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I. INTRODUCTION

Imports are pro-cyclical, productivity-enhancing, and costly. Based on these three well-
documented characteristics of imports, this paper aims to gauge the extent to which imports
contribute to the pro-cyclicality of productivity.*

Imports are pro-cyclical for obvious reasons.’ For one thing, imports demand is a positive
function of income: higher income leads to higher imports. At the same time, imports demand
depends on the real exchange rate, which also tends to be pro-cyclical: an appreciation in the
domestic currency leads to higher imports. Indeed, such a kind of the expenditure-switching
between home and foreign goods, either induced by income or relative prices, is the central
mechanism of external adjustment in the Keynesian approach to international
macroeconomics (e.g., Obstfeld and Rogoft, 2000).° Moreover, the expenditure-switching
takes place not only in consumer goods but also in raw and intermediate inputs, which is
more relevant to its implication on productivity (Figure 2).

As for the productivity-enhancing nature of imports, there is a growing body of literature that
finds out the positive impact of imported inputs on productivity using micro data in a number
of countries (Amiti and Konings, 2007; Halpern, Koren, and Szeidl, 2015; Kasahara and
Rodrigue, 2008; Topalova and Khandelwal, 2011; Goldberg et al., 2010).” Behind such
robust empirical evidence lie various theoretical channels through which imported inputs
increase productivity: learning from the superior foreign technology embodied in the inputs,
quality-ladder effects from higher quality imports, or variety effects from an enlarged set of
available inputs.® Irrespective of specific channels, as long as imports are pro-cyclical and
improve productivity, imports can constitute one potential source of the pro-cyclical
movement of productivity.

A more interesting question, however, is not whether but how much imports can explain the
cyclical behavior of productivity. This is particularly so because imports are costly and thus
only a subset of producers use imported inputs. To have a quantitatively significant
implication on aggregate-level productivity, therefore, the distribution of importers needs to
be sufficiently skewed toward larger firms, which turns out to be mostly the case in many

4 There is a huge literature studying the causes and implications of the pro-cyclicality of TFP. See Basu and Fernald (2001),
De Long and Wladmann (1997), Field (2010), Sbordone (1997) for more details.

5 Engel and Wang (2011) document the robust evidence on the pro-cyclicality of imports across countries. Korea, the main
focus of the current paper, is not an exception and actually shows one of the strongest patterns among 25 OECD countries
reported in Engel and Wang (2011). Figure 1 confirms that the pattern continues to hold in Korea in more recent years.

 An emerging literature on trade finance gives additional reason for pro-cyclical imports, especially in terms of credit cycles
(e.g., Ahn, Amiti, and Weinstein, 2011).

7 On the contrary, Van Biesebroeck (2003) and Muendler (2004) do not find significant positive effect of imported inputs on
productivity in Colombia and Brazil, respectively.

8 Formal description of each channel is first introduced in Ethier (1982), Romer (1990), Grossman and Helpman (1991),
Aghion and Howitt (1992). For more recent applications, see Kasahara and Rodrigue (2008), Halpern et al. (2015), Gopinath
and Neiman (2014).



countries (e.g., Amiti, [tskhoki, and Konings, 2014; Bernard, Jensen, and Schott, 2009;
Halpern et al., 2015; Manova and Zhang, 2009).°

Using the Korean manufacturing firm-level data, this paper confirms that all three patterns
described above hold in Korea at the firm level: the ratio of imported inputs in total inputs
tends to be pro-cyclical, the use of imported inputs increases productivity, and larger firms
are more likely to use imported inputs. As a result, we find that firm-level import decisions
explain a non-trivial fraction of aggregate productivity fluctuations in Korea over the period
between 2006 and 2012.1°

Specifically, we take two main steps. First, we closely follow the methodology developed in
Kasahara and Rodrigue (2008) and Halpern et al. (2011, 2015) who extend Olley and Pakes
(1996) and Levinsohn and Petrin (2003) by introducing the use of imported inputs as a
specific source of total factor productivity (TFP), thereby estimating TFP due to imported
inputs separately from TFP from all other sources, while effectively controlling the
simultaneity and sample selection biases prevalent in a simple ordinary least squares (OLS)
approach.

Next, we perform accounting exercises by employing the decomposition technique similar to
those used in McMillian, Rodrik, and Verduzco-Gallo (2013), Olley and Pakes (1996), and
Pavcnik (2002). Once firm-level productivity estimates are aggregated over firms to industry
or aggregate level with firm-level market shares as weights, we break down industry- or
aggregate-level TFP growth, into the part from the use of imported inputs and the other from
all else as a way to evaluate the contribution of imports to fluctuations in TFP. We then take a
further look at the sources of fluctuations in import-related TFP and confirm that they are
mostly driven by changes in the intensity of imports at larger firms, suggesting the presence
of the amplification channel through which the firm-level use of imported inputs translates to
aggregate productivity owing to the skewed distribution of importers toward larger firms.

Main findings of this paper suggest a possible link between the global productivity slowdown
(Eichengreen, Park, and Shin, 2015) and the global trade slowdown (Constantinescu, Mattoo,
and Ruta, 2015) that have been separately receiving great attention from recent policy
discussions. A future study that quantifies the potential effect of the latter on the former via
the imported inputs channel would be particularly relevant in this context.

° A heterogeneous firm model of imports with fixed costs of importing rationalizes such firm-level empirical patterns (e.g.,
Amiti et al., 2014; Antras, Fort, and Tintelnot, 2014; Kasahara and Lapham, 2013; Gopinath and Neiman, 2014; Halpern et
al., 2015)

10 A few studies (Kim, Lim, and Park, 2009; Lawrence and Weinstein, 1999, Feenstra, Markusen, and Zeile, 1992) provide
empirical evidence for the positive role of imported inputs in enhancing productivity in Korean manufacturing sector by
analyzing aggregate- or industry-level data. However, none of these studies covers the import-productivity nexus using firm-
level data thereby correctly controlling simultaneity bias between imports and productivity.



The remainder of the paper is organized as follows. Section II introduces data and section 111
discusses the empirical strategy. Section IV summarizes empirical findings, and Section V
concludes the paper.

II. DATA

Our main data source is the Survey of Business Activities (SBA) from the Statistics Korea
(KOSTAT). This annual survey data covers all firms with 50 or more employees and 300
million won or greater capital from 2006 to 2012. We limit our sample to the manufacturing
sector classified into 22 industry categories.!' The data includes firm-level information on
revenue, employment, inputs, capital, investment, imports, etc. To convert the nominal values
into real terms, each variable is deflated with relevant price indexes. Revenue is deflated with
the sector-level Producer Price Index (PPI) compiled by the Bank of Korea. Capital and
investment are deflated with the domestic PPI for capital goods. Total inputs are divided into
domestic and imported inputs and deflated by the sector-level effective PPI and Imported
Inputs Price Index, respectively, which are constructed in a similar way to those in Amiti and
Konings (2007)."2 Import ratio is calculated using these real terms of imported and total
inputs.

The data is unbalanced panel including 36,310 observations of 8,232 firms. Table 2 presents
the summary statistics of TFP estimated based on OLS and firm size measured by log of total
real revenue.'® It shows that importing firms tend to be larger in size and more productive
than non-importing firms, which is also confirmed in Figure 3, and that importers import one
third of their input materials on average.'* According to Table 3-a, the number of importers
continuously increases until 2009 but decreases in 2010 while the import ratio decreases in
2009 and recovers in 2010. This pattern partly suggests that firms reduce their import
intensity temporarily due to the negative impact of the Global Financial Crisis, and many
small importing firms who suffered more than larger firms finally choose not to import or to

' The industry classification in the SBA follows the Korean Standard Industry Classification (KSIC), and the
manufacturing sector includes 24 two-digit KSIC code industries from 10 to 33. Among them, the following two
industries are excluded from our sample due to the following reasons: Importing firms are not observed in
Manufacture of Tobacco Products (12); matching with price data is problematic and the share of importing firms
is very low in Printing and Reproduction of Recorded Media (18).

12 We use the sector-level Import Price Index and Producer Price Index combined with the bilateral sector-level
Input-Output table in 2005 to construct the sector-level imported and domestic input price index for 13
manufacturing industries classified by 10 table. That is, the effective domestic Producer Price Index is
constructed as an average PPI weighted by domestic input share, while the effective Import Price Index is
constructed as an average IPI weighted by imported input share. Then, 13 industries based on the 10
classification are finally matched with 22 KSIC code industries in our sample. See Ahn, Park, and Park (2015)
for more details on this procedure.

13 TFP estimation results from OLS are provided in Table 1.
14 According to Table 3-b, firms that imported continuously throughout the sample period since their entry are

more likely to have larger output level, number of employees, and capital with a high import ratio about 0.4 on
average compared to those firms that never imported and switched their import status.



exit in the following year, resulting in a more skewed importing to larger firms as well as the
pro-cyclical average import ratio. However, this summary statistics do not identify what
mechanism makes the use of imported inputs actually affect productivity. Moreover, the TFP
based on OLS estimate is vulnerable to potential biases including simultaneity bias with input
decisions, not to mention that with import decisions. Therefore, we proceed with a model and
estimation strategy in the next section to discuss more specifically how the import ratio
affects firms’ TFP and how the effect changed over the business cycle.

III. MODEL AND EMPIRICAL STRATEGY

In this section, we discuss our empirical strategy for TFP estimation. We consider production
of a firm 7 at time ¢ as a Cobb-Douglas function of capital, labor, and intermediate inputs:
Wit
—
Yie = Bilic + Brkic + Brmie + ﬁimpfit + Wy (D)
The dependent variable is output measured as log of total real revenue; / is labor input
measured as log of the number of employees; & is capital represented by log of total real
tangible assets; m is log of real intermediate inputs; and w;; is TFP level in log.®
As in Kasahara and Rodrigue (2008) and Halpern et al. (2011, 2015), we explicitly assume
the contribution of imports to productivity, thereby breaking down the TFP term into one
from the use of imported inputs (i.€., Bimp fi¢) and the other from all else (i.e., @;;), where f'is
a ratio of imported inputs to total input purchase. Our focus is not simply on how much input
a firm imports itself but on the share of imported inputs relative to total input materials
because the underlying mechanism that imported inputs enhance productivity is based on
either higher quality of imported inputs relative to domestic ones or imperfect substitution
between foreign and domestic input varieties as discussed in Halpern et al. (2015).

A typical challenge in estimating the production function parameters with OLS is that a
simultaneity bias caused by the correlation between unobservable productivity shocks and the
firm’s input choices and a sample selection bias resulted from the relationship between the
unobservable productivity shocks and the firm’s liquidation decision yield inconsistent
estimates.'® To address these endogeneity problems, we closely follow Kasahara and
Rodrigue (2008) and Halpern et al. (2015) that explicitly take into account the role of
importing in applying the Olley-Pakes (O-P) methodology.'” Specifically, Olley-Pakes (1996)
define a firm’s investment demand as an increasing function of two state variables, capital
and productivity shocks, which allow the inversed investment function to be used as a proxy
for unobservable productivity in the production function so that the O-P estimation yields

135 Please refer to Kasahara and Rodrigue (2008) and Halper et al. (2011, 2015) for more details on theoretical
foundation. We employ their theory in the model section and focus more on the empirical part in which our
main contribution is.

16 In a nutshell, if a positive productivity shock leads firms to use more inputs causing a positive correlation
between regressors and the error term, OLS estimates will be upwardly biased. Also, if a firm’s exit decision
depends on its productivity, the sample will be selected based on the unobservable productivity shocks causing a
selection bias in the estimates.

17 Please refer to appendix for details of Olley-Pakes methodology.



consistent estimates for the production function parameters by applying the semiparametric
regression techniques. Kasahara and Rodrigue (2008) and Halpern et al. (2011) add the
import intensity as another state variable based on the idea that the decision on how much
inputs to import should be made by firms one period earlier just as the investment decision
for the current period is made in the previous period. Thus, the productivity is expressed as a
function of investment, capital, and import ratio, and we employ this methodology in our
estimation to find out the role of imported inputs in production.

Using the production function estimates, the log of measured TFP of firm 7 at time ¢ can be
expressed as the following equation of the difference between actual output and the model’s
prediction:
Wit = Bimpfit + @i = Yir — :éllit - Bkkit - Bmmit 2

Once the log valued TFP is converted into level value'®, we can perform various sets of
accounting exercises to understand fluctuations in aggregate productivity in detail. Noting
that the aggregate TFP is obtained as the sum of the firm-level TFP weighted by output share,
the aggregate TFP is decomposed into two parts: unweighted average TFP and the covariance
between output share and TFP as shown in the following equation:

We = Zi(hit ’ wit) = 0115 + Zi(hit)(wit — ;) 3)

unweighted average TFP  covariance term (ef ficiency)

where h;; = Yit_ denotes firm i’s output share, and the upper bar denotes the average value
iYit

across firms in a given year ¢. The covariance term can be interpreted as measuring the

efficient resource allocation across firms. The higher the covariance term is, the higher output

share goes to a firm with higher TFP (e.g., Olley and Pakes, 1996; Pavcnik, 2002).

As shown in equation (4), the growth of aggregate TFP can thus be expressed as the sum of
the change in simple industry-level average TFP and the one in covariance term. The change
in covariance term is further broken down into two parts; one is an intra-firm efficiency
associated with the pure change in TFP level in each firm keeping its output share unchanged
and the other is an inter-firm efficiency associated with resource reallocation across firms
putting a larger weight on output share growth for firms with higher TFP." Intuitively, this
covariance term decomposition suggests that the efficiency of resource allocation can be
enhanced by improving TFP in a firm with more resources (intra-firm efficiency) or
allocating more resources to more productive firms (inter-firm efficiency).?

'8 From this point on, w;, denotes TFP in level.

19 Decomposition of the covariance term into intra- and inter-firm efficiency includes entrants and exiting firms
as well as continuers since our data is unbalanced panel. Specifically, apart from the unconditional average term,
an exit effect is included in the intra-firm efficiency term, while an entry effect is reflected in the inter-firm
efficiency term because h;;_; = 0 and w;;_; = 0 for entrants and h;; = 0 and w;; = 0 for exiting firms, thereby
corresponding to an alternative expression in previous studies (e.g., Baily et al., 1992; Bartelsman, and Dom:s,
2000; Foster, Haltiwanger, and Krizan, 2001).

20 This is similar to the shift-share approach widely used in the structural change literature (e.g., McMillan et al.
2014).



Aw; = Aoy + A Y (hi) (Wi — @) 4)
= Ay + Xi(hi—1)  Awie — @) + X Alhye) - (i — @ye)
average TFP intra—firm ef ficiency inter—firmefficiency

Given the focus of the paper, it is important to note that one can always separate out the part
of TFP due to imported inputs by plugging [?imp fi+ instead of w;; in equations above. This
will basically guide us to evaluate the role of imports in aggregate TFP dynamics in general,
and, in particular, how much the collapse in imports affected aggregate TFP during the
Global Financial Crisis (GFC) period as well as to what extent the skewed nature of the
distribution of importers amplified the shocks.

IV. RESULTS
A. Production Function Estimation with O-P Methodology

Table 4 presents the estimation results for equation (1) from the OLS, Within-group, and O-P
estimators. Column (1) shows the OLS estimation result, and the coefficients of import ratio
as well as labor, capital, and materials are estimated to be positive and statistically
significant. However, due to simultaneity and sample selection issues discussed in the
previous section, the OLS estimator is likely to yield biased estimates. Specifically, variables
that are more responsive to a contemporary productivity shock—such as labor—tend to be
upwardly biased due to the positive correlation between input choices and productivity
shocks. On the other hand, firms with larger capital are less likely to exit even under negative
productivity shocks, causing sample selection and hence, downwardly biased estimates for
the coefficient of capital.

Columns (2) through (4) report results from the Within-group estimators with firm or/and
sector-year fixed effects, and the coefficient for import ratio is estimated to be positive and
statistically significant but with smaller magnitude than in column (1). With firm fixed
effects, estimates in column (3) and (4) control for the simultaneity between inputs and firm-
specific time-invariant shocks, and with sector-year fixed effects, estimates in column (2) and
(4) control for the correlation between inputs and sector-year specific shocks. However, these
within-estimators still cannot address the simultaneity between input choices and within-firm
shocks varying over time.

The O-P estimation result that controls for both simultaneity and selection bias is presented in
column (5). As discussed above, we can confirm that estimates from OLS and within
estimators tend to be overestimated for labor coefficients and underestimated for capital
coefficients compared to O-P estimates. The coefficient for import ratio from the O-P
estimation is significantly positive and larger than its OLS estimate. The difference between
OLS and O-P estimates for import ratio can be partly attributed to sample selection, but also
according to previous studies (Levinson and Petrin (2003), Kasahara and Rodrigue (2008)),
the OLS estimates for import variables could be downwardly biased when the use of
imported inputs is less responsive to a shock than other inputs even though the import



variable is positively correlated with productivity shocks. Overall, the O-P estimation result
supports that an increase in import intensity has a significantly positive effect on output.”!

Noting that Table 4 unveils the aggregate production function estimation result, assuming
that all the input coefficients are identical across industries, we postulate that the contribution
of each input may differ across industries due to industry-specific technological
characteristics. Accordingly, we also present industry-specific O-P estimation results for 16
industries with more than 100 firms that have enough observations for reliable estimation
results in Table 5. In most of the industries, the production function estimation result exhibits
a positive and significant coefficient for import ratio, and the magnitude varies between 0.14
and 0.36. This result once again confirms that the share of imported inputs has a substantial
impact on output across industries.

Overall, production function estimation results imply that the use of imported inputs is an
economically significant source of TFP, the part of the output level which is not explained by
labor, capital, and materials. Given that the extent to which the use of imported inputs affects
TFP varies across industries, a relevant question to ask is whether its importance as a source
of TFP remains valid at the aggregate-level, which is the main subject of the next section.

B. Aggregate-level TFP Accounting

Using the industry-level O-P estimation result reported in Table 5, we obtain the measured
TFP as the difference between a firm’s actual output and the predicted value using labor,
capital and materials. Then, we aggregate the measured TFP weighted by each firm’s output
share and calculate its growth. In the aggregate TFP growth, we separate a part associated
with imported inputs and the remaining part to investigate how much import ratio contributed
to the TFP growth. In Table 6, the aggregate TFP growth is indicated in column (a), and the
contribution of imported inputs and other factors are separately reported in column (b) and
(c). In the sample period between 2006 and 2012, TFP of the manufacturing sector has grown
except for the Global Financial Crisis from 2008 to 2009 during which TFP declined by 8.7
percent (column (a)). As shown in column (b), 2.9 percent of the decrease is attributed to the
shrinkage of import intensity which accounts for about one third of the drop. Overall, the
change in the relative use of imported inputs appears to have significant impacts on the
pattern of aggregate TFP growth across years.

Given the non-negligible role of imported inputs on the aggregate-level TFP growth, we turn
to the TFP growth caused by firm-level import decisions and delve into the channel through

21 Table A3 presents O-P estimation results with additional explanatory variables to check the robustness of our
benchmark O-P estimation model. We add other state variables such as export ratio and R&D in the model to
consider the additional factor that could affect the productivity. In column (2) and (3), the results show that
import ratio still has a positive and significant coefficient even after controlling the effects of export ratio and
R&D. In column (4), we also include a 1-year lagged import ration variable replacing the import ratio, and the
result shows that import ratio also has a positive dynamic effect that affects the productivity in the next period
with smaller magnitude than the current period of import ratio does. The sample size with lagged import ratio,
however, is more limited than the benchmark model.
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which the import affects the aggregate TFP growth. As presented in equation (3), the growth
of aggregate TFP can be decomposed into simple average TFP growth across firms and a
covariance term between firm-level output share and TFP growth. We simply replace total
TFP (w;;) with TFP due to imported inputs (,[?imp fi+) in equations (3) and (4).

As shown in Table 7, the growth of aggregate TFP explained by imported inputs varies across
years and dropped dramatically from 2008 to 2009 by 31 percent (column (a)). This large
drop can be decomposed into simple average and a covariance term. Among the TFP growth
due to import ratio (-31 percent), the part explained by the unweighted average growth of
TFP is 1 percent (column (b)) and the remaining -32 percent is attributed to the covariance
term (column (c)). This overwhelmingly large role of covariance term indicates that the
aggregate-level TFP drop due to the import was not simply driven by an across-the-board
decline in the use of imported inputs, but rather related to the efficiency losses from output
share reallocation by the use of imported inputs which can occur either because a decline in
the relative use of imported inputs was concentrated on firms with larger output share or
because the market share shifted from firms with a large share of imported inputs to those
with a small share of imported inputs or non-importers. The former will be captured by the
intra-firm efficiency term while the latter is captured by the inter-firm efficiency term in a
further decomposition as equation (4), which is reported in columns (d) and (e) respectively.

In 2009, the contribution of intra-firm efficiency is measured at -39 percent while that of
inter-firm efficiency is measured at 7 percent. This result means that the efficiency decrease
mainly occurred due to the intra-firm efficiency loss through the decrease of imports by
relatively larger firms while the inter-firm efficiency somewhat increased, suggesting that
firms with higher TFP related to import ratio gained more output share in the market. Overall,
the finding reveals that the decrease of imports by larger firms induced the huge drop in
import-related TFP during the GFC, and the negative impact was magnified as the import
activities are highly skewed to larger firms in Korea.

C. Industry-level TFP Accounting

In this section, we repeat the above exercise at the industry level and report the industry-level
TFP growth for selected industries to see variation across industries.

For industry-level TFP, we report results for nine selected industries with more than 500
firms. We obtain the industry-level TFP and its annual growth using the production function
estimation results by industry. As presented in Table 8, the contribution of imported inputs to
TFP growth varies across industries, and the TFP growth resulting from changes in import
intensity also differs across industries. Industries 22 (Rubber and Plastic Products), 24 (Basic
Metal Products), 25 (Fabricated Metal Products, Except Machinery and Furniture), and 29 (Other
Machinery and Equipment) had a sharp TFP drop ranging from approximately 2 percent to 21
percent in 2009, and the contribution of import ratio to the TFP drop ranged from about 0.6
percent to 6 percent. Industries 10 (Food Products), 20 (Chemicals and chemical products except
pharmaceuticals, medicinal chemicals) and 28 (Electrical equipment) experienced a TFP decrease
due to import ratio even though their aggregate TFP increased. Particularly, Industry 28
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(Electrical equipment) also experienced a 16 percent drop in TFP in the following year, and the
half of the drop is attributed to import ratio. This Industry-level result on the contribution of
import ratio to TFP growth once again confirms that most industries suffered from the TFP
reduction due to the import ratio during the GFC.

We further decomposed the industry-level TFP growth explained by import intensity into
simple average and an efficiency term. As shown in Table 9, the industry-level
decomposition also maintains the similar patterns to those shown in the aggregate-level. Most
of the selected industries with more than 500 firms suffered from a negative growth of TFP
due to import ratio in 2009, ranging from -9 percent to -41 percent, and the decrease is
mainly generated by a decrease in efficiency, which is a covariance between output share and
productivity related to import ratio. The large contribution of covariance term suggests that
the productivity drop is more amplified as import activities are more concentrated to larger
firms. Also, a further decomposition of the covariance term into intra- and inter-firm
efficiency unveils that the efficiency drop is mostly caused by a decrease in intra-firm
efficiency rather than that in inter-firm efficiency, meaning that the loss of within-firm TFP
due to decline of import ratio of relatively larger firms is greater than the TFP changes due to
output share reallocation across firms. This covariance decomposition again supports that the
negative effect of the reduction in imported inputs on TFP during the GFC is also intensified
at the industry-level since firms with larger output share are more skewed to import activities.

To get a clearer idea on the respective role of each item in accounting decompositions
reported above, we document industry-level regression results in Table 10 and Table 11. In
Table 10, we regress each of columns (b) and (c) on column (a) in Table 8 to understand how
much of the variation in industry-level TFP growth is explained by TFP due to imported
inputs and other factors on average. By the property of accounting identity, sum of the
coefficients across each regression should be always 1. Columns (1) and (3) indicate that TFP
due to imported inputs explains, on average, about 20 percent of variation in TFP growth
across sectors over time, while all other terms account for 80 percent of variation. Columns
(2) and (4) further reveal that such a pattern did not change during the period when there
were rapid drop and subsequent rebound in TFP growth.

Table 11 repeats the accounting regression exercise with items in Table 9. We regress each of
columns (b), (c), (d), and (e) on column (a) in Table 9, which gives an answer on how much
of the variation in industry-level TFP growth due to imported inputs is explained by the
growth in unweighted average TFP due to imported inputs and covariance term on average,
with the latter further decomposed into intra- and inter-firm efficiency improvement. Again
by the property of accounting identity, sum of coefficients in columns (1) and (3) or (2) and
(4) should be always 1, while sum of coefficients in columns (5) and (7) or (6) and (8) should
be equal to coefficients in columns (3) or (4). Accordingly, columns (1) and (3) show that
covariance term tends to explain around 87 percent of variation in TFP growth due to
imported inputs, and such a pattern did not change during the GFC and the subsequent
recovery. More interestingly, columns (5)-(8) show that intra- and inter-firm efficiency
improvement tend to explain equal portions of variation in changes in covariance term on
average over the sample period, but during the turbulent period, most of the fluctuations in
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covariance term stem from intra-firm efficiency improvement, corroborating the pattern
described from aggregate-level accounting decomposition in Table 7.

V. CONCLUSION

Using the Korean manufacturing firm-level data, this paper confirms that three stylized facts
on importing hold in Korea: the ratio of imported inputs in total inputs tends to be pro-
cyclical, the use of imported inputs increases productivity, and larger firms are more likely to
use imported inputs. Based on these three well-documented characteristics of imports, the
paper assesses the extent to which imports contribute to the pro-cyclicality of productivity
and finds that firm-level import decisions explain a non-trivial fraction of aggregate
productivity fluctuations in Korea over the period between 2006 and 2012. Main findings of
this paper suggest a possible link between the recent global productivity slowdown and
global trade slowdown, which will be an interesting topic for future research.
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Figure 1. Pro-cyclicality of TFP and Imports
(In percent; Korea over the period 1991-2012)
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Figure 2. Import Growth by End-Use Category
(In percent; Korea over the period 1991-2014)
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Figure 3. Distribution of TFP and Firm Size (Importer vs. Non-Importer)

TFP distribution (Importer vs. Non-importer) Firm Size distribution (Importer vs. Non-importer)
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Notes: TFP in this figure is obtained based on the estimation result with firm and sector-year fixed effects in column (4) in Table 1, and firm
size is measured by log of total real revenue.
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Table 1. OLS Estimation Results for Production Function

VARIABLES Dependent variable: log (total real revenue)
) (@) (€)) “
Labor 0.467*** 0.499%** 0.414%** 0.410%**
-0.006 -0.006 -0.021 -0.018
Capital 0.1771%%* 0.157%** 0.165%** 0.095%*:*
-0.004 -0.004 -0.014 -0.008
Materials 0.431*** 0.413%** 0.146%** 0.139%**
-0.005 -0.005 -0.012 -0.01
Constant 2.500%** 2.512%%* 5.613%%* 6.205%***
-0.022 -0.031 -0.198 -0.151
Sector-Year FE N Y N Y
Firm FE N N Y Y
Observations 36,310 36,310 36,310 36,310
R-squared 0.864 0.88 0.966 0.973

Note: This table reports OLS regression results of production function. Column (1) reports
OLS regression results with no fixed effects; column (2) reports estimates with sector-year fixed
effects; column (3) includes firm fixed effects; column (4) includes both sector-year and firm
fixed effects. Robust standard errors are in parentheses, and ***  ** and * indicate
significance at 1%, 5%, and 10% level, respectively.
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Table 2. Summary Statistics for TFP, Firm Size and Import Ratio

Importer Non-importer
TFP Size Import ratio TFP Size
Mean 0.18 10.88 0.35 -0.17 10.08
Median 0.1 10.71 0.24 -0.24 9.93
S.D. 0.77 1.39 0.32 0.69 1.15
Observations 17,521 18,789

Notes: TFP m this table is obtained based on the estimation result with firm and sector-
year fixed effects in column (4) in Table 1, and firm size is measured by log of total real
revenue. Import ratio is the ratio of imported inputs to total inputs.
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Table 3a. Average TFP and Firm Size (Importer vs. Non-importer)

Importer Non-importer

Observations TFP Size  Importratio Observations TFP Size
2006 2,309 0.134 10.71 0.35 3,300 -0.175 10.11
2007 2,560 0.153 10.83 0.34 3,023 -0.191 10.15
2008 2,577 0.191 10.93 0.34 2,859 -0.187 10.2
2009 2,786 0.201 10.95 0.31 2,391 -0.186 10.19
2010 2,302 0.223 11.16 0.36 1,968 -0.141 10.41
2011 2,421 0.199 11.17 0.36 2,558 -0.15 10.47
2012 2,566 0.166 11.11 0.38 2,690 -0.141 10.49

Notes: This table reports the number of firms, average TFP, the size of importers and non-importers and
the import ratio of importers for each year. TFP is obtained from firm and sector-year fixed effects
estimation reported in column (4) in Table 1. The size indicates log value of total real revenue.

Table 3b. Descriptive Statistics by import/survival status
Output Labor Capital ~ Materials Import ratio No. of firms Observations

10.61 493 9.3 9.78 0.17
Allfirms 13 -0.86 -1.48 -1.64 -0.28 8232 36310
11.11 5.23 9.72 10.42 0.39
I 171
Mporters 55 -1.09 171 175 032 718 7,057
Non- 9.9 457 8.78 9.07 ] 2743 450
importers -0.99 -0.57 -1.23 -1.45
10.7 498 936 9.86 0.16
itch 1 2
Switchers | ) -0.82 -1.43 -1.56 -0.28 377 0,773
. 10.79 5.03 9.47 9.96 0.18
2 2
Survivors ) 5 -0.88 -1.46 -1.63 -0.29 3,256 7,605
. 10.06 462 8.74 9.22 0.13
Quitters |5 -0.72 1.4 -1.53 -0.26 2,976 8,705

Notes: This table reports summary statistics by firms’ importing and/or surviving status with standard
deviations are in parentheses. Importers are firms that continuously imported foreign intermediates in the
sample, and Non-importers are firms that never imported foreign intermediates in the sample. Switchers
are firms that switched their import status in the sample. Survivors are firms that did not exit during the
sample period (2006-2012) whereas Quitters exit during the sample period. Output is logarithm of real
revenue, Labor is logarithm of number of employees, Materials are logarithm of total inputs purchased,
and Import ratio is the ratio of imported foreign inputs to total inputs.
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Table 4. Estimation Results for Production Function with Import Ratio

Dependent variable: log (total real revenue)

€)) @) (€) 4 &)
OLS FE FE FE O-P
Labor 0.459%** 0.492%** 0.4171%*%* 0.408%** 0.092%**
-0.006 -0.006 -0.021 -0.018 -0.013
Capital 0.170%*** 0.155%%** 0.163%** 0.095%** 0.264%**
-0.004 -0.004 -0.014 -0.008 -0.017
Materials 0.429%** 0.411%%* 0.150%** 0.142%** 0.389%**
-0.005 -0.005 -0.012 -0.01 -0.009
Imported inputs ratio  0.233%** 0.217%** 0.100*** 0.075%** 0.422%**
-0.011 -0.011 -0.012 -0.01 -0.007
Sector-Year FE N Y N Y
Firm FE N N Y Y
# of firms 8,232 8,232 8,232 8,232 8,232
Observations 36,310 36,310 36,310 36,310 36,310
R-squared 0.866 0.883 0.967 0.973

Notes: This table reports regression results of production function. Column (1) reports OLS
regression results with no fixed effects; column (2) reports estimates with sector-year fixed effects;
column (3) includes firm fixed effects; column (4) includes both sector-year and firm fixed effects;
column (5) presents estimates from Olley-Pakes methodology. Robust standard errors are in
parentheses, and ***, ** and * indicate significance at 1%, 5%, and 10% level, respectively.
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Table 5. Estimation Results for Industry-level Production Function with Import Ratio

. . . #of #of
Industry code Labor Capital M aterials Import ratio
obs. firms
0.29%** 0.19%** 0.38%** 0.22%**
10 2330 548
(0.03) (0.07) (0.03) (0.06)
0.50%*** -0.01 0.43%%% 0.12
13 1508 368
(0.04) (0.04) (0.03) (0.08)
0.37%** 0.09%* 0.44%%% 0.15%*
14 1184 290
(0.04) (0.04) (0.03) (0.06)
0.42%*%* 0.19%** 0.35%%% 0.15%*
17 831 183
(0.06) (0.06) (0.04) (0.06)
0.3]%** 0.06 0.50%** 0.27%%*
20 2218 510
(0.04) (0.07) (0.03) (0.06)
0.71 %% 0.11%* 0.28%#* 0.26%**
21 940 203
(0.05) (0.05) (0.03) (0.06)
0.46%** 0.20%** 0.37%%% 0.36%**
22 2491 634
(0.03) (0.03) (0.02) (0.08)
0.35%** 0.13* 0.35%%* 0.33%**
23 1217 292
(0.04) (0.07) (0.03) (0.11)
0.28%** 0.08 0.45% %% 0.24 %%
24 2151 507
(0.03) (0.06) (0.02) (0.07)
0.40%** 0.13* 0.39%#* 0.28%**
25 2229 645
(0.03) (0.08) (0.02) (0.08)
0.47%%* 0.07%%* 0.43 %% 0.18%*
26 5070 1387
(0.02) (0.02) (0.01) (0.05)
0.48%%* 0.08 0.37%%* 0.14%%*
27 1232 328
(0.05) (0.05) (0.03) (0.05)
0.43 %% 0.07 0.47%%* 0.40%%*
28 2269 611
(0.03) (0.06) (0.02) (0.08)
0.56%** 0.08%%* 0.33 %k 0.30%%*
29 4227 1096
(0.02) (0.03) (0.01) (0.05)
0.43 %% 0.17%** 0.39%#* 0.20%#*
30 4401 1047
(0.03) (0.06) (0.02) (0.06)
0.43 %% 0.20%** 0.33 %% -0.01
31 709 213
(0.06) (0.08) (0.03) (0.10)
0.33%** -0.05 0.41%+* 0.34%*
33 323 100
(0.07) (0.07) (0.04) (0.13)

Table 6. Aggregate TFP Growth and Contribution of Imported Inputs (%)

Growth of aggregate Contribution of Excluding contribution of
Year TFP imported inputs imported inputs
(a)=(b)+(c) (b) ©
2007 0.59 2.02 2.60
2008 5.49 4.00 1.49
2009 -8.66 -2.87 -5.79
2010 12.28 0.26 12.01
2011 1.52 0.81 0.71
2012 6.13 0.22 5.91

Notes: Growth of aggregate TFP in column (a) is the sum of contributions from imported inputs in column (b) and all
others in column (c). Specifically, each column is calculated as:

(@)~(w; — w_1)/w;_1;

(b):(éimpft - Bimpft—l)/wt—l;

(©)=(@¢ — @¢_1)/ w1




Table 7. Decomposition of Ag
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regate TFP Growth associated with Imported Inputs (%)

TFP growth due Contribution of Contribution of | Intra-firm Inter-firm

Year to imported inputs | Unweighted average | covariance term | efficiency efficiency
(a)=(b)+(c) (b (©)=(d)yH(e) (d) (e)

2007 -25.97 3.92 -29.88 -30.97 1.09
2008 69.93 3.38 66.55 60.78 5.77
2009 -31.11 1.09 -32.20 -39.31 7.10
2010 3.78 14.03 -10.25 -12.80 2.55
2011 12.57 -6.72 19.29 10.28 9.01
2012 3.10 4.94 -1.84 -10.16 8.32

Notes: TFP growth due to imported input in column (a) is the sum of contributions from the
unweighted average TFP due to imported inputs in column (b) and the covariance term in column (c),
with the latter further decomposed into intra-firm efficiency improvement in column (d) and inter-firm
efficiency improvement in column (e). Specifically, each column is calculated as:

(a):(ﬁimpft - 'éimpft—l)/gimpft—l;
(b)= (gimpAfit)/ﬁimpft—ﬁ
©=A%; hy (gimpfit - gimpfit)/gimpft—l;
(D=2 hjt—1 - A(ﬁimpfit - ﬁimpfit)/ﬁimpft—l;
(e)= Ei Ahyg - (ﬁimpfit - ﬁimpf_it)/ﬁimpft—l
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Table 8. TFP Growth and Contribution of Imported Inputs by Industry (%)

S . Excluding
Tndustry Year Growth of Contrlbut}on of imported contribution of
. sector-level TFP inputs . .
: imported inputs
(@=0b)+©) (b) ©
2007 -2.39 0.02 -2.40
2008 3.62 2.15 1.47
10 2009 3.14 -1.06 421
2010 14.76 3.03 11.73
2011 -11.46 0.12 -11.58
2012 -2.20 0.15 -2.34
2007 13.36 3.10 10.27
2008 -9.92 -0.76 -9.16
20 2009 6.64 -1.62 8.26
2010 1.83 1.95 -0.12
2011 1.41 -1.35 2.76
2012 17.47 1.90 15.56
2007 10.05 1.31 8.74
2008 5.81 0.33 5.48
” 2009 -4.52 -1.12 -3.41
2010 4.83 2.31 2.53
2011 : 4.71 -1.23 5.93
2012 -2.34 0.79 -3.13
2007 3.25 -7.96 11.21
2008 1.47 8.25 -6.79
24 2009 -20.64 -5.68 -14.96
2010 31.79 0.02 31.77
2011 -1.34 -0.53 -0.82
2012 2.20 0.63 1.57
2007 9.20 1.58 7.61
2008 6.20 0.98 522
25 2009 -8.42 -1.30 -7.11
2010 7.05 -0.54 7.59
2011 0.26 -0.70 0.97
2012 -0.91 0.52 -1.43
2007 3.10 -2.23 5.34
2008 16.46 2.07 14.39
2 2009 12.72 1.04 11.68
2010 16.37 1.25 15.12
2011 7.57 0.57 7.00
2012 11.17 0.94 10.23
2007 0.31 0.38 -0.07
2008 38.03 20.20 17.83
28 2009 241 -5.02 7.43
2010 -15.86 -7.90 -7.95
2011 -0.59 2.42 -3.00
2012 1.25 -0.22 1.47
2007 6.54 2.73 3.81
2008 8.19 -0.20 8.40
29 2009 -1.66 -0.56 -1.10
2010 16.24 2.67 13.57
2011 -10.96 -1.88 -9.08
2012 -3.70 1.16 -4.86
2007 8.82 0.26 8.56
2008 2.47 -0.10 2.57
30 2009 2.47 0.36 2.11
2010 8.19 0.31 7.88
2011 10.43 0.56 9.86
2012 4.24 -0.17 4.42
Notes: Growth of sector-level TFP in column (a) is the sum of contributions from imported inputs in
column (c) and all others in column (b). Specifically, each column is calculated as:
(a):(ajt - wt—12/wt—1;
(b)Z(ﬂimpft - ﬂimpft—l)/wt—1§
(=@ — &¢_1)/w¢1
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Table 9. Industry-level Decomposition of TFP Growth Associated
with Imported Inputs (%)

. TFP growth due Contribution of Contribution of @ Intra-firm Inter-firm
Industry  Year | . . . . : . .
. to imported inputs  unweighted average  covariance term = efficiency efficiency
(a)=(b)*+(c) (b) (e)=(d)t(e) (d) (e
2007 0.36 6.42 -6.06 -10.36 4.30
2008 46.93 4.39 42.53 16.89 25.65
10 2009 -16.38 -0.34 -16.04 -23.87 7.83
2010 57.49 6.56 50.93 40.67 10.26
2011 1.73 -2.90 4.63 -1.12 5.75
2012 1.76 2.78 -1.02 -19.87 18.85
2007 46.50 9.22 37.28 32.67 4.61
2008 -8.77 -2.99 -5.78 -8.46 2.68
20 2009 -18.61 6.05 -24.67 -37.00 12.33
2010 29.29 21.70 7.59 -1.69 9.29
2011 -15.93 -12.02 -3.91 -1.59 -2.32
2012 27.15 6.38 20.76 31.67 -10.91
2007 16.57 11.18 5.39 2.08 3.31
2008 4.00 5.71 -1.71 -28.23 26.52
2 2009 -13.59 -8.52 -5.07 -5.44 0.37
2010 31.03 12.94 18.08 -13.67 31.76
2011 -13.22 4.38 -17.61 -22.14 4.54
2012 10.31 1.21 9.10 -15.29 24.38
2007 -57.43 -0.76 -56.67 -55.28 -1.39
2008 144.36 4.95 139.41 139.92 -0.51
24 2009 -41.26 -1.96 -39.29 -57.09 17.80
2010 0.16 9.97 -9.80 10.36 -20.16
2011 -6.81 -5.16 -1.65 -3.90 2.26
2012 8.60 1341 -4.81 -4.98 0.17
2007 43.75 18.95 24.80 16.78 8.01
2008 20.56 10.45 10.11 -28.00 38.11
25 2009 -24.04 -5.12 -18.92 -16.19 -2.74
2010 -12.04 27.77 -39.81 -51.90 12.09
2011 -19.12 -34.70 15.58 15.40 0.18
2012 17.35 12.74 4.62 -22.00 26.62
2007 -30.11 4.70 -34.81 -38.38 3.57
2008 41.18 6.81 34.36 -45.00 79.37
26 2009 17.04 9.12 7.92 -6.21 14.13
2010 19.76 9.27 10.49 -22.46 32.96
2011 8.75 1.07 7.68 3.49 4.19
2012 14.28 1.86 12.42 1.59 10.83
2007 7.59 10.77 -3.18 -10.96 7.78
2008 . 372.89 28.40 344.48 -14.12 358.60
28 2009 -27.04 -0.93 -26.11 -26.95 0.84
2010 -59.80 6.01 -65.81 -97.16 31.35
2011 38.26 -10.61 48.88 6.91 41.97
2012 -2.49 10.37 -12.86 -15.95 3.09
2007 59.00 11.94 47.06 41.68 5.38
2008 -2.94 4.22 -7.17 -28.08 20.91
29 2009 -9.01 -0.07 -8.94 -12.35 3.41
2010 46.64 7.20 3943 -0.72 40.15
2011 -26.02 0.70 -26.72 -46.59 19.87
2012 19.40 2.43 16.98 15.08 1.90
2007 11.67 6.60 5.07 2.97 2.10
2008 -4.32 20.82 -25.14 -31.14 6.00
30 2009 16.99 0.13 16.86 22.85 -5.99
2010 12.94 26.64 -13.70 -27.84 14.14
2011 22.17 -0.80 22.97 15.13 7.84
2012 -6.07 11.47 -17.54 -17.97 0.42

Notes: TFP growth due to imported input in column (a) is the sum of contributions from the unweighted average
TFP due to imported inputs in column (b) and the covariance term in column (c), with the latter further decomposed
into intra-firm efficiency improvement in column (d) and inter-firm efficiency improvement in column (e).

Specifically, each column is calculated as: (a)=(ﬁimp fi— ﬁimp fie1)/ ﬁimp fee1; (b)= (/?impA fir)/ /?imp fee1s
(©=AY;hy - ([?impfit - [?impfit)/?impft—l; (D=2 hjr—1 - A(ﬁimpfit - ﬁimpfit)/gimpft—l;
(e)= Zi Ahy - (ﬁimpfit - ﬁimpfit)/ﬁimpft—l
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Table 10. Regression Results: Industry-level Decomposition of TFP Growth Associated
with Imported Inputs

Dependent variable: Contribution of imported inputs Excluding contribution of imported inputs
0 B 3) @
(TFP growth)st 0.195 *** 0.199 *** 0.805 *** 0.801 ***
(0.02) (0.02) (0.02) (0.00)
(TFP growth)st X -0.021 0.021
(2009/2010 Dummy )t (0.06) (0.06)
Sector FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Obs 132 132 132 132
Adj R squared 0.669 0.644 0.967 0.967

Note: The dependent variable is contribution of imported inputs to TFP growth (columns (1)-(2)) or TFP growth excluding
contribution of imported inputs (columns (3)-(4)) in sector s in year t. Independent variable is TFP growth in sector s in year t.
Columns (2) and (4) include additional independent variables, a dummy variable equal 1 for years 2009 and 2010 and 0 otherwise (not
reported), and its interaction with TFP growth. Coefficients in columns (1) and (3) or columns (2) and (4) sum to 1. All columns include
year and sector fixed effects. Robust standard errors are in parenthesis. Significance: * 10 percent; ** 5 percent; *** 1 percent.



Table 11. Regression Results: Industry-level Decomposition of TFP Growth associated with Imported Inputs

Dependent variable:

Contribution of unweighted average

Contribution of covariance term Intra-firm efficiency

Inter-firm efficiency

&) 2 (3) (4) (5) (6) (7 (®)

(TFP growth due to imported inputs)st 0.134 *** 0.118 0.866 *** 0.882 *** 0.455 *** 0.319 ** 0.411 *** 0.563 ***
(0.04) (0.05) (0.04) (0.05) (0.13) (0.13) (0.13) (0.13)

(TFP growth due to imported inputs)st x 0.053 -0.053 0.435 ** -0.488 ***
(2009/2010 Dummy )t (0.08) (0.08) (0.18) (0.15)
Sector FE Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes
Obs 132 132 132 132 132 132 132 132
Adj R squared 0.339 0.342 0.899 0.9 0.502 0.557 0.586 0.655

Note: The dependent variable is contribution of unweighted averages to TFP growth due to imported inputs (columns (1)-(2)), contribution of covariance term to TFP growth due to imported inputs
(columns (3)-(4)), intra-firm efficiency improvement (columns (5) and (6) or inter-firm efficiency improvement in sector s in year t. Independent variables is TFP growth due to imported inputs in
sector s in year t. Columns (2), (4), (6), and (8) include additional independent variables, a dummy variable equal 1 for years 2009 and 2010 and 0 otherwise (not reported), and its interaction with
TFP growth due to imported inputs. Coefficients in columns (1) and (3) or columns (2) and (4) sum to 1, while coefficients in columns (5) and (7) or columns (5) and (8) sum to coefficients in

columns (3) or (4). All columns include year and sector fixed effects. Robust standard errors are in parenthesis. Significance: * 10 percent; ** 5 percent; *** 1 percent.

LT



28

Appendix

Table Al. Industry Classification (Korean Standard Industry Classification (KSIC))

Industry

Code Description

10 Food Products

11 Beverages

12 Tobacco Products

13 Textiles, Except Apparel

14 Wearing apparel, Clothing Accessories and Fur Articles

15 Tanning and Dressing of Leather , Luggage and Footwear

16 Wood Products of Wood and Cork ; Except Furniture

17 Pulp, Paper and Paper Products

18 Printing and Reproduction of Recorded Media

19 Coke, hard-coal and lignite fuel briquettes and Refined Petroleum Products

20 Chemicals and chemical products except pharmaceuticals, medicinal
chemicals

21 Pharmaceuticals, Medicinal Chemicals and Botanical Products

22 Rubber and Plastic Products

23 Other Non-metallic Mineral Products

24 Basic Metal Products

25 Fabricated Metal Products, Except Machinery and Furniture

26 Electronic Components, Computer, Radio, Television and Communication
Equipment and Apparatuses

27 Medical, Precision and Optical Instruments, Watches and Clocks

28 Electrical equipment

29 Other Machinery and Equipment

30 Motor Vehicles, Trailers and Semitrailers

31 Other Transport Equipment

32 Furniture

33 Other manufacturing
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Table A2. Summary Statistics

Industry Sur?lz:rtlzry Revenue Worker Capital Inputs Igzl‘)t%t

Mean 10.61 4.93 9.30 9.78 0.17

Total S.D. 1.30 0.86 1.48 1.64 0.28
Obs. 36310 36310 36310 36310 36310

Mean 10.67 5.08 9.35 9.92 0.15

10 S.D. 1.36 0.95 1.45 1.64 0.28
Obs. 2330 2330 2330 2330 2330

Mean 11.31 5.38 10.42 10.36 0.15

11 S.D. 1.36 1.37 1.75 1.58 0.26
Obs. 186 186 186 186 186

Mean 9.93 4.64 8.86 891 0.19

13 S.D. 1.07 0.68 1.26 1.46 0.31
Obs. 1508 1508 1508 1508 1508

Mean 10.83 5.08 8.46 9.73 0.19

14 S.D. 1.23 0.81 1.79 1.54 0.31
Obs. 1184 1184 1184 1184 1184

Mean 10.79 4.88 8.48 9.87 0.31

15 S.D. 1.07 0.71 1.72 1.40 0.37
Obs. 271 271 271 271 271

Mean 10.78 4.86 9.87 10.10 0.23

16 S.D. 1.01 0.66 1.70 1.17 0.34
Obs. 126 126 126 126 126

Mean 10.83 4.85 9.85 10.15 0.20

17 S.D. 1.15 0.72 1.49 1.34 0.31
Obs. 831 831 831 831 831

Mean 13.06 5.65 11.26 12.43 0.35

19 S.D. 2.83 1.71 2.92 2.97 0.42
Obs. 77 77 77 77 77

Mean 11.22 5.02 9.94 10.52 0.26

20 S.D. 1.53 0.93 1.66 1.77 0.31
Obs. 2218 2218 2218 2218 2218

Mean 10.72 5.38 9.61 9.54 0.28

21 S.D. 1.16 0.86 1.37 1.43 0.31
Obs. 940 940 940 940 940

Mean 10.38 4.79 9.16 9.58 0.12

22 S.D. 1.08 0.76 1.16 1.39 0.25
Obs. 2491 2491 2491 2491 2491

Mean 10.59 4.90 9.61 9.61 0.17

23 S.D. 1.29 0.85 1.64 1.66 0.30
Obs. 1217 1217 1217 1217 1217

Mean 11.34 4.90 9.92 10.66 0.17

24 S.D. 1.37 0.87 1.56 1.78 0.29
Obs. 2151 2151 2151 2151 2151

Mean 10.39 4.73 9.12 9.47 0.1T

25 S.D. 1.04 0.67 1.30 1.40 0.23
Obs. 2229 2229 2229 2229 2229

Mean 10.46 5.00 9.11 9.64 0.21

26 S.D. 1.38 0.95 1.53 1.76 0.30
Obs. 5070 5070 5070 5070 5070

Mean 9.98 4.75 8.73 9.03 0.23

27 S.D. 0.91 0.61 1.12 1.32 0.30
Obs. 1232 1232 1232 1232 1232

Mean 10.63 4.87 8.99 9.93 0.16

28 S.D. 1.21 0.78 1.35 1.48 0.27
Obs. 2269 2269 2269 2269 2269

Mean 10.38 4.8 9.09 9.49 0.14

29 S.D. 1.06 0.72 1.22 1.44 0.26
Obs. 4227 4227 4227 4227 4227

Mean 10.73 5.04 9.55 10.05 0.09

30 S.D. 1.24 0.91 1.25 1.49 0.21
Obs. 4401 4401 4401 4401 4401

Mean 11.11 5.29 10.11 9.88 0.15

31 S.D. 1.85 1.32 2.02 242 0.26
Obs. 709 709 709 709 709

Mean 10.64 4.83 9.09 9.88 0.1T

32 S.D. 1.21 0.74 1.31 1.47 0.22
Obs. 320 320 320 320 320

Mean 10.00 4.65 8.44 9.12 0.28

33 S.D. 1.00 0.61 1.42 1.35 0.35
Obs. 323 323 323 323 323
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Table A3. Robustness check for O-P estimation results

Dependent variable: log (total real revenue)

VARIABLES (1) 2) 3) 4
Labor 0.092%** 0.391%** 0.399%%** 0.407%**
(0.01) (0.01) (0.01) (0.01)
Capital 0.264%** 0.092*** 0.094*** 0.092%**
(0.02) (0.01) (0.01) (0.02)
Materials 0.389%** 0.423%** 0.410%** 0.410%**
(0.01) (0.01) (0.01) (0.01)
Imported nputs ratio 0.422%** 0.270%*** 0.260%***
(0.01) (0.01) (0.02)
Export ratio -0.066%**
(0.01)
R&D 0.015%**
(0.00)
Imported inputs ratio.y) 0.066***
(0.02)
# of firms 8,232 8,232 8,232 27,077
Observations 36,310 36,310 36,310 6,956

This table reports O-P estimation results of production function with additional state variables. Column (1)
reports O-P regression results with capital and import ratio as state variables; column (2) reports O-P
estimation results with additional state variable, export ratio; column (3) includes R&D as another state
variable; column (4) includes 1-year lagged import ratio instead of import ratio. Robust standard errors are in
parentheses, and ***_ ** and * indicate significance at 1%, 5%, and 10% level, respectively.
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Olley-Pakes Methodology
€it
Yie = Bilic + Brkie + BrmMie + My + wie
The Olley-Pakes methodology (Olley and Pakes(1996)) is based on the fact that the error term in a
production function has two components; a white noise component, 7;;, and a time-varying
productivity shock, w;;. In estimating a production function, a typical problem is the correlation
between unobserved productivity shocks, w;;, and the inputs that are chosen by firms, which results
in inconsistent OLS estimates. Also, there is an endogenous problem generated by sample selection
because those firms with lower productivity than a certain threshold will exit the market, leading the
surviving firms to have their productivity, w;;, from a selected sample.
Thus, this sample selection affected by the productivity shock will also have an effect on the input
used. To address these issues, the Olley-Pakes methodology provides an approach based on firms’
dynamic optimization with an assumption that unobserved productivity, w;;, follows a first-order
Markov process and that capital is accumulated by dynamic investment process of firms. Through the
profit maximization, firms’ investment demand function is generated and the investment demand
depends on two state variables, capital and productivity such that I;; = i;(k;;, w;;). The investment
function is defined as monotonically increasing in productivity (Pakes(1994)), thus the function can
be inverted and the productivity can be expressed as a function of capital and investment, w;; =
he(keie, 1it).
Yie = Bilie + BmnMie + Gie(Kie, i) + i
Therefore, in estimating the production function, the first step is to estimate the consistent estimates
of variable inputs except the state variable with an approximated function of capital and investment
expressed as a polynomial approximation of them. The second step is to determine the probability of
firms’ exit due to the productivity decrease below a certain threshold. The third step is to estimate the
coefficient of the state variable using nonlinear least squares.



