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Abstract

What is the effect of imports on productivity? To answer this question, we estimate
a structural model of producers using product-level import data for a panel of Hun-
garian manufacturing firms from 1992 to 2001. In our model with heterogenous firms,
producers choose to import or purchase domestically varieties of intermediate inputs.
Imports affect firm productivity through expanding variety as well as improved input
quality. The model leads to a production function where the total factor productivity
of a firm depends on the share of inputs imported. To estimate this import-augmented
production function, we extend the Olley and Pakes (1996) procedure for a setting
with an additional state variable, the number of input varieties imported. Our results
suggest that the role of imports is both statistically and economically significant. Im-
ports are responsible for 30% of the growth in aggregate total factor productivity in
Hungary during the 1990s. About 50% of this effect is through imports advancing firm
level productivity, while the remaining 50% comes from the reallocation of capital and

labor to importers.
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1 Introduction

Does trade cause growth? Early work, including Coe and Helpman (1995), Barro (1997),
and Frankel and Romer (1999) approached this question using aggregate data. While most
of the evidence suggests that trade has a potentially large effect on income, using macro
data to answer this question may not be satisfactory for two important reasons. First, such
data do not speak about the exact mechanism through which trade affects income. Potential
mechanisms range from R&D spillovers to import competition, and can have different policy
implications. Second, aggregate correlations between trade and productivity are subject to
omitted variable and reverse causality biases, and it is hard to think of instruments for trade
that are not correlated with other determinants of productivity, like institutions or human
capital. Such endogeneity makes it difficult to evaluate the magnitude of the causal effect
of trade on output. These two problems call for caution in using the existing estimates for
policy recommendations.

In this paper, we narrow the scope of the question, and ask: Do imports increase produc-
tivity? To provide an answer, we first build a theoretical model of producers who purchase
intermediate inputs from both domestic and international markets, and then estimate it
structurally using firm level panel data. In this framework, we are able to deal with both
of the difficulties identified above. A structural model allows us to make specific statements
about the relative importance of various channels. Moreover, with firm level panel data we
can make use of recent developments in production function estimation to deal with the
endogeneity of imports. In principle, our estimates can also be applied to explore the effect
of various policy experiments such as a tariff change on aggregate output.

Motivated by a preliminary exploration of the data summarized in Section 2, in Section
3 we build a model where the decision to import a given variety from abroad involves paying
a sunk cost. This assumption is motivated by the observation that in the data, firms almost
never cease to import any given input variety. Because of the fixed cost, in our model the
number of intermediate input varieties imported from abroad (N) is a state variable in the
firm’s dynamic problem. Firms also differ in their productivity levels, and hence will make
different choices about the number of varieties they import. As a result, the model exhibits
cross-firm heterogeneity in both the number of imported varieties and the share of imports
in intermediate inputs, an observation borne out by the data as well. Our model explicitly
identifies two channels through which imports impact firm level productivity: (1) access to
foreign inputs can improve the product mix of intermediate inputs (horizontal differentia-
tion); and (2) domestic inputs may be of inferior quality relative to foreign inputs (vertical
differentiation). In addition, (3) imports can increase aggregate productivity through real-
location of capital and labor to importers.

Our model of importers generates a firm level production function where output depends
on residual productivity, capital, labor, materials, and the share of intermediate inputs im-
ported from abroad. The key variable of interest is the last term, which reflects a combination



of channels (1) and (2). Note that in a traditional production function where the factors
are capital, labor and materials, this term would be subsumed into the firm’s total factor
productivity. The main difficulty with estimating this parameter is that imports are endoge-
nous to unobserved productivity. To deal with endogeneity, in Section 4 we estimate the
production function by extending the empirical methodology developed by Olley and Pakes
(1996) and Levinsohn and Petrin (2003). As in those papers, our estimation proceeds in two
stages.

In the first stage, Olley and Pakes invert the firm’s investment function conditional on
capital to obtain a proxy for unobserved productivity. We follow an analogous procedure
based on the observation that the change in the number of varieties imported (AN) is a
monotonically increasing function of productivity conditional on the state variables capital
and N. Effectively, we treat N as another form of capital, and AN as the investment in this
form of capital. The benefit of using AN instead of investment as a proxy for productivity
is that in our data, 25% of firms have investment equal to zero, and for them the investment
function cannot be inverted. In contrast, only 4% of firms have AN equal to zero. Using
AN in the place of investment, we follow Olley and Pakes and regress output on labor as
well as a non-parametric function of AN and the two state variables capital and N. This
yields a consistent estimate of the labor coefficient. An important lesson of our structural
model is that failing to control for the second state variable N at this stage would yield
inconsistent estimates for the labor share and plague the next estimation stage as well.

We then proceed to the second stage of the Olley-Pakes approach. Here, identification
boils down to exploiting the panel nature of the data to create variation in factors of pro-
duction that is orthogonal to innovations in productivity. A particularly important issue is
exit, which is an endogenous choice of the firm conditional on the state variables capital and
N. Not accounting for exit would bias our key import share coefficient towards zero. As in
Olley and Pakes, we estimate an auxiliary model of exit and use the predicted probabilities
as controls at the second stage. We then identify our coefficient of interest by instrumenting
current import shares with lagged capital, lagged import shares and other lagged variables.
Under the identification assumption that innovations in residual productivity at the firm
level are not correlated with these variables, our approach yields a consistent estimate of the
impact of import markets on firm output.

To implement this estimation procedure, we use a new panel data set of all Hungarian
manufacturing firms employing more than 50 workers between 1992 and 2001. We obtained
trade data at the firm level for very disaggregated product categories (at the 6 digit Har-
monized System level) from the Hungarian Customs Statistics. To this data we merged
balance sheet information from firms’ financial statements. Information on product level
inputs allows us to observe the number of imported varieties which is a key state variable in
the model, making the data particularly suitable for our estimation. Another advantage of
the data is the 10 year long panel dimension.

Our estimation results show that imports have a statistically as well as economically



significant effect on firm level productivity. We find that a 10 percentage point increase in
the share of imports increases firm productivity by 1.8%. To gauge the magnitude of this
effect, note that the average firm in the data increased its import share from 23% to 50%
between 1992 and 2001, implying that the effect of imports on productivity for the average
firm has been 4.9% during this time. This finding suggests that imports have a powerful
effect on productivity at the level of the firm.

What is the effect of imports on aggregate productivity? To answer this question, we
aggregated our firm-level measures to compute an aggregate productivity index for manu-
facturing. With this index, we find that imports account for about 30% of the growth in
aggregate productivity during 1992-2001. A decomposition of the index shows that approx-
imately 50% of this growth is due to increased importing activity. The remaining 50% is
coming from the reallocation of capital and labor to importing firms. Repeating the same
exercise for the subsample of machinery, we find that the data tell a similar story. In par-
ticular, according to the estimates imports are responsible for 38% of the growth in total
factor productivity in the machinery sector in Hungary during the 1990s.

Recently, Amiti and Konings (2005) and Muendler (2004) have explored the impact of
tariffs on productivity in firm level data. The main difference between both of these papers
and our work is that we follow a structural approach. Amiti and Konings, using data from
Indonesia, estimate firm level productivity by implementing the Olley and Pakes procedure,
and then run a reduced-form regression of the resulting estimates on tariff rates. Muendler
estimates a reduced firm production function that is identical to ours using the Olley-Pakes
approach. Because neither of these papers model the effects of import on productivity
formally, they do not include the number of imported varieties N as a state variable in the
first stage of the estimation. This can yield inconsistent estimates of the labor coefficient
and plague the second stage of estimation. In addition, both papers use investment as a
proxy for productivity in the first stage, which may be less satisfactory due to the problem
of zero investment for a number of firms. A final difference relative to both of these papers
is that we also explore the effect of productivity on imports due to reallocation.

Bernard, Jensen and Schott (2005) provide a descriptive study of globally engaged US
firms using a new data set. Tybout (2003) summarizes earlier plant and firm level empirical
work testing theories of international trade. An extremely robust finding of this literature is
that exporting firms are more productive than those selling only domestically (see Bernard
and Jensen (1999), among others).

2 Data

The dataset consists of a panel of Hungarian exporting companies from 1992 to 2001. It has
three major dimensions: firms, products and time. Data were matched from the Customs
Statistics and the firms’ balance sheets and earnings statements.

The Customs Statistics dataset contains the annual export and import traffic of the firms,
both in value (forints and U.S. dollars) and in tons. The traffic is divided into product cate-
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Table 1: Definition of sectors

Machinery  All machinery except electric and data processing machines
Vehicles Vehicles, (not railway, tramway, rolling stock); parts and accessories
Electronics  Household electronics (except "white goods™)

Computers  Automatic data processing machines

Table 2: Number of firms: machinery

Year Domestic  Foreign Total
1992 131 90 221
1993 162 121 283
1994 165 145 310
1995 162 157 319
1996 186 187 373
1997 187 208 395
1998 185 218 403
1999 177 212 389
2000 184 198 382
2001 169 188 357
Total 304 410

gories broken down to 6-digit Harmonized System (HS) level (5,200 categories). However, we
aggregate the data up to the 4-digit level (1,300 categories) because the 6-digit classification
of shipments seems to be very noisy/l]

The sample consists of 2,043 large exporting companies which exported more than 100
million forints in any of the years. These were further broken down into two categories:
domestic (less than 33% foreign ownership) and foreign-owned firms (foreign ownership ex-
ceeds 33%)E] Tables |2 through |5 display how these firms are represented in each of the years
of this unbalanced panel. The average spell in the sample is 5.38 years for domestic and
6.52 years for foreign ﬁrms.rf] During this decade, one of the most important developments
in Hungary was the growing number and market share of foreign firms.

We assign firms into four sectors based on their main export products (see Table .
Tables [6] through [9] display the average firm size over time for each of the sectors. Apart
from computers, where foreign firms tend to be bigger, there is no clear difference between
the size of foreign and domestic firms. Note that firms enter and exit the sample and change
ownership status so the trends in firms size are affected by these composition changes.

'For example, firms very often switch their main export product at the 6-digit level whereas this happens
much less frequently at 4 digits. There is certainly an element of arbitrariness in classifying shipments at
such a finely disaggregated level.

2This roughly corresponds to the median foreign ownership. By far the most common levels of foreign
ownership are either 0 or 100%, so the choice of cutoff does not influence our results.

3Note that some firms change ownership status during the sample. This typically means a domestic firm
being bought by foreign investors. Hence the relatively short spell of domestic firms.



Table 3: Number of firms: vehicles

Year Domestic  Foreign Total
1992 30 27 57
1993 38 39 77
1994 44 41 85
1995 43 45 88
1996 41 60 101
1997 46 67 113
1998 47 72 119
1999 44 73 117
2000 47 70 117
2001 47 60 107
Total 75 115

Table 4: Number of firms: electronics

Year Domestic  Foreign Total
1992 11 12 23
1993 11 15 26
1994 14 16 30
1995 13 18 31
1996 14 24 38
1997 14 27 41
1998 13 30 43
1999 11 33 44
2000 11 29 40
2001 10 33 43
Total 23 49

Table 5: Number of firms: computers

Year Domestic  Foreign Total
1992 7 6 13
1993 10 11 21
1994 6 14 20
1995 9 15 24
1996 8 21 29
1997 9 23 32
1998 10 22 32
1999 10 22 32
2000 11 17 28
2001 11 17 28
Total 16 34

Firms in our sample cover the bulk of Hungarian exports, ranging from 47% in 1992 to a
top of 76% in 1999. We have data on exports for each firm from two sources: their financial
statement and disaggregated customs statistics. The correlation between these two measures
across firms is reassuringly high: 0.953. Foreign firms are more export oriented for obvious



Table 6: Average employment: machinery

Year Domestic  Foreign

1992 508 208
1993 406 197
1994 317 197
1995 313 192
1996 263 202
1997 231 224
1998 213 240
1999 209 254
2000 189 267
2001 190 288

Table 7: Average employment: vehicles

Year Domestic  Foreign

1992 973 140
1993 821 132
1994 564 146
1995 502 190
1996 444 219
1997 426 243
1998 416 262
1999 332 289
2000 276 325
2001 256 332

Table 8: Average employment: electronics

Year Domestic  Foreign

1992 765 423
1993 363 301
1994 469 301
1995 474 362
1996 439 311
1997 502 333
1998 657 367
1999 617 574
2000 731 720
2001 897 859

reasons. The export orientation of the average Hungarian firm increased substantially over
the sample period. There are three channels through which this took place: firms already
in the sample increased their market share, entered new product markets, and new, more
export oriented firms entered the sample.



Table 9: Average employment: computers

Year Domestic  Foreign

1992 343 300
1993 209 220
1994 132 280
1995 176 284
1996 200 255
1997 145 364
1998 387 430
1999 266 614
2000 256 780
2001 255 1159
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Figure 1: Size distribution of importing vs non-importing firms

2.1 Stylized Facts of Firm-Level Imports

This section documents some empirical regularities concerning the import patterns of firms.

Fact 1. There is substantial heterogeneity in the import patterns of firms within a sec-

tor. About 4 — 7% of firms do not import at all. Importing firms are 2-3 times as big as

nonimporting ones.
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Figure 2: Number of products and firm size

Figure [1] displays the size distribution of firms in machinery that do and do not import a
typical product, “gaskets and joints of metal sheeting.” The distribution of importing firms
is shifted to the right, firms that import the product are 7 times as large as firms that do
not.

Note that our sample is restricted to big exporting firms. Firms that have never exported
more than 100 million HUF are excluded. Such firms are likely to be smaller and rely less

on imports.

Fact 2. Foreign firms import more (both more product categories and as a share of total
materials) and imports increase in size.

Figure [2| shows the number of imported products (HS4 categories) by firm size for foreign
and domestic firms. The lines correspond to the LOWESS nonparametric estimate of the
relationship between product number and employment. Product number sharply increases in
size: doubling firm size would increase the number of imported products by 30%. However,
even controlling for firm size, foreign firms tend to import 170% more products than domestic
ones.

This pattern is consistent with a model where importing products entails a fixed cost
(one needs to establish business connections, shop for the product abroad). Larger firms
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Figure 3: Import share and firm size

profit more from buying the product and are more likely to overcome the fixed cost. It is
also plausible that such a fixed cost is considerably lower for foreign firm as they already
have their business networks abroad. Hence they import more products even at the same
size.

We identify a product being imported if the total import shipment in the given HS4
category was positive. Note that the value of shipments is given in units of HUF (not
rounded) so we do no underestimate the number of imported products.

Fact 3. Import intensity increases with firm size and foreign ownership.

The heterogeneity of imports with respect to firm size is further illustrated in Figure
B, which shows the share of imported inputs in total material costs. Bigger firms spend a
bigger fraction of their intermediate input budget on imports. This is consistent with the
fixed cost explanation: larger firms are already present in many import markets and they
hence have the ability to spend a bigger fraction on imports. Again, foreign firms spend a
much larger proportion on imports.

This means that there is a nontrivial demand for imports; firms do not view it as perfect
substitute for domestic inputs.
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Fact 4. Imports are concentrated on a few products, firms spend very little on the remainder

of products.

The average firm spends 45% of its import budget on the largest product category and
only 4% on the fifth largest category. (Some firms import less then five products.)

Figure [4] plots import intensity as a function of the number of imported products. Two
observations stand out. First, the returns to additional imported products sharply diminish.
This is because many of the products are small components with little contribution to overall
material costs. This implies that we cannot treat product categories symmetrically as in a
Dixit-Stiglitz model, we have to account for a diminishing love of Varietyﬁ

Second, foreign firms have a somewhat higher demand for imports, even controlling for
the number of products they import. This may be because they are better at using the
imported inputs in production so they purchase relatively more of each product category.

Fact 5. There is a ranking of products by “importance”: if a product is imported by a firm,
it is also likely to be imported by larger firms.

4See Hummels and Lugovskyy (2004) for a model (and supporting evidence) where the marginal utility
of additional varieties declines.



If the average firm imports a given product then about 40-65% of larger firms within the
same industry will also import that product (depending on the industry considered). The
narrower the definition of an industry, the higher the proportion of importing larger firms.

This implies that a model with a size cutoff, where firms with sizes above the cutoff all
import the product whereas firm below it do not, is a reasonable approximation.

Fact 6. Conditional on industry and firm size, import structures are similar.

In other words, most of the within-sector heterogeneity in import patterns is due to the
heterogeneity in firm size. Other sources of heterogeneity may include differences in the
technology used or differences in the prices faced by importersﬂ

To provide evidence on this regularity, we first sort firms by size and then predict a
counterfactual import share for each product as a nonparametric function of firm size. More
specifically, we take a local average of import share from firms with similar sizes. This
size-predicted import share explains 51-58% of all the variation in import shares.

Fact 7. Growing firms enter into more new product markets whereas shrinking firms do not
exit their existing markets.

Figure |5| plots the share of newly added products (relative to the number of products last
year) and the share of products dropped from the product line against employment growth.
Growing firms add more and more products. This is expected because it becomes easier for
them to overcome the entry cost. Whether shrinking firms drop products depends on the
nature of market entry costs. If entry costs are sunk and cannot be recovered upon exit (e.g.,
establishing business connections), firms will keep on importing their existing products even
if they are shrinking in size. As shown in the Figure, very few products are dropped, even
by firms that are drastically contracting.

Fact 8. Firms importing a bigger fraction of their inputs are less likely to exit.

Around 4% of firms exit each year. Exiting firms import on average 20% less than
surviving firms. Import share significantly (negatively) predicts exit even after controlling
for physical capital (low-capital firms are less likely to exit), employment and employment
growth in the past two years (shrinking firms are more likely to exit). This is again consistent
with the irreversibility of importing: firms already present in many import markets will sit
out productivity troughs rather than exiting the market.

3 A Model of Imports and Productivity

Here we introduce a partial equilibrium model consistent with the above stylized facts.
Firms use capital, labor and materials in their production process, where output is de-
termined according to the production function

Y = QK°LPX7, (1)

®Halpern and Koren (2004) document how import prices vary across buyers.
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Figure 5: Product market entry and exit

with K denoting capital inputs, L labor inputs, X materials and 2 is total factor productivity
(TFP). We assume that materials is a fixed-coefficient aggregate good composed of a number
of different intermediate products

It takes B; units of good ¢ to produce a unit of X. Each good X, is assembled in the firm
from a combination of two varieties, a foreign and a domestic one:
o

X, = [(axe)? + 5,77 ®)
Here the quantity of the foreign and domestic inputs are denoted by X;r and X,y. Foreign
goods are assumed to command an A > 1 quality advantage over domestic goods. We
assume that this advantage is only partly reflected in prices, so the relative price of foreign
and domestic goods is pir/pix = A%, where § € [0,1]. A § of 0 means that quality is not
reflected in the price of the input so all the gains from quality are reaped by the buyer of
the input. A § of 1 means that prices are proportional to quality so there are no gains from

quality to the buyer. Note that it is worth to buy foreign goods even in this case, because
they imperfectly substitute for domestic goods.

13



Note that the production function does not necessarily exhibit constant return to scale.
An alternative formulation could involve a Leontief aggregate of K“L? and X but here
we allow for some substitution between input purchases and labor/capital. For example,
if labor is very cheap, the firm may opt to make the input instead of buying it at arm’s
length. Without modelling the make or buy decision formally, we introduce a Cobb—Douglas
production function with unitary elasticity of substitution.

The firm can only import positive amounts of X,z if it has paid a fixed cost of f for
product i. (Later on, we may model it as a sunk cost, payable only once. We will probably
not have closed-form solutions for that case.)

As stated, the relative price of foreign and domestic goods depends on their relative
qualities,

pir/pin = A°. (4)
If the firm only buys the domestic variant of good 7, it pays a price of

Pi = PiH- (5)

On the other hand, if the firm buys both variants (note that they would always buy the
domestic variant as it does not involve a fixed cost), the ideal price index of good i becomes
p; =pin [1+ACDO] R (6)

The proportional decrease in the cost of acquiring one unit of good 7 is a function of A,

PPl _ ) [q 4 A@D0-9]Y00 (7)
bi

This cost advantage is increasing in A (the quality advantage), and decreasing in § (the price
difference) and € (the elasticity of substitution). Intuitively, if domestic variants are good
substitutes of foreign variants, the benefit of using imports is lower. The ideal price index
for the whole set of intermediate inputs is

P =>" B, (8)

where p; is either pf (if good i is imported) or p; (if it is not). For tractability, we assume
that the gain from foreign inputs, a is the same across goods. Then the ideal price index is

;[1—6125,-]. (9)

1€imp

P=P9|1-a > Bp/P"

1€imp

The term b; = B;p;/ PO is the share of good 7 in total intermediate expenditure if none
of the products are imported. If all firms use the same technology (B;) and face the same
prices (p;) then b;s are the same across firms, too.
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Because the set and composition of intermediate inputs varies across firms, the only
meaningful measure of TFP can be derived from the inverse of marginal cost. The cost

function is
O~y V(etp+y) pe/(atB+y) 8/ (atB+y) py/(atB+7)

If the firm can buy foreign products, it can provide the same composite of intermediate goods
at a lower ideal price index, P. This decreases marginal cost for given factor prices.

Let M = PX denote the total spending on intermediate inputs (observable from the
earnings statement). Then, up to a constant pO),

1—aZbi]_. (10)

1€imp

Y = QKL MY

That is, measured productivity is greater, the greater the set of imported products.
To express productivity as a function of observables, note that we can write the share of
intermediate expenditure spent on imports as

Z PirZiF 0 Zieimp b;
S===— — = |(l—a)—(1—a , 11
S it [(1—a)—(1—-a)’] RS SR (11)

which implies

-1

a

1— bi =1 S, 12

[ D> ] T —a—ay (12)
1€1mp

which is increasing in the import share (S) since § > 1 (foreign and domestic inputs are

gross substitutes).
Taking logs of and using the approximation In(1 + x) ~ z,

y=c+ak+pl+ym+0S+w, (13)

where § = ay/[(1 — a) — (1 — a)?] is positive. That is, TFP is increasing in the share of
imports.
In a standard specification one would estimate

=ak+ pBl+ym + w,

where capital, labor and material cost can be thought of as “traditional inputs,” and w is
total factor productivity (TFP). Here we go one step further and relate TFP to the share of
imported inputs, S. The key parameter of interest is hence 9.

The main challenge of estimating is a well known endogeneity problem: firms with
higher productivity (w) use more variable inputs (I and m) so the error term is not orthogonal
to the explanatory variables. Moreover, high-productivity firms are also more likely to enter
more import markets, as we will show next.
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3.1 Endogenous entry into import markets

When choosing which product markets to enter, the firm minimizes the sum of variable and
fixed costs,

min QLY YV (a+8+y) pa/(etB+y) g8/ (atB+y) pr/(atB+) +nf, (14)
{n}

where n is the number of products imported and f is the per-product fixed cost (assumed
to be the same across firms and products).

Assume without loss of generality that products are ordered by decreasing share, b;. Then
the first n products will be imported, where n is implicitly given by

vY ab,,

oy, T )

This follows directly from the FOC of the minimum problem. The left-hand side is mono-
tonically declining in n, this defines a unique n that is increasing in Y (sales), a (benefit
from imports), and decreasing in f (fixed cost). Large firms with lower fixed costs (e.g.,
foreign-owned firms) import more product varieties.

This implies that conditional on k, [, and m, TFP is positively correlated with the number
of imported products and hence with the share of imports in material costs.

Moreover, as we argued above, there is enormous persistence in import market partici-
pation: once a firm starts importing a product, it very rarely stops. Hence we can assume
that there are two observable firm specific state variables, capital k£ and the number of input
varieties n. The latter is a state variable because the firm is required to pay the sunk cost
associated with using any particular variety only once.

The dynamics of the industry is assumed to be standard, as specified in Olley and Pakes.
In particular, at each point in time, an incumbent firm has three decisions to make. First, it
needs to decide whether to exit or continue in the industry. If it continues, it has to choose
its variable factors (labor, materials, share of high quality inputs) as well as its investment
in capital, and the number of new varieties it wishes to use in production. These latter two
decisions, together with the current capital stock and number of inputs, will determine the
levels of k and n next period.

4 Estimation Framework

As is well known, there are two interrelated endogeneity problems that plague the OLS
estimation of an equation like . First, input demand and unobserved productivity are
correlated, because more productive firms are expected to use more variable inputs. Be-
cause of that, simple OLS estimates would yield inconsistent estimates for the coefficients
of variable inputs, which in our case includes labor [, and material costs m. Relatedly, if
productivity is persistent over time, then more productive firms tend to accumulate more
capital and enter a larger number of import markets; thus higher £ and S will be associated

16



with higher unobserved productivity in the cross section. Because of that, in a cross sectional
OLS regression, the coefficients of £ and S would not be estimated consistently.

The second endogeneity issue is related to the fact that firms endogenously choose when to
exit the market. Firms with more capital or a higher number of imported varieties can afford
to stay in the industry at lower levels of productivity. This implies a negative correlation
between K and () as well as between N and () conditional on staying in the industry and
hence a downward bias in the coefficients of capital inputs.

To deal with these endogeneity problems, we implement an estimation methodology which
is based on the approach followed by Olley and Pakes and Levinsohn and Petrin (2003).

Recall from that for firm ¢ in year t,

Yit = ¢+ aky + Bl + ymy + 05y + wir, (16)

and the endogeneity problem is that unobserved productivity, wy, is correlated with the
explanatory variables.

However, we conjecture that, conditional on observable state variables (k and n), entry
into new import markets (AN) is a monotonic function of productivity,

ANy = f(wit, kit ni,t—1)7 (17)
which is invertible in its first argument to get
wit = (AN, ki, ni,t71>~

Hence
Yir = aki + Bl + ymy + S + g(ANy, kir, nit) + €it, (18)

where € is the part of productivity that is not observable to the firm (i.e. orthogonal to firm
decisions).

From ({18]), we can control nonparametricallyﬁ for ANy, kix and n; ;1 to obtain consistent
estimates of § and . However, because S deterministically depends on n and we do not
know the function g(-), we are unable to identify « and 0 in the first stage.

We assume that unobserved productivity follows a first-order Markov process conditional
on the observed state variables. In particular, we simplify by assuming that w is an AR(1)
process with autocorrelation p,

Et Wit+1 = PWit-

For any given «,  and p, we can subtract p times the lagged TFP from the current estimated
TFP to obtain TFP innovations

Uiy = [yit — aky — Bl — ymi — 5Sit] - pg(Ii,t—h ki,t—ly ni,t—l)-

6In our implementation, this involves running multivariate locally weighted regressions.
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These innovations are orthogonal to all information available at time ¢ — 1, E(u;t|Z; 1) = 0.
We use current and lagged capital, lagged employment, lagged material cost, lagged number
of products, and lagged import share as instruments.

An additional problem is that we do not observe u; for exiting firms, so we can only
calculate E(u;|Z;—1) conditional on firm survival,

E(ui|Zi -1, xit = 0) # E(uit|Z;—1). (19)

To correct for the bias (19)), we first obtain propensity scores for exit by running a logit
regression on physical capital and the number of inputs. As expected, firms with more
capital and importing more inputs are less likely to exit. We then control for this propensity
score nonparametrically in the instrumental variable regression.

Because of the linearity of the production function, the parameters o and d can be
estimated by a linear instrumental variables regression for any given p. The autocorrelation
parameter, p is obtained from a grid search over [0, 1] seeking to minimize the weighted
squared sum of moments. The J-test of overidentification is not rejected in any of the
specifications, meaning that TFP innovations are indeed orthogonal to all of the instruments.

Standard errors and significance levels are obtained from a 200-repetition bootstrap.

5 Results

Tables 11a and 115 display the estimation results. The “OLS” columns show the simple OLS
estimates of for comparison. Significance at 10, 5, and 1% are denoted by *, **, and
ik respectively. We expect the OLS coefficients of freely adjustable inputs (labor, material)
to be upward biased. Firm fixed effects are included in the “FE” columns. Note that the
dependent variable is total sales, not value added. Hence the large coefficients of material
costs and the relatively small coefficients of capital and labor. The “GMM” columns report
the results of the concentrated GMM procedure outlined in the previous section, when import
share is treated as a capital good (state variable). We also report the significance level at
which the coefficients differ from zero. These we obtain from 200-repetition bootstraps.

The OLS regressions indicate a highly significant positive association between import
share and productivity: those spending 0.10 more on imports typically produce 1-2% more
output with the same amount of inputs. However, the causal interpretation of this relation-
ship is limited by the endogeneity problems mentioned earlier.

As suggested in the discussion of the directions of endogeneity, the OLS coefficients of
the freely adjustable inputs (labor and materials) tend to be larger that the GMM estimates,
although the bias is not large. (It is typically significant for the material coefficient but not
for the labor coefficient.) Additionally, both the OLS and the FE estimates of the capital
coefficient tend to be significantly (at 1%) lower than the GMM coefficient, suggesting that
endogenous exit indeed biases this coefficient downward.
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The import share is highly significant for the pooled sample with a point estimate of
0.182]] This means that a 0.10 increase in import share leads to a 1.8% increase in pro-
ductivity. A one-standard-deviation increase in import share (0.33) leads to a 6% increase
in TFP. We further discuss the quantitative importance of this coefficient by looking at the
contribution of imports to aggregate productivity growth in the next subsection.

The sum of the capital, labor and material coefficients is 0.969, which corresponds to a
3% decreasing returns to scale. The coefficient is statistically significantly lower than 1.

We also report results for the subsamples of foreign and domestic firms, as well as the
machinery industry. Because the sample sizes are considerably smaller, the bootstrapped
standard errors tend to be larger in these specifications. However, the import share coeffi-
cient, as well as the other coefficients, remain close to their benchmark estimates. We find
significantly positive import share coefficients for most subsamples, although not for the case
of domestic firms.

We also check the temporal stability of the estimates by running the regressions separately
for the time period 1992 — 1996 and 1997 — 2001 (not reported). The production function
coefficients are not statistically different in the two sub-periods.

Once we obtained consistent estimates of the production function coefficients, we can
estimate log TFP as the residual output, tfpit = Yy — aky — Blit — Amy. We use the
estimated TFP to carry out some specification diagnostics, as well as to analyze the dynamics
of productivity.

First, we check whether the overidentifying restrictions are satisfied. We use six instru-
ments to estimate three parameters (o, d, and p). The x*(3)-test of overidentification is
never significant at any conventional significance level, suggesting that all of the instruments
are orthogonal to TFP innovations.

Second, we look at how estimated productivity relates to the observable decisions of the
firm to judge whether our modelling and estimation choices are justified. After controlling
for capital stock and the number of last-year product markets as state variables, we find that
more productive firms (1) enter more import product marketsﬁ (2) use more variable inputs,
(3) and are less likely to exit. All of these relationships are highly significant statistically.

Third, we test model misspecification by including lagged inputs in a regression of
Yit — Blit — 4my on ki, Sy and a nonparametric function of predicted productivity (@)
and predicted exit probability. The coefficients of lagged inputs are neither individually, nor
jointly significant and the coefficients of k;; and S;; do not change significantly from & and

J.

"Note that the boostrapped standard error is generally not sufficient to assess the significance of & because
the estimates are not symmetrically distributed. We hence report the p-values separately.

8The relationship is strictly monotonic, validating our use of newly imported products as a proxy for
productivity.
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Table 10: Decomposing Aggregate TFP Growth

Machinery, vehicles, electronics, and computers

Year Total TFP  Due to imports Contribution
Within-firm growth 0.95% 0.47% 49%
Reallocation 1.57% 0.40% 25%
Net exit 0.64% 0.07% 11%
Total 3.15% 0.94% 30%

Machinery only

Year Total TFP  Due to imports Contribution
Within-firm growth 1.72% 0.62% 36%
Reallocation 1.11% 0.59% 53%
Net exit 0.95% 0.24% 25%
Total 3.78% 1.45% 38%

5.1 The dynamics of industry productivity

What is the effect of imports on aggregate productivity? To answer this question, we aggre-
gated our firm-level productivity measures to compute an aggregate productivity index for
manufacturing. For any firm ¢ at time ¢, let us introduce the following measure of TFP (A;)
and an index of production inputs (X;),

Ait = exp((SSit -+ wit),
Xit = exp(aki + Bl + ymiz).

It is clear that the output of the firm is Y;; = A; X;:.

Let xy = Xu/ >, i X+ denote the share of firm ¢ in the index of inputs. The average
productivity in the industry is the weighted average of firm productivities, A, = >,z A;.
Productivity growth can be decomposed into the following three components:

AA, = Z Ty 1A Ay + Z Az A + Z Zit(Acontt — Ai—1)- (20)
i€cont i€cont icexit
Average TFP increases if continuing firms improve their TFP, if more productive firms
become relatively bigger, and if exiting firms have lower productivity than continuing firms.
We decompose TFP growth into these three channels.

To assess the quantitative importance of imports in the dynamics of productivity, we
construct the following counterfactual. We calculate residual TFP as A;;/ exp(dS;;). This is
the part of TFP that is not due to imported intermediate inputs. Then we do the decom-
position of equation for this residual TFP. As this grows slower than overall TFP, the
difference can be attributed to the increasing reliance on imports. Average import intensity
increases because (1) firms increase their import share, (2) import-intensive firms become
bigger, and (3) exiting firms are less import-intensive than average.

Table [10] decomposes the average annual growth rate of industry TFP. Between 1992 and
2000, aggregate TFP rose by 29%. This corresponds to an annual growth rate of 3.15%.

20



Around 30% of aggregate productivity growth is attributable to a change in the import
exposure of firms.

Recall from equation that aggregate TFP growth can be decomposed into the within-
firm TFP growth of continuing firms, the reallocation of resources towards more productive
firms, and the exit of less productive firms. The first column of the table shows this de-
composition for total TFP. The majority of growth is coming from a reallocation across
continuing firms (1.57%).

The second column shows the same decomposition for the role of imports in productivity
growth. The biggest source of import-related TFP growth is that firms increase their import
share over time (0.47%). However, the reallocation of resources towards import-intensive
firms contributes a comparable magnitude to annual productivity growth (0.40%).

6 Conclusion

This paper asks whether firms importing more become more productive. To obtain an
answer, we first build a model of importers where importing a given product variety has a
fixed cost, hence the number of varieties imported is a state variable. Such a model captures
many of the stylized facts we find in a panel of Hungarian manufacturing firms between 1992
and 2001. Our model leads to a production function where productivity depends on the
import share of inputs.

We then estimate this production function by extending the Olley and Pakes (1996)
procedure to allow for two state variables, using entry in import markets to back out pro-
ductivity. We have two main lessons from the estimation. First, imports have a large and
significant effect on productivity: they account for 30% of the increase in productivity during
the 1990s in Hungary. Second, reallocation effects are large: about half of the productivity
growth caused by imports is a consequence of the reallocation of factors to importers. In fu-
ture research, we intend to use our model and estimates to study various policy experiments,
such as the effects of tariff reduction on productivity.
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Table 11a: Production function estimates for all industries

Pooled
OLS FE GMM se.  p

Capital 0.044***  0.016** 0.089***  (0.014) 0.00
Labor 0.166***  0.170***  0.162*** (0.018) 0.00
Materials 0.747***  0.732***  0.718*** (0.022) 0.00
Import share 0.196***  0.205 0.182***  (0.181) 0.00
rho 0.19***  (0.205) 0.36
Observations 3615 3615 2908

R-squared 0.95 0.88

J-test of overid. 0.003 Chi2(3) 0.95

Foreign firms

OLS FE GMM Se. p

Capital 0.040***  0.017 0.074***  (0.029) 0.00
Labor 0.205***  0.167***  0.203*** (0.027) 0.00
Materials 0.728***  0.720***  0.705*** (0.026) 0.00
Import share 0.118***  0.340 0.090* (0.721) 0.06
rho 0.000 (0.348) 1.00
Observations 1991 1991 1597

R-squared 0.95 0.88

J-test of overid. 0.010 Chi2(3) 0.89

Domestic firms

OLS FE GMM Se. p

Capital 0.027***  0.017* 0.057***  (0.024) 0.01
Labor 0.165***  0.168***  0.163*** (0.029) 0.00
Materials 0.754***  (0.780***  0.740*** (0.034) 0.00
Import share 0.156***  0.256* 0.285 (0.871) 0.45
rho 0.460 (0.263) 0.14
Observations 1624 1624 1177

R-squared 0.95 0.87

J-test of overid. 0.002 Chi2(3) 0.97

Notes: Dependent variable is log sales. *,**, and *** denote significance at
10%, 5%, and 1%. The FE specification includes firm fixed effects. The
GMM specification corresponds to the estimation procedure outlined in
Section 5. Standard errors and two-tailed p-values for difference from zero
are obtained from a 200-repetition bootstrap.



Table 11b: Production function estimates for machinery

Pooled
OLS FE GMM S.e. p

Capital 0.038***  0.016** 0.095***  (0.017) 0.00
Labor 0.165***  0.170***  0.157***  (0.020) 0.00
Materials 0.755***  0.732***  0.719***  (0.025) 0.00
Import share 0.245***  0.205 0.258** (0.254) 0.03
rho 0.280 (0.205) 0.25
Observations 2726 2726 2187

R-squared 0.94 0.88

J-test of overid. 0.003 Chi2(3) 0.95

Foreign firms

OLS FE GMM S.€. p

Capital 0.045***  0.017 0.092***  (0.031) 0.00
Labor 0.194***  0.167***  0.185***  (0.031) 0.00
Materials 0.738***  0.720***  0.703***  (0.034) 0.00
Import share 0.194***  0.340 0.170* (0.839) 0.09
rho 0.000 (0.325) 1.00
Observations 1426 1426 1145

R-squared 0.95 0.88

J-test of overid. 0.007 Chi2(3) 0.91

Domestic firms

OLS FE GMM S.e. p

Capital 0.015* 0.017* 0.052** (0.023) 0.04
Labor 0.165***  0.168***  0.161***  (0.029) 0.00
Materials 0.755***  0.780***  (0.735***  (0.040) 0.00
Import share 0.195***  (0.256* 0.280 (0.862) 0.41
rho 0.410 (0.286) 0.14
Observations 1300 1300

R-squared 0.95 0.87

J-test of overid. 0.001 Chi2(3) 0.98

Notes: Dependent variable is log sales. *,**, and *** denote significance at
10%, 5%, and 1%. The FE specification includes firm fixed effects. The
GMM specification corresponds to the estimation procedure outlined in
Section 5. Standard errors and two-tailed p-values for difference from zero
are obtained from a 200-repetition bootstrap.
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