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Abstract

We study the effects of capital account liberalization on firm capital allocation
and aggregate productivity in 10 Eastern European countries. First, we use ag-
gregate data and show that opening the capital account is associated with higher
aggregate total factor productivity. Second, we use a large cross-country firm-
level dataset and show that capital account liberalization decreased the variance
of the marginal revenue product of capital, particularly in sectors more depen-
dent on external finance. Finally, we use a model of misallocation and find that
capital account liberalization increased manufacturing productivity through a
more efficient firm capital allocation by 8% to 13%.
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1 Introduction

In the last three decades, many developing countries have opened their capital ac-

counts, lifting legal restrictions imposed on international capital transactions. There

is a growing consensus that capital account liberalization leads to higher economic

growth (Quinn and Toyoda, 2008). In this paper, we use a large cross-country firm-

level dataset to explore the microeconomic mechanisms through which opening the

capital account leads to higher economic growth. The existing literature has shown

that restrictions on capital account transactions reduce the supply of capital, raise

the cost of financing, and increase firms’ financial constraints (Forbes, 2007b). In this

paper, we show that the reduction of financial constraints induced by capital account

liberalization leads to a more efficient allocation of capital across firms and to higher

aggregate productivity.

We focus our analysis on the episode of capital account liberalization in 10 Eastern

European countries in the late 1990s and early 2000s. The timing of these events was

driven primarily by the process of accession to the European Union (EU).1 We start

our analysis using aggregate data and we show that capital account liberalization is

associated with an increase in the ratio of capital inflows to GDP, an increase in the

ratio of private bank credit to GDP, and a decrease in the interest rate spread between

deposit and lending rates.2 These results suggest that capital account liberalization

led to capital deepening and a more efficient process of financial intermediation.

Next, we exploit the variation in the timing of the capital account opening events

across countries to analyze the relationship between capital account liberalization and

aggregate total factor productivity (TFP).3 We find that capital account liberalization

is associated with an increase in aggregate TFP of 13%. There are several factors that

could be driving these aggregate TFP gains. In this paper, we argue that a key factor

is a more efficient allocation of capital across firms.4

1Most of the countries in the sample were seeking EU membership and EU candidate countries
had to fully liberalize their capital account by the time of EU accession.

2We define a capital account liberalization event as a jump in two units in the capital account
openness index developed by Abiad et al. (2010).

3We estimate aggregate TFP as the Solow residual of an estimated Cobb-Douglas country produc-
tion function.

4Alternatively, aggregate TFP could increase as the result of within-firm technological improve-
ments.
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To guide our analysis, we employ a variant of the Hsieh and Klenow (2009) model

of misallocation. In the model, firms in each sector face distortions to their production

choice. We assume that part of these distortions take the form of financial constraints,

which are a consequence of capital account restrictions. These distortions prevent

firms from equating their marginal revenue product of capital (MRPK) to the cost

of capital. As a result, the MRPK is not equalized across firms operating in the

same sector. A higher degree of capital misallocation, measured by the within-sector

variance of the MRPK, reduces sectoral TFP. By reducing financial constraints, capital

account liberalization should reduce the cross-sectional variance of the MRPK, leading

to sectoral TFP gains.

Guided by the model, we use a large cross-country firm-level dataset to estimate

the effect of capital account liberalization on the within-sector variance of the MRPK

across firms. Previous work by Rajan and Zingales (1998) has shown that financial

constraints are particularly binding for firms in sectors more dependent on external

finance. We document that in fact the variance of the MRPK is systematically higher

in more financially dependent manufacturing sectors.5 We take advantage of this fact

and exploit the within-country variation in external financial dependence across sectors.

This identification strategy allows us to estimate the causal effect of opening the capital

account on capital misallocation. We find that capital account liberalization reduced

the variance of the MRPK, particularly in sectors more reliant on external finance.

Next, we use our model of misallocation to map the reduced-form estimates into

aggregate TFP gains. The goal is to calculate the effects of capital account liberal-

ization on aggregate TFP coming exclusively from a more efficient capital allocation

across firms. We first use the estimated changes in the within-sector variance of the

MRPK to calculate the sectoral TFP gains. Then, we aggregate all sectoral TFP gains

to calculate the aggregate TFP gains. According to our calculations, capital account

liberalization increased aggregate TFP through a more efficient firm capital allocation

by 8% to 13%. Because manufacturing output in our sample of countries accounts for

roughly one-third of total output, our results indicate that an improved firm capital

allocation explains 20% to 33% of the estimated total aggregate TFP gains.

Finally, we report several additional tests that further strengthen our results. First,

5We define external financial dependence as the fraction of capital expenditures not financed with
internal cash flows.
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we construct the model-implied ratio of actual to optimal sectoral TFP, which captures

the total degree of misallocation (i.e., capital and labor) in a sector. We find that

capital account liberalization increased the actual-to-optimal ratio of TFP, particularly

in sectors with high financial dependence. Second, because old firms have had time

to accumulate internal funds, they should be less financially constrained than young

firms. We show that opening the capital account decreased the difference in the MRPK

of young and old firms, especially in financially dependent sectors. We also project our

measure of MRPK into age and find that the entire decline in the variance of the MRPK

was due to a reduction in the variance of the MRPK explained by differences in firm

age. Third, we show that capital account liberalization increased the capital stock

more in sectors dependent on external finance, suggesting that the policy improved

both the within-sector and the across-sector allocation of capital.

Overall, our paper makes three contributions. The first contribution is to the lit-

erature on capital account liberalization and economic growth.6 Our paper is the first

to connect capital account openness and aggregate TFP through the efficiency of firm

capital allocation. We can do this because we have assembled a cross-country firm-

level dataset. Harrison et al. (2004) and Forbes (2007a) use micro-level data to show

that restrictions on capital account transactions increase firms’ financial constraints.7

We build on their work and show that by reducing financial constraints, capital ac-

count liberalization improves the allocation of firm capital, leading to higher aggregate

productivity.

Our paper also contributes to the literature on resource misallocation and aggregate

productivity. We build on the work of Hsieh and Klenow (2009) and measure sectoral

misallocation with the variance of the marginal product of factors. We use the same

model as Hsieh and Klenow (2009) to map our reduced-form estimates into aggregate

TFP changes. More recent work has analyzed the links between finance, misallocation,

and aggregate productivity through the lens of quantitative models (Buera et al., 2011;

Midrigan and Xu, 2014; Moll, 2014). Our paper contributes to this literature by linking

a concrete policy, capital account liberalization, to changes in firm capital allocation

and aggregate productivity.

6See, among others, Henry (2000), Bekaert et al. (2005), and Quinn and Toyoda (2008).
7Chinn and Ito (2006) and Alfaro et al. (2007) use aggregate data and show that capital account

liberalization leads to higher financial development and higher capital inflows, respectively.
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Finally, we contribute to the literature of financial markets and resource allocation.

Rajan and Zingales (1998) show that sectors that are more dependent on external

finance grow disproportionally faster in countries with more-developed financial mar-

kets. Wurgler (2000) documents that financially developed countries increase invest-

ment more in their growing sectors and decrease investment more in their declining

sectors. Gupta and Yuan (2009) and Levchenko et al. (2009) show that financial liber-

alization increases output, particularly in financially dependent sectors. Because these

papers use sectoral data, they can only analyze resource allocation across sectors. We

contribute to this literature by using firm-level data, which allows us to go one step

further and analyze the within-sector resource allocation across firms.

The remainder of the paper is structured as follows. In Section 2, we document the

institutional details of the capital account opening events and explain how we measure

capital account liberalization. In Section 3, we analyze the effects of opening the capital

account on capital inflows, financial intermediation, and aggregate TFP. In Section 4,

we lay out the analytical framework we use to guide the measurement of misallocation

and its effects on aggregate TFP. Section 5 reports the main results of the paper about

the effects of capital account liberalization on capital misallocation. In Section 6, we

use our model to map the reduced-form estimates into aggregate TFP gains. In Section

7, we present additional results supporting our claims. Section 8 concludes.

2 Capital Account Liberalization

In this section, we describe the institutional details of capital account liberalization in

Eastern Europe and explain the capital account openness index we use in the paper.

2.1 Institutional Background

Our sample consists of 10 Eastern European countries: Bulgaria, Czech Republic,

Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Russia, and Ukraine. The

composition of the sample is driven by firm-level data availability.8 All of these 10

countries, except Russia and Ukraine, are current members of the European Union

(EU). Czech Republic, Estonia, Hungary, Latvia, Lithuania, and Poland joined the

8The coverage of additional Eastern European countries in our firm-level dataset, Amadeus, is
extremely poor.
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EU in the first wave of accession in 2004. Bulgaria and Romania joined the EU in the

second wave of accession in 2007.

During the 1990s, these countries were transitioning from command economies to

market-based economies. As a first step, they had to establish current account convert-

ibility (Bakker and Chapple, 2003). The Baltic States were the first to attain Article

VIII status at the IMF. Prospective EU accession served as the ultimate anchor for cap-

ital account liberalization for most transition economies (Arvai, 2005). EU candidate

countries had to fully liberalize their capital account by the time of EU accession, as

the free movement of capital was one of the major principles of the EU.9 The aspiration

of some of the EU countries for OECD membership was also an important factor in

opening the capital account. Czech Republic, Hungary, and Poland applied for OECD

membership in 1993-94. Along with EU negotiations, OECD accession discussions pro-

vided the roadmap for capital account liberalization in these three countries, as they

were required to specify a timetable for removing the remaining restrictions. OECD

members had to eliminate restrictions on capital movements between one another, but

they had the right to proceed gradually.

2.2 Capital Account Openness Index

The traditional approach to measuring capital account openness is to use the informa-

tion provided by the IMF’s “Annual Report on Exchange Arrangements and Exchange

Restrictions” (AREAER). The AREAER reports the extent of rules and regulations

affecting cross-border financial transactions. In this paper, we use the index of capital

account openness developed by Abiad et al. (2010), which captures both the extent and

intensity of capital account restrictions. We use this openness index because it reports

data for the 10 Eastern European countries for which we have Amadeus data. Other

liberalization measures, such as the ones developed by Bekaert et al. (2005) (used by

Gupta and Yuan 2009) or Kaminsky and Schmukler (2008) (used by Levchenko et al.

2009), are not only available for any of the 10 countries in our sample.

The Abiad et al. (2010) openness index is constructed from the following three

9The EU acquis, however, do not contain procedural steps on the sequencing of capital account
liberalization for candidate countries. Countries need to commit themselves to a schedule of capital
account liberalization during negotiations for EU membership.
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questions, each of which is assigned a 0/1 score:10

1. Is the exchange rate system unified?

- Coded as 0 when a special exchange rate regime for either capital or current

account transactions exists

- Coded as 1 when the exchange rate system is unified

2. Does a country set restrictions on capital inflows?

- Coded as 0 when significant restrictions exist on capital inflows

- Coded as 1 when banks are allowed to borrow from abroad freely without

restrictions and there are no tight restrictions on other capital inflows

3. Does a country set restrictions on capital outflows?

- Coded as 0 when restrictions exist on capital outflows

- Coded as 1 when capital outflows are allowed to flow freely or with minimal

approval

The capital account openness index is calculated as the sum of the scores of the

individual questions. It ranges from 0 (fully closed capital account) to 3 (fully liber-

alized capital account). A value of 1 corresponds to a partially closed capital account

and a value of 2 to a largely liberalized capital account. Figure 1 plots the evolution

of the capital account openness index for the 10 Eastern European countries during

1996-2005, the time period for which we have firm-level data.

[Insert Figure 1 here]

From the figure, we can observe that half of the countries start the sample period

with a fully liberalized capital account: Estonia, Hungary, Latvia, Lithuania, and

Poland. These are the countries that became EU members in the first wave of accession.

Czech Republic, which also joined the EU in the first accession wave, took a more

cautious attitude towards capital account liberalization, because it had a relatively

high external debt that made the country more vulnerable to external shocks. In

May 1998, Czech Republic made an amendment to the Foreign Exchange Act, which

eliminated the remaining restrictions on capital inflows.

10The Abiad et al. (2010) data provides information for the sum of the score of the three questions,
but not for the individual scores.
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The two countries that became EU members in the second wave of accession (Bul-

garia and Romania), liberalized their capital accounts later on. Bulgaria passed the

Foreign Exchange Law in September 1999, which eliminated all restrictions on capital

inflows. Romania, took a more cautious approach and eliminated most restrictions on

capital inflows in 2001 and the remaining restrictions in 2003. The figure shows that

the capital openness index of Russia fell in 1999. This was the result of the introduction

of capital outflow controls in response to the 1998 financial crisis. These controls were

eliminated in 2001 and by 2003 Russia had a fully liberalized capital account. Finally,

Ukraine is the only country in the sample that remained partially closed throughout

the whole period.

3 Aggregate Evidence

In this section, we use aggregate data to analyze the effects of capital account lib-

eralization on capital inflows and the efficiency of financial intermediation. We then

estimate the effects on aggregate productivity.

3.1 Effects on Capital Inflows and Financial Intermediation

We obtain data on gross private capital inflows from the IMF’s BOPS dataset (Bal-

ance of Payments Statistics). Private capital inflows are the sum of foreign direct

investment, portfolio investment, and other investment. We normalize capital inflows

expressed in nominal U.S. dollars by nominal GDP of the recipient economy. The

average ratio of capital inflows to GDP for all countries during 1996-2005 was 9.8%,

with a standard deviation of 6.2%. The data on private credit and the interest rate

spread between deposit and lending rates comes from the World Bank’s WDI dataset

(World Development Indicators). Private credit is the domestic credit to private sector

by banks, which we normalize by each country’s nominal GDP. During 1996-2005, the

average credit-to-GDP ratio in our sample was 25.5%, with a standard deviation of

15.5%. The interest rate spread is the difference between the interest rate charged by

banks on loans and the interest rate paid for deposits. The average spread during this

period was 13.9%, with a standard deviation of 28%.

To analyze the effect of capital account liberalization on these variables, we conduct

a difference-in-differences test that takes advantage of the fact that the opening events
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occurred at different points in time:

(
CapitalInflows

GDP

)
ct

= α + βCapitalOpennessct−1 + γXct−1 + δc + δt + εct, (1)

where
(
CapitalInflows

GDP

)
ct

denotes the ratio of gross capital inflows to GDP of country

c in year t. We also use as dependent variables the ratio of private bank credit to GDP

and the interest rate spread. CapitalOpennessct−1 is the lagged Abiad et al. (2010)

capital account openness index. We lag the openness index by one year to capture the

delays in policy implementation. The specification includes country fixed effects (δc) to

control for time-invariant country characteristics and year fixed effects (δt) to control

for aggregate shocks affecting all countries equally. We cluster standard errors at the

country level.11

The coefficient of interest is β, which is identified from the cross-country, cross-

time variation in the capital account opening events. It estimates the pre-post change

in capital inflows in a country opening its capital account, relative to the pre-post

change in countries that are not changing capital account policy. To address the

possibility that other policies could be taking place at the same time than capital

account liberalization, we control for the two most important pro-market policies in

transition economies: privatization and trade liberalization (Xct−1).
12

Table 1 reports the results, with and without controls. We define a capital ac-

count liberalization event as an increase in two units in the capital openness index, i.e.,

∆CapitalOpenness = 2. According to column (2), capital account liberalization is as-

sociated with an increase in the capital inflows-to-GDP ratio of 2.8 percentage points

(=2*1.4). This is a sizable effect, explaining 45% of the capital inflows standard de-

viation (=2.8/6.2). Column (4) shows that capital account liberalization is associated

with an increase in the private credit-to-GDP ratio of 5.6 percentage points (=2*2.8),

which explains 22% of the private credit variation (=5.6/25.5). From column (6), we

observe that capital account liberalization is associated with a decrease in the interest

rate spread of 6 percentage points (=2*3).

11This allows us to account for the within-country correlation of capital inflows across time.
12We use the privatization and trade liberalization indices developed by the European Bank of

Recovery and Development (EBRD, 1999, 2005).
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These results should be interpreted with caution. Because the timing of the capital

account opening events was largely determined by the process of EU accession, it is

unlikely that our results are driven by reverse causality. However, it is possible that

the timing of these events coincided with other policies or unobserved shocks. We

therefore view these results as suggestive evidence that capital account liberalization

led to capital deepening and a more efficient process of financial intermediation.

[Insert Table 1 here]

3.2 Effects on Aggregate Productivity

The data to construct aggregate TFP comes from the Penn World Tables (PWTs)

version 8.0. The PWTs provide data on real GDP, capital stock, and employment for

the 10 countries during 1996-2005. The PWTs compute real GDP by using country-

level price deflators. The capital stock for each country is computed using the perpetual

inventory method. We assume that the aggregate production function is Cobb-Douglas

with constant returns to scale, which is consistent with the model we develop below:13

Yc = TFPc K
γc
c L1−γc

c , (2)

where Yc denotes aggregate output of country c, TFP is aggregate productivity, K

is the aggregate capital stock, and L is aggregate labor. γs denotes the country-specific

capital elasticity. We take logs of Equation (2) and measure aggregate TFP residually:

log(TFPc) = log(Yc)− γc log(Kc)− (1− γc) log(Lc). (3)

To measure the country-level factor elasticities, we take advantage of the constant

returns to scale assumption. This allows us to measure the labor elasticity for each

country as the ratio of labor compensation to income, a variable which we obtain

from the PWT. The capital elasticity is calculated residually as one minus the labor

elasticity. The average log TFP for the 10 countries during 1996-2005 is 4.55, with a

standard deviation of 0.45.14

13See Equation (12) of Section 4.
14Table A.1 of the Appendix provides detailed summary statistics of GDP, capital stock, employ-

ment, and log TFP by country during 1996-2005.
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To estimate the effect of capital account liberalization on aggregate productivity,

we exploit the variation in the timing of the opening events and estimate the following

generalized difference-in-differences specification:

log(TFPct) = α + βCapitalOpennessct−1 + γXct−1 + δc + δt + εct, (4)

where TFPct is total factor productivity of country c in year t. The specification

includes country fixed effects and year fixed effects. The coefficient of interest is β,

which is identified from variation in the timing of the capital account opening events

across countries. It estimates the pre-post change in aggregate TFP in a country

opening its capital account, relative to the pre-post change in countries that are not

changing capital account policy.

Table 2 reports the results, for different sets of country controls. The effect of capital

account openness is positive, significant, and stable across specifications. According

to column (3), our preferred specification, capital account liberalization is associated

with an increase in aggregate TFP of 13% (=0.066*2). The magnitude of the effect is

sizable, explaining almost 30% of the standard deviation of log TFP (=0.013/0.45).

[Insert Table 2 here]

4 Analytical Framework

In this section, we present a model to understand the relationship between capital

misallocation and aggregate productivity. The model serves two purposes. First, we

use it to identify the sector-level measures of misallocation of resources across firms.

Second, in Section 6, we use the model as an accounting device to map changes in

sectoral misallocation into changes in aggregate productivity.

4.1 Setup

We follow Hsieh and Klenow (2009) and assume that aggregate output is the Cobb-

Douglas aggregate of sectoral output:

Y =
∏
s

Y θs
s ,
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where Y denotes aggregate output and Ys is the output of sector s. θs ∈ (0, 1) denotes

the sectoral shares, where
∑

s θs = 1. The demand for each sector is given by:

PsYs = θsPY,

where P denotes the aggregate price index and Ps the price of sector output s. The

sectoral output is the CES-aggregate of the output of Ms differentiated goods produc-

ers:

Ys =

(
Ms∑
i=1

Y
σ−1
σ

si

) σ
σ−1

,

where Ysi denotes output of firm i in sector s and σ > 1 denotes the elasticity of sub-

stitution within sectors. Within a sector, firms compete in a monopolistic competition

setting. The demand for the output of each firm is:

Psi =

(
Ys
Ysi

) 1
σ

Ps. (5)

Finally, each firm produces output according to a constant returns to scale function,

using capital Ksi and labor Lsi. Firms may also differ in their productivity Asi.

Ysi = AsiK
αs
si L

1−αs
si ,

where αs denotes the capital elasticity, which is assumed to be the same for all firms

in the same sector. Firms face distortions to their production choice, given by wedges

τ ysi and τ ksi to output and capital, respectively. Consequently, profits can be written as:

πsi = (1− τ ysi)PsiYsi − wLsi − (1 + τ ksi)RKsi.

The wedges capture in a reduced form way the market frictions that firms may be

facing. In this paper, we do not make any attempt in modeling these underlying

frictions, because we only use the model as an accounting framework.

In maximizing profits, firms equate the marginal revenue products to the factor

costs:

MRPKsi =
(1 + τ ksi)R

(1− τ ysi)
MRPLsi =

w

(1− τ ysi)
,
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where MRPKsi and MRPLsi denote the marginal revenue product of capital and

labor, respectively, and R and w denote the cost of capital and the wage rate, re-

spectively. Thus, the presence of frictions induces dispersion in the marginal revenue

products across firms in the same sector. While there are certainly many frictions that

may generate dispersion in the marginal revenue products across firms, one such rea-

son may be restrictions on capital account transactions. For instance, it is well known

that small and young firms rely on financing primarily through banks, while larger and

more established firms have access to additional sources of funding (Beck et al., 2006).

If capital in the banking system is limited, for instance because of international capital

controls, banks may charge higher lending rates and have tougher lending standards

for small and young firms, while capital access for larger and more established firms

might be largely unaffected.15 This would lead to dispersion in the MRPK across firms.

4.2 Misallocation and Sectoral TFP

We can use the model to derive an expression for physical sectoral TFP as a function

of firm-level productivities Asi and wedges τ ysi and τ ksi for all firms:

TFPs =

[∑Ms

i=1

(
Asi

(
1−τysi
1+τksi

PsiYsi
PsYs

)αs (
(1− τ ysi)PsiYsiPsYs

)1−αs)σ−1
σ

] σ
σ−1

(∑Ms

i=1
1−τysi
1+τksi

PsiYsi
PsYs

)αs (∑Ms

i=1(1− τ
y
si)

PsiYsi
PsYs

)1−αs . (6)

In contrast, if resources were perfectly allocated within a sector, TFP would equal:

TFP ∗
s =

(
Ms∑
i=1

Aσ−1
si

) 1
σ−1

. (7)

When wedges and productivity within a sector are jointly lognormally distributed,

Hsieh and Klenow (2009) show that the deviation of TFP from its optimal level can

be written as:16

log(TFPs) = log(TFP ∗
s )− σ

2
σ2
y + σαsσky −

αs(1− αs)
2

σ2
k, (8)

15Forbes (2007b) reviews evidence showing that controls on capital account transactions increase
financial constraints particularly for small firms.

16This is the formula in the correction appendix of Hsieh and Klenow (2009).
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where σ2
y denotes the variance of log(1− τ ysi), σ2

k is the variance of log(1 + τ ksi), and σky

is the covariance between the two terms.

We further decompose Equation (8) to arrive at an equation describing the total

misallocation losses of TFP as a function of observable moments in the data, i.e., the

variance of log MRPK, the variance of log MRPL, and the covariance between the log

MRPK and log MRPL:

V ar (log (MRPKsi)) = σ2
k + σ2

y − 2σky

V ar (log (MRPLsi)) = σ2
y (9)

Cov (log (MRPKsi) , log (MRPLsi)) = −σky + σ2
y.

We can then re-express sectoral TFP as:

log(TFPs) = log(TFP ∗
s )− κ1sV ar (log (MRPKsi))

− κ2sV ar (log (MRPLsi))− κ3sCov (log (MRPKsi) , log (MRPLsi)) ,

(10)

where κ1s, κ2s, κ3s > 0.17 The degree of sectoral misallocation is therefore fully sum-

marized by the variance of the MRPK, the variance of the MRPL, and the covariance

between the two terms. The larger each of these measures, the larger is the degree

of misallocation and the lower is sectoral TFP. In the empirical analysis of the next

section, we will focus on these three measures of misallocation.

As explained above, restrictions on capital account transactions should lead to

dispersion in the MRPK across firms, because these restrictions limit domestic bank

lending. Because opening the capital account allows banks to borrow from abroad and

to increase domestic lending, this policy should then reduce differences in the access

to finance across firms. This, in turn, should lead to a reduction in the dispersion of

the MRPK across firms and hence to a more efficient allocation of capital. In contrast,

there is no immediate reason to believe that a capital account opening event would

affect frictions in the labor market that lead to a change in the dispersion of the

MRPL across firms.

Because, as explained below, we only have data on firm-level sales (PsiYsi), but

not on firm-level prices (Psi), we cannot measure physical output Ysi and back out

17The parameters κ are given by κ1s = 1
2

(
σα2

s + αs(1− αs)
)
, κ2s = 1

2

(
σ(1− αs)

2 + αs(1− αs)
)
,

and κ3s = (σ − 1)αs(1− αs).
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physical productivity Asi. Therefore, we cannot use Equation (6) to measure sectoral

productivity TFPs. This means that we are not able to appreciate the full effects of

capital account liberalization on aggregate productivity, which may work both through

changes in misallocation and changes in within-firm productivity. In Equation (10),

the latter effect would be captured by changes in TFP ∗
s .

The approach we take in the paper is to estimate in a difference-in-differences

setting the effects of capital account liberalization on the three measures of misalloca-

tion identified in Equation (9). We denote these estimates by ∆V ar (log(MRPKsi)),

∆V ar (log(MRPLsi)) and ∆Cov (log(MRPKsi), log(MRPLsi)), respectively. Then,

we use Equation (10) to map these reduced-form estimates into sectoral TFP gains.

This will provide an estimate of the effects of capital account liberalization on sectoral

TFP coming exclusively from a more efficient capital allocation across firms. That is,

we compute:

∆ log(TFPs)
Firm Allocation = −κ1s∆V ar (log(MRPKsi))− κ2s∆ (V ar log(MRPLsi))

− κ3s∆Cov (log(MRPKsi), log(MRPLsi)) (11)

While capital account liberalization could also affect within-firm physical produc-

tivity, Equation (11) captures only the misallocation effects of the policy.

4.3 Changes in Misallocation and Aggregate TFP

The final step is to aggregate changes in sectoral TFP into changes in aggregate TFP.

Aggregate output is given by:

Y =
∏
s

(
TFPsK

αs
s L

1−αs
s

)θs
= TFP ∗K

∑
s αsθsL

∑
s(1−αs)θs , (12)

and we can express aggregate TFP as:

TFP =
∏
s

(
TFPs

(
Ks

K

)αs (Ls
L

)1−αs
)θs

,

and log TFP is therefore:

log(TFP ) =
∑
s

θs log(TFPs) +
∑
s

αsθs log

(
Ks

K

)
+
∑
s

(1− αs)θs log

(
Ls
L

)
.
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We compute the change in aggregate TFP driven by a more efficient within-sector

allocation of resources as follows:

∆ log(TFP )Firm Allocation =
∑
s

θs∆ log(TFPs)
Firm Allocation, (13)

where ∆ log(TFPs)
Firm Allocation is obtained from Equation (11). In Section 6, we use

this analytical framework to translate the reduced-form estimates of Section 5 into an

estimate of the effect of capital account liberalization on aggregate TFP that is due

only to a reduction in within-sector misallocation.

5 Micro Evidence

5.1 Firm-level Data

The firm-level data we use comes from Amadeus. Amadeus is a commercial dataset

provided by Bureau van Dijk (BvD). It contains financial information on millions of

publicly traded and private firms across Western and Eastern European countries.

BvD collects data from local information providers, which in most cases are the local

company registers. The firms covered by Amadeus also contain small and medium-sized

enterprises (SMEs). Because financial frictions are particularly binding for smaller and

younger firms, this represents a distinct advantage over datasets that only contain

listed companies (e.g., Worldscope), because listed companies are typically larger and

older.18

The dataset comes in yearly versions and each vintage includes up to 10 years of

information per firm. If a firm stops filing, it remains in the dataset for four con-

secutive years and is then dropped. As explained in the Appendix, we overcome this

survivorship bias by appending various versions of Amadeus. We follow the literature

on productivity and focus exclusively on manufacturing firms. In the Appendix we ex-

plain the step-by-step data cleaning procedure. After cleaning the data, we are left with

roughly 470,000 observations for 135,000 companies from 1996 to 2005. We measure

the capital stock of a firm by its fixed assets (i.e., property, plant, and equipment).19

18Table A.2 of the Appendix reports the distribution of employment across firms in different size
bins. The two bottom rows compare the average across countries in Amadeus with data on the
universe of firms from Eurostat.

19Due to the nature of the filing requirements, we are unable to capture entry or exit if entrants are

15



Table 3 reports the firm-level summary statistics of sales, capital stock, and log

MRPK by country during 1996-2005. The first column reports the number of firms for

each country. The differences in the number of firms across countries is due to varied

filing requirements for companies. In most cases, these filing requirements are related

to size criteria or to the mode of incorporation. We can compare the coverage of firms

in Amadeus with the coverage of firms in UNIDO’s Industrial Statistics Database

(INDSTAT), which covers the universe of manufacturing firms in each country and

sector.20 The country with the most comprehensive coverage relative to UNIDO is

Romania; the country with the least comprehensive coverage is Ukraine.

In the second column of Table 3, we report average firm-level sales for each country.

Note that we only have data on sales, not on firm-level prices. Thus, we cannot measure

physical output and back out physical productivity directly. Instead, we will back

out sectoral physical TFP indirectly using the misallocation model presented in the

previous section. Finally, the last columns report the summary statistics for MRPK,

which is a revenue-based measured of marginal product of capital. According to the

model, sectoral physical TFP is linked precisely to the revenue marginal product of

capital. From the table, we can observe substantial variation in both the level and

the variance of the log MRPK across firms in each country. The standard deviation of

the log MRPK ranges between 0.83 (Latvia) and 1.08 (Russia). This is comparable to

Midrigan and Xu (2009) who report a standard deviation of 1.1 for Korea.

[Insert Table 3 here]

5.2 Variance in Marginal Product of Factors

According to the model in the previous section, the production function of each firm

in each year is Ysi = AsiK
αs
si L

1−αs
si . Given the assumption of constant returns to scale,

either too small to meet the filing requirements or if they start their business in a mode of incorporation
that excludes them from the filing requirement. Similarly, we cannot distinguish between firms that
exited the market and firms that fell below the size restrictions for filing or changed their mode of
incorporation. Therefore, in this paper we are not able to provide a detailed analysis of the extensive
margin of misallocation.

20The coverage of firms in UNIDO during our sample period is: Bulgaria: 24,836; Czech Republic:
14,409; Estonia: 6,151; Hungary: 1,471; Latvia: 2,598; Lithuania: 4,449; Poland: 21,931; Romania:
63,873; Russia: 130,788; and Ukraine: 16,819.
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the MRPK is proportional to its average product:

MRPKsi = αs(PY/K)si.

We calculate the within-sector variance of log MRPK across firms that operate in

the same country, sector and year as:

V ar(log(MRPKsi)) = V ar(log(PY/K)si).

The calculations for the log MRPL and the covariance between the log MRPK and

log MRPL are analogous.21 Note that to calculate the within-sector variance of log

MRPK, we do not require estimates of sector-level factor elasticities. However, we

will need these estimates in Section 6, when we map the reduced-form estimates into

aggregate productivity gains. We follow the approach of Hsieh and Klenow (2009) and

measure factor elasticities from sectoral income shares in the U.S. We assume that the

labor elasticity of each sector (1 − αs) is the same across countries and measure this

elasticity as the ratio of labor compensation to income. We calculate the labor share

of income using data from the NBER Manufacturing Industry Productivity Database,

which is based on the Census and Annual Survey of Manufacturers (ASM). Given the

assumption of constant returns to scale, we calculate the capital elasticity as one minus

the labor elasticity.

Table 4 reports the sector-level summary statistics of the variance of the log MRPK,

variance of the log MRPL, and covariance between the log MRPK and log MRPL

during 1996-2005. There are 22 two-digit manufacturing sectors in the sample (ISIC

Revision 3).22 The average variance of the MRPK is 1.17, although there is a lot of

variation across sectors, ranging from 0.42 (tobacco) to 1.94 (office machinery). The

average variance of the MRPK is 29% higher than the average variance of the MRPL

(=1.13/0.91), suggesting a larger degree of capital misallocation in the economy relative

to labor. This is in line with the findings of Midrigan and Xu (2009) for Korea. The

covariance between the MRPK and MRPL is positive.

[Insert Table 4 here]

21That is, V ar(log(PY/Lsi)) and Cov(log(PY/Ksi), log(PY/Lsi)).
22To ensure that our results are not driven by some sectors with very few observations, we restrict

our analysis to only those country-sector-year cells with more than 10 observations.
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5.3 External Financial Dependence

The influential work by Rajan and Zingales (1998) has shown that financial constraints

are particularly binding for firms in sectors more dependent on external finance. Exter-

nal financial dependence is defined as the fraction of capital expenditures not financed

with internal cash flows. For technological reasons, some sectors require more external

finance than others. Sectors that operate in large scales or with long gestation periods

will tend to be highly dependent on external finance. Rajan and Zingales (1998) con-

struct a financial dependence index using the median of financial dependence across

U.S. publicly traded firms in each manufacturing sector.23

With financial frictions, the degree of within-sector capital misallocation should be

particularly severe in sectors with high external financial dependence. Buera et al.

(2011) derive a model of two sectors in which firms face collateral constraints. The

sectors differ on their dependence on external finance, which is a result of different

fixed cost requirements. Even though firms have the possibility to self-finance their

investments over time, the authors show that capital misallocation (measured as the

variance of the MRPK) is more severe in the sector that is more dependent on exter-

nal finance. By alleviating financial constraints, capital account liberalization should

reduce capital misallocation particularly in sectors more dependent on external finance.

The last column of Table 4 reports the external financial dependence index for the

22 manufacturing sectors in the sample. Sectors with low financial dependence include

tobacco and textiles; sectors with high dependence include machinery and professional

equipment. In this paper, we extrapolate the U.S.-based financial dependence measure

to Eastern European countries based on the assumption that the sectoral technological

differences persist across countries. We do not require each country to have the same

value of financial dependence in each sector. Our assumption is that the ranking of

financial dependence across sectors is the same in each country.

Figure 2 shows the relationship between the variance of log MRPK and external

financial dependence in the cross-section of sectors.24 The figure depicts a strong

23Publicly traded companies in the U.S. are large and well-established, with better access to external
finance than firms in other countries. As a result, the external dependence index should provide a
measure of the demand for external finance, not influenced by supply side constraints.

24To arrive at an average sectoral measure of V ar(log(MRPK)), we average all observations across
countries and time, i.e., 1

Ns

∑
c

∑
t V ar(log(MRPKcst)).
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positive relationship between the two measures: capital misallocation is more severe in

sectors that rely more heavily on external finance. We take advantage of this fact and

in the empirical analysis below, we analyze the effects of capital account liberalization

on sectors with different dependence on external finance.

[Include Figure 2 here]

5.4 Effects on the Variance of Marginal Products

To estimate the effect of capital account liberalization on the variance of marginal

revenue products, we exploit the within-country variation in external financial depen-

dence across sectors. We estimate the following generalized difference-in-differences

specification:

V ar (log(MRPKcst)) = α + βCapitalOpennessct−1 ∗ FinDeps + γXct−1 ∗ FinDeps
+ δct + δcs + εct, (14)

where V ar (log(MRPKcst)) denotes the variance of log MRPK of country c in sector

s in year t. We also use as dependent variables the variance of log MRPL and the

covariance between log MRPK and log MRPL. FinDeps is the external financial de-

pendence index of sector s. The specification includes country-year fixed effects (δct)

to control for time-variant country shocks and country-sector fixed effects (δcs) to con-

trol for country-specific sectoral characteristics. Note that because CapitalOpenness

varies at the country-year level, its effect will be absorbed by the country-year fixed

effects. The coefficient of interest is β, which is identified from the within-country,

cross-sectoral variation in financial dependence. It estimates the pre-post change in

variance of MRPK in sectors with high financial dependence in a country opening the

capital account, relative to the pre-post change in sectors with low dependence within

the same country. To address the possibility that other policies could affect differen-

tially sectors with different financial dependence, we control for the interaction between

privatization and trade liberalization and the financial dependence index.

When we estimated the effect of capital account liberalization on aggregate TFP,

our main concern was that the timing of the capital account opening events might have

coincided with some other pro-market policies. As long as these other policies had a

19



similar effect on sectors with different needs for external finance, our cross-sectoral

comparison would cancel out their effects. As a result, the identification strategy of

exploiting within-country variation in financial dependence across sectors allows us to

estimate the causal effects of capital account policy.

Table 5 reports the results. Column (1) shows that capital account liberalization

decreased the variance of MRPK, particularly in sectors with high needs for external

finance. To understand the magnitude of the effect, consider two sectors: one at

the 75th-percentile of the financial dependence index (motor vehicles) and one at the

25th-percentile (dressing of leather). The differential effect of the policy across sectors

with high and low financial dependence is β ∗ 2 ∗ (FinDep75th − FinDep25th). The

point estimate in column (1) is -0.135. This implies that the variance of the MRPK

decreased by 0.07 units more in sectors with high versus low financial dependence (=-

0.135*2*(0.46-0.2)). This is a sizable effect, accounting for 15% of the variation of the

variance of MRPK (=0.07/0.485).

[Insert Table 5 here]

According to column (2), the effect on the variance of MRPL is not statistically

significant. This implies that the extent of misallocation of labor across firms was

unaffected by the changes in capital account policy. Finally, column (3) shows that

there is no significant effect on the covariance between MRPK and MRPL.

6 The Role of Firm Capital Allocation for Aggre-

gate TFP

In this section, we use the model developed in Section 4 to map the reduced-form

estimates reported in Section 5 into aggregate TFP gains.

Note that the coefficient β of the reduced-form Equation (14) estimates the differ-

ential effect of capital account liberalization across sectors with different dependence

on external finance. That is, empirically we can identify:

∆V ar (log(MRPKcst))−∆V ar (log(MRPKcrt))

= β(FinDeps − FinDepr) ∗∆CapitalOpennessct−1,

20



for any two sectors s and r.

To the extent that capital account liberalization affected the variance of the MRPK

in all sectors, we cannot identify its effect empirically. This level effect of the policy

is absorbed by the country-year fixed effects. We make the assumption that the level

effect is zero for the sector with the lowest need for external financial dependence:

∆V ar (log(MRPKc0t)) = 0,

where s = 0 denotes the sector with the lowest value of external financial dependence

(i.e., tobacco). We consider this assumption as conservative, because there is no im-

mediate reason to believe why capital account liberalization may have increased the

variance of the MRPK in the sector with lowest finance dependence. If anything, the

variance of the MRPK in this sector was likely reduced. If this was the case, our esti-

mate of the contribution of a more efficient firm capital allocation on aggregate TFP

will provide a lower bound of the true contribution.

Using this assumption, we can then compute the level effect for any sector s as:

∆V ar (log(MRPKcst)) = β(EFDs − EFD0) ∗∆CapitalOpennessct−1.

We use Equation (13) to calculate the effect of capital account liberalization on

aggregate TFP through a more efficient allocation of resources. To do so, we need a

value for the elasticity of substitution σ. From Equation (10), we can see that TFP

losses from misallocation are increasing in σ. We follow Hsieh and Klenow (2009) and

for our benchmark calculation, we assume a conservative value of σ = 3. However, we

also consider how our results vary with alternative values of this parameter.

According to our empirical analysis, capital account liberalization had a significant

effect on V ar(log(MRPK)), but no significant effect on either V ar(log(MRPL)) or

Cov(log(MRPK), log(MRPL)). Therefore, from Equation (11), we have that:

∆ log(TFPs)
Firm Allocation = −κ1s∆V ar (log(MRPKs)) .

We use this expression together with Equation (13) to compute the aggregate TFP

gains as follows:

∆ log(TFP )Firm Allocation =
∑
s

θs ∗ −κ1s∆V ar (log(MRPKs))

= ∆CapitalOpenness
∑
s

θs ∗ −κ1sβ(EFDs − EFD0).
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As before, we consider the effect of a capital account opening event of size ∆Capital

Openness = 2. We report the results in Table 6. The magnitude of the effect depends

on two parameters: the elasticity of substitution σ and the sectoral distribution θs =

(PsYs)/Y . In the upper panel of Table 6, we calculate the effect for the average initial

sectoral distribution of the 10 countries.25 For the benchmark elasticity of substitution

σ = 3, the magnitude of the effect is 10.7%. Because TFP losses from misallocation

are increasing in σ, the effect of capital account opening on aggregate TFP is also

increasing in σ. When we set σ = 2, the effect decreases to 8%; and when we set

σ = 4, the effect increases to 13.4%. Overall, capital account liberalization increased

aggregate TFP through a more efficient firm capital allocation by 8% to 13%.

[Insert Table 6 here]

In the lower panel of Table 6, we calculate the effect for the initial sectoral distri-

butions of the individual countries. The effect on aggregate TFP will be stronger for

the countries more specialized in sectors with high external financial dependence. For

our benchmark value of 3 for the elasticity of substitution, TFP gains range from 9.5%

for Czech Republic to 12.6% for Russia. In the same panel, we report the effects for

different values of the elasticity of substitution.

Finally, recall that in Section 3 we found that capital account liberalization was

associated with an increased aggregate TFP of 13%. This effect was calculated for the

whole economy, including manufacturing and non-manufacturing sectors. The results of

our calibration, on the other hand, correspond only to manufacturing sectors. Because

manufacturing output in our sample countries accounts for roughly one-third of total

output, our calculations indicate that an improved firm capital allocation explains

between 20% (= 8% ∗ 1/3 ∗ 1/13%) to 33% (= 13.4% ∗ 1/3 ∗ 1/13%) of the estimated

total aggregate TFP gains. This is likely an underestimate of the true contribution of

improved firm allocation for three reasons. First, it assumes that the policy had no

effect on firm allocation in the non-manufacturing sectors. Second, we have assumed

that the level effect on the sector with the lowest degree of finance dependence was

zero. Third, the reduced-form aggregate estimate might be overestimating the true

effect of capital account liberalization on aggregate TFP.

25We consider the pre-2000 sectoral distribution as the initial sectoral distribution.

22



7 Additional Results

This section provides three additional tests that further strengthen our results. First,

we study the behavior of the model-based ratio of actual to optimal TFP in response

to a capital account opening event. Next, we explore differences in firm age, to show

that the effects of capital account liberalization are working through reduced financial

constraints. Finally, we analyze the effect of capital account liberalization on the

sectoral capital stock.

7.1 Ratio of Actual and Optimal Sectoral TFP

An alternative measure to study misallocation is the ratio of actual to optimal TFP.

This ratio summarizes the total degree of misallocation in a sector, with no need of

the lognormality assumption. To compute this measure, however, we need to make an

assumption about the elasticity of substitution σ, an assumption that we did not have

to make when computing the variances of the marginal revenue products. We compute

the ratio as follows. First, we infer physical output from sales and an assumed elasticity

of substitution. Using the firm-level demand Equation (5), we can write:

Ỹsi = (PsiYsi)
σ
σ−1 ,

where Ỹsi = zsYsi and the sector-level variable zs is given by zs = (PsYs)
σ
σ−1

Ys
. Using this

expression, we can identify a term that is proportional to physical productivity:

Ãsi =
Ỹsi

Kαs
si L

1−αs
si

.

Because the factor of proportionality zs is constant across all firms in a sector, it cancels

out when we compute the ratio of TFPs from Equation (6) and TFP ∗
s from Equation

(7).26

The penultimate column of Table 4 presents descriptive statistics for this ratio

assuming an elasticity of substitution of σ = 3. The average ratio across all sectors is

0.468, which means that actual sectoral TFP amounts to roughly half of optimal TFP.

26Notice that we can only compute the ratio TFPs

TFP∗
s

, but we cannot calculate TFPs and TFP ∗s
individually. A normalization of zs to a constant would not be appropriate because zs depends on
sector-level sales and real output, which presumably vary over time.
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However, the ratio varies substantially across sectors, ranging from 0.295 (radio) to

0.723 (tobacco). In Figure 3, we plot the relationship between the ratio of actual and

optimal TFP and external financial dependence in the cross-section of sectors. The

figure shows a strong negative relationship between the two measures. This means

that misallocation is more severe in sectors that depend highly on external finance,

consistent with the results in Figure 2.

[Insert Figure 3 here]

Next, we re-estimate Equation (14), using log
(
TFP
TFP ∗

)
as dependent variable. Ta-

ble 7 reports the results. It shows that capital account liberalization increased the

ratio of actual to optimal TFP, particularly in highly financially dependent sectors.

The point estimate implies that the ratio of actual to optimal TFP increased by

13% more in highly financially dependent relative to less financially dependent sec-

tors (=0.253*2*(0.46-0.2)).

[Insert Table 7 here]

7.2 Identifying the Channel: Role of Age

Because old firms have had time to accumulate internal funds, they should be less

financially constrained than young firms. In this section, we build on previous work

that show that a firm’s age is an important predictor for its access to capital (Midrigan

and Xu, 2014). If capital account liberalization facilitates access to capital for firms, we

would expect this capital to flow particularly to previously constrained, young firms.

We thus analyze how the effect of the policy varies according to firm age. To do so,

we first separate our sample into young and old firms by their year of foundation. The

median foundation year across all firms in the sample is 1994, so we define young firms

as those founded in 1994 or later and old firms as those founded prior to 1994.

The key outcome we focus on is the value of the marginal revenue product of

capital of a firm. If young firms are more financially constrained than old firms, then

on average, they should have a higher MRPK. Moreover, the difference in the MRPK

between young and old firms should be particularly large in sectors more dependent

on external finance.
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Figure 4 shows that this pattern holds in our data. The figure plots for each sector

the average difference in the MRPK between young and old firms against the external

finance dependence index. From the figure, we can see that this difference is greater

than zero in almost all sectors, indicating that young firms have a higher MRPK than

old firms. Moreover, the figure shows a positive slope which means that young firms

are more constrained than old firms particularly in high-financial-dependence sectors.

If capital account liberalization alleviated financial constraints especially for young

firms, we would expect young firms to reduce the value of their MRPK relative to

old firms in the same sector, particularly in sectors where firms are more reliant on

external finance. To test for this channel, we estimate the following triple difference-

in-differences equation at the firm-level:

log(MRPKcsit) = α + β1CapitalOpennessct−1 ∗ FinDeps
+ β2CapitalOpennessct−1 ∗ Y oungi (15)

+ β3CapitalOpennessct−1 ∗ FinDeps ∗ Y oungi
+ γXct−1 ∗ FinDeps + δct + δi + εcsit,

where MRPKcsit is the marginal revenue product of capital of firm i in sector s in

country c in year t and Y oungi is a dummy variable indicating young firms as defined

above. The specification includes country-year fixed effects (δct) and firm fixed effects

(δi).
27 The coefficient of interest is β3, which estimates the pre-post change in the

difference of the MRPK across young and old firms in sectors with high financial

dependence, relative to the pre-post change in the same difference in sectors with low

financial dependence

Table 8 reports the results. The coefficient β3 is negative, indicating that young

firms reduced their MRPK relative to old firms, particularly in highly financially de-

pendent sectors. The magnitude of the effect indicates that the differential reduction in

the MRPK of young and old firms was 1% higher in a sector at the 75th percentile of fi-

nancial dependence compared to a sector at the 25th percentile of financial dependence

(=-0.019*2*(0.46-0.2)).

27Notice that the effects of FinDeps, Y oungi, and FinDeps ∗ Y oungi are all absorbed by the firm
fixed effects.
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[Insert Table 8 here]

The results also provide information regarding the average differential effect of

capital account liberalization on young versus old firms. This differential effect is given

by (β2 + β3 ∗ FinDeps) ∗ 2. First, notice that the estimates imply that the effect is

negative for every sector in the sample, ranging in absolute value from 3% (Tobacco)

to 8% (Office Machinery). This suggests that the policy reduced financial constraints

in all sectors, even in the less financially dependent ones. With an average value of

the external financial dependence index of 0.3, the estimates implies that on average,

opening the capital account reduced the MRPK of young firms by 6% more than for old

firms (=(-0.025-0.019*0.3)*2). Given that the average difference between the MRPK of

young and old firms is roughly 20%, the effect closes almost one third of the difference

in the MRPK between young and old firms.

7.3 Variance of MRPK adjusted by age

Next, we further decompose the variance of the marginal revenue product of capital

across firms. In particular, we focus on the part of the variance of the MRPK that is

explained by differences in firm age, which should capture the variance of the MRPK

due to financial constraints. We project the MRPK of each firm on a full set of age

dummies. For each country-sector-year cell in the data, we estimate the following fully

saturated model (Midrigan and Xu, 2014):

log(MRPKi) =
A∑
a=1

βaI(Agei = a) + νi, (16)

where I(Agei = a) is a dummy variable that is equal to one if firm i’s age equals a

and νi is an error term. The term A denotes the age of the oldest firm in the country-

sector-year cell. We then obtain the predicted values of the estimation:

̂log(MRPKi) =
A∑
a=1

β̂aI(Agei = a).

Due to the OLS orthogonality condition, we can write:

V ar(log(MRPK)) = V ar(log(MRPK)|Age) + V ar(ν̂), (17)
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for each country-sector-year cell. The term V ar(log(MRPK)|Age) denotes the vari-

ance of ̂log(MRPK), which is the part of the variation in the MRPK that is explained

by age. On average, the ratio of V ar(log(MRPK)|Age) to V ar(log(MRPK)) is 0.32,

which indicates that age explains roughly one-third of the variation in the MRPK

across firms.

Table 9 reports the results using the three terms in Equation (17) as dependent

variables in Equation (14). The sample size is slightly lower than in Table 5, because

of some missing values in firm age. The results indicate that the entire decline in the

variance of the MRPK across firms was due to a reduction in the variance of the MRPK

explained by differences in firm age.

[Insert Table 9 here]

7.4 Sectoral Capital Stock

In this paper, we have studied the effect of capital account liberalization on the within-

sector allocation of capital across firms. In this final section, we also analyze the

effect on the allocation of capital across sectors. To do so, we re-estimate Equation

(14) using sectoral capital stock as the dependent variable, which we compute by

summing the fixed assets of firms operating in that sector. Columns (1)-(3) of Table

10 report the results. Capital account liberalization increased the capital stock in high-

financially-dependent sectors by 15% more than in low-financially-dependent sectors

(= 0.288*2*(0.46-0.20)).

In principle, we can also estimate this regression using sectoral data from the

UNIDO database, which covers the universe of manufacturers in each country and

sector. One issue is that for most of the countries in the sample, the time series of

investment available in UNIDO is very short, which prevents us from constructing a

meaningful measure of capital stock using the perpetual inventory method. Instead,

we follow the work of Gupta and Yuan (2009) and estimate the effect on sectoral

investment directly (columns (4)-(6) of Table 10). We find that capital account liberal-

ization increased capital investment, particularly in sectors more dependent on external

financial dependence.

In sum, after a country opens its capital account, capital flows towards the sec-

tors with highest needs for external finance, which is consistent with the findings of
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Gupta and Yuan (2009) and Levchenko et al. (2009). This suggests that capital ac-

count liberalization improved both the within-sector and the across-sector allocation

of capital.

[Insert Table 10 here]

8 Conclusions

In this paper, we use a large cross-country firm-level dataset to analyze the effects of

capital account liberalization on firm capital allocation and aggregate productivity. We

focus our analysis on 10 Eastern European countries that lifted restrictions on capital

account transactions in the late 1990s and early 2000s. We show that by reducing

financial constraints, capital account liberalization led to a more efficient allocation of

capital across firms and higher aggregate total factor productivity (TFP). Our paper is

the first to connect capital account openness and aggregate TFP through the efficiency

of firm capital allocation.

We start the analysis by using aggregate data to estimate the effect of capital

account liberalization on aggregate productivity. We exploit the variation in the timing

of the capital account opening events across countries and find that capital account

liberalization is associated with an increase in aggregate TFP of 13%. To explore the

role of firm capital allocation, we use firm-level data and measure capital misallocation

with the within-sector variance of the marginal revenue product of capital (MRPK)

across firms. We exploit the within-country variation in external financial dependence

across sectors and find that capital account liberalization decreased the variance of

the MRPK in sectors with high financial dependence more than in sectors with low

dependence.

Finally, we use a variant of the Hsieh and Klenow (2009) model of misallocation to

map the reduced-form estimates of the variance of MRPK into aggregate TFP gains.

According to our calculations, capital account liberalization increased aggregate TFP

through a more efficient capital allocation by 8% to 13%. This implies that a more

efficient firm capital allocation explains between 20% to 33% of the estimated total

aggregate TFP gains.
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Figure 1: Evolution of Capital Account Openness Index by Country

The figure plots the evolution of the Abiad et al. (2010) capital account openness index for the 10

countries in our sample during 1996-2005. The index consists of the sum of the individual scores of the

following three questions: (1) is the exchange rate system unified?, (2) does a country set restrictions

on capital inflows?, (3) does a country set restrictions on capital outflows? Each question is assigned

a 0/1 score, so the index ranges from 0 to 3.
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Figure 2: Variance of the Marginal Revenue Product of Capital and External
Financial Dependence

The figure plots the variance of the marginal revenue product of capital (MRPK) in each sector

against the Rajan and Zingales (1998) external finance dependence index of that sector. The variance

of the MRPK is calculated by first computing the variance of the log MRPK in each country-sector-

year cell and then averaging the variance across all countries and years for that sector. We take the

average across the 10 countries in our sample during 1996-2005. The figure includes the 22 two-digit

manufacturing sectors in our sample.
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Figure 3: Ratio of Actual and Optimal TFP and External Financial Dependence

The figure plots the model-based ratio between actual an optimal TFP in each sector against the

Rajan and Zingales (1998) external finance dependence index of that sector. TFP denotes total

factor productivity. The ratio is computed using Equations (6) and (7) and setting the elasticity of

substitution equal to 3. The figure includes the 22 two-digit manufacturing sectors in our sample.
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Figure 4: Relative MRPK of Young vs. Old Firms and External Financial
Dependence

The figure plots the difference between the average log marginal revenue product of capital (MRPK) of

all young and old firms in a sector against the Rajan and Zingales (1998) external finance dependence

index of that sector. Young firms are defined as firms founded in 1994 or later (the median founding

year across all firms). The figure includes the 22 two-digit manufacturing sectors in our sample.
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Table 1: Effect of Capital Account Liberalization on Capital Inflows and Financial
Intermediation

The table reports the results from the following regression:

Yct = α+ βCapitalOpennessct−1 + γXct−1 + δc + δt + εct,

where Yct denotes either the ratio of capital inflows to GDP, the ratio of private bank credit to GDP, or
the interest rate spread between deposit and lending rates of country c in year t. CapitalOpennessct−1
is the lagged capital account openness index, and Xct−1 is a vector of time-varying country controls.
The specification includes a full set of country (δc) and year fixed effects (δt). The sample includes 10
countries during 1996-2005. The standard errors are clustered at the country level.

Capital Inflows Private Credit Interest Rate
to GDP to GDP Spread

(1) (2) (3) (4) (5) (6)

Capital Account Openness 0.017** 0.014* 0.032** 0.028** -0.033** -0.030***
(0.007) (0.007) (0.012) (0.012) (0.012) (0.009)

Privatization 0.001 0.018 -0.007
(0.009) (0.012) (0.006)

Trade Openness 0.014 -0.021 0.045
(0.017) (0.025) (0.023)

Country Fixed Effects Yes Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes Yes

Observations 100 100 100 100 100 100
R-squared 0.742 0.745 0.673 0.695 0.671 0.701
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Table 2: Effect of Capital Account Liberalization on Aggregate TFP

The table reports the results from the following regression:

log(TFPct) = α+ βCapitalOpennessct−1 + γXct−1 + δc + δt + εct,

where TFPct is total factor productivity of country c in year t, CapitalOpennessct−1 is the lagged

capital account openness index, and Xct−1 is a vector of time-varying country controls. The specifi-

cation includes a full set of country (δc) and year fixed effects (δt). The sample includes 10 countries

during 1996-2005. The standard errors are clustered at the country level.

(1) (2) (3)

Capital Account Openness 0.065** 0.078** 0.066*
(0.025) (0.027) (0.034)

Privatization -0.028 -0.025
(0.026) (0.027)

Trade Openness 0.059
(0.065)

Country Fixed Effects Yes Yes Yes
Year Fixed Effects Yes Yes Yes

Observations 100 100 100
R-squared 0.977 0.979 0.979
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Table 5: Effect of Capital Account Liberalization on Within-Sector Revenue Variance
of Marginal Products

The table reports the results from the following regression:

Zcst = α+ βCapitalOpennessct−1 ∗ FinDeps + γXct−1 ∗ FinDeps + δct + δcs + εcst,

where Zcst is either the variance of log marginal revenue product of capital (MRPK), the variance of

log marginal revenue product of labor (MRPL), or the covariance between log MRPK and log MRPL

of country c in sector s in year t. CapitalOpennessct−1 is the lagged capital account openness index,

FinDeps is the external financial dependence index, and Xct−1 is a vector of lagged time-varying

country controls. The specification includes a full set of country-year (δct) and country-sector fixed

effects (δcs). The standard errors are clustered at the country level.

(1) (2) (3)
Cov(MRPK,

Var(MRPK) Var(MRPL) MRPL)

Capital Account Openness * FinDep -0.135** -0.005 -0.063
(0.056) (0.047) (0.035)

Privatization * FinDep 0.183 -0.089 0.049
(0.266) (0.089) (0.067)

Trade Openness * FinDep -0.391 -0.580** -0.403
(0.424) (0.198) (0.233)

Country-year Fixed Effects Yes Yes Yes
Country-sector Fixed Effects Yes Yes Yes

Observations 1,448 1,448 1,448
R-squared 0.780 0.838 0.778
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Table 6: Effect of Capital Account Liberalization on Aggregate TFP through a
Reduction in Capital Misallocation

The table reports the effect of capital account liberalization on aggregate TFP through a more efficient

within-sector capital allocation, using the model presented in Section 4. The effect is computed from

Equation (13). The upper panel computes the effect using the average initial sectoral distribution (θs)

of the 10 countries. The columns reports the results for different values of the elasticity of substitution

(σ). The lower panel computes the effect for the initial sectoral distribution of each of the 10 countries,

for different values of the elasticity of substitution.

σ = 3 σ = 2 σ = 4

Average Effect 10.73% 7.95% 13.40%

Effect by Sectoral Distribution

of Each Country

Bulgaria 10.94% 8.02% 13.87%
Czech Republic 9.56% 7.16% 11.95%
Estonia 10.04% 7.49% 12.59%
Hungary 11.69% 8.58% 14.79%
Latvia 10.16% 7.50% 12.83%
Lithuania 11.19% 8.26% 14.13%
Poland 11.30% 8.35% 14.26%
Romania 9.75% 7.25% 12.24%
Russia 12.64% 9.42% 14.86%
Ukraine 10.01% 7.51% 12.50%
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Table 7: Effect of Capital Account Liberalization on Ratio of Actual and Optimal
Sectoral TFP

The table reports the results from the following regression:

log

((
TFP

TFP ∗

)
cst

)
= α+ βCapitalOpennessct−1 ∗ FinDeps + γXct−1 ∗ FinDeps + δct + δcs + εcst,

where
(

TFP
TFP∗

)
cst

is the model-based ratio of actual and optimal TFP of country c in sector s in year

t. It is computed using Equations (6) and (7) and setting the elasticity of substitution equal to 3.

CapitalOpennessct−1 is the lagged capital account openness index, FinDeps is the external financial

dependence index, and Xct−1 is a vector of lagged time-varying country controls. The specification

includes a full set of country-year (δct) and country-sector fixed effects (δcs). The standard errors are

clustered at the country level.

(1) (2) (3)

Capital Account Openness * FinDep 0.272*** 0.248*** 0.253**
(0.064) (0.061) (0.082)

Privatization * FinDep 0.098 0.099
(0.197) (0.197)

Trade Openness * FinDep -0.024
(0.151)

Country-year Fixed Effects Yes Yes Yes
Country-sector Fixed Effects Yes Yes Yes

Observations 1,448 1,448 1,448
R-squared 0.584 0.584 0.584
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Table 8: Effect of Capital Account Liberalization on Firm-level MRPK, by Age

The table reports the results from the following regression:

log(MRPKcsit) = α+ β1CapitalOpennessct−1 ∗ FinDeps + β2CapitalOpennessct−1 ∗ Y oungi
+ β3CapitalOpennessct−1 ∗ FinDeps ∗ Y oungi + γXct−1 ∗ FinDeps + δct + δi + εcsit,

where MRPKcsit is the the marginal revenue product of capital of firm i in country c in sector s in

year t. CapitalOpennessct−1 is the lagged capital account openness index, FinDeps is the external

financial dependence index, Y oungi is an indicator variable for firms born in or after 1994 (the median

year of foundation across firms), and Xct−1 is a vector of lagged time-varying country controls. The

specification includes a full set of country-year (δct) and firm fixed effects (δi). The standard errors

are clustered at the country level.

Log(MRPK)

Capital Account Openness * FinDep -0.097***
(0.016)

Capital Account Openness * Young -0.025***
(0.006)

Capital Account Openness * Young * FinDep -0.019***
(0.006)

Privatization * FinDep 0.252***
(0.061)

Trade Openness * FinDep 0.356***
(0.036)

Country-year Fixed Effects Yes
Firm Fixed Effects Yes

Observations 361,452
R-squared 0.787
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Table 9: Effect of Capital Account Liberalization on Within-Sector Variance of
MRPK Accounting for Age

The table reports the results from the following regression:

Zcst = α+ βCapitalOpennessct−1 ∗ FinDeps + γXct−1 ∗ FinDeps + δct + δcs + εcst,

where Zcst is either the variance of (log) marginal revenue product of capital (MRPK), the variance

of the projection of log MRPK on age, or the variance of the residual of the projection of log MRPK

on age, of country c in sector s in year t. The projection of log MRPK on age is computed as the

predicted values of a regression of log MRPK on a full set of age dummies, separately for each country-

sector-year cell. CapitalOpennessct−1 is the lagged capital account openness index, FinDeps is the

external financial dependence index, and Xct−1 is a vector of lagged time-varying country controls.

The specification includes a full set of country-year (δct) and country-sector fixed effects (δcs). The

standard errors are clustered at the country level.

(1) (2) (3)
Var(MRPK) Var(MRPK|Age) Var(Residual)

Capital Account Openness * FinDep -0.143** -0.159* 0.016
(0.044) (0.071) (0.077)

Privatization * FinDep 0.599*** 0.293* 0.306***
(0.153) (0.148) (0.072)

Trade Openness * FinDep -0.450 -0.039 -0.412
(0.552) (0.166) (0.426)

Country-year Fixed Effects Yes Yes Yes
Country-sector Fixed Effects Yes Yes Yes

Observations 1,419 1,419 1,419
R-squared 0.763 0.772 0.810
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Table 10: Effect of Capital Account Liberalization on Sectoral Capital Stock and
Investment

The table reports the results from the following regression:

log(Zcst) = α+ βCapitalOpennessct−1 ∗ FinDeps + γXct−1 ∗ FinDeps + δct + δcs + εcst,

where Zcst is either the capital stock measured with Amadeus data or capital investment measured
with UNIDO data of country c in sector s in year t. CapitalOpennessct−1 is the lagged capital
account openness index, FinDeps is the external financial dependence index, and Xct−1 is a vector
of lagged time-varying country controls. The specification includes a full set of country-year (δct) and
country-sector fixed effects (δcs). The standard errors are clustered at the country level.

Capital Stock Capital Investment
(Amadeus data) (UNIDO data)

(1) (2) (3) (4) (5) (6)

Capital Account Openness * FinDep 0.245** 0.253** 0.288** 0.181** 0.217** 0.155*
(0.078) (0.109) (0.123) (0.071) (0.084) (0.094)

Privatization * FinDep -0.033 -0.028 -0.060 -0.084
(0.167) (0.150) (0.076) (0.077)

Trade Openness * FinDep -0.180 0.057
(0.256) (0.039)

Country-year Fixed Effects Yes Yes Yes Yes Yes Yes
Country-sector Fixed Effects Yes Yes Yes Yes Yes Yes

Observations 1,448 1,448 1,448 1,315 1,315 1,315
R-squared 0.968 0.968 0.968 0.946 0.946 0.946
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Appendix

Amadeus dataset details

The dataset comes in yearly versions and each vintage includes up to 10 years of

information per firm. The Amadeus variables are available in current U.S. dollars. We

deflate all series to 2000 U.S. dollars using producer price indices. If a firm has stopped

filing, it is kept in the dataset for four subsequent years and then deleted. This creates

a survivorship bias. For our study, it is essential to follow firms for consecutive years.

We overcome this bias by appending two versions (2006 and 2002) of the dataset.

Firms that exited prior to 2002 and were deleted in the 2006 version of the dataset are

reported in the 2002 vintage and are, therefore, included in our appended dataset.

We clean the dataset based on our main variables of interest, firm TFP and MRPK,

and their respective growth rates. First, we delete all observations with clearly wrong

values, i.e., observations with negative values for assets, revenue, or employment. Sec-

ond, we pool all data and trim the 1st and 99th percentile of the four variables. If data

quality varies across countries, this step will produce cleaner data for those countries

with more outliers. Next, we repeat this procedure within each country-year cell, to

ensure that we do not miss outliers in countries with relatively higher quality data.

Finally, we delete all observations with missing data for any of these four variables.
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Table A.2: Employment Distribution Across Different Size Bins in Amadeus

The table reports the employment distribution across different size bins for the 10 countries in the

Amadeus dataset in our sample during 1996-2005. Emp stands for employment. The table also

compares the Amadeus average employment distribution with the Eurostat distribution, which covers

the universe of firms.

Country 1<Emp<9 10<Emp<49 50<Emp<249 Emp>250

Bulgaria 2.3% 10.0% 26.4% 61.3%
Czech Republic 0.8% 7.1% 28.7% 63.4%
Estonia 7.7% 25.1% 37.0% 30.2%
Hungary 0.4% 4.4% 36.0% 59.1%
Latvia 0.3% 5.8% 39.9% 54.1%
Lithuania 0.4% 9.8% 34.7% 55.1%
Poland 0.2% 3.3% 29.5% 67.0%
Romania 5.9% 13.9% 27.0% 53.2%
Russia 2.1% 6.2% 19.4% 72.2%
Ukraine 0.1% 1.0% 15.1% 83.8%

Average Amadeus 2.0% 8.7% 29.4% 60.0%
Average Eurostat 7.6% 17.6% 31.2% 43.6%

A.3


