Allocative Efficiency during a Sudden Stop*

Akira Ishide®
UCLA

Please Click Here for the Latest Version

September, 2024

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 dif-
ferences in market power and tax treatment, export-oriented activities exhibit lower revenue-
based TFP (TFPR). Therefore, a sudden stop causes a decline in TFP by shifting resources
from high-TFPR to low-TFPR activities. Leveraging detailed microdata from Mexico, I pro-
vide 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
TFP 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 mul-
tisector small open economy new Keynesian 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 capi-
tal 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 de-
clined 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 demonstrates that reallocation of resources can explain a significant portion of
observed TFP decline. The central hypothesis of this paper is as follows: During a sudden
stop, there is an increase in net capital outflow. As a consequence, domestic disposable income
decreases and domestic aggregate demand decreases. On the other hand, foreign aggregate
demand is stable and exchange rate depreciation favors exporters. Consequently, 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. In other words, export-
oriented activities exhibit lower revenue-based TFP (TFPR), which is calculated by multiplying
price and quantity-based TFP (TFPQ). Therefore, a sudden stop causes a decline in TFP by
shifting resources from high-TFPR activities to low-TFPR activities.!

To test this hypothesis, I exploit a novel detailed microdata to establish the following em-
pirical 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

1To grasp why this reallocation toward low-TFPR activities decreases aggregate TFP, consider a scenario where
production technology is the same across all producers and the factors of production are constant. High-TFPR
activities generate higher value added because larger tax payments and profits which are the sources of high-
TFPR are included in calculating value added. Reallocations of resources away from high-TFPR activities toward
low-TFPR activities decrease aggregate value added because of the composition effect, leading to a decline in
aggregate TFP given the factors of production constant. This rational holds even when production technology is
different across producers and the factors of production are not constant.



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 TFP up to
the second order, as will become evident.

Second, I demonstrate that 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. Addi-
tionally, 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 triggered a plant-product-level reallocation
of inputs toward product lines for foreign markets. Since product lines for foreign markets face
lower distortions due to smaller markup, this reallocation of inputs at the plant-product level
is expected to worsen allocative efficiency and reduce TFP.

Third, I demonstrate that the relative expansion of maquiladoras, which are export-oriented
plants benefiting from special tax incentives, accounts for 40% of the increase in aggregate ex-
port share during the sudden stop. Additionally, applying a difference-in-difference analysis,
I show that the number of worker in maquiladoras increased by 20% more than that in non-
magquiladoras during the sudden stop. Maquiladoras are specialized exporting plants, lever-
aged by both U.S. and foreign firms, serve as important hubs for assembling foreign intermedi-
ate inputs into final output products, utilizing Mexico’s cost-effective labor force. Significantly,
magquiladoras enjoy a range of advantageous tax treatments, including exemptions from tar-
iffs 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 signifi-
cantly from that of non-maquiladoras, the standard manufacturing plants. Maquiladoras allo-
cate 77.2% of their expenditure to foreign intermediate inputs, in stark contrast to non-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 in-
puts. 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.

2This estimate is consistent with the results in Blum et al. [2023] who find that, on average, markups by Chilean
manufacturing plants are 15% lower in foreign destinations than in the domestic markets within the same firm,
product, and year. Similar evidence is observed by Bughin [1996], Moreno and Rodriguez [2004], Jaumandreu and
Yin [2017], and Kikkawa et al. [2019], all of whom demonstrate that foreign markups tend to be lower than their
domestic counterparts.



These distortions accumulate throughout the production process, resulting in the supply chain
by non-maquiladoras facing more distortions in the domestic market than the supply chain by
magquiladoras.® As a result, the relative expansion of maquiladoras with less distorted supply
chain is expected to worsen allocative efficiency and decline TFP.

Motivated by these empirical facts and to quantify this reallocation effect on TFD, I provide
a sufficient statistics formula for the change in TFP up to the second order at the inefficient
equilibrium. As shown by Baqaee et al. [2021], up to the first order, TFP decreases when there
is a reallocation of resources from ex-ante high-distortion producers to ex-ante low-distortion
producers. Up to the second order, the change in TFP depends not only ex-ante distortions
but also ex-post distortions. This second-order term is important in the context of a 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 producers, 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 TFP in the context of a sudden stop. 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 the most
important to explain the decline in TFP during the 1994 Mexican sudden stop.

While the sufficient statistic analysis is useful for understanding how observed realloca-
tions of resources contribute to the decline in TFP, it remains silent on the underlying mecha-
nisms driving this decline in TFP. To clarify the underlying mechanism, I provide a pen-and-
paper New Keynesian model of a sudden stop. A sudden stop shock generates reallocation
of resources from domestic-oriented activities toward export-oriented activities and markups
change endogenously due to sticky prices. I derive a closed-form expression for the change in
TFP up to the second order in response to a sudden stop shock.

The results 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 North American Free
trade Agreement (NAFTA) which took effect at the beginning of 1994. Furthermore, existing

models of a sudden stop such as Kehoe and Ruhl [2009] cannot match movements of macroe-

3Foreign producers producing intermediate inputs for maquiladoras may have market power over maquilado-
ras and pay taxes in foreign countries. However, these profits and tax payments by foreign producers are not
included in calculating value added in the domestic economy. Therefore, the supply chain of maquiladoras gen-
erates less profit margins and pays smaller amount of taxes in the domestic economy than the supply chain of
non-maquiladoras.



conomic 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 construct a quantitative model by extending the
pen-and-paper New Keynesian model. My quantitative simulations reveal that the resource
reallocation can account for approximately 50% of the decline in value added in the manufac-
turing sector in Mexico. Furthermore, I demonstrate that considering changes only up to the
tirst order results in an overestimation of the decline in TFP and value added. This clarifies the
quantitative importance of the second-order term under a sudden stop shock. My quantitative
model not only explains the decline in TFP but also is able to match the movements of relevant
macroeconomic variables such as real exchange rate, net export to GDP ratio, employment, and

foreign intermediate input.

Related Literature

Using aggregate macro-level data, Meza and Quintin [2007], Kehoe and Ruhl [2009] and Men-
doza [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. 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 reduc-
tion in imported intermediate inputs of 70% provides a compelling rationale for the substantial
decline in TFP. However, when I 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 inputs is an inadequate expla-
nation. Sandleris and Wright [2014] focus on resource reallocation 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. More-

over, I take into account the change in TFP up to the second order at the inefficient equilibrium,

4See Figure C.1 in Appendix C.



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 var-
ious exchange rate regimes. However, the main focus of my paper is not average TFPQ but
aggregate TFP, as measured by the Solow residual, a metric directly relevant to changes in real
GDP. Blaum [2019] considers how the 1994 Mexican sudden stop affected the aggregate 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 pro-
vide new empirical insights.?> Additionally, I shed light on the critical role of maquiladoras.

Bagaee and Farhi [2020] extend Hulten’s theorem to distorted economies with disaggregated
and interconnected production structures, offering a sufficient statistics formula for the change
in TFP and real GDP. They show that the change in TFP can be decomposed into two crucial
factors: the mechanical effect stemming from shifts in technology and the endogenous adjust-
ments in allocative efficiency due to resource reallocation. Baqaee and Farhi [2019] extends
Bagaee and Farhi [2020] in the context of open economies. The sufficient 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 TFP under a large shock such as a sudden stop shock.

My paper intersects with a body of literature exploring cross-sectional misallocation, includ-
ing 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], Pratap and Urrutia [2012], Schmitt-Grohé and Uribe [2016], Ottonello [2021],
Coulibaly [2021], Cugat [2022], and Benguria et al. [2022]. While previous studies have ex-
plored 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.

5To 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. 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.



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 re-
allocations of resources at the plant-product—destination level during the 1994 Mexican sud-
den 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 product 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, specialized ex-
porting 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 Ge-
ography (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 Classifi-
cation 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 cov-
erage, 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 distinguishes be-
tween products designated for the domestic market and those intended for export—a distinc-
tive feature of the EIM dataset. While the data do not specify export destinations, 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. An-
other 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, in-
cluding inputs, total production, and details regarding plant operations. With the exception
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.

The EMIME includes plant-level monthly information about maquiladoras such as number
of workers, wage bills, foreign intermediate input usage, domestic intermediate input usage,
and value added. Maquiladoras are manufacturing or assembly plants used by foreign com-
panies to produce 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 temporary
imports of raw materials from the U.S. and Canada for final assembly in Mexico and poste-
rior 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 simplification of adminis-

trative procedures, together with the infrastructure needed to support the companies’ opening

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



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.

2.2 Markups across Domestic and Foreign Markets at the Plant-Product Level

I conduct a comparative analysis of markups in both the domestic and foreign markets at the
plant-product level. To do so, I compare unit values across markets at the plant-product level.
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 mea-
sured 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 pijar = ijt + P X 1(;; dcForeignt) + €ijd,t (2.1)

where i is the plant index, j is the product index, d is the destination index, and ¢ is the time
index. The term «;;; is the plant-product-time fixed effect, and 1(; ; seporeign,s} 1S @ dummy
variable that takes 1 if a product j produced by plant i 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 p for different time periods and weighting schemes. For the year
1994, prior to the sudden stop, the estimates of B 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 B 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 j 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
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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 conser-
vative 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 would be 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 manufac-
turing 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 demon-

strate that foreign markups tend to be lower than their domestic counterparts.

| @ | G) [ @) [ (o) | (@ [ (v) |

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

Table 2.1: Unit Values Difference between Domestic Markets and Foreign Markets
Notes: This table displays estimates of § 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, B 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.
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Figure 2.1: Distortions faced by Maquiladoras and Non-Maquiladoras

2.3 Distortions across Maquiladoras and Non-Maquiladoras

I compare the distortions faced by maquiladoras and non-maquiladoras. The specific distor-
tions 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,
magquiladoras face non-tax—related distortion when purchasing domestically produced inter-
mediate inputs. The expenditure share of maquiladoras for domestically produced interme-
diate inputs amounts to 8.3%. In contrast, the expenditure share of maquiladoras for foreign
intermediate inputs amounts to 77.2%. This highlights that maquiladoras rely less on domes-
tically produced intermediate inputs and have a stronger dependence on foreign intermediate
inputs.

On the other hand, the distortions faced by standard producers (non-maquiladoras) are de-
picted 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 stan-
dard producers for domestically produced intermediate inputs is considerably higher at 58.8%

than that of maquiladoras. In contrast, the expenditure share of standard producers for foreign

7See Burstein et al. [2024] who also assume the uniform marginal cost of production at the plant-product level
to see the dispersion of markup across different buyers.
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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 interme-
diate 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 distortions accu-
mulate throughout the production process, resulting in the supply chain by non-maquiladoras
facing more distortions in the domestic market than the supply chain 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 aggre-
gate 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 manufactur-
ing 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 margins contribute to this increase, and
to unravel the underlying reallocations of resources, I consider the following three decomposi-
tions.

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

aggregate sales as follows:

Aggregate Export
Avaresate Sales = Y Sij1994 (Eij1995 — Ei1994)
g8reg 1994—-1995 i€{Maquiladoras,Non-Maquiladoras}
9.9% (=27.2%—17.3%) Within Effect (6.2%)
- ) Ei 1994 (Sij1995 — Sij1994)

ie{Maquiladoras,Non-Maquiladoras}

Between Effect (4.0%)

8Foreign producers producing intermediate inputs for maquiladoras may have market power over maquilado-
ras and pay taxes in foreign countries. However, these profits and tax payments by foreign producers are not
included in calculating value added in the domestic economy. Therefore, the supply chain of maquiladoras gen-
erates less profit margins and pays smaller amount of taxes in the domestic economy than the supply chain of
non-magquiladoras.
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+ ) (Eij995 — Eij1994) (Si;1995 — Si;1994)
i€ {Maquiladoras,Non-Maquiladoras}

Covariance (—0.3%)

where i is the sectoral index, S;; is the total sales in sector i as a fraction of aggregate sales at
time t, and E;; is export as a fraction of total sales in sector i at time t. The first term is the
within effect, fixing the sales share across maquiladoras and non-maquiladoras, thereby reflect-
ing 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 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 ef-
fect 40.4% of the change in export share. I have Enfaquiladoras, 1994 = EMagquiladoras,1995 = 1 by
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 from
non-maquiladoras toward 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 the finding as follows:

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

aggqregate export shares.

Second, I consider the decomposition of the increases in the export share within non-maquiladoras,
referring to standard manufacturing plants. Within my microdata, aggregate non-maquiladoras
export as a fraction of aggregate non-maquiladoras sales 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 51,1994

Non-Magquiladoras Aggregate Sales 1995 1995 =C LiicC 51994

(&‘,1995 - €z‘,1994)

9.6% (=20.1%—10.5%) Within Effect (6.5%)
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51,1995 51,1994
+ Z €i1994 (

Y.icCSin995  icC Si1994

ieC
Between Effect (2.3%)
1—-Y. csi
eC ©1,1995
+ Z 5i,1995€i,1995 — — i Z 5i,1995€i,1995
Pt Y.icCSin99s ¢

Entry Effect (—0.6%)

1-— Zi Si
eC ©i,1994
L Z 5i,1994€i,1994 — Z 5i,1994€i,1994
YieCSi1994  jeo icE

Exit Effect (0.7%)

51,1995 5i,1994
+3) ( - (€i1995 — €i,1994)
2 \LiecSin99s  Liec Si1994

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 E is a set of plants that
exported in 1994 but stopped exporting in 1995. s;; is the share of total sales by plant i as a
fraction of aggregate sales at time ¢, and ¢;; is the share of export as a fraction of total sales by
plant i 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 the findings 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-maquiladoras.

Last, I decompose the previously calculated within-plant effect by using the plant-product-

destination information. I decompose the within-plant effect as follows:

5i,1994 51,1994
- . (ei,l995 - ei,1994) = Z - . Z 5i,p,1994 (ei,p,l995 - ei,p,1994)
ioC Liec Sij1994 icC LieC5i1994 ,Cip
Within-Plant Effect (6.5%) Within-Plant-Product Effect (5.3%)
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51,1994
+) r— Y eip,1994 (Sip,1995 — Sip,1994)
ieC £ieC °1,1994 peCiP

N J/

Within-Plant across Product Effect (0.8%)

51,1994
+ Z —Z' S, Z Si,p,1995€i,p,1995 — Z Si,p,1994€1,p,1994
ieC £ieC °1,1994 peENiP peEip
Within-Plant Extensive Margin (0.4%)
54,1994

+ iezc m pgf (Si,p,1995 - Si,p,1994) (ei,p,1995 - €i,p,1994)

J/

Within-Plant Residual (0.03%)

where p is the product index, s; , 1 is the ratio of sales of product p by plant i as a fraction of total
sales by plant i at time t, and ¢; ,, ; is the ratio of export of product p by plant i as a fraction of total
sales of product p by plant i. C'” is a set of products that were available in both 1994 and 1995
in plant i. N*? is a set of products that did not exist in 1994 but existed in 1995 in plant i. E'* 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 mar-
kets 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.

I summarize the findings as follows:

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 in section 2.2 shows that product lines for foreign markets have lower dis-
tortions than the ones for domestic markets. Furthermore, the preceding decomposition analy-
sis in section 2.4 reveals the importance of the sales expansion in foreign market within plant—

product level. A crucial factor in assessing changes in allocative efficiency and TFP is whether
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I observe shifts in relative input usage among products for different destinations. When I de-
tect a change in the relative quantity of sales among products across destinations, it implies a
change in the relative usage of inputs across destinations. To investigate whether there was a
shift in the usage of inputs between domestic and foreign markets before and after the sudden
stop, I employ a difference-in-differences strategy. If quantities of production for foreign mar-
kets relatively increase by more than the ones for domestic markets at the plant-product level,
this implies the plant-product-level reallocation of inputs toward foreign markets with lower
distortions, which is expected to worsen the allocative efficiency and decline TFP.

I define g;4, as the quantity of sales of product j sold by plant i 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 consider a

panel regression of the form

10g (qijdt) —10g (qijd100a04) = Y, s <1s:t . 1{d€Foreign}> +&ija+ Bijr+€ijar
s#1994 Q4

over the period t = 1994Q1,---,1996 Q2, where 1,—; is the time period indicator function,
1geForeign) = 1 (= 0) if the destination is foreign markets (domestic markets), «; ; 4 is the plant-
product-destination fixed effect, and §; ;; is the plant—product-time fixed effect. As the speci-
fication 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.
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Figure 2.2: Changes in Quantity of Sales by Destination
Notes: This figure reports the event study graph, depicting the average effect of the sudden stop on
the sales quantity of products. The dependent variable is expressed in logarithmic terms. The sudden
stop occured in the fourth quarter of 1994. Each data point represents the coefficient on the interaction
between being observed t quarters after the sudden stop and being exported to foreign markets. The
confidence interval is at the 95% level.

I summarize the findings as follows:

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 in section 2.3 shows that maquiladoras have less distorted supply chains
than non-maquiladoras. Additionally, the previous decomposition analysis in section 2.4 shows
that the relative expansion of maquiladoras explains 40.4% of the increase in aggregate export
share during the sudden stop in 1994. Again, a crucial factor in assessing changes in alloca-
tive 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

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

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

equation:

log (Lij;) —log (Lijiooags) = & +vie+ Y, s <1s:t -Maquiladora Dumin,j) + €t
#1994 Q4

for the period t = 1994 Q1, - - - ,1996 Q2, where L; j ; is number of workers in plant j in industry i
at time £, &; is the plant fixed effect, 7; ; 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 i 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.

Figure 2.3 presents the event study graph of the average effects of the sudden stop 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
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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.

I summarize the findings as follows:

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

magquiladoras 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 effi-
ciency and reduce TFP.

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

ysis.

3.1 Sufficient Statistics Approach

I consider a small open economy following Baqaee and Farhi [2019]. A set of plants is denoted
as NV. I 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, capital and
intermediate inputs produced by domestic plants and foreign plants.

Producers

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

y; = AF; (li, ki, {xij}je/\/uf)
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where A; is an exogenous Hicks-neutral productivity shifter of plant i, [; is the labor input of
plant i, k; is the capital input of plant i, x;; is intermediate inputs from plant j. Plants may
use foreign intermediate input j € F to produce outputs. Importantly, the ideal markup by
plant i could be different across destinations. p; 4 is exogenously determined ideal markup
of plant i for destination d € {D, F*}. The destination is either the domestic market (D) or
the foreign market (F*). This ideal markup, y; 4, incorporates all distortions stemming from
various sources such as tax distortions, financial frictions, market power, and other relevant
factors. Plant i chooses inputs to minimize costs and set a destination specific price p;; =
i gmc; equal to an ideal markup y; 4 times marginal cost mc;. 1 assume that marginal cost of

production is the same across destinations within plant i.

Nominal GDP, Input-Output Matrices and Sales Shares

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

follows:

Y. pivi— Y, ) piXij— ), ), pjxij=GDP

ieN ieN jeN ieN jeF
The first term is aggregate gross output, the second term is the aggregate expenditure on do-
mestically 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 +2 4+ F) x (N +2 + F).
Each element (i, j) of Q) represents the share of i’s expenditures on inputs from j relative to its

total revenue:
L Pixij
J piYi

The last (2 + F) rows of () are filled with zeros because capital and labor require no inputs, and

Q

the expenditure shares of the foreign intermediate input on domestically produced products are
zeros due to the small open economy assumption.

The revenue-based Leontief inverse matrix is given by
Y=(I-0)"

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

Q= uQ)

_ PiXij
v NHIHF
DAl

Pi%ij

The cost-based Leontief inverse matrix is represented as

'¥ij measures how expenditures on i impact the sales of j through production network, while
¥;; captures how the price of j affects the marginal cost of .

I define the forward and backward exposure of GDP as:
M= /z iy Qy,i¥ixdi

Ax = /l iy Oy, ¥, di
where Qy; = £H5 is the final output share of a good i in GDP, with ¢; = y; — Y_je N Xji repre-
senting the final output of good i in the domestic economy. Notice that g; < 0 holds for the
foreign intermediate inputs i € F. For the labor share, the capital share and the share of the
foreign intermediate input i € F, I write A, Ag, Af and Ap, Ag, A}

Harmonic average markup by plant i across destinations is denoted by

A A\
i = (_D + _f)
HiD  HiF=

Real GDP

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

dlogPyy= Y. Qy,dlogpi,
iENUF*

Then, the local change in real GDP in this economy at time ¢ can be expressed as

dlogY; = dlog (GDP;) — dlog Py ;

21



The Change in Allocative Efficiency

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

local changes in X over the interval [t, t + 1], which can be expressed as

t+1

Alog X; =/ dlog X
t

S=

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 to t + 1, can be
approximated up to the second order by the following equation:

(KA AL+ A Axs +A
AlogYi z/k . <kt+2kt+1> Alog Ay sk + (%) AlogLi + (%) AlogK;
(S

Change in Technology Change in Labor Change in Capital

Af, + A — A, — A
it it+1 it it+1
y AL 4 ) Alog X;
+ief< 2 ) &5t

Change in External Inputs

Mg+ A Api+ A Al + Ry — AL — A
_ / ) ( kt +2 k,t+1> Alogpdk — Y ( fit 5 f,r+1> AlogAg; — Y ( it i1 5 it 1,t+1> Alog A,
e feRL) i

Change in Allocative Efficiency
where X; 1 = Y je v Xji for i € F is the total quantity of imported intermediate good i.

Lemma 1 is the second-order approximation version of theorem 1 in Baqaee 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 t and t + 1 coefficients for each term. For example, up to the second order, I

weigh A log Ly, the change in the quantity of labor from ¢ to  + 1, using the average of A} ; and

ALt

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

9To be specific, I subtract the sales-weighted change in average markup of maquiladoras and non-maquiladoras
from the weighted change in factor shares.
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the World Input-Output Database (WIOD) to measure the input—-output linkages and the final
output share in the manufacturing sector. The cost structure of production can be obtained
directly from the EIA and the EMIME. 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 maquiladoras
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 market
power, financial frictions and tax distortions. In the quantitative analysis in the subsequent
section, I explicitly distinguish between tax distortions and other distortions. In the quantitative
analysis, the difference in distortions across maquiladoras and non-maquiladoras arise from
tax distortions and the difference in the production structure. In other words, aside from tax
distortions, both maquiladoras and non-maquiladoras possess identical market power, face the
same financial constraints, and confront the same relevant distortions. Then, I quantify how the
differences in distortions across maquiladoras and non-maquiladoras contribute to the change
in allocative efficiency. The obtained 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.

To calculate the change in TFPQ at the plant-product level, I define the price deflator at the

19Total variable costs consist of total remuneration, raw materials of national origin, imported raw materials,
containers and packaging used, electrical energy consumed, fuels and lubricants consumed, expenses for maquila
services, and the cost of capital. The cost of capital is calculated by the product of the capital stock and user cost
of capital. The capital stock is reported by plants in the EIA. The user cost of capital is the sum of the rental rate of
capital and the capital-specific depreciation rates. See 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 the EMIME, as a proxy for the cost of capital.
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plant-product level. The price deflator of product j at time ¢ is denoted as
d log Pj,t = Z )\jd,td lOg pjd,t
d

where d is the destination index and Ajy; = P Iﬁdg/dtt is the sales share of product j at destination
It=]

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;,; = dlogP;;Y;; — dlog P;;

I 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

]/l'lt
AlOg Aj,t ~ Z)\jd,tA lOg Ajd,t _Cov/\jd,t <_y;t'Alogyjd’t>
d ja,

7\ J

Change in Technology; , Reallocation Effect; ,

Ajq s is Hicks-neutral productivity shifter at the plant-product-destination level, y;; is the
harmonic average markup of product j, p;jq+ is the markup of product j for destination d, and
dlogy;, is the change in quantity of output of product j for destination d. This 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 prod-
uct 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 foreign
market is larger and the product lines for the foreign market have smaller markup. Therefore,
Covpy,, (%, dlog ]/jd,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 di-

rectly observable from the dataset. The markup of plant i is calculated by using the accounting
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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 A jReallocation Effect; ;
j

where ;\j,t 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 given by

1 Mit
Alog Aj,t ~ Z E (Ajd,t + Ajd,t—!—l) A log Ajd,t _COUAjd,t (]/l‘;t/ A log yjd,t>
d ja,

/<

Change in Technology First-Or;err Effectj/t

1 Hit Hit+1
+2 (Comjd,t (de,t,Alogy]d,t> COZJ/\jd,tH (de,tﬂ’Alogy]d’t))

(. /

Second-Order Effect it

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
(Mjat = Mjdtr1, Aat = Ajagr1Vd), the second-order effect is 0. When the magnitude of the
shock is substantial, as is the case with a sudden stop shock, the second-order effect cannot be
ignored. As my empirical analysis has revealed, the sales share and markup of product lines
for foreign markets experienced a remarkable increase during the 1994 Mexican sudden stop.
In essence, this translates to Ajy ¢ # Ajg i1 and pjgr # iaei1-

Covpy,, (%, Alog ]/jd,t) is expected to be positive because product lines for the foreign mar-
ket 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 des-

tinations during the sudden stop, which is likely to make the markup ratio Pt coser to 1
Hijd,i+1

Hjt+1
Hide+1”

and Covy,,, ( Alog yjd,t) closer to 0. Therefore, the second-order effect is expected to be

HIn 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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positive. In the stylized model, I analytically show that this second-order effect is positive.
Once I calculate the change in TFPQ at the plant-product level due to the reallocation effect,
I can calculate its effect on the change in aggregate TFP up to the second order by using Lemma
1. The calculated reallocation effect on the change in aggregate TFP is —0.34%, surpassing the
reallocation effect of —0.63% 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. The reallocation at the plant-
product-destination level on aggregate TFP is quantatively small compared to the reallocation
effect from non-maquiladoras toward maquiladoras. This is consistent with the result in the

subsequent quantitative analysis.

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 seven
structures to the previous model in order to understand how a sudden stop shock impacts al-
locative 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 distinc-
tion 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 per-
fectly 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:
PpCp + €PrCr+€® = WL 411

where PpCp is the total spending on domestically-produced consumption goods, ePrCyr is
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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.'?
O 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 ©.'3

Second, I assume that household has a Cobb-Douglas utility function over domestic and
foreign consumption goods:

U (Cp,Cr) = Cp 'CL

In the quantitative analysis, this assumption is relaxed and a CES utility function is introduced.
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. In the quantitative analysis, I explicitly distinguish them.

Fourth, I assume that producers face fully sticky prices in foreign currency in foreign mar-
kets while produces face flexible prices in domestic markets. This assumption is grounded in
the following rationale: 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 ag-
gregate 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 com-
prehensive 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 re-
markable 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. To get a convenient analytical expression, I assume
that producers face sticky prices in foreign currency in foreign markets.

Fifth, I assume that there is the nominal wage is perfectly rigid to simplify the analysis. I

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

131f 1 consider the household’s borrowing and saving behavior, © can be expressed as @ = b’ — (1 + 1*) 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 ©.

14See Figure C.2.
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will weaken extreme assumptions about price stickiness in the quantitative analysis.
Sixth, I assume that labor is the only factor of production. The production function of pro-

ducers is linear in labor and denoted as:

Y, = A,‘Li

where Y; is the output of producer i, A; is the technology level of producer i, and L; is the labor
input of producer i. In the quantitative analysis, this assumption is relaxed, and producers’
production function is given by the CES function with multiple inputs.

Last, I assume that the monetary authority perfectly controls domestic nominal GDP, i.e.,
dlog GDP = 0 to simplify the analysis. In the quantitative analysis, the monetary authority
targets both price stability and employment stability.

Now the change in markup of an exporter is equal to the change in price minus the change

in marginal cost, expressed as:

dlog yr« = dlogePr- —dlog (AW ) =dloge
I*

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 sticki-
ness.

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

identity equation is expressed as:
€P].‘*Y]:* — €P].'C_,T.' = e®

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
— ]/l_p U F=
= (ADUp)

The sales share by domestic producer is represented by Ap = ?DYI? and the sales share by
exporters is represented by Az = = Jgg .

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:

_ PpCp ©
dloge = P~C,GDP >0

dlogLp = —%dloge <0
D

dlogLz« =0

dlog TFP = Ap (1 - i) dlog Lp
UD

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 do-
mestic 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 con-
sumption. This deceases demand for products by domestic producers. Since nominal wage is
perfectly sticky, all the adjustments in the labor market take place through the quantity of labor
and domestic producers reduce employment. On the other hand, exporters don’t change their
employment because demand for exported products does not change due to the perfect rigid

price in foreign currency and constant aggregate foreign demand due to a small open economy
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assumption. 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 (%) My empirical
analysis reveals that the markup for foreign markets was lower than the markup for domestic
markets before the sudden stop, represented as pip > > pur. This means that TFPR of the

exporter is lower than TFPR of the producer for the domestic market:
TFPRfr = PrAr = Wur < Wup = PpAp = TFPRp

Consequently, this resource reallocation toward exporters with low-TFPR and away from pro-
ducers for the domestic market with high-TFPR 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 ( fst;rtl dlog A (s)) up to the second order is given by

_ : _ _
Ap ( _ ﬂ) AlogLp,;+= (ADM (1 _ M) ~Ap ( _ ﬁ)) Alog L
. HDt 2 HD,i+1 HD,t j

First-Order Effect Second-Order Effect

If up ¢ > i, 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 yur+ = Aloge; > 0), and the
ex post markup difference across destinations shrinks if up; > 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 deteriora-
tion of TFP.

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 exist-

ing models of a sudden stop cannot match movements of macroeconomic variables as well as
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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 macroe-
conomic variables, I conduct a quantitative analysis within a small-open economy New Key-
nesian 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 consump-

tion and labor:

ti:)Et (B (U (Ct, Ly))]

where aggregate consumption (C;) consists of manufacturing consumption goods (Cps+) and

nonmanufacturing consumption goods (Cn +):
1)/ 1 —1y/716/(&-1)
Cr = [p/ecki Ve (- ) e ]

{ captures the elasticity of substitution between manufacturing and nonmanufacturing con-
sumption goods. Manufacturing consumption goods (Cps) consist of domestically produced

(Cm H +) and foreign-produced manufacturing consumption goods (Cps r ¢).
1/n~m=1)/1 /5 ~(—=1) /77" (1=1)
Cmt = [’Y Curl A =7)""Cyrp;

I allow for home bias in preferences and 7y denotes the expenditure share of foreign-produced
manufacturing goods. 1 captures the elasticity of substitution between domestically produced
and foreign-produced manufacturing consumption goods.

The household is subject to the following nominal budget constraint:
Pu, i, Cv it + €0Pyy £ sCa b + PO H e+ €:© = WiLy + 1T

where Py p; 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 ;s the price index of foreign-produced manufacturing products in foreign currency, which

15 An increase in €; implies depreciation of the home currency.
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is exogenously given due to the small open economy assumption; and Py p ¢ is the price index
of nonmanufacturing products. ®; captures exogenously determined 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 characterized by an exogenous increase
in ©;. Additionally, W;L; is labor income, and I1; 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 Cy; p ; and

Cnm a + are defined by the following CES aggregators:
1 o—1 de % C
Caf =
( /e—o M,H,6,t ) M,H,t

o

1 o—1 o—1
[ J—
/9_0 CNM, H,6,:46 = CNM A,

Consumption bundles consist of various varieties of goods indexed by 6 € [0,1]. cyp g+ and
cNm,Hp, 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 6:

—0
_ ([ PmHW C
CMHOt = Do M,H,t
M, H,t

—0
[ PNM,H,0,t C
CNMH0,+ = - N— NM,H,t
NM,H,t

The household supplies labor through a continuum of labor unions, represented by I € [0, 1].
Each union transforms the household’s labor L; into specialized labor services denoted as #; (I).
The total labor supply of the household L; is the integral of 1, (I) across the continuum of /. The
labor types 1; (I) enter the production function of firms through the CES basket:

1 é‘w*l e;l:)iuil
ny = (/ e (D)% dl)
0

where €, > 1 is the elasticity of substitution between the labor types. Cost minimization by
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tirms results in each union facing a downward-sloping labor demand curve:

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

L
W; = (/ W, (1)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 é,,. Union /

chooses {W; (1), Nt (1)} to maximize the objective function:
Y Et (B(1—60))° [1(Crrs, Lis)]
5s=0

where Ly = fol it (1) dl and the constraints are

W, (1 —€w
niys (1) = <#§—s)) Nits

*
Py t+sCamH s + €t4sPag rsCME s + PNMHi+sCNMH t+s + €t45Ot+s = WiasLigs + Tligs

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 (¥).

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 mar-
kets, while maquiladoras produce products only for foreign markets. I assume that the produc-

tion technology is the same within non-maquiladoras, maquiladoras, and, non-manufacturing
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sector. The production function for sector 7 is expressed as:

Lii

alii_q 51111;1 i
&= . Al
',t n.’t gl,u ll‘,t ¢
—y_l = Ai,t wj < _l ) + (1 — cui) ﬁl
Yi n; 11 ¢

where n;; is the labor input, i7; ; is the aggregated intermediate input, w; is the share parameter

for how intensely sector i uses labor, and ¢ is the elasticity of substitution among labor and

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

m,nm
mnm _ mam_j\ Fmam_{

.. [t § g

i Ximpt | & Xigmt | €
—— = |V (_— + (1 — Vi) ——

11; Xim Xinm

where x; ,, ; is the intermediate input from the manufacturing sector, including foreign inter-

mediate input; x;,,, is the intermediate input from the nonmanufacturing sector; v; is the
share parameter for how sector i uses intermediate input from the manufacturing sector; and
gmanumnon-mant js the elasticity of substitution among intermediate inputs from the manufactur-
ing sector and nonmanufacturing sector. The intermediate input from the manufacturing sector
is given by

Cf’d
gf/d -1 éf,d 1

g s
Ximt 1 Ximdt ) & Xim, f t
—_— = ( —C i) —_ +Gi | =—
Xi,m Xi,m,d Xim,f

where x;,, 1; is the domestically produced intermediate input from the manufacturing sector;
Xim,f,t 18 the foreign-produced intermediate input from the manufacturing sector; g; is the share
parameter for how sector i uses the domestically produced intermediate input from the man-
ufacturing sector; and ¢4 is the elasticity of substitution among domestically 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], I assume that exporters in the manufacturing sector set prices with a

probability of changing prices in the next period equal to J,. An exporter in the manufacturing
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sector 0 sets its price in foreign currency <p}kw Ho t) SO as to maximize

[e0]

Z (ﬁ (1 - 5;7))5 E; [Qt,t+sy7\4,H,9,t (P?A,H,e,t - mc}k\/LH,G,tﬂ
s=0

subject to the demand for the product in foreign countries:

* —0
« [ PmHet v
Ymreor =\ px Mt

M,Ft
where Qs is the stochastic discount factor from time t to t + s by domestic households,
Py p, and Yy, p, are exogenously given due to the small open economy assumption. The so-
lution to this maximization problem can be found in Appendix D. The maximization prob-
lem 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 la-
bor suppliers and buyers, which apply a markup of 1 + 7, where 7 is the tax rate. I consider
three distinct tax distortions: the payroll tax (Tjsp0,), a tariff on foreign goods (Ti,riff), and value-
added tax (Tyat). 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 subse-
quently sells it to domestic consumers at a price of (1 + Tyst) p. In essence, this intermediary

transfers the product from the producer to the consumer with a markup of (1 + o).

4.4 Nominal GDP, Current Account, and Monetary Regime

Domestic nominal GDP is given by the following equation:

Pui,i,:Cv it + €6Pyy £ sCa ot + P, et CNM HLE

1 1
ES ES ES ES ES *

+ /0 EtPM H .0, YM 10,90 + /o etPmmoYmmo 40 — PapiCamrr — €6 XePyx

= GDP;
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1 1 1 1 .
where X; = [ X1, 1,0,m, 7,640 + [ X3, 1,0,m,£,40 + I X31,M,0,m, 490 + Jo XNT,H,6,m,f,:40 is the total
quantity of imports of the foreign intermediate input, and Py , is the price of foreign intermedi-
ate input in foreign currency.

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

1 1
* * * * * *
/0 EtPM H.0.YM H0,40 + /0 etPmm oY mmo 40 — Py piCaer — €6 X Py

= €0y

The primary objectives of the monetary authority are to stabilize the labor market and price
levels:
EAlog P+ (1—-E)AlogLi =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 intermediate
good is not equal to 1:

Alog Py ; = oAloge;

where ¢ captures the pass-through rate from the change in nominal exchange rate to the change
in the price of foreign intermediate input.

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 nonmanufacturing

intermediate inputs, I adopt a value of 0.2, following Baqaee and Farhi [2022]. Likewise, the
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elasticity of substitution between labor and the entire bundle of intermediate input is set to 0.6,
based on Bagaee and Farhi [2022].

When I measure markups in the data, it includes all distortions such as market power, fi-
nancial 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 before the sudden stop. To see how the difference in tax treatments and production
structure across maquiladoras and non-maquiladoras contribute to the decline in TFP, I assume
that the markups charged by maquiladoras and exporters in non-maquiladoras are the same.
This is a conservative assumption because if I assume that markups by maquiladoras are lower
than markups by exporters in non-maquiladoras, the reallocation effect on TFP is amplified.
In addition, I assume that average markups for the manufacturing and nonmanufacturing sec-
tors 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 differ-
ence across destinations among non-maquiladoras during the sudden stop. In the benchmark
calibration, I assume that the goods markets are perfectly competitive, and the aggregator for
final demand takes a CES function with the elasticity of substitution 1.85.17 This number is
calibrated so that real exchange rate depreciates by 31.7% in response to the sudden stop shock.

The elasticity of substitution across manufacturing and non-manufacturing goods calibrated

at 0.4, as indicated by Burstein et al. [2007]. The consumption share of foreign manufacturing

16The difference in markups across manufacturing and nonmanufacturing sectors matters for the change in ag-
gregate TFP but matters quantatively less for the change in TFP in the manufacturing sector. My model generates
reallocation of resources from the nonmanufacturing sector toward the manufacturing sector because the latter
has an access to foreign markets. If the supply chain of the manufacturing sector is less distorted than the supply
chain of the nonmanufacturing sector, this reallocation worsens the aggregate allocative efficiency, leading to a
decline in aggregate TFP.

7When I introduce a monopolistic competition under the Kimball demand or an oligopolistic competition with
the nested CES demand, the implied demand elasticity is bigger than this number. For example, average demand
elasticity is calculated to be 5.66 in Edmond et al. [2023] who estimate the Kimball demand by using the US Census
data. If I set demand elasticity to be higher, it results in a smaller degree of real exchange depreciation than what
is observed in the data. This occurs because lesser exchange rate devaluation is sufficient to increase export and
satisfy the current account balance. To avoid this issue and ensure consistency with the observed data, I consider
the CES demand function with perfect competition in my analysis.
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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 Tyar = 0.1, Tjapo, = 0.25, and Tyif = 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 or-
der 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 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 dis-
tortions that producers face become closer to each other. Consequently, if I 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 maquilado-
ras. 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,

magquiladoras face less distorted supply chain because they rely less on domestically produced

18] 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 hap-
pens, 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 af-
ter 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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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
magquiladoras and non-maquiladoras in percentage terms.
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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-maquiladoras 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-
magquiladoras.!” 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%.

6 Conclusion

I analyze the impact of a sudden stop on allocative efficiency, TFP, and real GDP. During a sud-
den stop, reallocation of resources from non-export activities with larger distortions to export-
oriented activities with smaller distortions causes a decline in TFP. I provide empirical, theo-
retical, 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 per-
spective, my analysis demonstrates that the resource reallocations explain about 50% reduction

in value added in the manufacturing sector during the 1994 Mexican sudden stop.

YMaquiladoras 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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A Appendix A: Proofs

Proof of Lemma 1

According to Baqaee and Farhi [2019], the local change in real GDP is expressed as:

/ Aridlog Ay dk + Apsdlog Ly + Y (Af, — Af,) dlog X;
icF

_ / Aisdlog ik — Apdlog Ay — Y (AL, — AL) dlog A], (A1)
keN icF

Now I think about a function | St;rtl xsdlogys. The first-order logarithmic approximation of xs

for this function can be expressed as:

t+1 1
/ xsdlogys ~ (xt + 5 (xp41 — xt)) (logyi+1 — logy)

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:

t4+1 1
/S dlog TFPjs ~ Alog pj — / (?\je,t +5 (Mo = )\je,t)) Alog pijo,1d0

=t 0e{D,F*}

1

_ Al .—/ A Alog g df — — Aot — Aiag) Alog 1t .d0
Og Wit 6c(D,F") 0,4t 108 Ujp t 5 ee{D,}‘*}( jO,t+1 ]9,t> Og Hijo,t
(A2)

Now I narrow my attention to Alog y;, which is denoted as fst;rtl dlogu; (s).

t+1 t+1 A
/S dlogu;(s) = /S , His /Be{D F*} Hion (dlog Ajo,s — dlog pjg,s) d6

t+1
dl dlogAjgs) do
/GG{D]:* ptjes( 08 Hjos — 4108 Ajs)

= /t+1 s (g1 dlog Ajg,s) d6
= Joeip, ey St 12 Hios 08 Hios — 2108 Lo

—x]9,5
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By performing the first-order log approximation of xjg 5, I get

t+1
/S _ Xjgs (dlog pjo,s — dlogAjos) = xjps (Alog pipr — Alog Ajg ;)
1
T3 (xjoe+1 — Xjo,t) (Alogpjer — Alog o)
Therefore, I get
1

Alogpjt =~ (xje,t (Alog Hjos — Alog Aje,t) + 5 (xj9,t+1 — xjg,t) (Alog Hjo — Alog A]g,t)) de

Ao

= Alo — Alog A
o (0.7} hjns " (Aloga; —Alog Ay

0e{D,F*}

1 Ajg,t+1 Ajgt
+ = ; — —u; d Aloguig; — Alog Aigs) dO
> <V],t+l Mot Hijt .y ( g Hjot g ]G,t)

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

t+1 )\
dlog TFP; ~ Al —AlogAjg;) do
/s—t o8 T ee{D,f*}y]’ Hjo,t o 8 Ko o8 o)
1 Ajo,t+1 Aot
+ 5 ' — — Uj Alo — AlogAjg;) do
2 Joe (7} (V g it | (B108 et = 108 Ajer)

- Aoyl -de—_/ A A\ Alos e .d6
/Ge{D,]-'*} jo,+0 108 1jo t 5 ee{D,f*}( 0,t+1 ]e,t) 0g Hig,t

t+1 /\
— / dlog TFP, ~ ZIO(Aog pigs — Alog Ajgy) dO — / Ao Alog ujg 6
s=t Mo,z

0c{D,F* } 0c{D, 7}

=A

1) Ajo,+1 Aot
- : ML ) (A log gy — Alog i) — (Mgt — Aja) Alog juigd0
T2 /Ge{v,f*} (ﬂj'tﬂﬂja,m Fit o (Alog pjos — Alog Ajas) = (Ajorer = Ajos) Alog o

=B

I focus on term A.

A
A= Alo —AlogAig;) df — / Ao Aloe 110 ,d0
6c (D7) Hij,s ]/1]9 ( S Hijot g /\ie, t) o (D, ") jo,t g Hjo,t
_ ]/lj,s ) ,uj,s ‘ ‘
= Exjg, _#je,tAlOg Hiot | — Erjg, [@A log /\](;It] — En, [Alog i ]
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His ,
= Cov)\je/t [P‘j ,Alogujer| + EA [Vj];t] E/\](;,t [A log g t}
—_——

Hjs
Hio,t

, A IOg Aj@,t my
19,

-~

=0

— Cov)L [

+ EA]‘o,t [ e ] Ej; jo,t [A log Aje, f} - E/\je,t [A log 7’[]'911‘}

Hi Hi
= Covy, [ﬁ,Alog ]/l]'G,t] — Covy, [ﬁ,Alog Aje,t]

: A
= _COU/\jet [;li,Alog (y]_et>]
o it jo,t

Next, I focus on term B.

Aig t+1 )\'
] ’
= ; — Alo — Alog A do
/96{2),}‘*} (lu]'tﬂilje,tﬂ Hit }4]9 > ( EHjos & ]Qt)

— A —Aigs) Al 0 40
/GG{D,]:*} ( 760,41 ]G,t) og F}G,t

= i t+1 delis! (Alog pjgr — AlogAjey) dO — / Ajo,t+1010g 1o 16
P Mo+ ' ' oc{D,F*} ’

Ao
_ Al — Alog Ay ,) do — / Ao 1A log 10 0
{/QE{D,}'*} (”” Hio,s >( 08 Hjos — A10g Ajos) oeip,ry IV OB HI }
Hjt+1 Ajgt it Ajgt
= —Cowv,. —— Alog | —= || +Cov,.,. |-, Alog | =
Aot [ﬂj@,t—ﬂ 5 ( ﬂje,t) Ao [Vje,t 8 Higt

I know that Alog ( ﬂ“) = Alog Yjor + Alog mej — Alog PitYit-

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

Hijt
—Covy,, [ﬁ, Alog y]'glt]

1 Mir1 Hjt
+§ (—COUAW+1 [ ) ,Alogyig s +C00A9t [ﬁ,Alogyﬁ,t])
] 7

Hijo,t+1

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

Parameter Description

Value Note/Source

A. Parameters for Producers

WM,H Labor Input Share of Non-Maquiladoras 0.21 INEGI
VM, H Manufacture Input Share of Non-Maquiladoras 0.59 INEGI
CMH Foreign Manufacture Input Share of Non-Maquiladoras 0.44 INEGI
WM,M Labor Input Share of Maquiladoras 0.14 INEGI
VMM Manufacturing Input Share of Maquiladoras 0.95 INEGI
SMM Foreign Manufacturing Input Share of Maquiladoras 0.95 INEGI
WNM,H Labor Input Share of Nonmanufacturing 0.54 INEGI
UNM,H Manufacture Input Share of Nonmanufacturing 0.31  INEGI
CNM,H Foreign Manufacture Input Share of Nonmanufacturing 0.05 INEGI
UMH Average Markup of Non-Maquiladoras for Domestic Markets 1.17  Read the Main Text
MM H Average Markup of Exporters 1.05  Read the Main Text
Hymm Average Markup of Maquiladoras 1.05  Read the Main Text
UNM,H Average Markup of Nonmanufacturing 1.16  Read the Main Text
Op Price Change Probability of Exporters 0.78  Read the Main Text
AMH Sales Share of Exporters in Value-Added 0.26  INEGI
A Sales Share of Maquiladoras in Value-Added 0.29 INEGI
ghd Elasticity (Foreign vs Domestic Manufacturing Intermediate Input) 0.76  Boehm et al. [2023]
gmam Elasticity (Manufacturing vs Nonmanufacturing Intermediate Input) 0.2 Baqaee and Farhi [2022]
;‘Lﬁ Elasticity (Value Added vs Intermediate Input) 0.6 Bagaee and Farhi [2022]
o Trade Elasticity for Exporters and Maquiladoras 1.85  Read the Main Text
Table B.1: Calibration of Parameters (1/2)

Parameter Description Value Note/Source

B. Parameters for Households

¢ Consumption Share of Manufactured Good 0.21  Inegi

¢ Elasticity (Manufacturing Good & Nonmanufacturing Good) 0.4  Burstein et al. [2007]

0% Consumption Share of Foreign Good 0.11  Blaum[2019]

B Discount Rate 091  Cugat[2022]

L Labor Supply Elasticity 1.84  Mendoza [2010]

Sw Probability of Changing Wage 0.08  Fukui et al. [2023]

C. Other Parameters

g Weight Placed on CPI by Monetary Authority 0.842  Read the Main Text

0 Pass-Through Rate 0.53  Read the Main Text

TYAT Value-Added Tax 0.1

Tlabor Payroll Tax 0.25

Tarif 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

B B A o o o
N o o] o1 N EN o
1

Foreign Intermediate Input in US Dollars
D
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

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 of-
tice 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

(7) can be expressed as follows:

Alogy: = (1—1n) (1 —1) (Alog (€:Pyr ;) — Alog Pait) (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 (P 1) is

given by

A log PM,H,t = wM,HA log Wt + (1 — wM,H) (1 — VM,H) A log PNM.,ii ¢
+ (1 —wmu) vmu (cmuAloger + (1 — ga ) Alog pariit) (D.2)

The change in the price of manufacturing intermediate input (py, ;i ;) is given by

A IOg pM,ii,t = CUM,HA IOg Wt + (1 — wM,H) (1 — VM,H) A log PNM,ii,t
+ (1 —wmu) vmu (cmudloge: + (1 —gpu) Alog paiit) (D.3)

The change in the price of non-manufacturing intermediate input (pnas i ¢) is given by

Alog pnmiit = wnmuaAlog Wi + (1 — wnmH) (1 — vnm i) Alog paaii s

+ (1 — wnmu) vmH (cnmaAloger + (1 — cnmu) Alog pariit) (D.4)

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

Alog¢r = (1 —0) (1 —¢) (Alog Pyt — Alog Pnni b t) (D.5)
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The change in the price of manufacturing consumption goods (Py1;) is given by
Alog Py = yAlog (€:Pyy ;) + (1 — ) Alog Py it (D.6)
Lastly, the change in the price of non-manufacturing consumption goods (Pya 1 ) is given by

Alog pnma: = wnmaAlog Wi + (1 — wnmi) (1 — vnmi) Alog Pt

+ (1 —wnmu) vmH (SnmuAloger + (1 — cnmp) Alog paiit) (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 Key-
nesian Wage Phillips Curve derived in the next section. The definition of nominal GDP can be
expressed as

Aggregate Consumption + Net Export = GDP;
< PtCCt + €0 = GDP;
By log-linearizing this equation, we get

Alog GDP; — £55 (Aloge; + Alog ©)

€®
1- GDP

Alog PF + Alog C; = (D.8)

The change in the consumer price index, represented as A log PC, can be expressed as follows
Alog PE = ¢pAlog Prrs + (1 — ¢) Alog Pt (D.9)

(iii) New Keynesian Wage Phillips Curve

Union / chooses {W; (I), N (I) } to maximize the objective function:
Z Et (B(1—6w))” [u(Crss, Lits)]
s=0

where Ly, s = fol niys (1) dl and the constraints are

e ) = ()

Wigs
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PFCr+ €115@ts = WissLigs + Tpys

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

) NH—S (Wt (l) ) —€ep—1 Ni’—l—s (Wf (l) > —€p—1
1—-6,))° |—u €w—— | —= + A N, I)—W:(l)e —_— =(
sg) (:B ( w)) [ 2,t+s th+s Wt+s t+s t+s ( ) t ( ) th+S Wt+s

u(Crys,Liys) Ul tis
pc -

OLits
t+s
Mo = 2747, U145 = MUpys, and —up sy s = MD; 4,5, we can simplify this expression further:
w 7 7 4

where 1y s = . The household’s optimization implies A5 = By defining

flex _ Yoo (B(1— 5W))S Niis (1) pwMDyys
wpes (1) = L ) :
Yoo (B(1—=6w))” Nigs (1) MU+ (m)

Log-linearizing this equation, we obtain:

Alog Wi (1) = (1= B(1=64)) Y (B(1—64))° (Alog PS . — Alog MUy + Alog MDt+S>
s=0

Log-linearization of the wage index equation represented by W; = ( fol W (1 )1_6“’ dl ) T e
obtain
Alog Wii1 = 8Alog WS (1) + (1 — 6,) Alog W

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

(Alog Wy — Alog W;_1) — B (Alog Wiy1 — Alog W)

= 90 {—Alog Wi + {Alog PF + Alog <ﬁ5t> H (D.10)
t

-]

where ¢, = 1flgw (1—pB(1—0y)). Utility function is given by u (C;, Ly) =

1-vun

Alog (ﬁg;) can be expressed as

Alog (AZ\EZ;) = Alog (P—V\é)

= (1—1)AlogL (D.11)
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Producers in Manufacturing Sector
(i) Sales Share

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

* *
v _ CtPMm Y M H
M,Ht = VA

*
<= Alog Ay g = Aloger + Alog pyy g, + Alog (yé/[*—lm> + Alog Yy p; — Alog VA
M,Ft
where Y7 1, is the total imported manufacturing consumption by foreigners. Importantly, for-
eign aggregate demand remains unaffected during a sudden stop (Alog Y7 ,,, = 0). Addition-
ally, we know
YM,H,

Alog v . ¢ M08 PM o+ O e 10g Py p
M,F,t

where Py, is the aggregate import manufacturing price index in foreign countries. Small

open economy assumption leads to Alog Py, p , = 0. This leads us to the simplified equation:
Alog Ay o = Aloger+ (1 — 0y ) Alog piypr g, — Alog VApy (D.12)

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 6 is

given by
E [Alog A?\LH,G,J = Aloge; +E [(1— ‘TE\F/LH,G) Alog P}k\d,H,G,t] — Alog VA + (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 Arpps = Eny, ., [E[Alog Absigy]]

M,H 0
AM,H
< Alog Ay p = Aloger+Eys [E[(1— 0w me) Alog pimeyl]
AMH
— Alog VA + (D.14)

56



E,\*

MH9

[E [(1 — 0y H,e) Alogpi H,Q,t} ] can be derived by solving the price-setting problem in

M H .
the next section.

(ii) Price and Markup

Exporter in manufacturing sector 0 sets its price in foreign currency (p}“w Ho t) so as to maxi-
mize
(o8]

Z (ﬁ (1 - 5P)>S E; [Qt,t+sy7\4,H,9,t (P?A,H,e,t - mC?\/LH,e,t)]
s=0

subject to
% -
X [ Pmaat v
Ympor =\ pr M,F,t
M,F,t

The first order condition with respect to p}, ;; ¢, is given by

mcs
* * * _ MChvige s
" (B(1-6,))° Cris Lips) S5y 1+ Wmmnotes/YMmHores | PMHEO ~ e
Z (IB ( P)) up ( t+ss H’S) P yM,H,@,t+S o™ / * ¥
s=0 t+s Pm ot/ PMmHot Pm,Ho,t
_ 0u(Crys,Ltts) : * _ mmes/ Y,
where 1 (Cips, Liys) = =55 By using oy 0, = “Wirrer Parer’ VE get
N 00 _ 5 €tts % mCM H0,t+s
mck Yoo (B(1—=146p)) [ul (Ctas, Lits) 22Yarmoes < OMLH 0,45 T >]
MH0t + M,H,6,t (D.15)
 flex 00 s e :
Pm,m6t Yoo (B(1—0p)) [”1 (Crs Liss) Py ioi+s (1= OM H0, 045
A mc* . . . . .
where mc}k\/I Hot = %‘““ By log-linearizing equation (D.15) and using Alog p}, 15915 =
1=, YM,Hp
OM,H,6 ‘TMHG & Yo Hees )7 &

*,fl * A X * *
Alog PtheIxE)t (1-p(1— 510)) Pm e logmicy o, + (1- pM,H,G) &8 Pyrr
=0

x,fl
+p (1 - (510) Alog pMJ,(I—;fCG,tJrl

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

*,flex (1

E [A log PTVLH,@,HJ = 0pAlogpyrpesrin t ) A1og P,
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By combining these two equations, we get

E [A log PT\A,H,e,t — Alog P7\4,H,9,t—1] — BE [A log pX/I,H,G,t—H — Alog p}k\/I,H,G,t}
= ¢y [—E [Alog piires) + Oinmedlog (Mch por)] (D.16)

1
where gy = 1% (1 (1-4,)).

By subtracting E [Alog#icy, ;o — Alogmicy, g, 1] — BE [Alogmicy g1 — Alogmicy, pg ]

from both sides of equation (D.16), we get the difference equation for E [A log 3, H,G,J :

E [Alog i res — Mlog i e 1) — BE [Alog parress1 — A10g Harrg )
=—E [A log (TﬁCEKvI,H,e,t) — Alog (mc}k\/I,H,G,tfl)] + BE [A log (’ﬁCT\A,H,e,tH) — Alog (’ﬁCT\A,H,e,t)}

+¢ [—E [Alogurires) + (Ornmes — 1) Alog (Mchmgrit)]
(D.17)

From equation (D.16), we can calculate the dynamics of E S [E [(1 — 0y H,(,) Alogpiy H,e,t} ]

2
AMH

which shows up in equation (D.14).

E MM [E [(1 - ‘TXA,H,G) Alog PTVI,H,G,t - (1 - UX/I,H,&) Alog p;‘\/I,H,G,t—l]]

V]
AMH

—BE Mo [E [(1 - U;A,H,a) Alog P7\4,H,6,t+1 - (1 - O'X/I,H,H) Alog p}k\/I,H,G,tH

V
AMH

=@ | =Exj, [E (1= 0 me) Alogpises]] + Exgyyy [Phre (1= 0 me) Alog (ricy o] | (D-18)

* *l
AMH AMH

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

Alog ’ﬁCTVLH,a,t = WX/I,HA log Wi + (1 - WX/LH) (1 - VXA,H) Alog pNm,iit

+ (1= wiyn) Vi (Shpdloger + (1= 6y ) Alogpumjir) — Aloger (D.19)

(iii) Input Shares

The change in foreign intermediate input share can be expressed by

AlogcmHt = (1 - (ff’d) (1—c¢r,m) (Aloger — Alog piit) (D.20)
Alog irpe = (1-8%) (1—ch) (Aloger — Alog pais) (D.21)
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The change in manufacturing input share can be expressed by

Alogvaygr = (1 —¢™") (1 —vpmp)

(cmuAloger + (1 —cpmp) Alog paiir — Alog pnmiit) (D.22)

Alog VX/LH,t = (1—-¢m™") (1 - VX/LH)

(chpuAloge: + (1 — 6y ) Alog paii — Alog pnmi) (D.23)

The changes in labor input share can be expressed by

Alogwy it = (1 _ glfﬁ> (1- wmn)

(Alog Wy — (v (cmuAloger + (1 —gamm) Alog paiit) + (1 — var ) Alog pNaiit))
(D.24)

Mogwipp, = (184 (1 - wiyp)
(Alog Wi — (Viy g (cauBloger + (1 — iy p) Alog pariie) + (1 —vig ) Alog pamiis))
(D.25)

Producers in Maquiladoras

The equations for the sales share, price, and input shares for maquiladoras parallel the deriva-

tion for producers in the manufacturing sector.

(i) Sales Share

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

Alog Ay p = Aloger + Exiime [E[(1—0pmp) Alog pisme,]]

*
AMM

— Alog VAMm + (D.26)
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(ii) Price and Markup

The difference equation for E [A log P M,G,t] is given by

E [Alog phiaes — Alog pipames—1] — BE [A10g phiaesr1 — D1Og iy ]
= ¢p [—E [Alog phiames) + Orae1og (Mchaes)] (D.27)

The difference equation for E [A log 1 e, t} is given by

E [Aloguiames — A1og paame—1) — BE [A10g s ae i1 — A1Og Mo,
= —E [Alog (1icy prp:) — Alog (michyags—1)] + BE [Alog (1ich prg 1) — Alog (Mch por) ]

+¢ [—E [Alog iy aer] + (Omame: — 1) Alog (i po 1))
(D.28)

Eiime [E [(1 — 0y M,@) Alogpiy M,G,t] ] satisfies the following difference equation:

*
AM,M

E)‘X/LM,G [E [(1 - UX/I,M,H) Alog Py mer — (1 - UX/I,M,Q) Alog p}k\/I,M,G,t—l]]

2
AMM

—ﬁEAXA,M,e [E [(1 - UX/I,M,H) Alog prmei1 — (1 - ‘TX/I,M,e) Alog p}k\/I,M,G,tH

/1
MM

=@ [—EAMM,Q [E [(1 - UX/I,M,G) Alog p;F\/I,M,G,tH + EA;A,M,G [P?A,M,e (1 - U—I*\A,M,G) Alog (’ﬁC;A,M,e,t)]

V
AMm

(D.29)

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

Alogricy ag; = Wi plog Wi + (1—wym) (1 —varm) Alog pamiis

+ (1= wigm) vigm (SmmAloger + (1= ¢ m) Alog paie) — Aloger (D.30)

(iii) Input Shares

The change in foreign intermediate input share can be expressed by

Alog G pt = (1 - Cf’d> (1—¢hm) (Aloger — Alog paiie) (D.31)
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The change in manufacturing input share can be expressed by

Alogviyas = (1=¢™") (1= vy m)

(chmmdloger+ (1= chm) Alog paiie — Alog Pamiis) (D.32)
The changes in labor input share can be expressed by

Alog wiypry = (1 - @l’ﬁ) (1= wigm)

(Alog Wi — (VX/I,M (GM,MAlOS €t + (1 - QR/I,M) Alog PM,z’i,t) + (1 - VX/I,M) Alog pNM,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

Mlogenmie = (1= &%) (1= cnmn) (Aloger — Alog pis) (D.34)

The change in manufacturing input share can be expressed by

Alogvnm,as = (1 —¢™™") (1 — vNm,H)

(¢nmuAloger + (1 —gnmu) Alog pariit — Alog piit) (D.35)

The changes in labor input share can be expressed by

Alog wNMHt = (1 - Cl’ﬁ) (1 —wNmH)

(Alog Wi — (VItIM,H (GEM,HAIOg €t + (1 - g}k\lM,H) Alog PM,ii,t) + (1 - VItIM,H) Alog PNM,ii,t)
(D.36)
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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, manufactur-
ing exporters, maquiladoras, non-manufacturing producers, and final consumers. These in-
termediaries have the same aggregating function as the final consumers. We denote the sales
share of these intermediaries by Ay g 4,/ A}F\/LH, At /\}*\/L M Ayt ANM,H, At and b g s First,
we consider a market clearing condition for manufacturing product 6 produced for domestic

market:

/

YMHg = CM g+ / NI e / SN / Xt (0,46 + / XNt sid i (o) @0

where ¢y 6+ is the quantity of consumption by domestic households, x, , , » iir (6) is the quan-

. . . ! . % .
tity of spending by manufacturing producer § for the domestic market, x MG g (6) 15 the

is the spending by maquiladoras ', and

*
M,M,0’ iiT ()

is the spending by non-manufacturing producer 0. By integrating over all man-

spending by manufacturing exporter 6, x

YNM,H,6' it ()
ufacturing products 6 € [0, 1] for domestic markets, we get

/yM,H,e,td9 = /CM,H,G,td9+//XM,HIGIIiiT(G)dQIdG

s i@+ | Sirng @@ 90+ [ [ X o302
(D.37)

Due to the presence of VAT denoted by Ty4t, the intermediary for the final consumers charges

a markup with 1 + Ty47 on the final consumer prices. Consequently, the sales share of this

. . .. 147 do . . . .
intermediary is given by by = [ax VAT)F%;Q”*CM'H’” where py g+ is the original price set

by manufacturing producer 0 for the domestic market. By transforming equation (D.37), we get

by e ¢
AMHE = =+ AMH At + AN + A} + ANMH, Ayt
A1, (1 + TVAT) AL, M, M,H,AM,t M,M,AM,t M/ 7AMy

Log-linearizing this equation, we get

b
AM,HA log/\M,H,t = M.H AlOg bM,H,t +/\M,H,AMA10g/\M,H,AM,t +/\7\/I,H,A Alog/\j\/I,H,A ot
(1 + TVAT) M M
FAMMADIO8 AN M Ayt T ANMH,AYDLOGANM,H, Ayt (D.38)

62



We proceed to analyze the change in sales share by these intermediaries. We begin by exam-
ining ApgH 4, Which is the sales share of an intermediary that aggregates domestically pro-
duced manufacturing products intended for manufacturing producers who produce for do-

mestic markets. This is expressed as follows:

/
A B J Pmiipx M,H, i 40
M/H/AM/t VAM

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

can be transformed as follows:

sales cost

' Ve PME N o i b
sales / M,HO MHY ¢ H iyt 10
A B f M,H,0 t f fsalesM,er,,t salesM,Hle/,t COStM,H,GI,t
M,H,Ap,t —
VAm
A / 1
MH t /
=Amde [ 7 (1 — wmnt) vmHe (1= 6mm,t) dO
MHt Hpmo ¢
1
= )\M,H/tEAMHe/ (1 - CUM,H’t) VM,H,t (1 — GM,H,t)
He' | ,
AM.H M,H,0 t

By log-linearizing this equation, we derive

+Alog (1 — waae) v e (1 —6mmt))

Alog Ay a A, = Alog Ay s +AlogEx
svarall N VBN

. 1 .
Further, by transforming Alog E Aﬁw,e, [ FM,H’Q/J , we obtain
M,H

Alog A

1 —
AlogEAM ) [—] = —AlogAM,H,t—*_]’lM,HE/\M/H,G/ [

H.6 /
MM NiH

!
AMH B Hpe

AMH

Subsequently, we get

B Alog A
Alog Am,H, Ayt = Hp EAM,H,Q/
AMH

+ Alog (1 — wmme) vmH: (1 —Smmt))

— Ex
HMHEA, by
AMH

M,H,e’,t] —

Alog VM,H,G’,t]

Mt e e M, He'
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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 Kim-
ball function as the final demand function. This is because production function is the same

within sector, resulting in the equivalence of the change in aggregate price and the change
[ Alog Ay ' s Alog Am,hyt
/

= . Furthermore,

in individual price. As a result, we have E, =
Parm e HmH

M,H,0
AM,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 leads to

{AlogyM/Hﬁ//t

- } = 0. As a result, we get
M,H,0

A /
M,H.,6
AMH

Alog Ayt H Ay = Alog Apme + Alog (1 — wmHe) v Ht (1 — GMmHLE)) (D.39)

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

* —x A lOg /\}k\/LH,G,,t —x A IOg ‘u}k\/LH,G/,t
Alog )‘M,H,AM,t = P‘M,HE Moo T x| T P‘M,HE D VT s —
1AL P me Tl P me
A% H A1, A¥ H A1,
+Alog ((1- w}k\/LH,t) VM, H,t (1- 97\4,H,t)) (D.40)
Alog A*
The calculation ofE ,+ —__MHEt | can be performed as follows:
P
M,H,0 Mg
AM,H
* * *
E.. Alog )‘M,H,e/,t _ )‘M,H,e/ Alog )‘M,H,e/,t 40
Mg u* , A% u* /
Non M,H,f MH M,H,9

Nipa E [A log A;AIH,QJ p

) Aum P Hp
Y Aloge; +E [(1 - O'X/LHﬂ) Alog P?\/I,H,e,t] — Alog VA ¢ I
AM,H P M 16
Aloger — Alog VA 4 <1 - U&,H,e) .
= — =+ Ex . |E|————"AlogPmues (D.41)
Hmu A% HM,H,p

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
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to (D.29), Exy, .., {E {%A log pj; H,B,t] 1 satisfies the following difference equation:

A

E3
M,H

(= una) oo ()
EAX/LH,Q E|———"Alogpmper — ——Dlogpmuei—1
N I Hm e Hm e 1]
[ _<1—a* ) (1—0* ) 1]
M,H,0 M,Hp
—BEx e |E|————Alogpmuer — —————Alogpimey
Nk i HmH6 HmH6 1]
(1 - ‘TXA,H,Q) . OM,H,0 (1 - UX/{,H,@) .
=9 _E/\X/I,H,G E * A IOg Pm,He.t + E/\X/I,H,g * A IOg (mCM,H,Q,t)
A M e Ry Hm e
(D.42)
Al x . . . .
From equation (D.17), E+ [%} satisfies the following difference equation :
M,H,0 M,H,p
AMH
Alogpy e  BlogHymes
Eviyno |E * - *
Yo Hm a6 Hmue ]
Alog u; Alog u} 11
—BE. |E & ZM,H,G,t+1 B g* K, Hp.t
N Hm a6 Hmue ||
Alog (richypps)  Alog (richy e 1)
=—E AL E * - *
Ao Hm,He Hm,He 1]
+BE E Alog (riicy pge41)  Dlog (michpo4)
A% * - *
i Hm,H,o Ha,H
Alog 1y ro+ (pXA,H,G,t - 1) R
+¢ _E)‘X/LH,G E ‘u*—,,, + EAXA,H,e *—Alog (mCT\/I,H,Q,t—H) (D.43)
Sy M,Hp Sy Hm e

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

* *
Alog A% — 7 F AlogA M,M,0 t 7 F Alogy M, MOt
O AMM,Apt — KM M M " ~Hmm N e "
P " M,M,0' FEN H M,M.,0
M,M M,M
+Alog (1= wigme) Vi (1= Shae)) (D.44)
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Alog A*
where E —— mmdlt | g given by
M.M9 K mmp’
MM

Alog)LMHG t Aloger — Alog VA (1 _U;\F/I,M,e) .
E. = — t 4 Ev |E[~—"""LAlogp
MHS' * M,M,0 * M,M,0,t
v L Py Hmn iy Hmmo
(D.45)
1-0y . . . .
and Eyy | {E {WA log p. M,e,t] } satisfies the following difference equation:
MM
(=aimna) oo (= na)
E Mo E|——=Alogpymmes — Alog P met—1
X Hmme Hmmo
| _(1_‘TXAM9) (1_‘7;/11\/19) ]
—PBEx;, e |E|———Alog PMme1— 5 Dlog P e
o Hmme Hmme
(1 ~ M 9) OMM0 (1 - ‘TXA,M,G) .
=@ | ~Eap, |E y—A log Pmmer| | + Emm ¥ Alog (riiciy,mg,:)
o M,Mp X Hmme
(D.46)
Alog
E, {*—MA’W} satisfies the following difference equation:
Mo’ M riae
AMM
E Alog i mes  Alogpa e 11
P mp YRy |
Alog pmmprtr  AlOgHy M
_:BE M * B *
Hvi,mo Hvi,mo |
E E A log ricimor)  Alog (michn 1)
T "M Mume i - *
Vo M,M, Hm,m,6 ]
Alog (ricinpe1) — Alog (rich ng,)
+BE Mo | E * - *
T Hmme Hmme
Alog iy me (p Mamgs ~ 1 At _
+¢ | —Ex, s [E [t +Ex, ., >A log (M aors1) (D.47)
T Hmme T Hmme

The sales share of intermediaries for non-manufacturing sector, AN, m,4,, .t is given by

| P e XN M H 9,y t40
VAM,t

ANM,H, Ayt =
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VANM, ¢ f P M,ii tXNM,H,8,iipg 40

VAMmt VANM,t
salesnyi ot COSENMH+ PM,iit XNM,H.B iyt
. VANM,t f SalesNM,H,@,t f [salesnai o SAlesnm o COSENMHp,: 0
VA VANM,t
_ VAnms Anmmpr 1

VA NMHE [ (1 —wnma) VMH (1 — GNMH ) dE
M, t NM,H,t UNM,H,0,t

By log-linearizing this equation, we get

Alog)\NM,H,AM,t = Alog VANM,t — Alog VAM,t + Alog /\NM,H,t

1
+ Alog (E ANM,H,0 [—D + Alog ((1 — wnmH,:) vNmH (1 — SNMH))
Anmu LHNMH6,t

(D.48)

1

Exyaro [—] = 0 for the same reasons observed in the case of manufac-
)‘Ni]\/’lH, HNM,H,,t

We have Alog (

’

turing producers for the domestic markets.

Intermediaries Aggregating Domestically Produced Non-Manufacturing Prod-

ucts
(i) Sales Share

There are five distinct intermediaries that aggregates domestically produced non-manufacturing
products and distribute them to manufacturing producers for domestic markets, manufactur-
ing exporters, maquiladoras, non-manufacturing producers, and final consumers. These inter-
mediaries have the same aggregating function as the final consumers. We denote the sales share
of these intermediaries by Anj 1,4t/ /\XA,H, At /\j‘VL M, At ANM,H,Anpt- @A BN M, H -

The calculation of changes in sales share for these intermediaries follows the same method-
ology as that applied to intermediaries aggregating manufacturing products for domestic mar-
kets.

bNMmH

ANMHALOG ANMH = 0+ Tvar

] Alog bym,H,t + A, H, A D10 AMH, At T AMH, Axy D 1O AMUH, Ayt

+ /\?\/I,M,AI\]MA log /\;(\/I,M,ANM,t + )‘NM/H,ANMA log ANM,H/ANM/t (D.49)
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Alog /\M,H,ANMJ = Alog VApm+ — Alog VANM +

A 10 )\ ! A 10 ’
oy B BAMHG | TN EHMHY t
MH™ "y 1 i p MH™ "\ 1 i p
i M,H,0 AriH M,H,0
+A10g((1 —(UM’H,t) (1 _VM,H,t)) (D.50)
Alog A}kw/H/ANM/t = Alog VA — Alog VANM +
Alog Ay M,H0 t —x Alog j\/I,H,G',t
+ W gEr P v P‘M,HEAMHQ —
A?/u} My M,H,0' MLH H M,H,0
+Alog (1 wipe) (1= vigmy)) (D.51)
Alog )‘}k\/LM,ANM,t = Alog VA — Alog VANM +
AlogAMMQ y: AIOgV;AMGIt
+VMME/\* , mE -
M AMS M M,M,¢ irra M
+ Alog ((1 - WX/I,M,t) (1 - VX/I,M,t)) (D.52)
_ Alog Ay m o s _ Alog i m g
Alog ANm,H, Ant = FnmuEry,, ” | ~HnmuErg, g ” —
NN NM,H.,0 NMH NM,H,0
-+ Alog ((1 — wNM,H,t) (1 — VNM,H,t)) (D.53)

Factor Shares in Manufacturing Sector

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

WiLp e
AmLt = :
Yanld VAM’t
1 1 4 ' 1 4 '
Wi (fo "mHE, A0+ Jo Mg s Jo Mgl 40 )
VAw ¢
B /1 Prmg Y ne  Expenditure on Labor,, 1 o Wity 1o 4 "
0 VA + Priee YMHG ¢ Expenditure on Labor,, ,; o,
* * W n*
N /1 €l YT e s Expenditure on LaborTHg y MHG ¢ 0
VAT, €t pT,HI o yT,H, o Expenditure on Labor’, MG
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*
Expenditure on LaborT Mé' s WL o s 1

* *

/ LetPr vio YT e t
VA €

0 Tt tP T,M,G/,ty T MOt

_ /1 Pame 1Y me  Expenditure on Labor, 1y, 1 o
0 VA ¢ PaLg ¢ X Total Cos’cM Ho ¢ 1+ Tapor

Expenditure on Labor; MMt

Expenditure on Labor* MHG ¢ 1 w
x Total Cost”® 1+ Tapor

* *
VetP o Y mme o

- VAM "
A M,H,0 t M,H,0' t

Expenditure on Labor*

* *
i / Vet e Y Mgt M,H,0 t 1 30
VA ¢ YIRS Total CostMMg P 1+ Tapor

1 WM, H,t 1 Wi H ¢ 1 /
— [ A ., YMH a0 + / A* do
/0 M,Hle /t HM,HIGIJ 1 + Tlﬂbo}’ M H 9 t]/{ H 9 t 1 + Tlﬂbor

Wit Mt 1 '
+/ A* a0
MMG tVMMg t1+Tlab0r

where “Expenditure on Labor” represents the total expenditure on labor by producers, includ-

ing payroll taxes, which introduces a wedge between worker income and producer labor ex-

penditure, denoted as 1 + T4, By log-linearizing this equation, we get

AMH WM, H A, pel (VM H b
AprAlog Ay = 1—' Mt ———Alog P
+ Tavor v VM,H,{)’ ﬂuM,H,G/,t
* * A* w3
AMH WhH MHQ ¢+ MHLt
+ TE/\* , | =———Alog *
Tabor ﬁ\l/f*:ifﬂ’ ‘uM,H,Q/ ‘MM,H,GI,t
M,H
AR A WMt
M,M M M, 9 p VL,
2 P S —M Alog MO, (D.54)
Tlabor %{'71\419 ‘MM Mo/ VM,MIQI,t

MM

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

be expressed as:

. (! (1 — W, Ht) VM,HEG M, H ¢ 1 /
Ame = | Aamg s 1 do
0 e MM,H,G/,t + Tim,NM
* * *
N / It 1 - wM,H,t) VM, H S M, H,t 1 0
M,H,0' t * 1+
Y T Tim,NM
* * *
1 - wM,M,t) VMMmtSmme 1 /
)\M MOt * 1+ do
Favmel o Tim, M
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where T, Ny and Ty, v are import tariff faced by non-maquiladoras and maquiladoras. By

log-linearizing this equation, we get

A Alog A%, = /\M—H (1 — wmH) VM HSMH
M R 1 . M,H.8
+ sz,NM yM,H,G/
A ! VM, HtCT,H,t w
Alog ML — —MB_ Alogwpip
1 —_— 4 7
HT,Ht WM,H
* * *
i MH E [(1 B C"M,H) VMHSM,H
. A% /! *
1+ Tim,Nm MHE VST,
M,H
k * *
AViEe +VMHSMH,t Wi g .
AIOg 4 4 /* _ 1 /* Alog wM’H,t
Hvme s W, H
* * *
n Abm E [(1 - wM,M) Vi, MSM,M
. A% /! *
1+ T _ggand’ Fmme’
M,M
* * *
1 VMM,ES MMt w
(A log ( A — st —Alog Wiy v (D.55)
—_— w 7 4
H M,M,0 t MM

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

given by

1-— 1-— /
( wM,H,t)( VM,H,t) 40

1
AMNMt = / A /
NM, o MHE 1ML FLos

1 (1 - w?\/I,H,t) <1 - VX/I,H,t) ,
+ /0 AMHpt de

*
T Hot
* *
1 A% (1 - wM,M,t) (1 - VM,M,t) i
+ 0o MMt T
M,M.,0,t

By log-linearizing this equation, we get

ApmNmAlog Apnmt = AmHEA

[(1 —wmn) (1 —vmu)

/
iy Fmme
)‘M HO t WM,H VM, H
Alog | ———= | — ————Alogwpy gt — —————Alogvpy
Y 1—wmp 1—vmn
* *
M,HE "
T;H,G/ MM H 0
AT H
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* * *
/ w v
(g (i) - Mg g |
M,H

M,H,0 t M,H
* *
i) ()
+ AM ME/\*
7 MM 9/ ‘Z/l*
AL M,M.0
M,M
* / w* v
M/Mle /t M/M * M,M *
Alog | — R AlogwM,M,t——l_V* Alog vy s
Moo s M,M 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

ANMH WNM,H ANmie (ONMH,t
ANM,LAIOgANM,L,t = 1—,EANMH9/ EEE—— AlOg — (D.57)
+ Tabor ANLLH BNMHG ENMEO

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

sector is given by

A 1—
ANpAlog Al = NMH p [( WNM,H) VNM,HENM,H

_NMH . /
1+ T,nm NMHS HNM,H,

ANM,H

A ' UNM,H,tGNM,H,

Alog NMHE ! i D) - ONMH A log wnMm H ¢ (D.58)
ENMH ¢ 1 —wNnmH

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

share in non—manufacturing sector is given by

ANnmmAlog ANmmt = ANMHEA

(1 —wnmu)vNma (1 —cnmH)
NM,H,6'

ANM,H HNM,H
A ' UNM,H,t w
NM,H,¢, H, NM,H NM,H
(A IOg ( f — 1 AlngNM,H,t — 1g—A10g gNM,H,t
HNm,H6 ¢ — WNM,H — GNM,H
(D.59)
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Value Added and GDP

Value added in manufacturing sector is given by

VAMm: = Z (Salesi,t — Intermediate Inputi,t>
ie{Manufacture,Maquiladoras}
= VAm = /9, (14 Toat) Prg, e 0,0, th {\NM'MiVANM'E +/ Prwig Ve o
sales to domestic household sales to non-manufacturing sector sales by exporter
+/ , 6 — AL VA - Ant v VA
Praad Yaag Mt VML OMNM, 4

. i ion i expenditure on non-manufacturing input
sales by maquiladoras expenditure on foreign input p g inp

VANM,¢

< 1="bpmHt +ANMM, tW + A+ A — A — AMNMt

By log-linearizing this equation, we get

VA +
+A7\/LHA log /\}k\/LH,t + /\}k\/LMA IOg A}k\/LM,t — A}kVIA log A?\/Lt — AM,NMA log AM,NM =0 (D60)

VAN VA
by aAlog by gt + ANMM——— VAnus MAlog (ANM Mt NM, t)

Value added in non-manufacturing sector is given by

VANM: = (Sales NMm,+ — Intermediate Inputy M, t>

= VANMm = / P CNM HE 190 T+ AMH Ayt VANME

~
sales to manufacturing producer for domestic market

sales to domestlc consumer

* *
+ )LM/H/ANM/t VANM/t + AM,M,ANM,tVANM/t

sales to manufacturing exporter sales to maquiladoras
*
AnmiVANME  — ANmMVANM
N—— h ~~ d

expenditure on foreign input ~ expenditure on manufacturing input

* * *
= 1=bmHt +AmHAnt T AMH At T AMM ANt — ANME— ANM Mt

By log-linearizing this equation, we get

bNM,HA log bNM,H,t + /\M/H/ANMA log AM/H/ANM/t + )L?VLH,ANMA log AX/LH,ANMJ

+A7\/LM,ANMA IOg A}k\/I,M,ANM,t — A?\]MA IOg A?\]M,t — ANM,MA log ANM,M,t =0 (D61)
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The sum of value added by manufacturing sector and non-manufacturing sector equals nomi-
nal GDP.
VAmi + VANMt = GDP;

By log-linearizing this equation, we get
VApAlog VAp+ + VAnmAlog VAnym = GDPAlog GD Py (D.62)
Nominal GDP can also be calculated using the expenditure approach:

Pui,i,:Cov 1.t + €0Pyy £ it + P, N HE

NV
Domestic Consumption

+Net Export, = GDP;

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

*
Py tCyva,e + €6Py e i Cet + Pam,atCNm e+ €6Or = GDPy (D.63)
PyiCmme _ PmpiCavms VAT: VAT ,
We know —~cpp— = VA, ~ GDb — br,Ht5pp, - From consumer’s preferences, we get
Py, et CNM,H t _1-¢
Pun, i tCm,H ¢+ €:Pyy £ CMF 1 ¢
and .
elyp Cmpe vy

PvpiCrmpr 1—7

By using these equations, we can transform equation (D.63) as follows:

Pu,i,:Cv, it + €6Pyy £ iCa ot + Pt Cnm e+ €6© = GDP

VAM,t VAM’t 1-— gb 1 VAM’t €t®t

Y
b b b =1
< bmHiEDp, t1z L PMH DD, + ¢ 1—o MHYGDP * GDP,
1 1 VAM,t _1_ €10
1—~¢ "HY'GDP, ~ ° GDP,

By log-linearizing this equation, we get

Alog by s+ Alog VA — Alog GDP; + ﬁAIog v — Alog ¢y
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= 1€® (Gegp) (Alog GDP; — Alog ®; — Aloge;) (D.64)
(1 - GDP)

Current Account Identity

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

1 1
* * * * * *
/0 EtPMH0tYMH 0,40 + /o ePmmorYmmod0 — ParpiCmrr — €:XiPx

J/

Net Export

€t ®t
~—
Net Capital Outflow

1 1 1 1 :
where X; = |; XM, H,6,m,f,190 + o x}k\/I,H,e,m,f,tde + /o x}k\/I,M,G,m,f,tdg + /5 XNT,H,0,m,f,+40 is total

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

€Py pCMmEr oy
PvuiCymur 1—7

*
ey Cmre v PrymiCumm
VAM,t 1-— Y VAM,t
=bm,u i

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

1 o 1 o s 1 o s
A Jo €P% XM 0m,f 180 + Jo €P% X531 1 g.m 1,440 + Jo €6PX X1 p,m, 140
M, t VAM,t

1 kK
A Jo &P X,thM,H,G,m,f,tde
NMt =
VANM,t

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

VANMi _ €Ot
VA ¢ VAt

* * ,Y * *
Amis+ A — EbM,H,t — Ay — Ay

By log-linearizing this equation, we get

®
;AM (Aloge; + Alog®; — Alog VAps) = Ajy A1log Ay s + AbymA10g Ay ar s — %bM,HAlog oy

v o1 * .
— ————bpmgAlog v — Ay Alog A
1M g MB 108 LAyt
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VA
- A?\IMVTI\;T (Alog Ajpr s + Alog VAN — Alog VA )

(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

Wil
Lt = GDp
1
= (AmriVAM: + ANMLIVANME) CDP,
By log-linearizing this equation, we get
Alog A7 ; = 4 Alog A Alog VA
OB AL = (R VA + Ay VAngy) 08 e Alog VAme)
ANm,LVANM
+ 4 Alog A + Alog VA — Alog GDP; (D.66
(Ao iVAm 4 A VAN (Alog AN, Lt g VANM,t) g ; (D.66)

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

the change in aggregate labor supply, which can be expressed as
Alog ALy = Alog Wi + Alog Ly — Alog GDP;

<= AlogL; = Alog ALy — 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:

EAlog PF + (1 — E)AlogL; =0 (D.68)

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

authority prioritizes the stabilization of the domestic consumer price index.

75



Shock

Sudden stop is described by an exogenous increase in ®; which follows the following AR(1)
process:
A log ®t = p@A log ®t—1 + €0t (D69)

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 allocations,

{Alog vt, Alog ¢, Alog C;, Alog GDP;, Alog (AM/IILDI: > ,Alog A?\/I,H,t' Aloggpmmu i Alog 97\/{,H,tf Alog vy H i,
Alogvy i Alog wi, b e, Alog wyy gy A1Og Ay v A1Og Gl pp 1 BLOG VY a4 AlOg Wiy a4 AlOg ENM, H L/

Alogvnm,H i, Alog wnm Ht Alog A H e, Alog bt m e, Alog At H, A, ¢ AlOg /\}k\/LH,AM,tr Alog /\}k\/l,M,AM,tf

Alog A* Alog A* Alog A*
Alog A E S8 s | E Aloghmpr] S8 wme's | p 28 e
O ANM,H,App tr L A* , * y La* , * y Loa* , * s Lop* , * ;
M,H,0 ‘uMHg/ M,H,0 yM,H/G ‘uMM@/ M,M.,0 ‘uMMg/
AMH M,H M,M M,M

Alog At A1og AN tr A1og Awt i, Ayt DIOG A4 1y a1 ALOGAbg g4y AlOG ANM,H, Ayt
Alog Am,Lt, Alog Ay, Alog Apnmt Alog Anm,Le Alog Ay, Alog ANm,me, Alog VA,
Alog VANmt, Alog Aryt, Alog Ly}, the path of shock processes, {Alog ©;}, the path of prices,
{Aloges, Alog Py, AlogWy, Alog pnmiie, Alogpaiie, AlogPayyt, Alog Pnmmye, Alog re,

Alogicyy p g Alogmcyy pp e Exg, [E [(1 - X/I,H,e) Alog p?\/I,H,G,t] } ’

*

M,H

EM [E [(1 - UX/I,M,@) Alog p}k\/I,M,G,t] ] ’ Emﬂ {E {%Alog p}k\/I,H,G,t} ] ’
A} A H o

[E [mAlog p}k\/I,M,G,tH } such that equations (D.1), (D.2), (D.3), (D.4), (D.5), (D.6),

3
Hm,mo

(D.7), (D.8), (D.9), (D.10), (D.11), (D.14), (D.18), (D.19), (D.20), (D.21), (D.22), (D.23), (D.24),
(D.25) (D.26), (D.29), (D.30), (D.31), (D.32), (D.33), (D.34), (D.35), (D.36), (D.38) (D.39), (D.40),
(D.41), (D.42), (D.43), (D.44), (D.45), (D.46), (D.47), (D.48) (D.49), (D.50), (D.51), (D.52), (D.53),
(D.54), (D.55), (D.56), (D.57), (D.58) (D.59), (D.60), (D.61), (D.62), (D.64), (D.65), (D.66), (D.67),
(D.68), and (D.69) hold.
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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 vari-

ables: the sales share of manufacturing producer for domestic markets as a fraction of value-

added in the manufacturing sector (A1), the sales share of non-manufacturing producers

as a fraction of value-added in the non-manufacturing sector (Axys f), domestic household’s

consumption share of manufacturing good as a fraction of value-added in the manufacturing

sector (by, i), and the sales share of an intermediary aggregating manufacturing products for

the non-manufacturing sector (Ana,H,4,,)-

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

turing sector is as follows:

QYm = (O/ A?\/LH/ A?\/LM/ bM,H/ ANM,H,AM/ 0,0,0,0,0,0,0,0, 0)

The order of producers and inputs is structured as follows:

1.

2.

10.

11.

Manufacturing producers for domestic markets.

Manufacturing exporters in non-maquiladoras.

. Maquiadoras.
. An intermediary aggregating manufacturing products for the domestic consumer.
. An intermediary aggregating manufacturing products for the non-manufacturing sector.

. An intermediary aggregating manufacturing products for the manufacturing producer

for domestic markets.

An intermediary aggregating manufacturing products for the exporters in non-maquiladoras.

. An intermediary aggregating manufacturing products for maquiladoras.

. An intermediary imposing payroll tax on labor and providing labor service to producers.

An intermediary imposing tariff on foreign intermediate inputs and providing them to

non-maquiladoras.

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

The cost-based input-output matrix is give by

0 0 Omump 0 0 Omur  OmumEe 0 Omunm 0 0
(U 0 O3 i 0 D Ohmmr 0 Qgm0 0
00 0 0 Dmmp Qe 0 Qe Qumwm 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
A 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 0 1
0 0 0 0 0 0 0 0 0 1 0
0 o0 0 0 0 0 0 0 0 1 0
0 o0 0 0 0 0 0 0 0 0 0
0 o 0 0 0 0 0 0 0 0 0
Lo o 0 0 0 0 0 0 0 0 0 |

where 0 represents a 1 x 4 zero vector, f)i,L = w; denotes the expenditure share on labor by
sector i, O ym = (1 — w;) (1 — v;) represents the expenditure share on non-manufacturing in-
termediate input by sector i, Q; yp = (1 — w;)v; (1 —¢;) denotes the expenditure share on
domestically-produced manufacturing intermediate input by sector i, and Qi, mr = (1—w;)vig;
indicates the expenditure share on foreign-produced manufacturing intermediate input by sec-
tor 1.

The revenue-based input-output matrix is give by

0 OmHmD 0 0 Omur  OmuMmr 0 OmHNM 0
HMH ~ HM,H _IMH _UMH
0 0 0 v mp 0 Oymr  Qmamr 0 OMHNM 0
Fmu _ f’j/I,H i, N _MMH
0 0 0 0 Oy mmp QmL 0 OymMF Oy mNM 0 0
M Ha,m Ha,m Hat,m
oAy 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0
Q= 1 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0
1
0 0 0 0 0 0 0 0 0 0 e
1
0 0 0 0 0 0 0 0 0 iy 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
L 0 0 0 0 0 0 0 0 0 0 0 |

78



Next, we can calculate:
A=0y I-0)7"

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

Now we consider the non-manufacturing sector. Given AyaH,4,, and Anp,H, we can cal-

VA . : I
culate thf using the following equation:

(1 —wNnmu)vNme (1 —G6NMH) 5
VANM
UNM,H

ANMH, Ay VAM = ANM,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 total ex-
penditure by the non-manufacturing sector on domestically-produced manufacturing interme-

diate inputs. Rearranging this equation, we obtain

VANM _ ANM,H, Ay WUNM,H
VA M Anmua (1 —wnmu) vNma (1 — M)

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

manufacturing products:

/A\ A _ VAM )\MH(l — CUM,H) (1 — VM,H)
M.H,Anm VANM ’ UM H
N _ * _ *
3 % _ VAM A% <1 wM’H) (1 VM’H>

*
Hm,H

VA M Iy (1 - wX/LM> (1 - VX/I,M)
PMmm

Ay .
AM,M,ANM -

(1 —wnmu) (1 —vNmH)
UNM,H

ANM,H,Axy = ANMH

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

bnmH

1+ Tvar MHANM T *MH AN T PMM AN T P NMH, Anm

ANMH =
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> bnmH = (ANM,H — AMH,Axm — AMH,Axyr — MMM, Ay ANM,H,ANM) (1+ Tvar)

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

WNM 1
UNMH 1+ Tigpor

ANM,L = ANM,H

(1 —wnm) vnma (1 —onmH)
UNM,H

ANMM = ANM,H

(1—wnm) (1 —vNmAH)
UNM,H

ANMNM = ANMH

(1 — wNM) VNM,HGNMH 1
HUNM,H 1+ Tharify

Ak
ANm = ANMH

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

1-¢ 1 ) VAM

b = it
NM,H o T—7 TV

The steady state (/\ M,H, ANM,H, bsm,H, ANM,H, AM) is the solution to the following system of

equations:

ANM,H,Ay — ANMH, Ay = 0

) . .
bmu + Ay + Avm + ANMH, A — Av — Amnm = 1

1 EY 3 % q % NEd A
bNMH + AMH AN T AMH ANy T AMM Ay, — DM — ANy =1

bnmH = bNMH

where Anp .4, and by, p are initial guesses for the steady state values, Ay, ; and Ay, are di-
rectly observable from data. the variables )A\NM,H, A A}k\/{, A MNM, BNM,H, A M,H, Anpgs }‘T\/L H, Any’
A }kw M, Ay’ f\}"\, M AN MM, BN M,H,and EN M,H can be calculated by using the equations derived in
this section, given the initial guesses for the steady state values of (A1, ANM,H, UM, H ANM,H, A, ) -
Once these equations are solved, we can calculate the steady state values for the rest of the vari-

ables.
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