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Abstract

What are the short- and medium-run aggregate effects of an international-trade shock
that increases competition for domestic manufacturing industries? In this paper, we address
this question by combining detailed firm-level investment data from several manufacturing
industries in Peru, data on the import penetration of Chinese manufacturing goods in Peru,
and a quantitative general-equilibrium model of trade with heterogeneous firms subject to
idiosyncratic shocks. In the data, we find evidence of large frictions that slow down capital
reallocation, either through disinvestment or firm exit, in response to negative profitability
shocks. These frictions shape the empirical response of reallocation and selection to the
increase in Chinese import competition. In our quantitative model, we show that partial in-
vestment irreversibility and general-equilibrium forces are key to assess the aggregate effects
of the increase in Chinese import competition. The trade shock induces slow transitional dy-
namics, with gradual gains in aggregate productivity over several years, while the distribution

of firm-level capital and productivity adjusts to the new stationary equilibrium.
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1 Introduction

Understanding the effects of trade liberalizations is a key question both in the academic
literature and in policy institutions. There is a wide consensus that, in the long run,
international trade increases welfare. Trade allows consumers to expand their consumption
bundle and increases their real income. Moreover, selection and reallocation of factors
across firms and industries lead to higher aggregate productivity.

However, less is known about the consequences of accounting for transitional dynamics
after trade shocks, and to what extent frictions in the reallocation of factors may delay the
aggregate-productivity gains. This gap in the literature is surprising, given that a large
and influential body of empirical evidence points to the presence of large frictions in capital
reallocation, as shown by the persistent dispersion in returns from capital across firms.

In this paper, we ask the following question: what are the short- and medium-run aggre-
gate effects of an international trade shock? We show that the answer depends importantly
on the size of frictions in capital reallocation. Large unproductive firms find it costly to
disinvest or to exit. Thus, the transitional dynamics that follow an import-competition
shock are slow and feature gradual gains in productivity over time.

In order to analyze the role of these frictions in the response of an economy to a trade
shock, we combine detailed firm-level investment data for manufacturing industries in Peru
in the years 2000-2015 with a general-equilibrium model of firm dynamics with costly capital
reallocation. The Peruvian economy is an ideal subject for our study for two main reasons.
First, it features a large manufacturing industry that was hit by a large import-competition
shock after China gained accession to the World Trade Organization. The bilateral trade
between Peru and China can be approximated by a balanced relation with Peru importing
manufacturing goods from China and mainly exporting commodities. Hence, this is a
clear case of trade shock that induces downsizing of several manufacturing industries in
the domestic economy. Second, firm-level data from Peru are uniquely rich in terms of
their information on capital composition and dynamics, and we leverage this feature in our
empirical analysis.

In the data, we find three key empirical patterns that point towards substantial capital-
reallocation frictions. First, returns from investment in physical capital are highly dispersed
among manufacturing firms (within industries), consistent with many existing studies on
several countries. Second, the persistence of returns from capital is asymmetric, in the fol-

lowing sense: Firms with high returns from capital (measured by marginal revenue product



of capital - MRPK) tend to invest and grow, while firms that have low returns, because
their productivity is low relative to their capital stock, tend to stay in a low-MRPK state
for several years. Instead of disinvesting, they underutilize their capital and let it gradually
depreciate over time. Third, we find that the level of capital affects the probability of firms’
survival, conditional on their productivity. Firms with larger capital stock are less likely to
exit their industry, even if their productivity is relatively low. From these patterns, as well
as further empirical analyses, we infer that frictions in downsizing and reallocating capital
are substantial.

We then measure a trade shock as faster growth in imports from China within each
industry. In response to this shock, we find that the joint distribution of firm-level capital
and productivity, summarized by the distribution of MRPK, is key to account for the reallo-
cation and firm selection dynamics. Low-MRPK firms respond to the shock by accelerating
their downsizing process and disinvesting. Hence, we find that trade shocks are drivers of
capital reallocation. However, this reallocation response is smaller than the one implied by
models that do not account for disinvestment frictions. Moreover, firm size as measured
by level of capital affects the patterns of exit and, hence, average industry productivity, in
response to the trade shock.

To assess the aggregate effects of the trade shock, we build a quantitative general-
equilibrium model of firm dynamics and trade, and use our micro evidence on reallocation
and selection to discipline the key margins. Monopolistically-competitive firms face id-
iosyncratic productivity shocks, hire workers, and adjust their capital stock subject to
partial investment irreversibility. Standard fixed operations costs determine firms’ deci-
sions to continue producing or exit their industry. Investment irreversibility induces both
high persistence of low returns and patterns of selection that depend on the level of capital,
consistent with the key features of our data.

We simulate an import competition shock, i.e. the availability of low-cost imported
varieties, and compute the whole equilibrium path of the economy to its new stationary
equilibrium. We focus on two aggregate results. First, consistent with what we find in
the data, low-MRPK firms respond to the shock by downsizing. However, because of
partial irreversibility, the adjustment process takes a long time. Moreover, some small but
relatively productive firms choose to exit, worsening selection relative to a model without
frictions. Hence, while the joint distribution of firm-level capital and productivity - the key

aggregate state variable in our model - responds to the shock, measured aggregate TFP is



significantly and persistently lower than in the long run.

Second, the welfare gain from accounting for the transition is higher than the welfare
gain typically computed by comparing steady states. This is because the domestic manu-
facturing industry takes time to downsize, implying an initial large decline in the price of
manufacturing goods. This price decline overshoots the long run value, inducing short-run
welfare gains for consumers. However, by comparing our calibrated economy to one without
irreversibility, these gains are reduced by the negative effect of capital-reallocation frictions

on aggregate productivity.

Related Literature.

This paper contributes to two main strands of literature: the literature on the aggregate
impact of frictions in the allocation of capital across firms and the literature on the effects
of trade shocks.

Since the work of Restuccia and Rogerson (2008) and Hsieh and Klenow (2009), a large
and growing literature documents substantial dispersion in firm-level returns from capital
(or MRPK) and argues that such dispersion may generate significant aggregate productivity
losses. Asker, Collard-Wexler, and De Loecker (2014) show that a model of firm dynamics
subject to idiosyncratic profitability shocks and capital adjustment costs - akin to the one
proposed by Cooper and Haltiwanger (2006) - is quantitatively consistent with the observed
degree of dispersion in MRPK within different industries in a large number of countries.
Midrigan and Xu (2014), and more recently David and Venkateswaran (2018), show that
MRPKs are not only highly dispersed, but also highly persistent.!

We build on these contributions and show empirically that, in the context of Peruvian
manufacturing, low MRPKs are more persistent than high MRPKs.? In other words, it
is harder for firms to downsize in response to negative profitability shocks, than it is for
them to expand in response to positive ones. We obtain this finding by applying statistical
methods previously used in the literature on wealth mobility (e.g., Charles and Hurst,

2003) to a firm-dynamics context. The observation that the persistence of MRPKs depends

!This literature builds on the seminal model of firm dynamics of Hopenhayn (1992) by introducing
capital and adjustment frictions. Hopenhayn (2014) provides a survey of the literature on firm heterogeneity
and misallocation.

2We confirm this finding also in two other datasets using Chilean and Colombian manufacturing firms.
Tan (2018) finds similar results in the context of US entrepreneurial firms, and argues that this asymmetry
in the persistence of MRPKs is a challenge for theories of misallocation that give a prominent or unique
role to financial frictions. The latter would instead induce slower adjustment to positive shocks, but would
not impede the adjustment to negative ones.



on their level guides us towards a theory of asymmetric adjustment costs: investment is
partially irreversible at the firm level.

In their seminal paper, Ramey and Shapiro (2001) provide direct empirical evidence of
the slow and costly downsizing of the US aerospace industry in the 1990s. Similar frictions
in reallocation of used capital play an important role in several macro studies on business-
cycles (e.g., Veracierto, 2002; Eisfeldt and Rampini, 2006; Bloom, 2009; Khan and Thomas,
2013; Lanteri, 2018).3

Our paper studies the role of these frictions in the context of trade liberalizations. Most
of the literature on international trade with heterogeneous firms, starting from the seminal
work of Melitz (2003), abstracts from capital, and the related reallocation frictions, which
are instead at the center of the literature on MRPK dispersion. Moreover, in the literature
on the effects of trade liberalizations, the focus is typically on steady-state comparisons, or
long-run outcomes.* Our paper contributes to this literature by explicitly considering the
short- and medium-run transitional dynamics after trade shocks. Consistent with our find-
ings, recent empirical work finds evidence for the role of slow capital adjustment to explain
labor-market transitional dynamics after trade liberalization episodes (Dix-Carneiro, 2014;
Dix-Carneiro and Kovak, 2017) as well as the effect of capital specificity on the change in
product mix and quality upgrading following import competition shocks (Medina, 2017).

By casting a model of trade with heterogeneous firms into a macro general-equilibrium
framework and focusing on aggregate dynamics, we build on the contribution of Ghironi
and Melitz (2005). Relative to their model of firm dynamics, we explicitly model firm-level
capital accumulation and adjustment frictions. In particular, we build on the business-cycle
analysis of Clementi and Palazzo (2016) in modeling entry and exit jointly with capital
adjustment costs. Few other papers introduce frictions and dynamics in models with trade
shocks. Caggese and Cunat (2013) and Brooks and Dovis (2018) focus on the role of credit-
market frictions in the growth dynamics of exporters after a trade reform. Relatedly, Buera
and Shin (2013) show that financial frictions lead to slow transitional dynamics after reforms

that trigger large reallocations. Artuc, Brambilla, and Porto (2017) study the impact of

3Eisfeldt and Shi (2018) provides a survey the literature on capital reallocation over the business cycle.

4A growing body of work in the international trade literature has incorporated financial and labor
market frictions to understand trade activity (Antras and Caballero, 2009; Helpman, Itskhoki, and Redding,
2010; Chor and Manova, 2012; Cunat and Melitz, 2012; Manova, 2013; Foley and Manova, 2015). A full
survey can be found in Manova (2010). Relatedly, Bai, Jin, and Lu (2018) study the gains from trade
liberalization in presence of heterogeneous firms and factor misallocation. This body of work focuses on
the static or long-run effects of frictions, rather than on their effect on transitional dynamics in response
to trade shocks.



capital adjustment costs and costs in labor reallocation across sectors on the labor-market
dynamics following trade shocks. Alessandria and Choi (2014) and Alessandria, Choi, and
Ruhl (2018) study the transitional dynamics after a trade liberalization and focus on the
gradual growth of exporters. Ravikumar, Santacreu, and Sposi (2018) study the role of
capital accumulation for gains from trade in a dynamic multi-country model. Our work
complements these studies by providing empirical evidence on the effects of trade shocks on
capital reallocation and by focusing on the role of partial irreversibility for the aggregate

response to the trade shock in the context of a macro general-equilibrium framework.?

Our paper proceeds as follow. Section 2 describes the data sources and measurement of
MRPK. Section 3 presents the main supportive facts on capital adjustment irreversibility
frictions and section 4 shows the empirical effects of a trade shock on capital reallocation.
Section 5 introduces a firm dynamic model with partial capital irreversibility. Section 6

explains the main quantitative findings. Section 7 concludes.

2 Data Description

In this section, we describe our main data source on firm-level investment dynamics in Peru-

vian manufacturing and the measurement of marginal revenue product of capital (MRPK).

2.1 Data Sources

Our main data source is the Encuesta Economica Nacional (EEA), for the period between
2000 and 2015. This is a firm-level survey administered by the Peruvian Statistical Agency
(INEI) at the national-level. The data include firm balance-sheet information, including
variables related to inputs and profitability. Moreover, the EEA provides detailed informa-
tion on fixed assets, i.e., capital. Beside total capital stock and expenditure, it records two
capital measures rarely found in other datasets. First, it includes information on both the
stock and flow of assets. This includes capital additions and retirements. Additions refer to
purchases, own construction, and revaluations. Retirements refer to sales and withdrawals.
Second, it disaggregates capital in different types. These categories are land, fixed installa-

tions, buildings, machinery and equipment, furniture, computers, and transportation. For

®Berthou, Chung, Manova, and Charlotte (2018) also examine the impact of trade on aggregate pro-
ductivity in presence of resource misallocation. However, they do not model the underlying reasons why
productivity is distorted in the economy.



every type of capital, both stock and flows of capital are listed.® As it is often the case with
administrative surveys, the EEA is effectively a census for large and medium firms, but
only a sample for small firms.” Thus, panel data for small firms are limited and unbalanced.
We perform several robustness tests considering only the subset of medium and large firms
that generate a balanced panel.

While these firms account for a large share of any manufacturing industry, we discuss
the implications for small ones in more detail in the next sections. We also supplement
the EEA with the Peruvian registry of firms (Padrén RUC), covering 2007-2015. While
these data do not provide many firms’ characteristics, they allow us to compute accurate
exit-entry rates.

Finally, we complement these firm-level data with the UN Comtrade dataset for in-
formation on trade-flows at the product level between China and other countries. This
information spans the period from 2000 to 2015 and is available at the annual level. We
use the correspondences of the World Integrated Trade Solution (WITS) from the World
Bank to convert six-digit Harmonized System (HS) product level codes to CITU Rev.3, the

industry classification in Peruvian data.®

2.2 Measurement

We use data on value added and inputs to recover revenue total factor productivity (TFPR)
following the procedure of Asker, Collard-Wexler, and De Loecker (2014), to account for
the fact that we do not separately observe output prices and quantities. Hence, we assume
that a firm j at time ¢ produces physical value added y;; by using an industry-specific
constant-return technology that takes capital kj and labor nj as inputs, y;; = sjtk:;?‘tnjl-; “
where sj; is firm-level idiosyncratic physical productivity. Demand for firm j’s product is
given by y;; = Byp;,°, with constant elasticity €, where B, is an aggregate shifter.”

With these assumption, the nominal value-added sold by the firm, which we observe in
the data, is

1 o 01—
pityje = Bf S?tkje't njg ® (1)

SWe report in Appendix A.1 a broad summary of the investment characteristics of these firms.

"The threshold for a firm to be sampled on the survey is determined annually and it is based on sales
relative to Peruvian tax units.

8See https://wits.worldbank.org/product_concordance.html

9We abstract from firm-specific demand shocks, because we cannot separately identify them from
productivity shocks.
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with § = <.

We assume a standard value for the elasticity of substitution (e = 4), and obtain an
industry-specific value for o by computing the median share of the labor expenditure in
firm’s value added. TFPR is calculated as the residual in the log of equation (1), where v;; is
value-added, nj; is the number of employees in the firm and £j; is its capital stock measured
as the book value. Finally, TFPR’s volatility corresponds to the standard deviation of the
residual of an AR(1) process of log(s;:), correcting for the factor 6.

Given these technological assumptions, we measure the marginal revenue product of
capital (MRPK) as follows:

Op;jtyjt PjtY;t

MRPK,, = =228 _ o220t )

Jt akjt o kj ( )

Throughout the paper, we will focus on MRPK dispersion, i.e., the standard deviation

of the log of MRPK within an industry and year, and MRPK persistence over time, i.e.,
the autocorrelation of the log of MRPK within an industry.

3 Key Facts on MRPK and Selection

In this section, we describe three key facts about the distribution of MRPK and firm
selection in the Peruvian manufacturing sector. These facts guide our understanding of
the underlying frictions preventing capital reallocation. In particular, all these facts are

consistent with significant downsizing frictions, namely, investment irreversibility.

Fact 1: MRPKs are highly dispersed and persistent

Consistent with the findings of a large literature on capital misallocation, we find that
MRPKs show large dispersion across firms within the same industries, and the relative
rankings of MRPKSs display persistence over time. In the Peruvian manufacturing industry,
the standard deviation of (log) MRPK controlling for industry and time fixed effects is
1.43.'% This dispersion is not driven by a particular industry, but rather, it is large for

all manufacturing industries.!! Moreover, MRPKSs are not only highly dispersed in the

10T his is larger than similar estimates for other developing countries such as Chile, Mexico or India.
HThis fact is in line with results from Bartelsman, Haltiwanger, and Scarpetta (2013) that document
misallocation also occurs within narrowly defined industries.



cross section of firms, but also remarkably persistent at the firm level. In our sample, the
within-firm autocorrelation coefficient of MRPK is considerably large (0.74), and is in the
same range as the within-firm TFPR autocorrelation (0.72).'?

Dispersion of MRPKs suggests the existence of frictions in capital reallocation in re-
sponse to firm-level profitability shocks. In particular, firm-level persistence in the returns
from capital indicates that it takes a long time for firms to adjust to profitability shocks. In
the presence of frictions, firms respond to profitability shocks by only gradually adjusting

their capital stock.?

Fact 2: Low MRPKs are more persistent than high MRPKs

We now move beyond the cross-sectional properties of MRPK and characterize its dynamic
evolution at the firm level. In order to formally study the mobility of MRPK, we perform a
non-parametric estimation, borrowing from the literature on household wealth and income
“mobility” (e.g., Charles and Hurst, 2003). Specifically, we estimate the matrix of transition
probabilities across terciles of the distribution of MRPKs. A generic element of this matrix
is the probability that a firm in a given tercile of the current distribution of MRPK (within
its industry) moves to another given tercile in the following year.

A motivation for this analysis is that the mobility of MRPK can be thought of as a useful
diagnostic for capital-reallocation frictions in the context of models of investment with firm-
level profitability shocks. To see this, consider first a firm with high current MRPK, that
is, a high level of value added relative to its value of capital. The future level of this
firm’s MRPK can be affected by changes in its profitability and by the firm’s investment
decisions. Absent changes in profitability, if the firm responds to its high return from capital
by increasing its capital stock, its MRPK will fall accordingly. Hence, high persistence of
high MRPKs would suggest that there are frictions that slow down firms’ investment and
growth. Conversely, a firm with low MRPK may respond to its relative low return from
capital by downsizing. Moreover, its MRPK may increase if its profitability improves.
Hence, conditional on a given process for the profitability shocks, a high persistence in low

MRPKs signals the presence of frictions that make disinvestment costly.

12This finding that has also been highlighted by Midrigan and Xu (2014) in a different context.

13Consistent with this view, proposed by Asker, Collard-Wexler, and De Loecker (2014), we find that
dispersion in MRPK is positively correlated with dispersion in firm-level TFPR within each industry. In
Figure B1 of Appendix B.1, we show a scatter plot of the pairs of industry-level MRPK dispersion and
within-industry firm-level TFPR dispersion for each industry-year in our sample.



To exploit this insight, we first pool our data to generate a single set of estimates of
MRPK mobility. In order to so, we first de-mean MRPKSs by regressing them on year and
industry fixed effects and then estimate the transition probabilities across terciles of MRPK
for all Peruvian manufacturing firms. In Table 1, we report our estimates. The probability
of staying in the bottom tercile is 82%, whereas the probability of staying in the top tercile
is 77% , showing that firms adjust more slowly to negative profitability shocks, than to
positive ones. We also perform the same analysis for the mobility of TFPR, and find that
instead high levels of TFPR are more persistent than low levels. This suggests that the
high persistence of low MRPKSs is likely due to frictions in capital reallocation, and not due

to asymmetry in the distribution of profitability shocks.

at t +1
1 2 3
1 0.83 0.16 0.01
Tercile at ¢ (0.01)  (0.01)  (0.00)

2 | 018 071 011
(0.01)  (0.01)  (0.01)
3| 002 021 077
(0.00)  (0.01)  (0.01)

Table 1: Transition Probabilities of MRPK. Standard Errors in Paranthesis.

In order to allow for industry-specific definitions of the MRPK terciles, we also perform
this analysis separately for the six largest industries in our sample and systematically find
that the probability of staying in the first tercile (i.e., lowest MRPK within industry)
is larger than the probability of staying in the third tercile (i.e. highest MRPK).!* In
Appendix B.2; Figure B2 plots the results of this estimation. For all but one of the industries
considered, we can reject the null hypothesis (at least at the 10% level) that the probabilities
of staying in the first and third tercile are equal. In Appendix B.3, we provide our estimated
probabilities of transition across all terciles of all six industry-specific MRPK distributions.

We also estimate the transition matrix of MRPK allowing for firm exit as an additional

1 The probability of staying in the first tercile is also larger than the probability of staying in the middle
tercile. Moreover, these results are robust to the choice of a different number of quantiles, as well as to
several implementation details in the construction of the quantiles. We focus on three quantiles in order
to have sufficient power to test for the estimated differences.
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fourth state. The asymmetric persistence is robust to this specification, and the results are
displayed in Appendix B.3.2.

Our results corroborate the notion that frictions in capital adjustment are larger for
firms with lower returns from capital, i.e. investment in physical capital is partially ir-
reversible. Consistent with this interpretation, in Figure 1 we display the distribution of
growth rates of capital for firms in the bottom tercile of MRPK (solid blue line) and con-
trast it with the distribution of growth rates of capital in the top tercile (dashed red line).
We find a large spike of zero growth rates for firms with low MRPK, suggesting that these
firms are not downsizing in response to negative shocks. On the other hand, we find a long

right tail of positive growth for firms with high returns from capital.

QA H

6 8 1 12141618 2 2224 26 28
(log) Growth Rates of Capital

o)
~
o

First tercile ~ ===---- Third tercile

Figure 1: Density of Firm-level Growth Rates of Capital.

Notes: we plot the kernel density of the (log) growth rate of capital J t+1 for firms in the bottom

tercile of MRPK within their industry (solid blue line) and firms in the top tercile (dashed red line).
Graph is winsorized at 2.5% and 97.5%.

We further investigate the asymmetric persistence of MRPK by considering the following

11



specification,

log MRPKjy = a+ »  (plog MRPKjp_1 X Tjni—1g) +¥n + e+ € (3)
ge{1,2,3}

where j denotes a firm, n denotes its industry, ¢ denotes a year, g denotes a tercile of the
distribution of MRPKs, and Z;,, ;1 4 is an indicator function that takes value of one if firm
j is in the quantile ¢ of MRPKSs within industry n in year ¢ — 1.

Column 1 of Table 2 reports the coefficients p, of this regression. Relative to the pooled
regression, we find a substantial heterogeneity in the degree of persistence of MRPKs. Low
realizations of MRPK are significantly more persistent than high realizations, consistent
with our analysis of MRPK mobility. The estimated coefficient of autocorrelation goes
from 0.84 for the lowest-MRPK firms (1st tercile) to 0.55 for the highest-MRPK firms
(3rd tercile), and they are significantly different from each other. Consistent with Figure
1, the endogenous process of adjustment of firm-level capital stock appears to be highly
asymmetric: capital adjustment frictions appear to be larger for low-return firms that are
trying to downsize, than for high-return firms that are expanding. As a consequence, lower
returns have more persistence. To our knowledge, this paper is the first to document this

stylized fact.

MRPK TFPR

p 0.742  0.720
(0.026)  (0.018)

purpk—1 0843 0513
(0.017)  (0.026)
prrrpi—2  0.641 0.565
(0.025)  (0.024)
purrk—3 0546 0.608
(0.050)  (0.023)

Table 2: Persistence of MRPK and TFPR in Different Terciles of MRPK.

In contrast, Column 2 of Table 2 shows that the degree of persistence of firm-level TFPR

12



is not significantly affected by firms’ MRPK ranking.'> We also find that the persistence
of TFPR does not depend on the current position of the firm in the TFPR distribution. In
contrast to the process of capital adjustment, the stochastic process for TFPR is approxi-

mately symmetric.

Fact 3: Selection depends both on productivity and capital stock

In order to investigate the role of productivity and capital for firms’ exit decisions, we
estimate the following probit model, which relates the probability of survival of a firm j in
industry n between year ¢t and ¢t + 1, Prob(survival;,,+1) with TFPR and capital stock at
the firm level. Specifically,

it 25, >0
Survivaljpg 41 = (4)
0 otherwise
and

2 = @+ BT FPRjp; + B2 K Stockjn + v + Ve + €t (5)

Figure 2 shows the contours of the probability of firm survival in the Peruvian man-
ufacturing industry, with (log) capital on the x-axis and (log) TFPR on the y-axis. The
figure shows that firm survival probabilities are determined both by productivity and the
level of capital. In particular, conditional on productivity, we find that firms with a lower
capital stock have a significantly higher probability of exiting their industry.'® Conditional
on capital level, unproductive firms are more likely to exit.

The fact that size affects selection conditional on productivity is at at odds with the
implications of most standard trade models with firm heterogeneity. These models typ-
ically predict a straighforward relationship between survival and firm-level idiosyncratic
productivity. For instance, in the model of Melitz (2003), firm-level productivity is a suf-
ficient statistic for entry and production. Even when capital is included in trade models,

its reallocation is typically assumed to be frictionless, due to the presence of spot rental

3To obtain these results, we run the following regression: logTFPR; ;¢ = a +
246{17273} (pglogTFPR; j1—1 %X Tiji—1,4) + v + 7 + €+ where i denotes a firm, j denotes its in-
dustry, t denotes a year, ¢ denotes a tercile of the distribution of MRPKSs. Again, Z; j ;14 is in indicator
function that takes value of one if firm ¢ is in the tercile ¢ of MRPKSs within industry j in year ¢t — 1.

16Tee and Mukoyama (2015) provide evidence of an unconditional relationship between size (measured
by employment) and exit in US manufacturing.

13



markets.!” Hence, in the absence of capital reallocation frictions, the capital stock does

not matter for survival.'®

In contrast, downsizing frictions such as investment irreversibility are consistent with
these empirical patterns of selection. Firms with a high level of capital face a larger cost

of exiting and are thus more likely to survive, conditional on their level of productivity.

.857793
.800424
.743055
.685686
628317

log TFPR

.570948

513579

Baseline Survival Probs

45621
.398841

10 12 14 16 18
log Capital Stock

Figure 2: Selection Effects of TFP and Capital Stock.

Notes: Heat map of survival probabilities as a function of (log) TFP and (log) capital stock.

Further Euvidence of Investment Irreversibility

Taken together, these three facts support the existence of large capital reallocation frictions.
In particular, they highlight the role of frictions in downsizing both on the intensive and on
the extensive margin, in response to low realizations of idiosyncratic productivity. Thus,

the empirical evidence suggests the presence of a large degree investment irreversibility. In

17See, for instance Alessandria and Choi (2014).

18Consistent with this existing literature, in Section 6 we illustrate that the contours of the survival
probability in the absence of capital-reallocation frictions are horizontal in the capital-productivity space,
that is, the survival probability does not depend on the level of capital.

14



order to provide further evidence in favor of this interpretation, we perform two additional
exercises.

Heterogeneous depreciation rates. We leverage a unique feature of our dataset,
namely the information on the composition of the capital stock at the firm level. For
each firm, we observe the portfolio composition of its capital stock among the following
categories: machines, land, fixed installation, computers, furniture, and transportation
equipment. We exploit the fact that the depreciation rate of capital goods is very hetero-
geneous across different types of capital. For instance, land does not depreciate, whereas
transportation equipment depreciates at a yearly rate of approximately 15%. Since firms’
capital composition is heterogeneous, i.e. different firms hold different portfolios of capital
goods, even within an industry, the effective average depreciation rate of capital is also
heterogeneous at the firm level.

This heterogeneity in capital depreciation has important consequences for the ability of
firms to downsize in response to negative profitability shocks particularly when investment
is partially irreversible. High depreciation implies that a firm can decrease its level of capital
relatively fast, even without selling used capital. Conversely, low depreciation implies that
the only way a firm can decrease its level of capital is by disinvesting, which is a costly
activity in presence of partial irreversibility. Therefore, if capital irreversibility prevents
downsizing, the persistence of MRPK should be more prevalent for firms with low firm-level
depreciation rates.

We explore the relevance of this mechanism by examining the impact of firm-level
depreciation rates on the probability of staying in same tercile of MRPK distribution.'?
We first focus on firms in the first tercile of the MRPK distribution, i.e., low MRPK
firms, which are more likely to be directly affected by capital resale frictions. We find a
statistically-significant negative effect of depreciation rates on the persistence of MRPK,
meaning that a higher depreciation rate makes it more likely that a firm with currently
low MRPK will move to a tercile associated with higher MRPK in the following year. The
estimated effect implied that a 1% increase in the firm-level depreciation rate decreases the
probability of staying in the first tercile of the MRPK distribution by 0.14% on average.
We also perform this estimation for firms in higher MRPK terciles, and find smaller effects,

consistent with the notion that depreciation is more salient for firms that are trying to

19Gee Appendix B.4 for a detail discussion of the construction of firm-level depreciation and the empirical
results.

15



downsize.

Capital utilization. If unproductive firms find it hard to sell their capital, in presence
of utilization costs, they will optimally choose how much capital to use in production. We
find that firms with low MRPK, instead of downsizing, hold on to their capital and under-
utilize it. To analyze the capital utilization margin, we use data on firms’ expenditures on
energy. Assuming energy is complementary to the amount of capital used in production (at
least in the short run), we measure the utilization rate as the ratio of energy inputs to capital
stock. We then recompute firms’ MRPK using utilized capital instead of total capital
stock.?’ Two key findings suggest that utilization is an important channel, especially for
firms with low MRPK. We first find that after adjusting for utilization, the cross-sectional
dispersion of MRPK decreases for most industries and years (about 71% of industry-year
observations). For the observations that saw a decrease in the dispersion of MRPK, the
average reduction was around 14%. In addition, the high relative persistence of low returns
(relative to high returns) disappears, once MRPK is adjusted for utilization.?'

After adjusting for utilization, the persistence of MRPK becomes relatively flat with
respect to the current rank of MRPK. In fact, MRPKSs in the lowest tercile are even less
persistent than higher MRPKSs, in contrast to our baseline estimates, which do not account
for utilization. We interpret this result as follows. Firms hit by negative profitability shocks
do not downsize, but hold on to their capital and decrease the intensity of utilization. Hence,
their measured MRPK - based only on the size of the capital stock - remains persistently
low, whereas their adjusted MRPK - which accounts for energy consumption - increases
faster, as the effective capital input shrinks through under-utilization.??

Consistent with these regression results, we find that our non-parametric estimates of
persistence based on transition probabilities across terciles of the MRPK distribution also
change significantly after controlling for utilization. In particular, for utilization-adjusted
MRPK, we often cannot reject that the probability of remaining in the lowest tercile equals
the probability of remaining in the highest tercile. The analysis of utilization suggests that

this margin of adjustment is important in general to correctly measure dispersion in returns

20See Appendix B.5 for a more detailed description of the construction of this variable and empirical
results.

21Table B5 in Appendix B.5 reports the autocorrelation of MRPK, both unconditional and conditional
on the current tercile of MRPK after the utilization adjustment (first column), and compares to the baseline
estimates of Table 2 (reproduced in the second column to facilitate the comparison).

22We also perform this analysis using materials instead of energy consumption to proxy for utilization
and find qualitatively similar results.
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from capital, and even more salient when we analyze the behavior of low-MRPK firms,
consistent with the presence of frictions in capital reallocation.

Overall, this analysis, which relies on our rich dataset with information on capital
composition and firm-level information, allows us to provide more direct evidence that
partial investment irreversibility affects the persistence of low returns from capital. In
Appendix B.7, we provide further evidence of partial irreversibility of capital such as the

fact that the asymmetric persistence is indeed driven by low disinvestment rates for low-

MRPK firms.

Facts About Labor Reallocation

To conclude this section, we analyze the properties of labor reallocation in our dataset.
First, we compute the standard deviation of the (log) marginal revenue product of labor
(MRPN). When we consider the whole sample and we residualize MRPN using industry and
time fixed effects, this standard deviation equals 0.86. When we consider each industry
separately, we find values in the range (0.68, 0.97). Thus, consistent with the previous
literature, we find that returns from labor are substantially less dispersed than returns
from capital at the firm level.

Next, we study the mobility of MRPN, using the same methodology we described for
MRPK. We construct terciles of MRPN for each industry and year and estimate the transi-
tion probabilities across these terciles. In Appendix B.6, we report the estimated transition
matrix for the whole sample. We find evidence of persistence of MRPN (i.e., higher prob-
abilities on the diagonal of the transition matrix). However, we do not find evidence of
asymmetric persistence, different from our key finding about the dynamics of MRPK.

Taken together, these results suggests that firms face smaller frictions in the reallocation
of labour than in the reallocation of capital, and the frictions affecting labor adjustment
do not display asymmetry with respect to positive or negative profitability shocks. Thus,
in the following we focus our attention on the role of capital-reallocation frictions after

import-competition shocks.

4 Trade Shocks and Reallocation

In this section, we present empirical evidence on how the frictions in capital-reallocation

examined in Section 3 interact with the effects of a trade shock. First, we consider China’s
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accession to the WTO as a large import competition shock that affected Peruvian man-
ufacturing. Second, we document the effects of this trade shock on two margins of firms’
reallocation decisions: extensive (exit) and intensive (investment). Firms’ responses on
both are highly heterogeneous. Importantly, they depend on their position in the distri-
bution of capital and productivity. Moreover, conditional on survival, firms’ investment
responses depend on their pre-shock MRPK. These reactions are consistent, again, with

capital frictions that dampen firms’ downsizing.

4.1 Chinese Import Competition

In 2001, China gained accession to the World Trade Organization (WTO). This event re-
sulted in a worldwide reduction in tariffs placed on Chinese products and a fast growth
in the volume of goods exported by China.?® Since then, China’s exports of manufac-
turing products have grown by more than 6 times. Initially, China’s exports were labor-
intensive manufactured goods (Chen, 2009). Accordingly, many countries experienced a
sizable increase in Chinese import competition over this period. Peru, a country with a
manufacturing sector focused on labor-intensive goods, was no exception.

The first column in Panel A of Table 3 shows the value of annual Peruvian imports from
China for the years 1998, 2003, and 2008 (all values are in 1998 US Dollars). During this
period, Chinese import value increased by a factor of 15 and went from 3% to 15% of total
Peruvian imports. Unlike Chinese imports, we do not observe this trend in imports from
other countries. As shown in the second column of Panel A, Peruvian imports originated
in the rest of the world (ROW) only grew 2.3 times over this period. Moreover, China’s
accession to the WTO affected other countries in the region and the world. Panel B of Table
3 presents the same statistics for Latin American countries sharing a border with Peru.
This set includes Argentina, Bolivia, Brazil, Chile, Colombia and Ecuador. While they did
experience a large increase in Chinese import competition, it is much lower compared to
the Peruvian economy. Considering the scope and scale of China’s accession to the WTO,
we consider it a profitability shock to Peruvian manufacturing firms, which might induce
firm selection and factor reallocation.

While large, this shock affected individual Peruvian industries differently. Industries

such as agricultural products or food and beverages received a low influx of Chinese im-

23This also decreased tariffs on imports into China given the requirements placed upon China by WTO
members.
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Table 3: Chinese Import Competition.

Bilateral Trade
(Millions of 1998 USS$)

Imports Imports
China ROW

A: Peru
1998 213.3 7,566.9
2003 583.9 6,249.6
2008 3,233.2 17,788.4
Growth 1998-2008 1,416% 135.1%
B: LATAM countries
1998 3,355.8 127,130.7
2003 5,379.5 82,108.3
2008 33,237.6 249,297.4
Growth 1998-2008 890% 96.1%

Source: UN Comtrade.

Notes: Values are in Millions of 1998 US dollars. Panel A shows
the values of annual Peruvian imports from China (column 1) and
from the Rest Of the World (column 2). Panel B shows these values
for Latin American countries sharing a border with Peru: Argentina,
Bolivia, Brazil, Chile, Colombia and Ecuador.

ports. Textile, apparel, chemicals and communication equipment faced large imports flows
from China during this period. In Figure 3 below, we report the time series of import
penetration for the six industries of interest. Despite all showing an upward trend, there is
large heterogeneity on the speed and magnitude of the shock. Moreover, the government’s
reaction to Chinese import competition largely varied with industry. For instance, apparel
imports decreased significantly during 2004 since the Peruvian government established 200-
day temporary tariffs to Chinese clothing. This effectively shut down imports originated
in China for 6 months in this sector, providing an important source of heterogeneity on
exposure.

Given the steady increase of Chinese imports during the 2000s in most industries, we do
not use import penetration as the competition shock but, rather, deviations from import
penetration trend by industry. This approach allows us to focus on the responses to (likely)
unexpected increases in Chinese import penetration. In particular, to construct these

deviations from trend, we first regress the raw import penetration measure Ohéompm =
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Figure 3: Chinese Import Penetration.

Source: UN Comtrade.
Notes: Import Penetration refers to the percentage of imports originated in China relative to total
Peruvian imports.
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digit industry and year. Then, we construct the shock as the residuals of this regression.
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