoras

The previous analysis shows that maquiladoras have less distorted supply chains than non-
maquiladoras. Additionally, the previous decomposition analysis shows that the relative
expansion of maquiladoras explains 40.4% of the increase in aggregate export share during
the sudden stop in 1994. A crucial factor in my assessing changes in allocative efficiency
and TFP is whether I observe shifts in relative input usage across maquiladoras and non-
maquiladoras. If inputs of maquiladoras with less distorted supply chains relatively increase
by more than the ones of non-maquiladoras, this is expected to worsen the allocative effi-

ciency and decline TFP.
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To measure the effect of the sudden stop on the relative usage of inputs across maquilado-

ras and non-maquiladoras, I estimate the following equation:

log (Li j+) —log (Liji99a04) = & + Viz + Z (0N (ls:t - Maquiladora Dummym) + €t
5£1994 Q4

for the period ¢t = 1994 Q1,---,1996 2, where L, ;; is number of workers in plant j in

industry ¢ at time ¢, «; is the plant fixed effect, ;; is the industry x time x region fixed

effect, 1,; is a time indicator function, and Maquiladora Dummy, ; is 1(0) if firm j in

industry ¢ is a maquiladora (non-maquiladora). Standard errors are two-way clustered at

the industry and time level to account for any possible bias from serial correlation.

1994q1 1994q2 1994q3 1994q4 1995q1 1995q2 1995q3 1995q4 199601 1996q2
time

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 t quarters after the sudden stop and being maquiladora. The confidence
interval is at the 95% level.

Figure 2.3 presents the event study graph of the average effects of the sudden stop
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on the number of workers. It reports quarterly effects in terms of the relative change in
the number of workers across maquiladoras and non-maquiladoras before and after the
sudden stop. In line with the absence of differential pretrends, I observe no differential
effect for maquiladoras before the sudden stop occurred. For the post—sudden stop periods,
I observe a substantially greater increase in number of workers in maquiladoras than in
non-maquiladoras. The average difference in the change in number of workers reaches

approximately 20% for the third quarter of 1995.

Fact 7. Following the sudden stop, the number of workers increased by as much as 20%

more in maquiladoras than in non-maquiladoras.

3. Sufficient Statistic Approach and A Stylized Model

In the previous section, I show that export-oriented activities have smaller distortions than
domestic-oriented activities from both market power and tax reasons. Additionally, there
was a reallocation of resources from domestic-oriented activities toward export-oriented
activities during the 1994 sudden stop. These empirical findings are expected to worsen
alloactive efficiency and reduce TFP.

To quantify the reallocation effects, I provide a sufficient statistics analysis following
Baqaee and Farhi [2019]. While the sufficient statistic analysis is useful for understanding
how reallocations of resources contribute to the decline in TFP, it remains silent on the
underlying mechanisms driving this decline in TFP. To understand the underlying mecha-
nisms, [ provide a stylized model of resource reallocations during a sudden stop after the

sufficient statistic analysis.

3.1 Sufficient Statistics Approach

I consider a small open economy following Baqaee and Farhi [2019]. A set of plants is
denoted as N. 1 assume that each plant produces one type of product. Some plants
produce a product for both domestic and foreign markets. To produce a product, plants

use labor and intermediate inputs produced by domestic plants and foreign plants.
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Producers

Good 7 € NV is produced using a constant-returns-to-scale production function:

yi = Al <li; {$ij}jeNU;>

where A; is an exogenous Hicks-neutral productivity shifter of plant ¢, [; is the labor input of
plant 7, ;; is intermediate inputs from plant j. Plants may use foreign intermediate input
j € F to produce outputs. Importantly, the ideal markup by plant ¢ could be different
across destinations. ;4 is exogenously determined ideal markup of plant ¢ for destination
d € {D, F*}. The destination is either the domestic market (D) or the foreign market (F*).
This ideal markup, p; 4, incorporates all distortions stemming from various sources such as
tax distortions, financial frictions, market power, and other relevant factors. Plant ¢ chooses
inputs to minimize costs and set a destination specific price p; 4 = p; qmc; equal to an ideal
markup p; 4 times marginal cost me;. I assume that marginal cost of production is the same

across destinations within plant .

Nominal GDP, Input—Output Matrices and Sales Shares

The expression for domestic nominal GDP, which equals aggregate value added, is given as

follows:

Zpiyi - Z ijxij - Z ij$ij = GDP

1eEN iEN jeN iEN jEF
The first term is aggregate gross output, the second term is the aggregate expenditure on
domestically produced intermediate inputs, and the third term is the aggregate expenditure
on foreign-produced intermediate inputs.
I define Q as a revenue-based input—output matrix with dimensions (N + 1+ F) X
(N + 1+ F). Each element (i,7) of  represents the share of i’s expenditures on inputs

from j relative to its total revenue:
o, = P
DiYyi
The last (1 4+ F) rows of Q are filled with zeros because the factors require no inputs, and

the expenditure shares of the foreign intermediate input on domestically produced products

are zeros due to the small open economy assumption.
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The revenue-based Leontief inverse matrix is given by
U=01I-0)"

I denote the diagonal matrix of markups as p, and the cost-based input—output matrix

is represented as:

Q= uf2
D5

NF1I+F
dimt P

The cost-based Leontief inverse matrix is represented as
- N\ -1
b= (1-9)

V,;; measures how expenditures on ¢ impact the sales of j through production network, while
\ifij captures how the price of j affects the marginal cost of 7.

I define the forward and backward exposure of GDP as:

Ak = / Oy, pdi
1EN

ieN
Digi

where Qy,; = Ghs 18 the final output share of a good i in GDP, with ¢; = y; — Zjej\/’ Tji
representing the final output of good ¢ in the domestic economy. Notice that ¢; < 0 holds
for the foreign intermediate inputs ¢ € F. For the labor share and the share of the foreign
intermediate input ¢ € F, I write Ay, A} and Ay, A;k.

Harmonic average markup by plant ¢ across destinations is denoted by

AN
i — (_D + _f)
HiD i F*
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Real GDP

I employ Divisia indices to define the local change in the aggregate price index at time ¢ as

dlog PY,t = Z QY,i,tdIngi,t
iENUF*

Then, the local change in real GDP in this economy at time ¢ can be expressed as
dlogY; = dlog (GDP;) — dlog Py,

The Change in Allocative Efficiency

For any variable X, the global change of variable X from time ¢ to ¢t + 1 is defined by

integrating local changes in X over the interval [t, ¢ + 1], which can be expressed as
t+1
Alog X, :/ dlog X,
s=t
The global change in real GDP up to the second order is given by the following lemma.

Lemma 1. The global change in real GDP at an inefficient equilibrium from time t tot+1,
can be approximated up to the second order by the following equation:

Alog Y z/

At + A ALt +A A 4 R*,  —A* —A*
(’”Jr’”“> Alog A ¢dk + (“2““) Alog Ly + Z < it it+1 it i t+1 Alog X,.q
keN

2 ieF 2

Change in Technology Change in Factor Change in External Inputs

A A A A Ar,+Ar,  —Ar, —AF

,/ Rt T AR Y N joo iyl — (DLt TALAAL) A qoen, S PRt et TR ) Alog AT,
kEN 2 ' 2 T 2 ’
€ iEF

Change in Allocative Efficiency
where X;; = Z].GN xjie for i € F is the total quantity of imported intermediate good i.

Lemma 1 is the second-order approximation version of theorem 1 in Bagaee and Farhi
[2019]. As shown by Baqaee and Farhi [2019], the change in real GDP consists of the
change in pure technology, change in factor inputs, change in external inputs, and change
in allocative efficiency. The change in TFP is the sum of the change in technology, the
change in external inputs, and the change in allocative efficiency. The change in allocative
efficiency captures how reallocation effects contribute to the change in TFP on real GDP.

Up to the second order, I need to average the ¢ and ¢ + 1 coefficients for each term. For
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example, up to the second order, I weigh Alog L;, the change in the quantity of labor from

t to t + 1, using the average of ]\L,t and AL,H—I-

Reallocation across Maquiladoras and Non-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 dataset. I calculate markups as total sales relative to
total variable costs.’

The change in allocative efficiency across maquiladoras and non-maquiladoras amounts
to —3.50%. This clarifies the quantitative importance of reallocation effects across maquilado-
ras and non-maquiladoras. As shown in section 2.3, maquiladoras have less distorted supply
chain and reallocation toward maquiladoras worsen the allocative efficiency.

When I measure markups in the data, it incorporates all the distortions such as mar-
ket power and tax distortions. In the quantitative analysis in the subsequent section, I
explicitly distinguish between market power and tax distortions. To be specific, I assume
that market power on the foreign markets is the same across maquiladoras and exporters
among non-maquiladoras. In the quantitative analysis, the difference in distortions across
maquiladoras and non-maquiladoras arise from tax distortions and the difference in the pro-
duction structure. I quantify how this difference in tax distortions and production structure

contributes to the change in allocative efficiency in the quantitative analysis. The obtained

5To be specific, I subtract the sales-weighted change in average markup of maquiladoras and non-
magquiladoras from the weighted change in factor shares.

6Total variable costs consist of total remuneration, raw materials of national origin, imported raw mate-
rials, 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 Appendix C-2 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 EMIME, as a proxy for the cost of capital.
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reallocation effects in the quantitative analysis is consistent with the reallocation effects

obtained in the sufficient statistics analysis.

Reallocation toward Product Lines for Foreign Markets

Next, I explore how the reallocation toward product lines for foreign markets contribute to
the change in TFP. When the markup for the foreign market is lower at the plant-product
level, the reallocation toward the product line for the foreign market is expected to reduce
the plant-product level TFPQ. The reason is that gross output of the product for the foreign
market is lower than the one of the product for the domestic market. Due to the composition
effect, reallocation of resources toward the product line for the foreign market reduces gross
output at the plant-product level and TFPQ decreases at the plant-product level.

To calculate the change in TFP(Q at the plant-product level, I define the price deflator
at the plant-product level. The price deflator of product j at time ¢ is denoted as

dlog Pj; = Z Ajard10g pja
d

Pjd,tY5d,t

Py Yo is the sales share of product j at

where d is the destination index and Ajq; =
destination d as a fraction of gross output of product j. Then, the change in plant-product-
level real output is given by the change in nominal gross output minus the change in the

price deflator at the plant-product level:
dlogY;s = dlog P;,Y;; — dlog P},

[ assume that production structure is the same for different destinations at the plant-product
level. 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

Alog A;; ~ Z NjaiAlog Ajqy —Couy,,, <5Ztt , Alog yjd7t>
d Ja,

J/

(. s

~~
Vv .
Change in Technology; , Reallocation Effect; ,
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where Ajq4, is Hicks-neutral productivity shifter at the plant-product-destination level,
;¢ is the harmonic average markup of product j, 4 is the markup of product j for
destination d, and dlog y;, is the change in quantity of output of product j for destination
d. This expression is a version of lemma 2 of Baqaee et al. [2021] at the plant-product level.
The second term captures how the reallocation of resources across destinations at the plant-
product level contributes to the change in TFPQ at the plant-product level. An immediate
observation is that if the product is only sold at the domestic market, the reallocation effect
is 0 because there is no way to reallocate resources.

The empirical evidence shows that the change in the quantity of product for the for-
eign market is larger and the product lines for the foreign market have smaller markup.
Therefore, Cov,,,, <ﬁ, dlog yjd,t> is expected to be positive and the reallocation effect is
expected to be negative. In the stylized model, I analytically show that this reallocation
effect is negative.

I measure this reallocation effect by using the plant-product-destination level data. The
sales share and the change in the quantity of output at the plant-product-destination level
can be directly observable from the dataset. The markup of plant ¢ is calculated by using
the accounting approach as described before.” 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 first order by calculating

Z S\jtheallocation Effect;,

J

where 5\j7t is the cost-based sales share of product j of plant i. The calculated effect on the
change in aggregate TFP is —0.63%.

The empirical evidence shows that the markup difference across destinations disappeared
during the sudden stop. This has an implication when I consider 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

“In case plants manufacture multiple products, I proceed with the assumption that they charge the
identical markup across products in the domestic market.
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given by

]_ .
AlogAj; ~ Z 5 (Ajat + Njags1) Alog Ajqy —Couy,,, (%, Alog yjd7t>
-] bl

d (. 7
(& J/

~
NV .
Change in Technology First-Order Effect;

1 .
—|—§ (COUAjd,t (:J , Alog y;a, t) — Covy,y iy (Ny,t+1 ,Alog yjd,t>>

jd,t Hjdt+1

(. J/

~
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 t + 1 at the plant-product-destination
level (f4jar = fjdt+1, Njat = Njae+1 Vd), 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 Mexican

sudden stop. In essence, this translates to Ajg; # Ajas+1 and i 7 fjdi+1-

Covy,,, < : 2= Alog yja, t) is expected to be positive because product lines for the foreign

market had lower markup before the sudden stop and they expanded their production during

the sudden stop. My empirical evidence shows that there was no markup difference across

T
ERAS Closer

destinations during the sudden stop, which is likely to make the markup ratlo
to 1 and Cov,\j . ( :L‘ Jdi:l Alog yjdt) closer to 0. Therefore, the second—order ef‘fect 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 TFP(Q 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 1. The calculated reallocation effect on the change in aggregate TFP is
—0.34% which is bigger than —0.63% which is the reallocation effect on aggregate TFP up
to the first order. The increase in markup by product lines for the foreign markets with ex
ante lower markup is better in terms of the resource allocation because ex post distortion

gets similar across destinations. This is why the second-order effect mitigates worsening the

allocative efficiency.
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3.2 A Stylized Model of a Sudden Stop

The previous sufficient statistics analysis is useful to measure how reallocations of resources
contribute to the decline in TFP. However, it says nothing about the underlying mechanism
about the changes in markups and sales shares during the sudden stop. Also the result from
the sufficient statistics analysis reflects not only the sudden stop shock but also other shocks
such as a financial crisis shock and the introduction of NAFTA. Now I add the following
four structures to the previous model in order to understand how a sudden stop shock
impacts allocative efficiency and TFP through the changes in sales shares, nominal exchange
rate, and markups: (i) household’s budget constraint is introduced to capture a sudden
stop shock; (ii) household has a Cobb-Douglas utility function over domestic and foreign
consumption goods; (iii) there are two types of producers: domestic producers and exporters
and there is no distinction across maquiladoras and exporters in non-maquiladoras; (iv) I
assume that producers face fully sticky prices in foreign currency in foreign markets while
produces face flexible prices in domestic markets; (v) labor is the only factor of production;
(vi) domestic nominal wage is perfectly rigid; and, (vii) domestic monetary policy controls
domestic nominal GDP. Assumptions (ii)—(vii) will be relaxed in the subsequent quantitative
analysis.

First, the household budget constraint is introduced as follows:
PDCD+€P]:OF+E@:WL+H

where PpCp is the total spending on domestically-produced consumption goods, e PrC'r is
the total spending on foreign-produced consumption goods in domestic currency, and € is
the nominal exchange rate, defined as the units of home currency for one unit of foreign
currency.® © captures exogenously determined net foreign repayment in foreign currency.
For the sake of simplicity, I abstract from the household’s borrowing and saving behaviors.

A sudden stop is characterized by an exogenous increase in ©.°

8 An increase in e implies depreciation of the home currency.

91f I consider the household’s borrowing and saving behavior, © can be expressed as © = b — (I+7*)b
where b’ is the amount of borrowing in foreign currency, r* is the foreign interest rate, and b (1 + r*) is the
payment on a foreign bond. A sudden stop is described by an increase in the foreign interest rate (r*) or
a tightening of the borrowing constraint, which entails a decrease in b. In my paper, I do not specify the
cause of the increase in ©. Instead, I focus on the response of each variable with respect to this exogenous
increase in O.
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Second, I assume that household has a Cobb-Douglas utility function over domestic and

foreign consumption goods:
U (Cp,Cx) = Cp'C}

In the quantitative analysis, this assumption is relaxed and a CES utility function is intro-
duced.

Third, I assume that there are two types of producers: domestic producers with index
D and exporters with index F*. There is no distinction across maquiladoras and exporters
among non-maquiladoras.

Fourth, T assume that producers face fully sticky prices in foreign currency in foreign
markets while produces face flexible prices in domestic markets. The empirical findings show
that, prior to the sudden stop, the markup on foreign market was lower than that for the
domestic market. However, this disparity in markup level disappeared during the sudden
stop period. Furthermore, the export price index in US dollars remained stable during the
sudden stop period.'® Based on this empirical evidence, I assume that producers face sticky
prices in foreign currency in foreign markets. When considering a menu-cost model, such as
the one proposed by Golosov and Lucas Jr [2007], what matters for the frequency of price
changes is the relative price compared to the aggregate price index. During the 1994 sudden
stop, the domestic aggregate price index in Pesos experienced a significant increase, whereas
the foreign aggregate price index in foreign currency remained stable. Consequently, this
resulted in a substantial relative price shift within domestic markets, while foreign markets
saw only a marginal change in relative prices.

In this respect, Gagnon [2009] provides compelling evidence based on a comprehensive
dataset of Mexican consumer prices during the sudden stop. His finding indicates that the
frequency of price changes in the domestic market peaked in April 1995, when a remarkable
64.3% of goods experienced price adjustments over the month. Considering that I simulate
the model at annual frequency in my quantitative analysis, I assume that producers face
flexible prices in domestic markets.

Fifth, I assume that labor is the only factor of production. The production function of

10See Figure C.2.
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producers is linear in labor and denoted as:

Y, = AL

where Y; is the output of producer ¢, A; is the technology level of producer ¢, and L; is the
labor input of producer <.
Sixth, I assume that there is the nominal wage is perfectly rigid to simplify the analysis.
I will weaken these extreme assumptions about price stickiness in the quantitative analysis.
Now the change in markup of an exporter is equal to the change in price minus the

change in marginal cost, expressed as:

dlog pr« = dlogePr« — dlog (XV )
‘F*

=dloge

I assume that technology level remains constant throughout the analysis. The change in
markup is equivalent to the change in nominal exchange rate under the assumptions about
price stickiness.

Last, I assume that monetary authority perfectly controls domestic nominal GDP, i.e.,
dlog GDP = 0 to simplify the analysis.

The equilibrium condition is the same as the previous model except that current account

identity equation is expressed as:
EP]:*Y]:* - EP]:C]: = €O

The left-hand side is net export in domestic currency and the right-hand side is net capital
out flow in domestic currency.

The local change in aggregate TFP can be calculated as
dlog TFP = dlogY — dlog L

where L = Lp + Lz« is the total labor hired in this economy.
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The harmonic average markup charged by domestic producers and exporters is given by

-1
__ (kD | BF

The sales share by domestic producer is represented by Ap = ]E:)ng and the sales share by
exporters is represented by Az = E g*DY;*.

Now I consider the local changes in the nominal exchange rate and aggregate productivity

in response to 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:

PrCp ©

A SN
PrCrGDP

dloge =

)\ *
dlog Lp = —)\idloge <0
D

dlog Ly =0

dlog TFP = \p <1 . i) dlog Lp
HD

If up > 1 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, total income in foreign currency must decrease. As the domestic
monetary authority perfectly controls nominal GDP, it effectively controls nominal total
income in 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 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
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perfect rigid price in foreign currency and constant aggregate foreign demand. Consequently,
in relative term, exporters expand by more, while producers for the domestic market shrink.
In essence, I observe a reallocation of labor toward exporters from producers for domestic
markets.

The direction in which this resource reallocation impacts TFP at the local level depends
on the relative markup charged in the domestic market, represented as (%) From a social
planner’s perspective, producers with a higher markup underproduce. My empirical analysis
reveals that the markup for foreign markets was lower than the markup for domestic markets
before the sudden stop, represented as up > 7. If up > @ holds, this implies that producers
for the domestic market underproduce from a social planner’s perspective. Consequently,
this resource reallocation toward exporters and away from producers for the domestic market
worsens allocative efficiency locally, leading to a local decline in aggregate TFP.

The global change in TFP up to the second order in this model can be shown in the

following theorem:

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

_ 1 i _
)\D,t ( - ﬁ) Alog Lps+- (ADJ-H (1 - Ll) - )\D,t ( - i)) Alog Lpy
. UD. ¢t B 2 D t+1 UD,t )

TV NV
First-Order Effect Second-Order Effect

If ppy > 1, holds, the first-order effect is always negative while the second-order effect is

always positive.

The interpretation of the first-order effect is the same as the one in Proposition 1. In
response to a sudden stop shock, the markup by exporters increases (Alog pur = Aloge, >
0), and the ex post markup difference across destinations shrinks if yp; > 7, holds, leading
to a more favorable situation in terms of resource allocation because the ex post distortions
faced by all producers become more similar. Consequently, the second-order effect mitigates

the deterioration of allocative efficiency.
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4. Quantitative Model

The result from the sufficient statistics analysis reflects not only the sudden stop shock
but also other shocks such as a financial crisis shock and the introduction of NAFTA. Also
existing models of a sudden stop cannot match movements of macroeconomic variables as
well as generate endogenous decline in TFP. To assess how a sudden stop shock explains the
decline in TFP through reallocation effects and how a sudden stop shock changes relevant
macroeconomic variables, I conduct a quantitative analysis within a small-open economy
New Keynesian model incorporating features such as heterogeneous firms with different
distortions, input—output linkages, and sticky prices. The simple model described in the

previous section is a special version of the quantitative model presented here.

4.1 Household

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

sumption and labor:

> E [N (U(Ch L)

where aggregate consumption (C;) consists of manufacturing consumption goods (C)y,) and

nonmanufacturing consumption goods (Cpr¢):

_ _ ¢/(¢=1)
= [Ci S+ (- o it

¢ captures the elasticity of substitution between manufacturing and nonmanufacturing con-
sumption goods. Manufacturing consumption goods (C)y+) consist of domestically produced
(Chr,mt) and foreign-produced manufacturing consumption goods (Chy ).

n/(n—1)

)

Cuga = [YICH R + (=) )|

I allow for home bias in preferences and v denotes the expenditure share of foreign-produced
manufacturing goods. 7 captures the elasticity of substitution between domestically pro-

duced and foreign-produced manufacturing consumption goods.

33



The household is subject to the following nominal budget constraint:
POy + GtPXLF,tCM,F,t + Py COnmme + €09, = WLy + 11,

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'!; Py py 1s the price index of foreign-produced manufacturing products in for-
eign currency, which is exogenously given due to the small open economy assumption; and
Pn iy is the price index of nonmanufacturing products. ©, captures exogenously deter-
mined net foreign repayment in foreign currency. As is the case with the simple model, I
abstract from the household’s borrowing and saving behaviors. A sudden stop is character-
ized by an exogenous increase in ©;. Additionally, W, L, is labor income, and II; is the sum
of profits generated by all firms operating within the domestic economy.

Consumers have homothetic preferences over domestically produced manufacturing con-
sumption goods and nonmanufacturing consumption goods. Consumption bundles Cis ¢

and Cnyr g, are defined by the following CES aggregators:

1 o—=1 ﬁ
/ Caf 11,0,490 = Cum,mt
0=0
1 o—1 ﬁ
/9 CN?M,H,e,th = CNm,m e
=0

Consumption bundles consist of various varieties of goods indexed by 6 € [0, 1]. ¢arp o+ and
cnm,H e are the consumption of variety § among domestically produced manufacturing and
nonmanufacturing consumption goods, respectively.

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

—0
PM,HOt
CvoHOt = | /5 C'M,H,t
PM,H,t

—0
PNM,H0t
CNMHOt — \ /5 CNM,H,t
P NM,H.,t

The household supplies labor through a continuum of labor unions, represented by [ €

1 An increase in €; implies depreciation of the home currency.
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[0, 1]. Each union transforms the household’s labor L, into specialized labor services denoted
as ny (I). The total labor supply of the household L; is the integral of n; (I) across the
continuum of [. The labor types n; ({) enter the production function of firms through the

CES basket:

‘w

1 ew—1 ew—1
ny = (/ Ny (l) cw dl>
0

where €,, > 1 is the elasticity of substitution between the labor types. Cost minimization

by firms results in each union facing a downward-sloping labor demand curve:

where IW; denotes the nominal wage index and is defined as

1 e
W, = ( / Wy (1) dl)
0

In line with the approach of Erceg et al. [2000], each labor union [ chooses the wage W, (1)

to maximize household utility. Union [ can optimize the wage with probability ¢,,. Union [

chooses {W; (1), N; (1)} to maximize the objective function:
Z Ei (8(1 = 6w))" [u(Chys, Liys)]
5=0

where L, = fol nyvs (1) dl and the constraints are

Wi (1)\
Niys (1) = (%) Ttts

*
PM,H,t+sCM,H,t+s + €t+sPM7F¢+sOM,F,t+s + PNM,H,t+sCNM,H,t+s + €t+s®t+s - Wt—l—sLH-S + Ht+s

The solution to this problem can be found in Appendix D.
Additionally, I assume that the foreign household’s problem is symmetric; variables for

the foreign country are denoted with an asterisk (*).
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4.2 Firms

There are two sectors in this economy: the manufacturing sector and the nonmanufacturing
sector. Inside the manufacturing sector, there are maquiladoras and non-maquiladoras.
Non-maquiladoras in the manufacturing sector produce products for both domestic and
foreign markets, while maquiladoras produce products only for foreign markets. 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:

1ii
Lii _q Lii 4 Ll

Yit Nig | & g\ &
= =A, |w | = +(1—-w) | =
Y; n; (275

where n;, is the labor input, i¢;; is the aggregated intermediate input, w; is the share

parameter for how intensely sector i uses labor, and &M is the elasticity of substitution
among labor and the aggregated intermediate input. The aggregated intermediate input is

given by:
m,nm
m,nm _ m,nm _ 4 gmLmm ]

.. £ —1 £

Wit Timt e Tinm,t e
= =¥ (_— + (1 —vy) | =

115 Tim Linm

where z;,,; is the intermediate input from the manufacturing sector, including foreign

intermediate input; ; ;¢ is the intermediate input from the nonmanufacturing sector; v;
is the share parameter for how sector 7 uses intermediate input from the manufacturing

gmanwnon-mant g the elasticity of substitution among intermediate inputs from

sector; and
the manufacturing sector and nonmanufacturing sector. The intermediate input from the

manufacturing sector is given by

f,d
efhd_yq ebhd_q efd_1

Timt Tim,dt ghd Tim,ft ghd
———=0-q)| = TG | =
Tim Tim,d Lim,f

where z; ,,, 44 1s the domestically produced intermediate input from the manufacturing sec-

tor; x;m ¢+ is the foreign-produced intermediate input from the manufacturing sector; g;
is the share parameter for how sector ¢ uses the domestically produced intermediate input

from the manufacturing sector; and &5 is the elasticity of substitution among domestically
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produced and foreign-produced intermediate inputs from the manufacturing sector.

As in the simple model, I assume that exporters among non-maquiladoras face sticky
prices in foreign currency in foreign markets while producers face flexible prices in domestic
markets. I assume that maquiladoras face flexible prices because maquiladoras’ markup
measured by the accounting approach did not change from 1994 to 1995.

Following Calvo [1983], T assume that exporters in the manufacturing sector set prices
with a probability of changing prices in the next period equal to d,. An exporter in the

manufacturing sector 6 sets its price in foreign currency (p’M H,G,t) so as to maximize
[e.e]
(B(1— 5p))s E; [Qt,t+syz4,H,e,t (p*M,H,G,t - mchH,e,t)]
s=0
subject to the demand for the product in foreign countries:

* —0
* - pM,Hﬁﬂf y*
Yy For = M,Ft

*
P M,Ft

where ()45 is the stochastic discount factor from time ¢ to ¢t + s by domestic households,
Py py and Yy g, are exogenously given due to the small open economy assumption. The
solution to this maximization problem can be found in Appendix D. The maximization
problem for maquiladoras is identical to that for exporters in the manufacturing sector

except that maquiladoras face flexible prices in foreign currency in foreign markets.

4.3 Distortions

To account for variations in tax rates across sectors, particularly between maquiladoras
and non-maquiladoras, I introduce intermediaries who act as intermediaries between goods
or labor suppliers and buyers, which apply a markup of 1 4+ 7, where 7 is the tax rate.
I consider three distinct tax distortions: the payroll tax (7i.p0r), & tariff on foreign goods
(Ttariff), and value-added tax (7,qt). 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,¢) p. In
essence, this intermediary transfers the product from the producer to the consumer with a

markup of (1 + Tyat)-
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4.4 Nominal GDP, Current Account, and Monetary Regime

Domestic nominal GDP is given by the following equation:

*
PyaiCumg + 6Py p Crvre + Pyv O

1 1
* * * * * *
+/ etpM,H,Q,tyM,H,G,tde + / EtpM,M,G,tyM,M,G,tdQ - PM,F,tCM,F,t - etXtPX,t
0 0

- GDPt

1 1, 1, 1 )
where Xy = [0 @ar,m,0,m,1240 + Jo T3rm0m, 1290 + Jo Trrar0m, 5280 + Jo TNT,0.m 000 I5 the
total quantity of imports of the foreign intermediate input, and Py, is the price of foreign
intermediate input in foreign currency.

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

1 1
* * * * * *
/ etpM,H,B,tyM,H,O,tde + / etpM,M,H,tyM,M,G,tde - PM,F,tCM,F,t - 6tXtPX,t
0 0

= Et@t

For any variable X;, I denote its first-order change from its steady state as Alog X;.
The primary objectives of the monetary authority are to stabilize the labor market and

price levels:

EAlog P+ (1— =) Alog L, =0

where P, is the domestic consumer index and = determines the extent to which the monetary
authority prioritizes stabilization of the domestic consumer price index (CPI). When = = 1,
the monetary authority fully focuses on stabilizing the domestic CPI, while = = 0 signifies
a complete focus on stabilizing the domestic labor market.

I assume that the pass-through of nominal exchange rate on the price of foreign inter-

mediate good is not equal to 1:
Alog Py, = 0oAlog e

where o captures the pass-through rate from the change in nominal exchange rate to the

change in the price of foreign intermediate input.
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I define the equilibrium in Appendix D and the way to calculate the steady state of the

model is explained in Appendix E.

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, in accordance with
Boehm et al. [2023]. For the elasticity of substitution between manufacturing and nonman-
ufacturing intermediate inputs, I adopt a value of 0.2, following Baqaee and Farhi [2022].
Likewise, the elasticity of substitution between labor and the entire bundle of intermediate
input is set to 0.6, based on Baqaee and Farhi [2022].

When I measure markups in the data, it includes all distortions such as market power,
financial frictions, and tax distortions. Here, I explicitly distinguish between tax distortions
and other distortions. I assume that all distortions except tax distortions, including market
power and financial frictions, are captured by the markup. Following the empirical evidence,
I assume that the initial markup for the foreign market is 11.3% lower than the markup for
the domestic market. I assume that the markups charged by maquiladoras and exporters
in non-maquiladoras are the same. In addition, I assume that average markups for the
manufacturing and nonmanufacturing sectors are equivalent. The level of markup charged
by manufacturing producers producing for domestic markets is calibrated to achieve the net
export to GDP ratio of —4.82% before the sudden stop. Markup influences this ratio as a
higher markup widens the gap between export prices and input prices, resulting in a higher
net export to GDP ratio. The calibrated average markup in the manufacturing sector is
1.16. Regarding the price stickiness of exporters among non-maquiladoras, I set the degree
of price stickiness to ensure that there is no markup difference across destinations among
non-maquiladoras during the sudden stop shock. In the benchmark calibration, I assume

that the goods markets are perfectly competitive, and the aggregator for final demand takes
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a CES function with the elasticity of substitution 1.85.!2 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 cal-
ibrated at 0.4, as indicated by Burstein et al. [2007]. The consumption share of foreign
manufacturing good is set to 0.11 following Blaum [2019]. Labor elasticity is set to 1.84
from Mendoza [2010]. The wage stickiness is set to 0.08, in alignment with Fukui et al.
[2023]. The discount factor is set to 0.91 from Cugat [2022].

The monetary authority adjusts its weights on stabilizing the CPI and labor. Also
the pass-through rate of nominal exchange rate on the price of foreign intermediate good
is not equal to 1. The weighting by the monetary authority and this pass-through rate
are designed to match the 2.8% decline in employment numbers within the manufacturing
sector, as seen in the data. Tax distortions are incorporated, with values set at 747 = 0.1,
Tiabor = 0.25, and Tyqri¢f = 0.08. The size of the sudden stop shock is calibrated so that the

increase in a net export to GDP ratio is 156.3%, in line with the observed data.

5.2 Impulse Response Functions

Figure 5.1 and 5.2 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 discrepancy arises from the difference between the ex ante sales shares
and markup and the ex post sales shares and markup. Prior to the sudden stop, the markup

for foreign markets is lower than the markup for domestic markets. However, the markup

12When 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 benchmark analysis.

13T 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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for foreign markets increases during the sudden stop because of sticky prices in foreign
markets, closing the markup difference between the two markets. Considering up to the
second order, the ex post markup difference of zero is better in terms of resource allocation
because the distortions that producers face become closer to each other. Consequently, if 1
consider the change in allocatove efficiency up to the second order, the change is mitigated.

The change in allocative efficiency is primarily driven by the relative expansion of
maquiladoras. Up to the second order, reallocation within non-maquiladoras contributes
to 0.34% of the decline in TFP in the manufacturing sector, while the reallocation across
maquiladoras and non-maquiladoras contributes to 3.36% of the decline in TFP in the
manufacturing sector. This result is consistent with the one from the sufficient statistic
analysis. As explained in section 2.3, maquiladoras face less distorted supply chain because
they rely less on domestically produced intermediate inputs which accumulates distortions
throughout the production process.

This result shows the quantitative importance of maquiladoras and producers in special
economic zones in general when analyzing TFP and GDP. The entire reallocation effects
explain about 50% of the decline in value added in the manufacturing sector.

Overall, the model quantitatively matches the data well. The sales share of maquiladoras
increased up to 45.3% in the data, while it increases up to 44.3% in the simulation. The
sales share of exporters among non-magquiladoras increased up to 46.0% in the data, while
it increases up to 39.3% in the simulation. A part of this discrepancy could be explained
by NAFTA, which I don’t incorporate in this analysis and was expected to be beneficial
for exporters among non-maquiladoras.’* Import of foreign intermediate inputs declined
by 0.1% in the data, while it increases by 0.22% in the simulation. In the data, real value
added in the manufacturing sector declined by 5.2% and the contribution of capital on real
value added was 1.5% during the sudden stop. This implies that the decline in TFP and
the reduction in labor contributed to the decline in real value added by 6.7% in the data.
The simulation result from the model without capital shows that real value added declines

by 7.2%.

“Maquiladoras enjoyed tax benefits to begin with before the introduction of NAFTA. Therefore, the
impact of NAFTA on maquiladoras was expected to be small.
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Figure 5.1: 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
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
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Figure 5.2: 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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6. Conclusion

I analyze the impact of a sudden stop on allocative efficiency, TFP, and real GDP. During
a sudden stop, reallocation of resources from non-export activities with larger distortions
to export-oriented activities with smaller distortions cause a decline in TFP. I provide
empirical, theoretical, and quantitative analysis of this effect. Leveraging detailed microdata
from Mexico, I provide new empirical evidence illustrating the difference in distortions and
reallocations of resources at the plant—product—destination level during the sudden stop.
Using a sufficient statistics formula, I analyze the contribution of these reallocations on
TFP. Then, I construct a model of a sudden stop to understand the underlying mechanism.
From a quantitative perspective, my analysis demonstrates that the resource reallocations
explain about 50% reduction in value added in the manufacturing sector during the 1994

Mexican sudden stop.
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A. Appendix A: Proofs

Proof of Lemma 1

According to Baqaee and Farhi [2019], the local change in real GDP is expressed as:
/ Meidlog Apydk + Apdlog L+ 3 ([\;‘t - Ajt> dlog X,
keN ieF ’ ’

- / S\k,td log iy ¢dk — ]\L,tdlog Aps— Z (]\;kt - A;‘k,t> dlog A7, (A.1)
keN ieF

Now I think about a function fst: xsdlogys. The first-order logarithmic approximation of

x, for this function can be expressed as:

t+1 1
/ rsdlogys ~ (Sﬁt + B (Teg1 — xt)> Alogy;

=t

By integrating equation (A.1) from s =t to s = ¢t + 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
/ dlog TFP;, ~ Alog i — / (>\j0,t + 5 (Njot+1 — >\j€,t>> Alog 19,.d6
s=t 0e{D,F*}

1
= Alog pj; — / Ao Alog g db) — 5 / (Njotr1 — Ajor) Alog pjg df
0e{D,F*} 0e{D,F*}

(A.2)

Now I narrow my attention to Alog s, which is denoted as f "dlog i (s).

t+1 t+1 N
/ dlogp; (s) = / — s /0 222 (dlog Njo,s — dlog g s) df

=t e{D,F*} Hjo,s

t+1
/ / Ao (d1og 11505 — dlog Ajp ) dO
0e{D,F*} ,uge s
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t+1 )\
_ / / s =222 (dlog prje.. — dlog Ao .) df
0c{D,F*} Js= H

]078

Exjg’s

By performing the first-order log approximation of g, I get
t+1
/ Zjo,s (dlog pjo.s — dlog Njos) = o1 (Alog pjer — Alog Ajor)
s=t
1

+ 5 (xje,t+1 — xje,t) (Alog ior — Alog )‘je,t)

Therefore, I get

1
Alog iy %/ (xjgjt (Alog pjgr — Alog Njor) + 5 (jo.41 — Tjor) (Alog pjgr — Alog )\j(;,t)) do
0c{D,F*}

A
:/ a2t (A log o — Alog Ajo.s)
9c{D,F*} Hj0,t

1 i Ao
+ 5 (Mj7t+1 200 Mt ) (Alog pijor — Alog Ajo,r) df
Hij6 t+1 M50t

By substituting the approximated Alog y;, into equation (A.2), I get

t+1 b\
/ dlogTFP, ~ / s 2904 (Alog pijor — Alog Ajg 1) df
s=t 9e{D,F*} Fj6,t

1 A Ajo
I _/ (,Uj,tH 30, t+1 [t ) (A log Lo — Alog )\jgﬂg)de
6e{D,F*} Hio.t

2 Hi6.t+1

1
_ / Mo log p04d0 — — / (ot — Aja) A log 0.6
9e{D,F*} 2 Joeip, 7y

t+1 )\_0
<=>/ dlog TFP;, ~ i, L (Alogujo,tfAlogAje,t)def/ Njo.tAlog g +dO
s=t 0c{D,F*} Hjo.t 0c{D,F*}

=A

1 Ajo,t+1 Aje,
T3 / (“j,t+li — e = ) (Alog pje,e — Alog Ajo,e) = (Ajo,e+1 — Ajo,e) Alog pijo,cd6
2 0e{D,F*} 56, t+1 56,

=B

I focus on term A.

i
A= [ S (Ao e - Alog a8~ [ ApSlogpads
0e{D,7*} Hj6,t 0e{D,7*}
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= E>\j9,t |:

Hj6

= Alog 119, t} —Ey,, L/jj’s Alog /\je,t} — By, [Alog 1.4]

]97t

= COU)\JQ . |: A log ,ujg t} + E>\Je . |: 'ULS :| E>\j97t [A 10g Mj@,t]

0.t

=1

— | Couy,y, L’[ji, Alog )\j97t1 + Exo., [//ji] By, [AlogNjos] | — Ex,, [Alog pijo ]

jo,t 70t 1 ~~
=0

= C’ov,\je’t {&, Alog ,ujgﬂg} — Comﬂ,’t {M, Alog )\jg’t:|
6.t 12

30,
by
:—covm{ ,Alo ( ‘”)}
T LM ot

Next, I focus on term B.

Aj Ajo
B :/ (Mj,tﬂ LGRS, Hjt ) (Alog pjor — Alog Ajge) df
0e{D,F*} i t41 M50t

_ / (Njo.r41 — Njor) Alog pujg 1df
0c{D,F*}

Ao
= / (M 1 2 ) (Alog pijg — Alog Ajoe) d — / Ajo,t+1A log pujg A0
6e{D,F*} Hj6,t+1 0e{D,F*}

Ajo
- { / (ujt )(Alogwt Mog ) a0 [ Ajg,tmog;»je,tde}
0e{D,F*} Mot 0e{D,F*}

. Ao ; Aj
_ —C'Ol))\jg " [N],tﬂ Alog < )} + Couy,. " {,Uj,t Alog ( ]9,t>:|
o Mo t+1 Hjot Hjot Mot

I know that Alog ( ) Alogyjg. + Alogmej, — Alogp; ;. In the end, the global up

to the second order is given by

—Covy,,, [Mv Alog yj@,t:|
K6t

30,

1 , ,
+§ (—COUAJ,MH [/{j’tﬂ ,Alog yj.97t:| + Covy,,, [—/{J’t ,Alog yj97t}>
56,141 6.t

which concludes the proof of Lemma 3.
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B. Appendix B: Parameters

Parameter Description Value Note/Source

A. Parameters for Producers

WML 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

UM, M Manufacturing Input Share of Maquiladoras 0.95 INEGI

SM,M Foreign Manufacturing Input Share of Maquiladoras 0.95 INECI

WN M, H Labor Input Share of Nonmanufacturing 0.54 INEGI

VUNM,H Manufacture Input Share of Nonmanufacturing 0.31 INEGI

SNM,H Foreign Manufacture Input Share of Nonmanufacturing 0.05 INEGI

W, H Average Markup of Non-Maquiladoras for Domestic Markets 1.17  Read the Main Text
Was i Average Markup of Exporters 1.05  Read the Main Text
Haram Average Markup of Maquiladoras 1.05  Read the Main Text
INM,H Average Markup of Nonmanufacturing 1.16  Read the Main Text
Op Price Change Probability of Exporters 0.78  Read the Main Text
A Sales Share of Exporters in Value-Added 0.26  INEGI

AM. M Sales Share of Maquiladoras in Value-Added 0.29 INEGI

¢hd Elasticity (Foreign vs Domestic Manufacturing Intermediate Input) 0.76  Boehm et al. [2023]
groonm Elasticity (Manufacturing vs Nonmanufacturing Intermediate Input) 0.2 Baqaee and Farhi [2022]
ghit Elasticity (Value Added vs Intermediate Input) 0.6  Baqaee and Farhi [2022]
o Trade Elasticity for Exporters and Maquiladoras 1.85  Read the Main Text

Table B.1: Calibration of Parameters (1/2)
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Parameter Description Value Note/Source

B. Parameters for Households

10) Consumption Share of Manufactured Good 0.21  Inegi

¢ Elasticity (Manufacturing Good & Nonmanufacturing Good) 0.4  Burstein et al. [2007]
0 Consumption Share of Foreign Good 0.11  Blaum [2019]

B8 Discount Rate 0.91  Cugat [2022]

L Labor Supply Elasticity 1.84  Mendoza [2010]

S 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
0 Pass-Through Rate 0.53  Read the Main Text
TVAT Value-Added Tax 0.1
Tlabor Payroll Tax 0.25
Ttarif f Tariff on Foreign Intermediate Inputs 0.08

Table B.2: Calibration of Parameters (2/2)
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C. Appendix C: Additional Figures and Tables

C.1 Import of Foreign Intermediate Inputs

%108

B » B o a o
IN o o o (V) N o

Foreign Intermediate Input in US Dollars
»
N

1994 1994.6 1995 1995.6

Figure C.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.
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C.2 Export Price Index

— Trade-Weighted Exchange Rate
- - - - Export pirce Index

% Cumulative Change

10 \ \ \ \

Figure C.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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C.3 Depreciation Rate

There exist four distinct categories of capital: machinery and production equipment, trans-
portation 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 C.1: Depreciation Rates of Capital
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D. Appendix D: 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

() can be expressed as follows:

Alogy,=(1—n)(1—7) (Alog (etP]’\‘47F7t) — Alog PM,H¢) (D.1)

It is important to note that due to the small open economy assumption, Alog Py, = 0.
The change in the price of domestically produced manufacturing consumption goods ( Py g +)

is given by

Alog Py = wympAlog Wy + (1 — war i) (1 — varm) Alog pyai

+ (1 —wyp) varm (SarpAloger + (1 — sprm) Alog pasiie) (D.2)

The change in the price of manufacturing intermediate input (pys ) is given by

A logpM,ii,t = WM,HA log W + (1 - wM,H) (1 - VM,H) A logpNM,ii,t

+ (1 = warm) vara (SarrAlog e + (1 — i) Alog pari) (D.3)

The change in the price of non-manufacturing intermediate input (pyarsi+) is given by

Alogpnariit = wnmaAlogWy + (1 —wnarm) (1 — vnarm) Alog pvariit

+ (1 —wnam) U (SvvaAloge, + (1 — syarm) Alog pasiie) (D.4)

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

Alog ¢y = (1 =) (1 — ¢) (Alog Prry — Alog Pyasme) (D.5)
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The change in the price of manufacturing consumption goods (Pyy;) is given by
Alog Py = vAlog (e.Pyy py) + (1 — ) Alog Pay iy (D.6)

Lastly, the change in the price of non-manufacturing consumption goods (P m¢) is given

by

Alog PNM,Ht — WNM,HA log Wy + (1 - wNM,H) (1 - VNM,H) A logpNM,ii,t

+ (1 —wymnm) Unmm (svaraAloger + (1 — syarm) Alog pariit) (D.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 = GDP,

< PtCOt + Et@t = GDPt
By log-linearizing this equation, we get

AlogGDP, — GETAP (Aloge; + Alog ©,)

O
1 - GDP

Alog PE + Alog C;, = (D.8)

The change in the consumer price index, represented as Alog PC, can be expressed as

follows

Alog P = ¢pAlog Pars + (1 — ¢) Alog Pyarms (D.9)
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(iii) New Keynesian Wage Phillips Curve

Union [ chooses {W; (1), N; (1)} to maximize the objective function:
Z Ey (B(1 = 0u))" [u(Cris, Liss)]
s=0

where L, = fol ni+s (1) dl and the constraints are

W, (D)
Ntys (l) = (VI%J(F)) Nts

PtCCt + €4509i1s = WigsLigps + s

The first order condition with respect to W (1) gives us

- . Niys (W (D) Niys (W (D))

1 — 0y — s€w—r— | = Ats | News (1) — Wi (1) ey =0
s=0 <6( )) [ UQ,H_ ‘ Wt+s ( Wt+s * " " ( ) t< )E Wt+s Wt+s
where ug 45 = M%Z—:i“rs). The household’s optimization implies Ay 5 = ";,té:: By defining

[T E:—il, Ut s = MUpys, and —ug s = M D, 445, we can simplify this expression further:

Zzio (B(1— 5w))s Nips (1) M Dy

Wtﬂex (1) =
> eco (B(L=0w))” Neys (1) MUy (ﬁ)

Log-linearizing this equation, we obtain:

Alog Wi (I) = (1 = B(1 - 6,)) Z (B(1—=6w))° (A log P)S—s — Alog MUpys + Alog MDt+s)

s=0

Log-linearization of the wage index equation represented by W, = ( fol W, (1) dl) m’
we obtain

Alog Wiy = 8,Alog WS (1) + (1 — 6,,) Alog W,
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Combining these two equations and using the , we arrive at:

(AlogW; — Alog W; 1) — B (Alog Wiy1 — Alog W)

MD
= ¥y {—Alog W, + {Alog PF + Alog <MUZ) H (D.10)

o]

where ¢, = 1f7§w (1—p3(1—46,)). Utility function is given by u (Cy, L;) =

l=vuH

Alog <%—5§> can be expressed as

M D, W
Alog (MUt) = Alog (ﬁ)

=(—1)AlogL (D.11)

Producers in Manufacturing Sector
(i) Sales Share

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

* *
X  SPME0YM
M,H,0t — VAM
it

*

<= Alog Ny g, = Aloge, +Alog pyy g, +Alog (3/}];/1,&9715 > +Alog Yy gy —Alog V A,
M,Fyt

where Y7, is the total imported manufacturing consumption by foreigners. Importantly,

foreign aggregate demand remains unaffected during a sudden stop (AlogY7,,, = 0).

Additionally, we know

*
Ynm,H,6,t * * * *
Alog ——; = 0 oA 10g D o4 + OarmeA10g Py iy
M,Ft

where Pj; o, is the aggregate import manufacturing price index in foreign countries. Small

open economy assumption leads to Alog Py, -, = 0. This leads us to the simplified equation:

Alog Ny por = Aloge, + (1 — 04y ) Alogpiypgs — Alog V Ay, (D.12)
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We denote the expectation over producers of type 6, some of which can adjust their
prices while others cannot, with the symbol E. The expected sales share for an exporter of

type 0 is given by
E [Alog Xy g = Aloge + E [(1— 03y ) Alogpiy o] — AlogV Ay, (D.13)

Taking the sales-weighted expectation of (D.13), we can derive the change in the total

sales share by exporters in manufacturing sectoras follows:

Alog Ny = By B [A10g Ny o] ]

*
AM,H

— Alog)\*Mﬂt = Aloge; + EAMHG [E [(1 — a}‘wﬂ,@) AIng*M,H,e,t”

A%

M,H

— Alog VA, (D.14)

Exiin [E[(1- UMHﬂ) Alog th,e,tH can be derived by solving the price-setting problem

ES
A]W H

in the next section.

(ii) Price and Markup

Exporter in manufacturing sector ¢ sets its price in foreign currency (p*M Hé?t) so as to

maximize

Z )* By [Quavs¥nr o (Drrmes — MChrmoy)]
s=0

subject to

*
P M,Ft

—0
*
Prap.t
* _ s L4y *
Ym ot — (— YM,F,t

The first order condition with respect to pj, 5, is given by

mcyy MCNM L H,0,t+s

- €+ ay}k\/[HQt /?J}kaet pﬂ;WH@t

S s 41,U, +s y41,U, +s ? €t+s
Z (B - 5p))8 uy (Crysy Liys) P y}k\l,Hﬁ,t-‘rS 1+ I * =
- t+s pM,H,o,t/ Puraot pM H,0,t

61



h C L _ Ou(Cyys,Liys) B : * W/ Yirmos t
where uy (Ciys, Lits) = e By using oy g, = — g e, we ge

mc s
mcien Do (30— 0,))" [ (Coros Lecs) $20marss (~Onimosns 2t )]

,fle:v o S €t+s , %
Py Hp.t Zs 0 (B(1=15p)) [Ul (Ctrs, Liys) TLyM,H,Q,t+s (1 - O—M,H,G,tJrs)}

(D.15)
where MC*M Hot = mc}k‘%ﬁ”s By log-linearizing equation (D.15) and using Alog 113, g g 41 =
1o Alog (%)7 we get

P, H,6 ‘7MH9 M, H,t+s
*, flex * A X * *
A 1ngz\/ffHa t = (1—=3(1—4dp)) pM,H,HA log MCrr ot T (1 - pM,H,G) Alog PM,F,t

-0
+B(1—=146,) A 10gp;2{§%7t+1

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

*,flex (

E [A 10gp7\/[,H,9,t+1] = 0pA 10gpMH9t+1 + (1 -2 )AIngMHet

By combining these two equations, we get

E [A logp}kw,H,e,t —-A logpMHﬁ’t,J — BE [A logp*M,H,e,tH — Alog p*M,H,G,t}
= ¢p [—E [A logp}k\/[,H,O,t] + P A log (mchH,e,t” (D.16)

where ¢, = 1i_’$p (1—-75(1=46y)).
By subtracting £ [A log frﬁzcij{’g’t — Alog TﬂC*M’Hﬂ’tfl] —BE [A log mchHﬁ,tH — Alog nfic}‘w,Hﬂ’t]
from both sides of equation (D.16), we get the difference equation for E [Alog W, H,H,t}:

E [Alog iy oy — A10g iy pros 1] — BE [Alog iy prgpi1 — Alog iy o]
=—-F [A log (TﬁC&,H,e,t) — Alog (mcmﬁ,t,l)} + BFE [A log (mc&7H797t+1) — Alog (TﬁchHﬂ’t)]

+ [_E [A log MR/[,H,GJ] + (p*M,H,e,t - 1) Alog (mc?\/l,H,O,t—&—l)]
(D.17)

From equation (D.16), we can calculate the dynamics of Exx | [E[(1- aMH’G) Alog p}‘\LH’G’tH

e
AL H
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which shows up in equation (D.14).

Exsimo (E[(1—0irme) Alogpismes — (1= 0rrme) Alogpismes 1]

—BEN; 1 [E[(1—ohrme) Alogpirmasis — (1= 0rrme) A1og s e

“
AM,H

=@ | =By (B =00 me) Alogpismod] + Exsy e [Phrme (1= 0hpme) Alog (mchy po4)]

E3 E3
AMLH AMLH

(D.18)

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

Alogmicy gy = Wi gAlog Wy + (1 — wiy i) (1 — vip ) Alog pyasiie

+ (1 - w;(\/[H) VAL H (gﬂ,HAIOg € + (1 - CJT/[,H) A logpM,ii,t) — Aloge

(D.19)
(iii) Input Shares
The change in foreign intermediate input share can be expressed by
Alogsy e = (1 — ff’d) (1 —grar) (Aloge, — Alog pariit) (D.20)
Alogsy s = (1 — §f’d) (1 — g%M) (Alog e — Alog pariit) (D.21)
The change in manufacturing input share can be expressed by
AIOg VM Ht = (1 — ém,nm> (1 — VM,H)
(svarAloge; + (1 — qarm) Alog pasiie — Alog Pyt (D.22)
Alog VJ*M,H,t = (1-¢&mm) (1 - V&H)
(gj\},HA log e, + (1 - gJT/IH) Alog pagiie — A logpNM,ii,t) (D.23)
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The changes in labor input share can be expressed by

AlngM7H7t = (1 — fl’ii) (1 — wM,H)

(Alog Wy — (VM,H (CM,HA loge; + (1 - §M,H) AIngM,ii,t) + (1 - VM,H) A lngNM,ii,t))
(D.24)

AlogwMH’t = (1 — £l’ii) (1 — WX/[H)

(AlogVVt - (1/}'(/[H (gMHAlog € + (1 - gj'(/[H) AlogpMy,-,-,t) + (1 — V]"(/[H) A logpNM,ii,t))
(D.25)

Producers in Magquiladoras

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

Alog Ny are = Aloger + Exy, oy [ [(1 = 0hsar0) Al0g P ar]]

£
AM, M

— Alog VA, (D.26)

(ii) Price and Markup

The difference equation for E [A log iy, M’G,J is given by

E [A log p?W,M,@,t —A Ing*M,M,e,t—J — BE [A 1083P7\4,M,9,t+1 — Alog p}(\/l,M,G,t}
= ¥p [_E [A 1ng7\/[,M,0,t} + p*M,M,GAIOg (mc’IK\J,M,G,t)} (D.27)

The difference equation for E [Alog War, M’gvt} is given by

E [Alog iy arpy — A10g iy arps1] — BE [Alog iy argri1 — A1og iy aros]
=-F [A log (mchw,t) — Alog (mC&,M,e,tq)] + BE [A log (MCMMWH) — Alog (TﬂC*M’Mﬁ’t)}
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+p [—E [A log MMM,@,J + (p}F\/I,M,O,t - 1) Alog (TﬂC*M,M,e,tH”

Exiive [E(1- o, M,e) Alogpyy Mﬁ,tﬂ satisfies the following difference equation:

“
AM, M

(D.28)

EW,M,e [E [(1 - 0’7\4,1\4,9) A 10gp7\4,M,0,t - (1 - O-R/I,M,e) Alogp%,M,e,t—l]]

-
AM, M

—BEN; o [E[(L—=o0hare) AlogPirargiss — (1= hrare) Alogpisaros) ]

*
A, M

=9 _EARI,M,G [E [(1 B J&,Mﬂ) AIng}KW,M,@,t” + EX*M,M,G ['O}k\/[,Mﬂ (1 B 0?\/[,]\/1,9) Alog (mC’IKW,M,@,t)}

A A

* *
M,M M,M

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

Alog szc}kw’Mﬁ’t = wyr prAlog Wy + (1 — W}kw,M) (1 - 1/}'(/[7M) Alog pn i

(D.29)

+ (1= wirar) Yarar (SararAloge + (1= Gy ap) Alogpariie) — Aloge,

(iii) Input Shares

The change in foreign intermediate input share can be expressed by
AlogGirare = (1 =€) (1= <irar) (Aloger — Alog pagiiy)

The change in manufacturing input share can be expressed by

Alog vy ary = (1 =€) (1= viy )

(hraAloge + (1 — iy ) Alog pariie — Alog pyasiie)

The changes in labor input share can be expressed by

Alogwiyar, = (1—€") (1~ wis)
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(D.31)
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(A log W, — (V?{LM (g}\k/LMA log €; + (1 — gMM) AlogpMﬁ,t) + (1 - l/j\‘/IM) AlogpNM’ii’t))
(D.33)

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

Alogsym e = (1 — ff’d) (1 = svarm) (Alog ey — Alog pasiie) (D.34)

The change in manufacturing input share can be expressed by

Alog VNMHt = (1 — gm,nm) (1 — VNM,H)

(svmaAloge, + (1 — svarm) Alog pasiie — Alog pnasiie) (D.35)

The changes in labor input share can be expressed by

Alogwnnmy = (1 - fl’ii) (1 —wnwa)

(A log Wy — (VJ*VM,H (CXIM,HA log €; + (1 - CX/M,H) A 1ngM,ii,t) + (1 - VX;M,H) Alog pNM,ii,t):
(D.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, manufac-
turing 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 m4,, .4, )\"]‘\47H,AM7t, )\*MyM’AMJ, ANM,H, Apgt> a0d Dag .
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First, we consider a market clearing condition for manufacturing product 6 produced for

domestic market:

yM,H,G,t —= CM’H70’t+/ xM,H,G/,iiT(Q)dH +/ xL7H,9',iiT(9)d9 +/ x;/[,M,O/,iiT(Q)dQ +/ INM,H,@’,’L’Z'T(O)dQ

where carmp; is the quantity of consumption by domestic households, x; ¢ ;i,.p) 1S the

*

quantity of spending by manufacturing producer 6’ for the domestic market, MLHO i (6) is

*

M,M.0’ i (6)
6, and TN iir(e) 1S the spending by non-manufacturing producer 0. By integrating

the spending by manufacturing exporter ', is the spending by maquiladoras

over all manufacturing products 6 € [0, 1] for domestic markets, we get

/yM,H,H,tdQ = /CM,H,G,td9+//xM,H,GI,iiT(G)dQIdH
+//¢”?\4,H,9/,1;7;T(9)d9 d9+//$L7M’9/711T(9)d0 d9+//xNM’H79/7iiT(9)d9 do

(D.37)

Due to the presence of VAT denoted by 7 47, the intermediary for the final consumers

charges a markup with 1+ 7y 47 on the final consumer prices. Consequently, the sales share

‘e : o _ JQ+rvar)pa,m,60,.¢0Mm,H,0,6d0 . .
of this intermediary is given by by i+ = Vi where pys 9,4 is the original

price set by manufacturing producer € for the domestic market. By transforming equation
(D.37), we get

bar e

* *
AMe = ( + A H Ay T A Ay T AMM Ay ¢ T ANMH Ayt

1+ Tyar)

Log-linearizing this equation, we get

b
MaAlog M sy = 2 Alog barms + Mt ay D108 A s ayge + Nig iy, A10g Naggra, o
(1 + 1var)
+ A?W,M,AMA IOg A}(\/LM,AMJ + /\NM,H,AMA 10g /\NM,H,AM,t (D38)

We proceed to analyze the change in sales share by these intermediaries. We begin by
examining Aps g 4,, which is the sales share of an intermediary that aggregates domestically

produced manufacturing products intended for manufacturing producers who produce for
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domestic markets. This is expressed as follows:

/

f pM,ii,txM,H,a/,uM,tde
VA

/\MvaAM,t =

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 cost
M,H,0 1t

fsalesMyHﬂ,’tf Teales
AMH Ayt = - ,VA
M

i1t ..
i, ¢ DMt b ol i dQl

sales cost
M,H,0 M,H,0

)\ 9’ 1 /
= )\M,H,t/ )]\MH ! (1 —warms) vmme (1 — Sar ) df
MHt Ky H ¢

== /\M,H,tEAMﬂﬂ/

AM,H

1
— (1 - wM,H,t) VnHt (1 - §M,H,t)
Kar a6 ¢

By log-linearizing this equation, we derive

Alog Aar i ayt = Alog Aar i +Alog B +Alog (1 — war ) vmrms (1 — Sarme))

M,H,0
LI [NM,Hﬂ’ it

Further, by transforming Alog F

[ 1 } , we obtain

!
MH.O | Farme v

AM,H

Alog \ /
Alog Ex 208 Aol

M,H.,0'
AM,H

M,H,0'
AM,H

1
—— | =-Alog AM7H7t+ﬂM7HE>\
Har a0 t

Alog MM,H,@’,t]

_’quHEAM,H,QI ,
S Kar e

Kar e’ AMH

Subsequently, we get

- ’UM’HE/\M,H,QI
AM,H

Alog A vt = ParuEs,
AM,H

Alog )\M,H,e’,t] _

Alog ﬂM,H,e’,t]

Y04 Karae

+ Alog ((1 — warme) v, (1 — Sare))

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
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within sector, resulting in the equivalence of the change in aggregate price and the change

Alog A
. Furthermore,

.. .. . / Alog A
in individual price. As a result, we have Ex , MHO | — Z 8 M Ht
JAW,H,G “M,H,e/ Hnr H
M,H

even when employing the Kimball function as the final demand function, there is no change

in markup for the domestic market since the relative sales share remains constant. This

Alo /
leads to Ex [%] = 0. As a result, we get
m M,H,0
Alog Aug,,ay e = Alog Ay + Alog (1 — warme) vare (1 — Sarme)) (D.39)

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

* *
Alog A I Alog)\M,H,@',t " AloguM,Hﬁ,’t
= A — AK S A A
M,H, At MHEN v mabN v
A"]‘V[’H M,H,0 AR/I’H M,H,0
* * *
+ Alog ((1 - WM,H,t) VN, H t (1 - gM,H,t)) (D.40)
. Alog /\jw e
The calculation of B+ | | —"%%%| can be performed as follows:
M,H,0 Fotme
AMLH '
* * *
E Alog Ay g ,t] [ Mg 218 N o’
A% / * - * *
Y Fare At Mg

_ / Mo © [Alog AMH"”J do
)‘7\4,1{ I

Noppg A1oger + B [(1= 05 110) Alogpiyy g, | — AlogVAuy y

)‘7\/[,H M}k\/[,H,G
Aloge; — Alog VA (1 - U?M,H,G) .
= g t — g M,t + E/\)]k\/[ H.0 E *—A logpM7H,07t
Hara m Harae
(D.41)

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

6 does not make this distinction. We use equation (D.13) for the third transformation.

Similarly to (D.29), Exx [E {mAlog P, H,9,t:|:| satisfies the following difference

M,H,0 B, H,0

&
AM,H
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equation:

o . .
(1 - UM,H,@) . (1 - UM,H,Q) .
Exiyno | B | Alogphmes — =5 Alogphs e
M H Har,mo HM,Hp
- . .
<1 — JM,H,@) . (1 - UM,H,Q) %
_BEARI,H,S E *—AlogpM,H,e,t+l - *—AlogpM>H797t
NPy Har .0 Har,m,e
* * *
(1 - UM,H,9> . Pr,HLO (1 - UM,H,H) .
= —EW,H,G E | ————=Alogpymes| | + E*MH,G * Alog (mcM’H’e’t)
. Har e N, o Har .0

(D.42)

Alog (il 1.4

From equation (D.17), E .+ [ } satisfies the following difference equation :

M,H,0 B, H,0
AM,H
* * 17
E Alog Paaee Alog Har 0,61

A H,0 I I
Nor M,H.,0 M,H.,0 ]
* * 17

_BE B Alog Parag+1 Alog Har a0t
AL H,0 75 T
Nin M,H,0 M,H,0 ]
Alog (mchy pg.)  Alog (mic) )
g M,H,0.t g M,H,0,t—1
= _EARl,H,G E P - I
Nt M,H.,0 M,H.0 ]
Alo (TfLC* ) Alo (nic* ) 1]
g M,H,0,t+1 g M, H,0,t
+ﬁEAz*w H.,6 E * - *
o Har a6 Har a6
AM,H sy 4y J
Alog i} (P&Het—l)
M,H,0,t 11,0, ~ %
o [ =Exy, Bl | + By |- Alog (M mo.6e1) (D.43)
Py Har e N, o Har e

We can derive the change in sales share of intermediaries for maquiladoras in the same way:

Alog \* , Alog p* ,
% —x M,M,0 t — M,M,0 t
Alog AM,M,AM,t = NM,MEVI‘M I " ] - NM,MEA;‘M we | T o
o Farare N Farare
+ Alog ((1 - w}k\/[,M,t) VA (1- §X/[,M,t)) (D.44)
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Alog Ajw M0 : :
where Fy« | | —="2%%1] is given by
M,M.0 Porace
AM, M
* *
E Alog /\M,H,e’,t ~ Aloge; — Alog VAM,t+E E (1 - UM,M,&) Aloe 1
Mo’ * - o YRYR) * O8 Py Mot
e For i g Har e Norar Har e
(D.45)
1—0o% . . . .
and Ey: {E [WA log Pl are t” satisfies the following difference equation:
M, M6 M, M, WY
AN, M
B B * *
(obnare) o (i)
EA;\i,N[,Q E M* A 10g pM7M797t B /.,L* A IOg pM7M797t71
Nl I M, M,0 M,M.0
M B * *
(1= o) (1= heaea)
_6EA}‘W,M,9 E * AlogpM,M,e,tH - * AlogpM,M,@,t
TRy Far,n e Fain g
* * *
(1 - UM,M,@) . PM,M,0 (1 - UM,M,@) .
=@ | "B [ B |2 Al Pharae | |+ Exiang I & log (merazan)
A M M,M.0 N M,M,0
(D.46)
Alog A* ,
E — MMt gatisfies the following difference equation:
!
_M,M.6 i
A, M
* * 17
E B Alog Har ot Alog Har 0,61
A, ,0 * - *
ST Har e Harae 1]
* * 17
E Alog Har,a,0,t+1 Alog Har ot
—B MM M0 T - I
N M,M,0 M,M.,0 |
~ % A X 17
Alog (Mchyarps)  Alog (Mchyarps 1)
= _EARI,]W,G I B 1w
Nhrar M,M.0 M,M,0 |
Ak A X 17
Alog (Mchyarpsr1)  Alog (Michrare)
+BE \x E —
M,M.,0 ,“* U*
Ny M,M.0 M, M,0 |
Alog i3 (P}k\/jMat—1>
M,M,0.t »IVE,U, A %
+¢ | ~Exy, 0, [E [u F By | S Alog (i) | | (DAT)
Nl M,M,0 Nrar M,M,0 ]
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The sales share of intermediaries for non-manufacturing sector, Ayas i, 4,, ¢, is given by

. f PM,ii,tiCNM,H,e,iiM,tdQ

ANM,H, Ayt =
H At
VA
~ VAnmg [ PrMii TN H 6,10 A0
VA VANM
salesnnr 0,6 COStNA,H,0,6 PM,ii,t TNM,H,0,iips,t
. VAN f salesn i o1 f S salesnai,mo,¢ salesnm H0,0  COSENMH, 0t dt
VA, VAN
VAN 3 ANM,H,0.t 1 20
A NM,Ht (1 - WNM,H,t) VNM,H,t (1 - §NM,H¢)
V Anre )\NM,H,t MNM,HO,t

By log-linearizing this equation, we get

Alog A a Ayt = AlogVAny: — AlogV Ay, + Alog Ana,me

1
+ A]-Og (EANI\/I,H,Q |:—:|) + Alog ((1 - wNM,H,t) VNM,H,t (1 - gNM,H,t))
ANM,H MNM,H,Q,t

(D.48)

We have Alog (EANM,H,Q [;}> = 0 for the same reasons observed in the case of

KN DM, H,0,¢
ANM,H

manufacturing producers for the domestic markets.

Intermediaries Aggregating Domestically Produced

Non-Manufacturing Products
(i) Sales Share

There are five distinct intermediaries that aggregates domestically produced non-manufacturing
products and distribute them to manufacturing producers for domestic markets, manufac-
turing 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 Ay m Ay .ty Abri Ayay b0 MMM Ayapts ANMH Ay oty a0d
bNM H 1

The calculation of changes in sales share for these intermediaries follows the same

methodology as that applied to intermediaries aggregating manufacturing products for do-
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mestic markets.

by a

ANMaALOg AN = ( Alogbnnrm + At A D10 AN i Axart T A an D108 AN Ay, ¢

1+ TVAT)

+ )\?\/[,M,ANMAIOg /\7\/1,M7ANM¢ + )\NM,H,ANMA lOg )\NM,H,ANM,t (D49)

Alog Mgyt = AlogV Ay, — Alog VA

_ Alog Ay o _ Alog iy i
+ 'U/MvHEAM,H,HI el ’U/MvHEAIMHG/ —
YV M .0’ B HarH.e'
+A10g ((1 —wMyHJ) (1 — VM,H,t)) (D50)
A lOg )\*M7H,ANM¢ =A log VAMJ, —A log VANM,t
. Alog )\*M,H,G',t o Alog M*M,H,O',t
+ K H Mo | T | T RMEE N ¥
BYITE Pt e M H Foat e
+ Alog (1 — wipme) (1= Viray)) (D.51)
A lOg )\}i\/f,M,ANMJ =A log VAM¢ — A IOg VANM,t
. Alog)\}‘w’M’e,’t L 5. Alog,u}‘w’M’e/’t
ISV 0 / IOV —,u* /
N1 M,M,0 BT M, M0
+ Alog ((1 — WX/[,M,t) (1 — 1/}'(/[7M7t)) (D.52)

Alog )\NM,H,ANM,t = /LNM,HE’\NM’H,Q'
ANM,H

+A10g((1 —wNM,H,t) (1 _VNM7H,t)) (D53)

- MNM,HE}‘NM,H,G’
ANM,H

Alog )‘NM,H,G',t] _

Alog ,UNM,H,G’,t]

KN, H 0 KN H o
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Factor Shares in Manufacturing Sector

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

A ~ Wil
MLt = 57—
VA,
Wi ([ a0+ [in® o d + [ o dy’
t\Jo ""MHO t 0 "M,HO 0 ""M,MO t
VA,
1 .
Prrme (Yo 4 Expenditure on Labor M 4 Win MHO ,
_ . do
0 V Ay Prrme (YN 4 Expenditure on Labor,, ;o ,
1 * * : * *
/ Dy m o Yr.He 4 Expenditure on LaborT7 He o Win MHO Y
* * 3 *
0 VA, Dy o Y7o Expenditure on Labor MO 4
1 * * . * *
N / €D vro YT 06 4 Expenditure on LaborT’Mﬂ/’t thM,M,e/,t ”
* * 4 *
0 VAp, DT nre YT 0 Expenditure on Labor MM ¢

1 .
/ Prrme Y  Expenditure on Labor,, ;o 1 5
0 V Ay P e ¢ < Total Costy, o 1+ Tiaor

*

1 * * .
/ €Dy 1o AN 4 Expenditure on LaborMyH’el’t 1 5
0
1

_|_

VA Wos oy ¥ Total COSt*M,H,G',t 1+ Tiabor
Expenditure on Labor

*

* *
Pn ol tY e M,H0 t 1 20

+
* *
0 V Ay Warares X Total COStMM,th 1 4+ Tiapor
1 1 *
— [ A o L gy / * d 10 S
- M,H,0' t M,H,0 t
0 Har e ¢ L + Tiabor 0 T M*Mﬂ,@/’t 1+ Tiapor
1 *
. Was, Mt 1 /
+ M,M,0 1t * do
0 A / 1 + Tlabor
M,M,0 t

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

expenditure, denoted as 1 + Tjp0r- By log-linearizing this equation, we get

A H WM, H )‘M,H,eﬂtWM,H,t
Ay pAlog Ay = —————FE\ , | ——Alog | ———
5 sLsy 1 + T M,H,0 / /
labor Xy [ HM,HLe Har H,0 ¢
* * * *
n M,H Wi H Alo M0 (M H
_IMHE g —MH _MHO M
1+ Tapor —2m0 | 11 , & w ,
o M,H,0 M,H,0' t
w WMt
M,M M, M M,M,0 M, M,
-+ TE/\L o ,u*—AIOg /L* (D54)
labor =z === [ Py’ M,M,G t



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

can be expressed as:

1
Y (A~ wnrma) vanseSorme 1
Mt — M,H,0 t 1+ 7
0 Kt a6 ¢ Tim,NM
1 * * *
\* (1 - WM,H,t) VM, H,tSM,H,t 1 20
+ M,H0' t * 147
Forr me 4 Tim,NM
1 * * *
. (1 - WM,M,t) VM M £SM, M.t 1 20
T A - T
Foarne Tim, M

where 7;,, yar and 7, ar are import tariff faced by non-maquiladoras and maquiladoras. By

log-linearizing this equation, we get

A Alog A%, — AM.H A (1 — warm) Vam,aSaa
M Mt=— 7, - /
1+ Tim.NM ﬁ‘MH; Hoar, .0
/\M,H,e’ +VM HAST Ht WM, H
Alog — —————Alogw
T H ¢ 1 —wumm
* * * *
MH o (1 - WM,H) Ve aSM, H
_— A*
L+ TNy e’ [
’ )\’]‘VI,H M,H,0
* * *
M,HO VM HOMHt Whr.H .
Alog - ~3 —Alog Wy gy
Far g ~YymH
)\* (1 - w* ) y* *
MM o M,M) YM,MSM,M
—— )\*
1+ Tis M0 W /
) A}*VLM M,M,0
* * *
14 q w*
M,M,0 ¢+ M, Mt>M, M M,M *
Alog - B Alogwir s (D.55)
Foarare MM

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

is given by
1
1—w 1—v /
AM,NM,t :/ )‘M,H,H',t( M7H7t)< MiH,t)d@
0 HaLH Gt
1 1 —wt 1—vt ,
+/ /\}k\/[,H,Q,t( MH:) ( M’Hﬂf) do
0 Hr 0.t
! N (1 - w&,M,t) (1 - V]T/[,M,t> a6
Ty P Hinanos
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By log-linearizing this equation, we get

AM,NMA log AM,NM,t = )\M,HE/\M 0o

[(1 —wamn) (1 —varm)

yveT Kar e’
A ,
Alog MHOE | __WMH Alogwnr e — VM—’HAlog VM, H t
Kar e ¢ 1 —wmn 1 —vun
A E/\* (1 — Wy H) (1 - VX/[H)
H’ o/ Fr 0
]/*
Alog i\/”” 1 Mf Along,Hvt—&AlogyMHt
For bo 4 W H 1- VMLH
1—w — Ui
+ ANy Ea ( MM) ( M’M)
ALAME of s

M, M

A% w3 v
(Alog ( ine t) ~ 7 M’iw Alogwys e — 1M—’1\4Alogyj‘wMt>]
, VL, — v s VL,

M,M,0 + — Wrm M,M

(D.56)

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.

The change in the revenue-based labor share in non-manufacturing sector is given by

(D.57)

A A ;W
ANM,LAIOgANM,L,t = MEA [ wNM,H AlOg ( NM,H,0 t NM,H,I‘Z)

NM,H,0'
L+ Tiabor X35t | e’ KN, HO ¢

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

sector is given by

vAlog A}KVM,t =

ANM,H (1 — WnaH) UNMHSN M, H
——Fx ,
1+ Ty L0

ANM,H
)‘NM,H,G" #VYNMHtSNM,H ¢ WNM,H
A log — A log WNM,H t

HNALHY ¢ I —wNmH

HNM,H,0

(D.58)
The change in the revenue-based domestically produced manufacturing intermediate
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input share in non-manufacturing sector is given by

(1 —wnarw) vnara (1 — Snarm)

AnmmAlog Anarare = ANMHE N\

ANM,H HUNM,.H
A r LV
Alog NMHY VAL ) M Alogwnar e — MAM% SN M, H,t
KN HG ¢ 1 —wNnmu 1 —Snmm
(D.59)
Value Added and GDP
Value added in manufacturing sector is given by
VAu: = Z (Salesi,t — Intermediate Inputivt)

i€{Manufacture,Maquiladoras}

— VAu, Z/ (1 + Tvat) Parmg sCrsme 140 + AnmtV Ang +/ Pare Yoo 140
/ J 9/ bl ’ El I bl Iy

0 ~~ J ,
~~ sales to non-manufacturing sector ~~
sales to domestic household sales by exporter
* * ! *
+ /0 Py ,tyM,M,G',tde MV An AprnaedV Ay

&

v expenditure on foreign input  expenditure on non-manufacturing input
sales by maquiladoras

VANM _

< 1=byus + A + Nume T A — M — Avasy
VAM,t s A1, 34V )
By log-linearizing this equation, we get
VANM VANMt
b Alogb + A ———Alog | A —_—
M, H g ONM, Ht NM,M VAnar g < NM,M,t VAM,t

A g Alog Ny gy + AparDlog Ny apy — AypAlog Ay, — Ay varAlog Ay vy =0 (D.60)
Value added in non-manufacturing sector is given by

V Ay = (Salesyar, — Intermediate Input y )

!
Vidware = / Pnarm g tCnam g 140+ A H Axan VAN
0 ~ ~~
~~ ”  sales to manufacturing producer for domestic market

sales to domestic consumer

* *
+ AM,H,ANM,tVANMvt + AM,M,ANM,tVANMyt

TV WV
sales to manufacturing exporter sales to maquiladoras
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*
- vudVANM:  — {\NM,M,tVANM,E
—_————

~
expenditure on foreign input  expenditure on manufacturing input

* * *
= 1=byvumms+ A vt + A agys + A ayy s = Mg — Avaaze
By log-linearizing this equation, we get

bNM,HA log bNM,H,t + )\M,H,ANMAIOg /\M,HANM,t + A?W,H,ANMAIOg >\}<\47H7ANIVI;t

+)\*M7M,ANMA lOg )\*M,M,ANM,t — A}kVMA IOg A*NM,t — ANM,MA lOg ANM,M,t =0 (D61)

The sum of value added by manufacturing sector and non-manufacturing sector equals
nominal GDP.
VAM¢ + VANM’t = GDPt

By log-linearizing this equation, we get
Nominal GDP can also be calculated using the expenditure approach:

*
Py aiCu g + 6Py p O re + Py Onanag
NG J/

Vv
Domestic Consumption

+Net Export, = GDPF;

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

have

E3

Py iCvmg + 6Py p i Crrre + PyvaOnarme + €60, = GDP, (D.63)
Py COmae _ PuaiCvmuas VAr: VAT, s

We know GDP, = Vir,  GDB — bruiep ok From consumer’s preferences, we
get

Py Onnmg 1-9

PraiCrme + EtP]TLEtCM,F,t o

and

&Py Cvmre
PM,H,tCM,H,t I—7
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By using these equations, we can transform equation (D.63) as follows:

*
POy + EtPM7F7tCM,F,t + PvmaiCnmpy + €9, = GDP,

VA Y V Ay 1-9 1 V Ay ACH
b ’ b : b ’ =1
M Epp, T, M GDE T g 1- 4 ™M GDE, T GDP,
1 1 V Ay €0y
B Y —— el L
1—v¢ "™ GDP, GDP,
By log-linearizing this equation, we get
Alogbyr e + Alog V Ay, — Alog GDP, + ILA log v, — Alog ¢,
—7
! ( © )(Alo GDP, — Alog®, — Aloge,) (D.64)
e - - € .
(1= dge) \GDP) (287 Sloat = Slosa

Current Account Identity

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

1 1
* * * * * *
/ EtpM,H,e,tyM,H,e,td9 + / EtpM,M,H,tyM,M,H,tdQ - PM,F,tCM,FJ —aXiPy,
0 0

J/

TV
Net Export

€10y
~—~
Net Capital Outflow

1 1 . . 1 .
where Xy = [o arm1.0,m.1040+ [ s 110.m.5290 + Jo Thsr0m, 7240+ Jy TNTH0,m. 1000 Is total

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

€ePyy p O ¥
PyuuCrmpue 1—7

*
6tPM,F,tOM,F,t 0 Pri 1 Crr
VAMt N 1 — ’}/ VAMt
=bnrrH,t

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

. fo EtPX,txM,H,G,m,f,tdQ + fo EtPX,txM,H,O,m,f,tde + fo etPX,txM,M,G,m,f,tde
Mzt~
VA,
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1 * *
A - fo etPX,thM,H,G,m,f,tde
NMt =
VAN

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

* * Y * * VANM t Et@t
Mg+ Ay — :bM7H,t — Ny — Mg VA = Vi,

By log-linearizing this equation, we get

€O

VAu

(Aloge; + Alog©; — Alog V Anre) = Ay g Alog Ny gy + Appar Alog Ny ar s — ﬁbMﬂA log bas it

v 1 ) .
_meMHAlog% AMAlogAMJ
. VANu
— Ay —— VAL, (Al g Ayary + Alog V Ay — AlogVAMt)

(D.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
WiLy

GDP,

= (Ao tVAMm: +ANmp VAN

Apy =

1
GDP,

By log-linearizing this equation, we get

Ay VAM
(AprLV Ay + AV AN
ANt VANM
(AM LV Ay + Anvu,VAN)

AlogAp; = (Alog Ay + Alog V Auy)

(A lOg ANM,L,t + AlOg VANM,t) — AIOg GDPt

(D.66)

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

mine the change in aggregate labor supply, which can be expressed as

AlogAp; = AlogW; + Alog Ly — Alog GDP,
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<= Alog L; = Alog A, — AlogW; + Alog GDP, (D.67)

Monetary Policy

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

EAlogPf + (1 - Z2)Alog L, =0 (D.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.

Shock

Sudden stop is described by an exogenous increase in ©; which follows the following AR(1)

process:

Alog©; = poAlog©;_1 + €o (D.69)

We refer to the shock to this equation {eg+} as the sudden stop shock.

Equilibrium

Given a sequence of sudden stop shock, the equilibrium consists of the paths of allo-

cations, {Alogy;, Alog ¢y, AlogCy, Alog GDP,, Alog (MDt>, Alog Ny s Alogas i,

MU,
Alog Syy g Alogvarme, Alog vy gy, Alogwar e, Alogwiy s, Alog Ay arss Alog Sy ars

Alog VL, Mt Alog WM M Alog oy, Aloguna e, Alogwnarme, Alog A e, Alogbas e,

Alog\*
" " M, H,0 ¢
Alog)\M,H,AM,ta Alog)‘M,H,AM,tv Alog)‘M,M,AM,ta AlogANM,H,AMﬂf? EA*MHQ/ |:u*—:|’

M,H,0'
Alog \* ,
Mot |
—— |, L+

* ’ /
HarH.0 M, M, 'uM,M,G/ M, M0
M,H AN, M AN, M
* * *
Alog My i Ayt Alog )‘M,H,ANM,t’ Alog >\M7M7AN1W¢’ Alog ANar Ayt Dlog Aprr e, Alog AM,t,

Alog Ay v, Alog Annre, Alog ATVM,w Alog Anarare, AlogV Apre, Alog VA, AlogApy,
Alog L;}, the path of shock processes, {Alog ©,}, the path of prices, {Alog e, Alog Pus ps,

M, M0,
— et t} , Alog Anarm e, Alog Anarm s

Alog pi* Alog A*
E)\* , |:—M7H’0’ti| 5 Ex* |: m

M,M,0

Alog Wy, Alogpnasiie, Alogparig, Alog Puy, Alog Pyarme, Alog Ptc7 Alog MC*M,H,M’
Alog mciy arg.4: By ae [E [(1 - UM,H,e) AIngT\/[,H,G,tH?

“
AM,H
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Exgyne (210 = 0inane) Moriuro]): By | B | U722 Mok ||

% Km0
M,M M,H

l-0o .
EX’;VI’M‘O [E {%Alogp]\“”t” } such that equations (D.1), (D.2), (D.3), (D.4), (D.5),

D.6), (D.7), (D.8), (D.9), (D.10), (D.11), (D.14), (D.18), (D.19), (D.20), (D.21),
23), (D.24), (D.25) (D.26), (D.29), (D.30), (D.31), (D.32), (D.33), (D.34), (D.35),
38) (D.39), (D.40), (D.41), (D.42), (D.43), (D.44), (D.45), (D.46), (D.47), (D.48)
50), (D.51), (D.52), (D.53), (D.54), (D.55), (D.56), (D.57), (D.58) (D.59), (D.60),
62), (D.64), (D.65), (D.66), (D.67), (D.68), and (D.69) hold.

D.22),
D.36
D.49),
D.61),

Y

\/ \/ ~— \_/
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E. Appendix E: 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 (Ayp), the sales share of non-manufacturing producers as
a fraction of value-added in the non-manufacturing sector (Ayas, ), domestic household’s
consumption share of manufacturing good as a fraction of value-added in the manufacturing
sector (barpr), and the sales share of an intermediary aggregating manufacturing products
for the non-manufacturing sector (A m,4,,)-

The vector representing the final output sales as a fraction of value-added in the manu-

facturing sector is as follows:
Qy,,, = (0, Xoy.gr» Nagags baris Anag, i, a4, 0,0,0,0,0,0,0,0,0)

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 sec-

tor.

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 produc-

ers.
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10. An intermediary imposing tariff on foreign intermediate inputs and providing them

to non-maquiladoras.
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 Qummmbp 0 0 Qmmar QummmF 0 Quanym 0 0
0 0 0 QR{,H,]\/I,D 0 Q?\/I,H,L Q*M,H,M,F 0 QRI,H,NM 0 0
0 0 0 0 Q?VIJ\J,]W,D QX{,M,L 0 QX{,M,]VI,F Q*M,]\/I,NM 0 0
10 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 0
0=
1 0 0 0 0 0 0 0 0 0 o
0 0 0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0 10
0 0 0 0 0 0 0 0 0 10
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
where O represents a 1 x 4 zero vector, Qi,L = w; denotes the expenditure share on
labor by sector i, vy = (1 —w;) (1 —1;) represents the expenditure share on non-
manufacturing intermediate input by sector i, QLM’D = (1 —w;) v (1 —g) denotes the

expenditure share on domestically-produced manufacturing intermediate input by sector
1, and Qi, mr = (1 —w;) vy indicates the expenditure share on foreign-produced manufac-
turing intermediate input by sector .

The revenue-based input-output matrix is give by
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[ 0 0 M 0 0 QL Quv o M F 0 QnH NM 0 0
KN H WML H KN H WM H
0 0 0 Q. mm.D 0 O O 0 Q01N M 0 0
IV IV IV M H
0 O 0 0 QRI,]VI,M,D QT\I,J\I,L 0 f.Z?W,JW,M,F f27\/[,M,NM 0 0
”7\/1,M “RI,M ”RI,M “7\/{,]\/{
1
TFrvar 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 0
0=
1 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 71+n1 " 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:

A=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 Ayas p 4,, and by g, we can then derive 2y, and compute
A using the above equation.

Now we consider the non-manufacturing sector. Given Ayas w4, and Ana,m, we can

calculate % using the following equation:
M

1-— 1-— N
( WNM,H) VNM,H ( §NM,H) VA

ANME AN Y A = ANMH
UNM,H

The left-hand side represents the total sales by an intermediary aggregating manufacturing
products for the non-manufacturing sector, while the right-hand side represents the to-

tal expenditure by the non-manufacturing sector on domestically-produced manufacturing
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intermediate inputs. Rearranging this equation, we obtain

VAyu _ ANM,H, Ay HNM,H
V Ay Avaa (1 —wnmwm) v (1 — Snam)

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

manufacturing products:

5\ o ‘/AAM A (1 — WM,H) (1 — VM7H)
M,H,ANM - ~ M,H
ANM Ha H
L _ VAy v (1= wisn) (1= vVirm)
M,H,Anm VANM M,H M*M,H
L _ VAy v (1 —wirar) (1= Virar)
MM, Any — ‘/AANM M,M ,LLTW’M

(1 - WNM,H) (1 - VNM,H)

UNMH

ANM,H,Axyy = ANM,H

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

by a

_ 3 N * N * N
ANMH = + A H ANy T A Ay T AMM ANy T ANME ANy

1+ 1var

— bvu = (ANM,H = AMH,Axn — AMH Any — MM Ann — /\NM,H,ANM> (L4 7var)

Revenue-based factor shares in the non-manufacturing sector are expressed as:

WNM 1

ANM,L = )\NM,H
UNM,H 1+ Tlabor

(1 —wnm) Unarr (1 — Snarm)

ANmy = AN H
UNM,H

(1 - wNM) (1 - VNM,H)

UNMH

ANvNM = ANMH

(1 — wNnm) UNMESNM,H 1

A — 2\
NM NM,H
UNM,H 1+ Ttariff
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Lastly, from the household’s maximization problem, we obtain:

; _1-e 1, VA
NM,H P 11—~ T .H AANM

The steady state (Ansm, Awarm, bar, ANam,4,,) is the solution to the following system

of equations:

ANM,H, Ay — ANMH Ay = 0
* * A % A
baa + Ny + A + AN ay, — My — Avvn =1
7 N NG N A A -
OnmH + AMH ANy A ANy T AMM ANy — A — Avv =1

bynar = bvwva

where Anarm.a,, and by g are initial guesses for the steady state values, )\}‘VL g and /\}*\47 M
are directly observable from data. the variables A NM,H, Ay » /AX}"M, /AXM, NM, ZSNM7 H, A M,H, A s
5\7\47H,ANM7 5‘7\4,M,ANMv /AX}‘VM, ANM,M, ZSNM,H, and BNM,H can be calculated by using the
equations derived in this section, given the initial guesses for the steady state values of
(AM,ms ANMH s bar ey AN a4, ) Once these equations are solved, we can calculate the

steady state values for the rest of the variables.
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