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Introduction

Background
Firms operating in a market economy face challenges each and every day. They need
to be able to accommodate rapidly changing business conditions in their micro envir-
onment – such as new inventions or changing consumer taste – as well as in response
to macroeconomic expansions and crises. Market imperfections, or frictions, such as
credit constraints, difficulties in technology adoption and other costs related to ad-
justing production inputs (employees and capital) make the challenge even harder.
The ability of firms to cope with these hurdles influence how they perform, how much
goods and services they manage to produce, and in turn determine how efficiently the
economy performs at the aggregate level.

Government regulations, policies and economic institutions also influence firms’ ad-
justment abilities. Some of these policies can facilitate adjustment by alleviating fric-
tions present on the market (e.g. reducing moral hazard to help credit markets), while
others do the contrary, making adjustment even harder (e.g. employment protection)
– be it intentional or an unintended side effect of pursuing other policy objectives.

My dissertation focuses on four issues related to the policy and technological de-
terminants of firm- or sector-level adjustment and the macroeconomic consequences.
With a strong empirical and policy focus, each looks at the micro or industry level
units of production by using longitudinal firm- or sector-level databases, and tries to
link the findings to macroeconomic outcomes. In most cases, the evidence presented is
based on data that covers several countries – typically developed ones – thus further
strengthening the general nature of the results.

In my view, there are three main sources of value added from using disaggregated –
micro or industry level – data and results obtained thereof for improving our under-
standing of the macroeconomy. First, we can uncover mechanisms that result from the
heterogeneous behaviour of various types of businesses but are hidden when looking at
aggregate data – as is illustrated in Chapter 3 when shedding new light on the microeco-
nomic patterns behind the macroeconomic productivity slowdown. Second, we can get
a more credible identification of the effects of policies and technologies on adjustment
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Chapter Introduction

– as the industry level study in Chapter 2 highlights, by showing the role of demand
volatility shaping incentives to adopt ICT. Chapter 4 offers a complementary approach
to analysing the flexibiliy of firms, with an explicit policy focus: by identifying the
role of employment protection regulations. Third, and related to the second point on
identification, we are able control for a host of firm characteristics like activity, size,
age, which macroeconomic data cannot do. Cross-country differences in these factors
could still influence aggregate outcomes hence could confound higher level aggregates
whichs makes identification more difficult. This is nicely illustrated in the first chapter,
which isolates a new margin of capital adjustment for firms, and which is summarized
below – followed by the main conclusions from the other chapters.

Structure and key findings
In Chapter 1, I study capital adjustment from a new perspective. It is long established
that changing the amount of capital (machinery and equipment, offices and buildings)
is costly, and is further hampered by the presence of costly capital adjustment (Cooper
and Haltiwanger, 2006) or credit constraints (Kyiotaki and Moore, 1997, Bernanke
and Gertler, 1989). It is much less well understood how the growing rental or leasing
market can help alleviating these adjustment costs. This is the focus of Chapter 1, both
from an empirical and a theoretical perspective. Novel empirical results using US firm
level data show that capital renting makes up one-fifth of capital expenditures, and it
increases during downturns. Further, cross-country evidence is presented that output
losses after financial crises are smaller where renting is more prevalent. To understand
these findings, a general equilibrium model with borrowing constraints and with the
option to rent or buy capital is set up. The countercyclicality of rentals occurs because
their supply increases, as renting serves as an additional means of savings when credit
markets malfunction. Moreover, demand also shifts towards rentals as they become
relatively cheaper. By absorbing excess savings, renting mitigates financial crises. The
study underlying the chapter is accepted for publication at the Journal of Money,
Credit and Banking, was awarded the Cambridge Finance Best Student Paper Award,
and a summary of it appeared on VoxEU (September 2013).

My second Chapter focuses on the increasing use of information and communication
technologies (ICT) and their relation to business risk. It sheds light on the direction of
causality between ICT take up and an exogenously derived volatility of demand. Using
a unique combination of several cross-country industry level databases on detailed ICT
use, input-output linkages and industry-level inputs and output, it shows that more
volatile demand leads to more widespread ICT adoption. By reducing adjustment
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costs and thus causing firms to rely less extensively on internal inputs but more on
flexible external inputs (outsourcing), ICT helps firms to better adjust to demand
shocks. This mechanism is corroborated by empirical findings which show a significant
effects of a risky environment on the use of ICT, in particular communication related
technologies such as the internet. Moreover, additional evidence is found for the key
role of intermediate inputs in adjusting to external shocks whenever ICT is used more
intensively, whereas employment – a “traditional input” internal to the firm – does
not adjust more quickly. The findings complement those of Chapter 1 by providing
a potential mechanism for the increased reliance on outsourcing – of which renting
is a particular type – to get around the inflexibility of internal inputs (capital and
employment). This is shown to be driven by ICT, most likely through its ability to
reduce the relative costs of dealing with external inputs.

Chapter 3 utilizes cross-country firm level data to shed light on the global productiv-
ity slowdown. It aims to bring the debate surrounding the causes of the slowdown –
which has largely been conducted from a macroeconomic perspective – to a more micro-
level. It uncovers a novel feature of the slowdown: it does not coincide with a low pace
of productivity growth at the “global frontier” (i.e. of the most productive businesses
across all the 24 countries in the sample), but rather rising labour productivity at the
global frontier coupled with an increasing divergence between this frontier and lag-
gard (non-frontier) firms. This productivity divergence remains after controlling for
differences in capital deepening and mark-up behaviour, suggesting that divergence in
measured multi-factor productivity (MFP) may in fact reflect technological divergence
in a broad sense. Aggregate MFP performance is shown to be significantly weaker
in industries where MFP divergence was more pronounced, suggesting that the diver-
gence observed is not solely driven by frontier firms pushing the boundary outward.
This micro evidence provides a conciliatory message for both the techno-optimist and
techno-pessimist camps, suggesting that the often cited innovations do translate to pro-
ductivity gains – but they do not diffuse to all firms. This finding can also help better
identifying policies that have the potential for reviving productivity performance, and
possibly to motivate new theoretical work.

The chapter then goes on to explore developments amongst laggard firms, and con-
cludes that the pace of convergence has slowed. Moreover, evidence is found for a
worsening of productivity enhancing market selection, which could be symptomatic of
rising entry barriers and a decline in the contestability of markets. Taken together,
these findings suggest that it is likely to be not only the capabilities but also the in-
centives of the laggard firms that is at play behind the growing gap from the frontier.
Confirming the role of pro-competitive deregulation in shaping the incentives of non-
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Chapter 0 Introduction

frontier firms, we find that the rise in the MFP gap is much more extreme in sectors
where product market reforms were least extensive.

Chapter 4 relies on the same type of rich international micro data to investigate the
determinants of labour adjustment. The motivation is that the financial crisis starting
in 2008 had a diverse impact on labour markets across countries, which is likely to go
beyond differences in the size of the shocks hitting them. It is shown that the role of
institutions and policies are of primary importance and technological factors of pro-
duction (i.e. differences between services and manufacturing firms) are less important.
First, it provides comparable estimates on firm-level labour adjustment by country,
industry and firm size. Second, using variance decomposition methods, it shows that
differences in firm-level labour adjustment accounts for about 40% of the cross-country
variation in aggregate employment growth at the outset of the crisis. We interpret this
as evidence that differences in institutional settings accounted for a substantial part of
the variation in aggregate employment growth. Third, we find that stronger protection
for regular workers is associated with lower (higher) employment (earnings-per-worker)
response in the wake of output shocks. This suggests employment protection shifts the
burden of adjustment from the extensive to the intensive margin. However, in explain-
ing the diverse cross-country patterns in employment adjustment during the crisis, the
impact of employment protection alone seems to be small.
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1 Capital over the business cycle: the
role of renting versus ownership1

1.1 Introduction
How does the ownership of capital affect the aggregate behaviour of the economy?
Does it matter whether firms own or rent production capital such as machinery and
equipment, offices and structures? On the one hand, this question has been somewhat
ignored by macroeconomists, mainly because in a neoclassical, frictionless world the
question of capital ownership becomes irrelevant as firms are indifferent between renting
and owning. On the other hand, in the presence of financial constraints or uncertainty,
the issue of leasing versus buying is relevant from firms’ perspective. The motivation
of this chapter is to show that the presence of financial constraints alone can make the
question of renting versus owning relevant in understanding the business cycle as well.2

We report a set of empirical evidence on the role of renting. First, we establish that
renting is an important part of capital expenditures and it behaves countercyclically
among US firms. We link these findings to credit conditions. Second, using cross-
country aggregate data, we show that countries with a larger rental sector experience a
smaller output loss after financial crises, suggesting that rentals play a mitigating role

1This chapter is based on joint work Gabor Pinter (Bank of England), and an early version was
published as Bank of England Working Paper No. 478 (August 2013) and was awarded the
Cambridge Finance Best Student Paper Award (June 2012). I am grateful to Arpad Abraham,
Eric Bartelsman, Andrew Blake, Fabio Canova, Andrea Eisfeldt, Mike Elsby, Clodomiro Ferreira,
Wouter den Haan, Bart Hobijn, Zoltan Jakab, Peter Karadi, Tim Kehoe, Nobuhiro Kiyotaki,
Peter Kondor, Istvan Konya, Riccardo Masolo, Patrick Minford, Kalin Nikolov, Matthias Paustian,
Michele Piffer, Adriano Rampini, Michal Rubaszek, Konstantinos Theodoridis, Akos Valentinyi,
Tony Yates, Kirill Zavodov, and seminar participants at the Bank of England, Central Bank of
Hungary, European University Institute, the 2012 Spring Meeting of Young Economists, Hungarian
Society of Economists (MKE) Conference 2011, Vigo 2013, Tinbergen Institute, University of
Cambridge, University of Cardiff for helpful discussions. Providing access to Compustat data by
the VU University Amsterdam is gratefully acknowledged.

2Note that the corporate finance literature prefers the terminology lease to rent. There are two major
types of leases, operating lease and financial lease. The former involves a complete separation of
ownership and control, and it is typically referred to as renting in economics. Thus, throughout
the chapter, we focus on operating leases, and use the terms leasing and renting interchangeably.
See more on this in Section 1.2.
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Chapter 1 Capital renting vs. owning over the business cycle

in times of tightening credit constraints.3

To understand these findings, we build a simple general equilibrium model where
financing frictions give rise to the countercyclicality of renting. We show how the
presence of credit constraints make changes in multi-factor productivity (MFP) and
hence the real interest rate have a differential impact on the user costs of owned and
rented capital. Further, the possibility of renting may serve as an extra margin of
adjustment for both lenders and borrowers, facilitating the allocation of the extra
savings that cannot be absorbed by parts of the economy where credit conditions
tighten and the capital accumulation process is impeded. This consideration involves
not only the choices faced by producing firms, but also the potential suppliers of funds
and rented capital.

This chapter is related to two major strands of literature. First, it builds on the mac-
roeconomics literature with financial frictions (Bernanke and Gertler, 1989; Kiyotaki
and Moore, 1997; Bernanke et al., 1999). More specifically, the theoretical framework is
motivated by models with borrowing constraints derived from limited contract enforce-
ability as in Kiyotaki and Moore (1997), Kiyotaki (1998), Krishnamurthy (2003) and
Matsuyama (2007), as well as by the related growing literature that studies the rela-
tionship between limited enforcement and firms’ financing and investment decisions as
in Albuquerque and Hopenhayn (2004), Cooley et al. (2004), Lorenzoni and Walentin
(2007), Caggese (2007) and Rampini and Viswanathan (2013). This analysis is also
linked to the recent papers on financial shocks as in Jermann and Quadrini (2012), Liu
et al. (2011) and Iacoviello (2015), amongst others.

Second, the chapter is related to the finance literature on capital structure. In
the neoclassical investment literature, the ownership of productive capital is irrelevant
when markets are assumed to be frictionless (Jorgenson, 1967). Miller and Upton
(1976) and Myers et al. (1976) are some of the first papers to analyse the renting-
versus-owning decision in the framework of Modigliani and Miller (1958) with a focus
on tax considerations. The model presented in this chapter focuses on other dimensions,
such as agency costs associated with the separation of capital ownership and control
as well as financing constraints, as in Smith and Wakeman (1985); Sharpe and Nguyen
(1995); Habib and Johnsen (1999); Eisfeldt and Rampini (2009). A key point we
borrow from the literature is related to a major advantage of capital renting, namely,
that regaining physical possession of a rented asset in case of bankruptcy is easier than

3These results are novel and have not been documented in the macro literature yet. The only
exception we have recently come across is the independent work of Zhang (2011), who has also
documented the evidence on the countercyclical behaviour of renting, but not on their impact
during crises. Further, the finding on countercyclicality can be thought of as the flip side of the
results of Covas and Haan (2011) and Jermann and Quadrini (2012) who find that debt financing
becomes less important in downturns.
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for a secured debt holder to acquire the collateral. As a result, renting may be less
subject to financing constraints than owning.

Importantly, we do not investigate other potential differences between rentals and
owned capital goods. For example, a potential advantage of renting is the flexibil-
ity it provides in the face of uncertainty and irreversible capital investments (Dixit
and Pindyck, 1994; Abel and Eberly, 1994; Gavazza, 2011). This aspect has already
been investigated in a partial equilibrium framework in (Gavazza, 2010, 2011), who
indeed finds that in a more volatile environment, it is more attractive to lease than
to buy. Contrary to these approaches, this chapter shows that the presence of credit
constraints in general equilibrium alone can generate the empirical patterns we observe
in US and cross-country data, and thus leave the role of these other factors for further
investigation.

Further, recent work by Zhang (2011) focuses on the joint effects of credit constraints
and trading costs with uncertainty to explain the dynamics of rentals, also in partial
equilibrium. In addition, similar to this work, she has explored the role of financing
constraints and firms’ changing demand on the countercyclicality of renting. However,
unlike her model that assumes exogenous interest rates and fixed supply of capital, the
model in this chapter is able to shed some light on the essential link between endogenous
interest rate and capital movements on the dynamics of renting. Thus we are also able
to explore important supply effects and the macroeconomic implications of rentals that
naturally arise in the general equilibrium set-up of the model in the chapter and are
crucial in understanding why renting may mitigate the impact of negative shocks and
improve the allocation in the economy.

The rest of the chapter is organised as follows: Section 1.2 presents a set of empirical
evidence on the prevalence, the dynamics and the impact of renting. The first part of
Section 1.3 presents a two-period model explaining why the rental share is countercyc-
lical in the presence of borrowing frictions, and how the presence of rentals can improve
the allocation. The second part of Section 1.3 proposes an infinite horizon model that
is used to compare the implied business cycle statistics to those found in the data, and
provides quantitative evidence on the mitigating role of rentals in the face of adverse
financial shocks. Section 1.4 concludes.

1.2 Empirical Evidence
The aim of this section is to present evidence on the use of renting over the business
cycle and its potential to mitigate the impact of financial meltdowns. In order to
specify how we measure renting, we first refer to Eisfeldt and Rampini (2009) from
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Chapter 1 Capital renting vs. owning over the business cycle

the corporate finance literature. They note that Chapter 11 of the US bankruptcy
code clearly distinguishes between capital renting (“true lease” or operating lease) and
credit-financed capital purchase, whereby capital is the collateral (“secured lending”).4

As long as the easier repossession of rented capital alleviates problems associated with
bankruptcy, capital renting (operating lease) is less subject to borrowing constraints.
Below, we provide evidence that in recessions, when financial conditions deteriorate
and borrowing constraints tighten, owning capital goods is substituted by other forms
of obtaining capital that are less subject to borrowing constraints, such as capital
renting.5

1.2.1 Findings for the US

The primary data source is Compustat, a widely used company level longitudinal data
set containing financial information such as balance sheet and earnings statement items
for publicly traded companies. As the largest firms are mostly included, the aggregate
cyclical patterns of the economy are well captured (Gabaix, 2011). We use data on the
annual financial statements of firms in the United States, which are detailed enough
to measure rental as well as other capital expenses. We restrict the focus for the
years 1980-2011.6 Table A.1 in Appendix 1.A.1 presents the number of observations
by sectors, along with the detailed description of variables and the restrictions applied
on the set of firms throughout the whole analysis.

Our aggregate rental measure, rental sharet, is defined as the sum of all rental
expenses rentit as a share of total capital expenditures, for each year t:

rental sharet =
∑

i rentit∑
i (rentit + (δit + iit)Kit)

. (1.1)

4“In Chapter 11, the lessee must either assume the lease, which means keeping control of the asset
and continuing to make the specified payments, or reject the lease and return the asset. In contrast,
the collateral that secures the claim of a secured lender is subject to automatic stay in Chapter 11,
which prohibits recovery of or foreclosure on the property. Thus, in bankruptcy it is much easier
for a lessor to regain control of an asset than it is for a secured lender to repossess it.” (pp. 1622,
Eisfeldt and Rampini, 2009).

5In the empirical section of the chapter below, we concentrate on the demand for renting (lessee
firms). Regarding the supply of rentals (lessor firms), it can come from three basic sources: (1)
firms dealing with renting as their main activity, (2) large manufacturers or real estate firms who
may offer rentals instead of selling, and (3) “horizontal” renting where a temporarily free capacity
is rented out to other firms in the same industry. A good example is the case of airlines (Gavazza,
2010, 2011). Especially for the first two types of rentals, differences in access to credit are likely
to play an important role: lessors have usually more access to credit than lessees, and use this
advantage to finance the capital goods to be rented out.

6Even though the data set starts as early as 1950s, we start our investigation only from 1980, due
to widely documented structural changes in the economy discussed in the large literature on the
so-called Great Moderation (see McConnell and Perez-Quiros (2000) amongst others). Also, it
helps achieve a reasonable minimum annual sample size of firms (around 4,000).

8
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Capital expenditures in the denominator are measured by adding up rental expenses
and the imputed user cost of capital (δit + iit)Kit, where the depreciation rate, δit, is
calculated from the reported depreciation, interest rates, iit, denote firm-level interest
rates on borrowing, and Kit is the book value of fixed tangible assets, i.e. owned
capital.7 This rental expenditure share provides a measure for the importance of rented
capital used in production, and it adapts the firm-level measure of Eisfeldt and Rampini
(2009) to an aggregate measure.8 For robustness, we experiment with a variety of
alternative measures for the intensity of rental activity (see Sections 1.A.2 and 1.A.3
in the Appendix).

Figure 1.1 describes the evolution of the aggregate rental share for the period 1980-
2011.

7We omit intangible capital due to the inherent problems with its reported book value measure (i.e.
not being a comprehensive measure of all intangible investments, the valuation and depreciation
are also problematic, etc.). For firms that do not report their interest payments, we use predicted
values from regressions on a quadratic function of capital and time and industry fixed effects. For
more details on measurement, see Appendix 1.A.1.

8The measure they use is the following:

rental shareit =
rentit

rentit + (δit + iit)Kit
. (1.2)

The aggregate measure we use is essentially a size-weighted average, where size is captured by
total capital expenditures.
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Chapter 1 Capital renting vs. owning over the business cycle

Figure 1.1: Renting Has Become More Important over the Last Decades
The Share of Rental Expenses in Total Capital Expenditures in the US

Notes: Shadings represent recessionary periods. * As percentage of total capital expenditures, see
equation (1.1). Sources: Compustat (rental share), firms incorporated in the US; and the National
Bureau of Economic Research (recession shadings).

There are two important messages conveyed by the figure. First, the importance of
renting has been growing over the last 30 years, becoming a significant part of total
aggregate capital expenditures, accounting for more than 20% of it from less than
10%.9 Second, the share of renting is countercyclical: it increases more rapidly during
recessions, providing a non-trivial margin of capital adjustment over the cycle.

Focusing more closely on cyclical patterns, Figure 1.2 compares the cyclical compon-
ents of output to that of the rental share.

9Furthermore, the presence and the increase of rentals is ubiquitous across industries and different
types of firms (see Figure A.1 in the Appendix).. In Section 1.A.2 of the Appendix, we also confirm
and extend earlier results by Eisfeldt and Rampini (2009) and show that small and services firms
rely more on rentals.
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Figure 1.2: Renting Is Countercyclical
The Cyclical Components of Rentals and GDP in the US

* As percentage of total capital expenditures, see equation (1.1).
Note: Cyclical components are obtained by applying a Hodrick-Prescott filter (with smoothing para-
meter 6.25, recommended by Ravn and Uhlig (2002) for annual data) on the rental expenditure share
and the log of real GDP.
Sources: Compustat (rental share), firms incorporated in the US, and Bureau of Economic Analysis
(GDP).

It presents a clear pattern of countercyclicality, which has become even more pro-
nounced since the mid-90’s. It also shows that capital adjustment on the renting margin
is non-negligible, and can fluctuate by as much as 2-3% of total capital expenditures.

The robustness of the negative relationship between business cycles and renting is
presented in Table 1.1. We find that it is a ubiquitous pattern at different aggregation
levels, and not driven by composition effects which may cause certain “rental-intensive”
industries or firms gaining a larger weight in downturns. The results are also not
sensitive to the time-series filtering method used (i.e. HP-filter or first differencing),
or to which measure of capital expenditure we use in the denominator. As further
robustness checks, Table A.4 of the Appendix uses a variety of alternative measures
for rentals. They include normalising with different size measures such as directly
observed capital expenditures, employment and sales, or using a balanced sample, or
using a real share instead of a nominal expenditure share10. Finally, correlations are
also calculated at the level of individual sectors, highlighting that the pattern holds

10For details, see Section 1.A.3 of the Appendix.
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within each one of them.

Table 1.1: Regressions Showing the Countercyclicality of Renting at the Aggregate,
Industry and Firm Level (1980-2011)

Panel a. Dependent variable: rental share. Rental share and GDP are HP-filtered

Panel b. Dependent variable: rental share. Rental share and GDP are first-differenced

Notes: The tables show the results of regressing the rental share on aggregate real GDP at the
aggregate (columns 1 and 2), at the 2-digit industry level (columns 3 and 4) and at the firm level
(5 and 6). Columns 1,3, and 5 use the user cost formula for capital expenditures (δit + iit)Kit as
in equation 1.1, whereas columns 2, 4 and 6 use the directly observed capital expenditureit variable.
In Panel a, variables are HP-filtered (with smoothing parameter 6.25), while in Panel b, they are
first-differenced. GDP is measured in logs, in real terms. For the firm-level results, a balanced panel
of firms are used for the HP filtered series. For columns 3 to 6, t-statistics are based on standard
errors which are robust to clustering within years, and theR2-s refer only to within panel (i.e. time
series) variation. t statistics in parentheses. ∗p < 0.1, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01. Sources: Compustat
(rental expense measures), for companies incorporated in the United States (1980 to 2011); Bureau
of Economic Analysis (GDP).

In order to shed more light on the countercyclical pattern of rentals, we turn to
an aggregate measure of credit tightness.11 As Figure 1.3 shows, tightening credit
standards are associated with an increasing share of renting.To provide more causal

11Aggregate credit tightness is measured by the Senior Loan Officer Survey of the Board of Governors
of the Federal Reserve System.
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evidence on the relationship between financial factors and the dynamics of rentals, we
present an additional result based on estimates of a simple bi-variate Bayesian Vector-
autoregression (BVAR) model model featuring the financial shock series of Jermann
and Quadrini (2012) and the rental share defined by equation 1.1. The evidence shown
by Figure A.2 of the Appendix suggests that negative financial shocks cause the rental
share to increase. The estimation details are found in Section 1.A.4 of the Appendix.

Figure 1.3: Renting Increases When Credit Conditions Tighten
The change in the rental share and credit tightness in the US

Notes: * Measured by the net percentage of respondents indicating a tightening of standards for
commercial and industrial loans for large and medium sized firms, from the Senior Loan Officer
Survey of the FED. ** Measured by the annual change of the rental share, i.e. rental expenditures as
percentage of total capital expenditures in equation 1.1. Sources: Compustat (firms incorporated in
the US) and Board of Governors of the Federal Reserve System.

In addition to credit constraints, of course, other factors may also contribute to
the increasing rental activity during downturns. One of the most compelling alternat-
ive explanations is based on time-varying uncertainty in business conditions, demand,
prices, etc. It has been shown that uncertainty rises during downturns Bloom (2009),
and that capital decision are at least partially irreversible (Dixit and Pindyck, 1994),
thus causing investments to be postponed during periods of heightened uncertainty.
Under such circumstances, relying on more easily adjustable rented capital may be
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optimal.
To investigate the role of economic and policy uncertainty in shaping the countercyc-

licality of rentals, we include various proxy measures for them as additional explanatory
variables in addition to the cyclical component of GDP. Table 1.2 confirms that the
countercyclicality of rentals is robust to controlling for a variety of time-varying volat-
ility measures: the coefficient of GDP is always negative and significant, while neither
of the uncertainty measures enter significantly in the regressions.

Table 1.2: The Countercyclicality of Rentals Is Not Driven by Time-Varying Uncer-
tainty

Dependent variable: rental share, benchmark aggregate measure

Notes: Rental shares and the logarithm of real GDP are HP-filtered at annual frequency (with smooth-
ing parameter 6.25, following Ravn and Uhlig (2002)).. t-statistics in parentheses; * p<0.1, ** p<0.05,
*** p<0.01. (1): Rental share regressed on GDP (2): Rental share regressed on GDP and the VIX
index Bloom (2009) (3): Rental share regressed on GDP and the policy uncertainty index (Baker
et al., 2013) (4): Rental share regressed on GDP and the interquartile range of firm-level sales
growth using Compustat (5): Rental share regressed on GDP and a 5 year long, backward looking
rolling-window measure of the average of firm-level standard deviation of sales growth rates using
Compustat.

1.2.2 Aggregate Implications of Renting: Cross Country Evidence

In the face of financial distress, the possibility of renting may serve as an extra margin of
adjustment for both savers and borrowers. This extra margin allows for the allocation
of the extra savings that cannot be absorbed by parts of the economy where credit
conditions tighten and the capital accumulation process is impeded. This explanation
involves not only the choices faced by producing firms, but also the potential suppliers
of funds and rented capital. This general equilibrium mechanism is one of the key
insights behind the theoretical model to be presented in the next section.

A potential macroeconomic implication is that renting may help reduce the impact
of financial shocks. Indeed, we find that if the rental sector is larger before a financial
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crisis hits, the ensuing output loss is generally smaller. Underlying this analysis, we
combine three cross-country data sets.

First, for obtaining proxies on the importance of renting, we use the Structural
Analysis (STAN) database of the OECD. This contains annual data on value added
and investment by detailed industries, for 27 countries, from 1970 to 2009. The value
added of the rental sector will be used as our proxy measure for the importance of
renting activity, by country and year.12 Second, we use the Systemic Banking Crises
Database accompanying the paper by Laeven and Valencia (2012), which identifies the
impact of systemic banking crises on subsequent GDP-losses.13 The third data source
is the Financial Structure Dataset (Cihak et al., 2012), which contains various measures
of financial development, to be used as control variables. The final combined data set
has 20 countries where both financial crises and rental measures are jointly observed.
Further descriptions of the data can be found in Section 1.A.1 of the Appendix.

The scatter plot of Figure 1.4 reveals a clear negative relationship between the cu-
mulative size of the output loss following the outbreak of a crisis and the size of the
rental sector in the years preceding it.

12Specifically, we take the value added of industry 71 in NACE rev1.1 (Renting of machinery and
equipment) and normalise it by the size of the economy (either by total value added or total
investments) to calculate our cross-country rental measure. There is no similar data for the renting
of structures and buildings: industry 70 seems to be a candidate but it also contains to a large part
the building (not renting) of residential (not corporate) real estate. Note that the primary interest
is in productive capital for companies, and structures are less important for them. Thus, looking
at machinery and equipment can still provide a good proxy for the overall importance of renting
in the economy. Further, also note that Compustat does not have a decent coverage outside the
US.

13It covers the period 1970-2011 and a large number of countries. According to their data de-
scription, "Output losses computed as the cumulative difference between actual and trend real
GDP, expressed as a percentage of trend real GDP for the period [T, T + 3] where T is the
starting year of the crisis. Trend real GDP is computed by applying the HP filter (λ = 100)
to the GDP series over [T − 20, T − 1]." (Laeven and Valencia (2012), Banking crisis database,
2012 version, http://www.luclaeven.com/Data_files/Resolution%20of%20Banking%20Crises%20-
%20Database.xlsx)
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Figure 1.4: More Rentals are Associated with Smaller Real Costs of Financial Shocks
Cumulative Output Loss after Financial Crises and the Size of the Rental Sector

1970-2009, 20 countries

* The size of the rental sector is measured by the ratio of value added of the rental sector (industry
71 in NACE Rev 1.1 called Renting of machinery and equipment without operator and of personal and
household goods) to gross fixed capital formation, as a measure of capital expenditures, at country
level. Source: OECD STAN database
** Cumulative output loss is measured, as a ratio of GDP, as the cumulative sum of the differences
between actual and trend real GDP over the period [T, T+3], expressed as a fraction of trend real
GDP, with T the starting year of the crisis. Source: Laeven and Valencia (2012).

In order to check for the significance and robustness of this result, the following
regressions are estimated with different measures for rentals and various controls for
financial development and pre-crisis growth:

Ỹc,t = β0 + β1rentalsc,t−1 + β2controlsc,t−1 + εc,t, (1.3)

where Ỹc,t denotes the cumulative output loss after a banking crisis in country c in year
t, and the size of the rental sector is captured by rentalsc,t−1. We use four measures
for the latter: either Rentals / GDP or Rentals / Investment, averaged either over 2 or
3 years before the crisis, up to the preceding year, t − 1. If the hypothesised mitigating
effect of rentals are true, then we expect β1 < 0. Results are summarised in Table 1.3,
and confirm, for all specifications, what the scatter plot shows visually: more rentals
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seem to be associated with lower real costs of financial shocks.
To give a more causal interpretation to this relationship, in Panel b of Table 1.3 we

included a number of controls for factors which may bias this negative relationship.
First, one can argue that countries with more developed financial systems can have
systematically larger financial meltdowns once a financial crisis breaks out. If the rental
sector develops hand-in-hand with the rest of the financial sector, this can bias our β1

coefficient upwards. If, on the other hand, one takes the view that more developed
financial systems reduce the real costs of financial crises (for instance, due to quicker
recoveries), then the bias works to the opposite direction, downwards and away from
zero, which would warrant the inclusion of controls. Columns (2) through (9) show
results when different measures of financial development are included, measured as
averages over the years preceding the crises. The negative coefficient of rentals is still
significant, and has very similar magnitudes across the various measures. This result
allows for a more causal interpretation that rentals mitigate the real impact of financial
meltdowns, and also indicates that the general level of financial development does not
interfere with this relationship.
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Table 1.3: Renting Reduces the Real Impact of Financial Shocks

Panel a: Output Loss Regressed on Rental Measures

Panel b: Output Loss Regressed on Rental Measures and Controls

t-statistics in parentheses. * p<0.1, ** p<0.05, *** p<0.01+List of controls: (1): without control variables; (2): with liquid liabilities / GDP as control; (3):
with private credit by deposit money banks and other financial institutions / GDP as control; (4):
with bank deposits / GDP as control; (5): with financial system deposits / GDP as control; (6): with
stock market capitalization / GDP as control; (7): with stock market total value traded / GDP as
control; (8): with private bond market capitalization / GDP as control; (9): with public bond market
capitalization / GDP as control; (10) and (11): average GDP growth before the crisis (t-5 to t-1,
t-10 to t-1, respectively) as control; (12) and (13): the share of manufacturing and trade (retail and
wholesale) in GDP, respectively (average of t-2 to t-1).
Note: rental measures use the output (value added) of industry 71 (in NACE Rev 1.1) called Renting
of machinery and equipment without operator and of personal and household goods in the numerator
and either overall GDP or overall gross fixed capital formation (as a measure for capital expenditures)
in the denominator. The averages over these ratios are taken for years preceding the crisis, either
over two years (t-2 to t-1) or three years (t-3 to t-1). Output loss is measured, as a ratio of GDP, as
the cumulative sum of the differences between actual and trend real GDP over the period [t, t+3],
expressed as a fraction of trend real GDP, with t being the starting year of the crisis.
Sources: rental measures from the OECD STAN database, output loss from Laeven and Valencia
(2012), financial development indicators from the September 2012 version of the database by Beck
and Demirguc-Kunt (2009), and GDP growth from the OECD.
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As further robustness checks, columns (10) and (11) of Panel b of Table 1.3 include
controls for the size of the boom before the crises, measured by average GDP growth
in the 5 or 10-year periods preceding the crises. Columns (12) and (13) control for
sectoral composition: manufacturing and trade (retail and wholesale) to capture the
fact that they may be more flexible and use more rentals, thus leading to a spurious
correlation between rental size and the speed of the recovery after a negative shock.
Again, the significant and negative relationship is preserved in each of these cases, with
similar magnitudes to previous estimates.

In order to get a sense of the scale of the effect, and also to see that the choice of our
rental measure does not matter much for the magnitude, standardised beta coefficients
are also reported. Their values of around 0.45 mean that, if rentals increase by one
standard deviation (0.021), then the output loss decreases by almost half of its standard
deviation (0.183). This amounts to a substantial 8.2 percentage points decrease in the
cumulative GDP loss after financial crises.

To sum up, we documented the countercyclicality of rentals and that they are used
more intensively when access to credit is limited for the US. Moreover, we presen-
ted suggestive evidence that renting alleviates the negative impact of credit tightness
on economic activity by using cross-country data on the aggregate output impact of
financial shocks.

1.3 Model
We now develop a model where borrowing constraints can naturally give rise to the
countercyclicality of the rental share found in the data. We first show the intuition
behind the mechanism in a simplified two-period model, and then build an infinite
horizon model to show that our mechanism can match some of the empirical moments
in the data.

1.3.1 Two-period Case

There are two agents: a saving household and a borrowing entrepreneur. We assume
perfect foresight, no depreciation and a unit elasticity of substitution between rented
and owned capital. The risk-averse household maximises utility that is a logarithmic
function of consumption in period 1 and period 2:

max
[
log CH

1 + β log CH
2

]
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where β ∈ (0, 1) is the subjective discount factor, and CH
t denotes the household’s

consumption in period t. To maximise utility, the household uses its endowment w

from period 1: (i) to consume CH
1 , (ii) to buy a one-period bond B which yields gross

interest R in period 2, and (iii) to accumulate capital KR which he rents out in order
to obtain the rental rate RR in period 2. Accordingly, the period 1 and period 2 budget
constraints take the form of:

CH
1 = w − B − KR

CH
2 = RB + RRKR

The first order conditions imply the familiar Euler-equations, βCH
1 /CH

2 = 1/R = 1/RR,
ensuring no-arbitrage between the two investment opportunities.

The risk-neutral entrepreneur’s problem is to maximise utility that is a linear function
of consumption in period 1 and period 2:

max
[
CE

1 + γCE
2

]
where CE

t denotes entrepreneurial consumption, and γ ∈ (0, 1) is the time preference
parameter. To maximise utility, the entrepreneur uses its endowment ε and borrowings
B in period 1: (i) to accumulate owned capital KO, and (ii) to consume CE

1 . In
period 2, the entrepreneur uses its owned capital KO and the capital that he rents
from the household KR to undertake production Y using a Cobb-Douglas technology,
Y = A

(
KO
)α (

KR
)1−α

, where A is an exogenous technology shifter (multi-factor
productivity, MFP).14 The produced income is then used: (i) to pay back the borrowed
money with interest to the household RB, (ii) to pay the rental fee to the household
RRKR and (iii) to consume CE

2 . In addition, the source of financing friction in the
model is a collateral credit constraint that limits the entrepreneur’s access to borrowing
in period 1 by the amount of capital he owns. More specifically, the assumption is
that only a θ < 1 fraction of owned capital can be recovered in case of bankruptcy.
Accordingly, the period 1 and period 2 budget constraints and the collateral constraint

14While aggregate MFP is influenced by a host of factors beyond technology, narrowly defined –
such as management abilities, human capital or allocative efficiency, see also Chapter 3 –, what is
important for the present purposes as that this variable captures changesin in aggregate production
possibilities. Hence in this chapter, we will use the two terms interchangeably.
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take the form of:

CE
1 = B − KO + ε

CE
2 = Y − RB − RRKR

B ≤ θKO

where θ captures the degree of collateralisability of the owned asset, and we refer
to the case θ = 1 as financial markets being perfect. In order to ensure that the
borrowing constraint binds, we assume that the entrepreneur is more impatient than
the household, γ < β (Kiyotaki and Moore, 1997). Given the no-arbitrage condition
(R = RR), the entrepreneur’s first order conditions with respect to KR and KO yield
the equilibrium condition for the rental share:

MPKO

MPKR
= α

1 − α

A
(
KR/KO

)1−α

A (KO/KR)α = α

1 − α

KR

KO
= 1 − θ

Rγ
+ θ (1.4)

Equation 1.4 determines the relative demand of the entrepreneur for the two types of
capital. The equilibrium condition has four implications.

First, a shift in technology A has a symmetric direct impact on the marginal products
of capital (MPKs), and hence the rental share. But the extent to which A changes
the intertemporal price, the interest rate, the indirect effect on the rental share is
asymmetric.

Second, the rental share KR/KO decreases in the interest rate as long as financial
frictions are present (θ < 1). When interest rates fall (e.g. following an fall in tech-
nology A) the user cost of renting (the rental rate) falls in tandem with interest rates
given the no-arbitrage condition of the household (R = RR). In contrast, the user
cost of owning falls only by the proportion (θ) that owning is credit financed, and the
downpayment fraction of the user cost (1 − θ) becomes relatively expensive.

Third, the rental share decreases in θ as long as R < 1/γ: as financial markets
become more developed (Kiyotaki and Moore 2005), a higher fraction of the capital
can be collateralised, and as a result the larger the common fraction of the user costs
of the types of capital that is impacted by interest rate movements. When financial
markets are perfect (θ = 1), variation in A and in R leave the rental share constant,
KR/KO = (1 − α) /α.

Fourth, the more severe credit constraints are (captured by smaller values of θ), the
larger the marginal impact of a change in the interest rate on the rental share. This is
because decreasing θ increases the asymmetric impact of interest rate movements on the
user costs of the two types of capital, leading to a higher degree of countercyclicality of
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the rental share. This is explored quantitatively further by the infinite horizon model.

Figure 1.5: Relative Demand and Supply for Rented and Owned Capital

(a) Without Credit Frictions (θ = 1) (b) With Credit Frictions (θ < 1)
Note: In both panels, the relative supply curve is given by the household’s no-arbitrage condition
(R = RR). A downward shift in the supply curve can be thought of as a result of a negative shift in
MFP A.

To graphically illustrate the implications of condition 1.4, Figure 1.5 displays the
functioning of the capital markets with and without financing frictions. The relative
supply is determined by the household’s savings decision captured by the no-arbitrage
condition. This suggests that the household is indifferent between financing owned
capital or supplying rented capital, making the relative supply curve between the two
types of capital horizontal.

Panel a of Figure 1.5 presents the case when the rental share is determined in the
absence of borrowing frictions (θ = 1). Since the relative demand is independent of
the interest rate (vertical demand curve), a negative change in MFP A which decreases
the marginal product of capital hence the interest rate, would leave the rental share
unchanged. Panel b shows that this result is no longer true when we introduce im-
perfections to credit markets (θ < 1) as the relative demand curve will be downward
sloping. A negative change in MFP A that reduces the real interest rate thus has an
asymmetric effect on the user costs of rented and owned capital, which generates a
substitution of owned with rented capital.

Furthermore, Figure B.1 of the Appendix provides a quantitative illustration of how
the allocation changes with and without financing frictions, depending on the role of
rentals in production captured by the parameter α, in response to shifts in MFP A.
In the case when the credit constraint is not operational (θ = 1), the allocation is
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independent of the share of rentals, shown by the upper panel. In contrast, when the
financing constraint is operational (θ = 0.5), the allocation is different depending on
the importance of rented capital: when α = 0.9, total consumption is smaller and
interest rate is lower (level) and more sensitive to changes in changes in technology
(slope). When the share of renting is large, α = 0.1, more of the adjustment in the
market of loanable funds works through quantities, captured by the slope of the rental
share KR/KO. In spite of the fact that the presence of rentals results in an allocation
close to the case when the financing friction is not operational (θ = 1), our model
is constrained efficient: the social planner cannot improve on the allocation in the
economy with and without renting.15

To end the analysis of our two-period model, we discuss the role of financial shocks
which we refer to as exogenous shifts in θ, in the spirit of Jermann and Quadrini
(2012), Liu et al. (2011) and Iacoviello (2015) amongst others. Consider the extreme
case when θ falls from one to zero. In the absence of renting, the household would not
have any means of smoothing consumption. Hence, the entire endowment w would be
consumed in the first period, CH

1 = w, CH
2 = 0, and this allocation would imply zero

interest rates, R = 0, and infinite utility loss for the household. This intertemporal
distortion could be mitigated when rented capital is present, since the household could
use this additional asset to bring consumption forward, implying positive interest rates.
While renting mitigates the intertemporal distortion, it also introduces an intratemporal
distortion given the assumption of imperfect substitutability between owned and rented
capital.16 This means that a fall in θ and the switching into rented capital from owned
capital causes misallocation in production and generates an output loss. However, given
plausible parameter values, the intertemporal mitigation effect of renting exceeds the
intratemporal efficiency loss it entails. These effects will be explored quantitatively in
the subsection 1.3.6.

1.3.2 Infinite Horizon Case

This subsection extends the simple two-period case by introducing infinite horizon, and
augmenting the production side with capital accumulation and CES technology. While
preserving the intuition conveyed by the two-period model, these extensions serve the
purpose of quantitatively matching some of the empirical moments observed in the
data.

15These results are available upon request.
16This assumption will be discussed in more detail in the next subsection.
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1.3.2.1 Households

The representative household has the following utility maximization problem:

max E0

∞∑
t=0

βt ln CH
t , (1.5)

Household income is spent on consuming, CH
t , buying a one-period riskless discount

bond, St

Rt
, and investing into rented capital, KR

t . The expenditure is financed by finan-
cial and rental income, RR

t−1K
R
t−1,17 and by reselling the previous period rented capital

stock
(
1 − δR

)
KR

t−1, where δR ∈ (0, 1) is the depreciation rate of rentals:

CH
t + St

Rt

+ KR
t = St−1 +

(
1 − δR

)
KR

t−1 + RR
t−1K

R
t−1. (1.6)

Given logarithmic utility, household consumption at period t is a constant (1 − β)
fraction of net worth, defined as the right hand side of the budget constraint 1.6. As a
result, any shock that hits the economy at the beginning of period t will change only
the composition but not the total size of household savings, St/Rt + KR

t . If financial
fractions prevent the household from adjusting its savings through bond purchases,
then savings may adjust through an increase in the bond price, associated with falling
interest rates, or through an absorption by rented capital accumulation.

The household’s Euler equation yields a no-arbitrage condition between the returns
on supplying credit and on investing in rental capital, Rt = RR

t + 1 − δR. As a final
note, households in our setup integrate the roles of financial intermediaries (e.g. banks)
and those firms who rent out capital (e.g. leasing companies). This simplification is
meant to illustrate the effect of having the rental sector less financially constrained
than other firms.18

17The timing assumption for the rental rate causes only minor differences in the model dynamics.
18There is indeed empirical support for this assumption: leasing companies have significantly lower

borrowing costs and higher leverage ratios than other firms, even after controlling for the size of
their collateral (i.e. the level of fixed tangible assets). The details of these findings, based on
US firms in Compustat, can be found in Tables A.5 and A.6 of the Appendix. As mentioned
in footnote 5, some production firms may also rent out to each other, besides leasing companies
whose main activity is the supply rental capital. We do not consider this case explicitly, however,
to the extent that the differences in lessors and lessees are driven by differences in access to credit,
the cyclical drivers of rental supply and demand are captured by the model.
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1.3.3 Entrepreneurs

The representative entrepreneur has a constant-returns-to-scale production technology,
that uses capital and labour to produce a homogeneous good Yt according to

Yt = ZtK
α
t−1L

1−α
t , (1.7)

where Zt denotes the technology shock and α is the scale parameter. To simplify
the exposition below, we assume that labour is of fixed supply normalised to one,
Lt = L̄ = 1. The technology shock follows a first-order autoregressive process, ln Zt =
ρz ln Zt−1 + ξz

t , where ρz ∈ (0, 1) measures the degree of persistence of the technology
shock, and ξz

t is a white noise term with a standard deviation of σz. Composite capital,
Kt, consists of owned capital accumulated by the entrepreneur, KO

t , and the capital
the entrepreneur rents from the household, KR

t . We assume an imperfect degree of
substitutability in production between rented and owned capital:

Kt =
[
ω

1
ε

(
KO

t

) ε−1
ε + (1 − ω)

1
ε

(
KR

t

) ε−1
ε

] ε
ε−1

, (1.8)

where ω and ε capture the share of and the degree of substitution between the two
types of capital in the composite. The motivation behind the functional form 1.8 is
both theoretical and empirical. As we show below explicitly, perfect degree of substi-
tutability would lead to a corner solution: depending on the relative cost of the two
types of capital, all capital would be either rented or owned. Introducing some degree of
complementarity helps eliminate corner solutions and leads to a unique determination
of the share of renting in production.

There is also empirical evidence on the imperfect degree of substitution between
renting and capital purchases. Given tax considerations, firms will prefer either rentals
or debt financed purchases, depending on the tax treatment of interest expenses, de-
preciation and leasing fees.19 Moreover, certain inherent characteristics of production
inputs, especially adjustment costs, make renting more feasible in some cases than in
others.20 Equation 1.8 may be seen as a reduced-form representation to incorporate all
these “cross-section” dimensions, giving rise to the imperfect substitutability between
rented and owned capital. The structural analysis of these factors is given by Eisfeldt
and Rampini (2009) and Gavazza (2011). We assume that these factors remain stable

19See Graham et al. (1998) for a review.
20For instance, transportation trucks are easily rentable, whereas the production equipment of a

factory are more difficult to adjust. Also, more sophisticated machinery can be firm or plant
specific, therefore may be harder to find on the rental market. Indeed, the corporate finance
literature has found that renting of structures is more widespread than renting of equipment, see
again Eisfeldt and Rampini (2009).
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over the business cycle, and focus on the dynamic role of credit constraints alone.
Building on Kiyotaki and Moore (1997), there is a limit on the amount of collater-

alised borrowing, Bt, the entrepreneur can obtain, and only owned capital can be used
as collateral:

Bt ≤ θKO
t . (1.9)

The maximization problem of the entrepreneur is:

max E0

∞∑
t=0

γt ln CE
t , (1.10)

subject to the technology constraint 1.7, the borrowing constraint 1.9, and the following
budget constraint:

CE
t + KO

t + Bt−1 + RR
t−1K

R
t−1 = Yt +

(
1 − δO

)
KO

t−1 + Bt

Rt

, (1.11)

where equation 1.11 shows that the entrepreneur uses his income from production, Yt,
and from reselling previous period’s depreciated owned capital stock,

(
1 − δO

)
KO

t−1,
and his borrowings through the issuance of a one-period discount bond, Bt

Rt
.21 They use

this amount to finance consumption, CE
t , investment into owned capital, KO

t , capital
renting expenditure, RR

t−1K
R
t−1, and previous debt obligation, Bt−1. We embody the

problem of separation of ownership and control, associated with rented capital, by
assuming that the owned capital stock depreciates at a slower rate than the rented
capital stock, δO < δR.22

1.3.4 Equilibrium and Steady State

In the absence of large shocks, the model has a unique stationary equilibrium in which
entrepreneurs borrow up to the limit23, θKO

t = Bt, and bonds market clear, St = Bt.

21 The depreciation rate of owned capital is δO ∈ (0, 1). Also, note that the logarithmic formulation of
the utility function can be interpreted as firms maximising the dividend stream, in a way that those
payments are to be smoothed over time. Note that risk-aversion is not a necessary assumption
for the main qualitative mechanism of the model. However, it allows the model to work better
quantitatively and match some of the key business cycle moments in the data.

22The difference between δO and δR can be thought of as a premium associated with the higher
monitoring cost of rented capital. This assumption captures the disadvantages of rented capital
related to a faster depreciation rate in production and its more costly maintenance. This approach
follows the finance literature on leasing. It is also motivated by our empirical evidence on the
higher depreciation rate of rented capital (see Tables A.5 and A.6 of the Appendix).

23Similar to Iacoviello (2005), we consider only relatively small movements around the steady state
such that the uncertainty effect is dominated by the impatience of the entrepreneurs, hence they
will always choose to borrow up to the limit instead of using “buffer stock” savings.
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Equilibrium in the goods market implies:

CH
t + CE

t + KR
t −

(
1 − δR

)
KR

t−1 + KO
t −

(
1 − δO

)
KO

t−1 = Yt, (1.12)

The competitive equilibrium is an allocation {Yt, CH
t , CE

t , Kt, KR
t , KO

t , St, Bt}∞
t=0 to-

gether with the sequence of prices {Rt, RR
t } such that the allocation solves the optim-

ization problems for the household and the entrepreneur, and all markets clear. The
steady-state and the linearised equilibrium conditions are derived in Appendix 1.B.2
and 1.B.3.

The equilibrium conditions imply that the steady-state ratio of rented and owned
capital is determined by the steady-state relative marginal products MPKR/MPKO:

KR

KO
=
(1 − ω

ω

)(
MPKR

MPKO

)−ε

(1.13)

=
(1 − ω

ω

)⎛⎝ 1
γ

−
(
1 − δO

)
− θ (β−γ)

γ
1
β

− (1 − δR)

⎞⎠ε

.

Under realistic parameter values, this steady-state renting-to-owning ratio provides
some intuitive results. First, the tighter the borrowing constraint the entrepreneur
faces, represented by a lower θ, the less capital will be owned, and the more capital
will be rented. Second, the lower the entrepreneur’s subjective discount rate γ, the
more impatient he becomes and thus prefers rentals to owning. Third, the higher the
depreciation rate of rented capital δR, the higher its user cost. As a result of the
increasing costliness of renting, its share compared to owned capital falls.24 In the
case of perfect substitutability (ε = ∞), equation 1.13 collapses into a corner solution,
where depending on the user costs, all capital will be either rented or owned.

1.3.5 Quantitative Analysis of the Dynamics

To illustrate the quantitative response of the model economy to a downturn, Figure
1.6 shows the dynamic responses of the key variables following a persistent negative
MFP shock.

24Note that our empirical measure (1.2) is a strictly monotone function of the expression (1.13), due
to the fixed difference between the rental fee and the interest rate:

rent

rent + capital expenditures
= RRKR

RRKR + (R − 1 + δO)KO
= KR/KO

KR/KO + R−1+δO

R−1+δR

As such, changes in KR/KO are also reflected in changes in the observable empirical measure.
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Figure 1.6: The Dynamic Effects of a Negative MFP Shock

Note: The vertical axes show % or % point deviations from steady state. The horizontal axes are in
quarters. To produce this graph, we took first-order approximations of the model using the following
parameters: α = 0.3, β = 0.9925, γ = 0.97, δR = 0.03, δO = 0.02, ω = 0.75, ε = 10.5, θ = 0.6,
ρz = 0.9, σz = 0.01.

After the shock, output drops immediately and remains below steady-state persist-
ently, whereas the share of renting increases on impact and remains persistently above
steady state, along with the fall in the interest rate. Given logarithmic utilities, the
consumption responses reflect how the negative shock affects the wealth of the two
agents. The wealth of the entrepreneur, who is the net borrower in the economy, falls
by more than the wealth of the household, who is the net saver. The equilibrium in
the market of loanable funds is restored by falling interest rates and increasing supply
of rentals. For the interested reader, Section 1.B.5 of the Appendix provides further
analysis on how tighter credit constraints increase both the steady-state level and
the counter-cyclical response of the rentals share, and Section 1.B.6 of the Appendix
presents the whole set of impulse responses for the benchmark model and discusses the
role of the depreciation rate as well.
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Table 1.4: Business Cycle Statistics at Annual Frequency

Variables Data (1980-2007) Model
Stand. Deviation Corr. w. output Stand. Deviation Corr. w. output

Output 1.272 1.000 1.262 1.000
Rental Share� 0.918 −0.649 0.910 −0.854
Investment 4.323 0.949 3.389 0.855
Consumption 0.991 0.903 0.984 0.916

* Rental share is taken from Compustat annual data (see equation 1.1), and is not available at quarterly frequency. Data
on real output, investment and consumption are from the Bureau of Economic Analysis, Chained Dollars, HP-filtered
logarithms, with a smoothing parameter of 6.25 for annual data, as in Ravn and Uhlig (2002). To produce this table,
the benchmark model used the following parameters: α = 0.3, β = 0.9925, γ = 0.97, δR = 0.03, δO = 0.02, ω = 0.75,
ε = 10.5, θ = 0.6, ρz = 0.9, σz = 0.0055. The model moments are obtained by generating 500 simulated datasets, each
containing 200 quarters. Annual moments are then obtained by averaging the quarterly observations. The mean over
the results from the 500 simulations are presented in Table 1.4.

In spite of the lack of endogenous labour and the general simplicity of the model, it
is able to do well at matching some key empirical business cycle moments conditional
on MFP shocks. Table 1.4 presents simulation results under standard parametrisation
compared to US data. We consider the period 1980-2007, excluding the financial crisis.
The standard deviation of the shock is set to σz = 0.0055 in order to match the observed
output volatility. The value is similar to the values usually used to characterise the
Great Moderation and naturally smaller than σz = 0.0072 used by King and Rebelo
(1999) for the postwar period. The model mimics the observed negative correlation
of the rental share with output, while getting close to explaining the dynamics of
aggregate consumption, investment and output.

1.3.6 The Role of Renting in Financial Crises

To understand the importance of renting for the aggregate economy in the presence of
borrowing constraints, we ask whether the propagation of financial shocks is changed
by the possibility of renting. As in the two-period model, we proxy financial shocks as
exogenous shifts in the collateral value θ, which distorts the intertemporal consumption
smoothing technology of the economy. Following Jermann and Quadrini (2012), Liu
et al. (2011) and Iacoviello (2015) we adopt the following exogenous shock process:

ln θt = (1 − ρθ) ln θ + ρθ ln θt−1 + ξθ
t ,

where ρθ ∈ (0, 1) measures the degree of persistence of the collateral shock, θ is the
steady-state value of θt, and ξθ

t is a white noise term with standard deviation σθ. It
is helpful to use the budget constraints 1.6 and 1.11 and the binding credit constraint
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1.9 to define household savings Υt as follows:

Υt = θt

Rt

NW E
t − CE

t(
1 − θt

Rt

) + KR
t , (1.14)

where NW E
t = Yt +

(
1 − δO

)
KO

t−1 − Bt−1 − RR
t−1K

R
t−1 is defined as the net worth of

the entrepreneur. Equation 1.14 suggests that an exogenous fall in the collateral value
θt would reduce the amount of household savings being intermediated through credit
markets for two reasons. First, the entrepreneur’s demand for owned capital, falls
because the down payment required to purchase one unit of capital, 1 − θt

Rt
, increases.

The falling demand for owned capital would decrease entrepreneurial demand for credit
as well. Second, the household’s ability to save through credit markets diminishes
when the offered collateral – a fraction θt

Rt
of owned capital for each unit of loan – falls.

Both effects point to the same direction, and without rental markets, they must be
accompanied by an immediate and large drop in the interest rate in order to absorb
predetermined household savings.

As in the two-period model, the large fall in interest rates reflects the technological
constraint of the economy to smooth consumption: future consumption is brought
forward and the supply of loanable funds, hence capital accumulation, is impeded,
thereby slowing down long-run economic recovery. The presence of rentals, KR

t , would
mitigate this intertemporal technological constraint by taking over some of the negative
interest rate adjustment when credit markets malfunction, and would channel some of
the loanable resources back into production.25

To present this mechanism quantitatively, we compare the impact of a negative col-
lateral shock in the benchmark model (ω = 0.75) to a hypothetical world where the
role of renting in production is marginal (ω = 0.99) in composite capital (1.8). Figure
1.7 shows the impulse responses of output, total consumption, total investment and
interest rate, respectively, following a one standard deviation shock to the collateral
value. The absence of renting possibilities implies a large increase (decrease) in con-
sumption (investment) in the short-run, leading to a fall in production capacities in

25Note that unlike in the case of a MFP shock where the shock itself was symmetric in hitting the
marginal products of the two types of capital equally badly, a collateral shock has a direct impact
on the relative marginal products. When a shock to θt hits the borrowing constraint and thereby
decreases the relative user cost of renting, the financial shock leads to an anti-clockwise rotation in
the relative demand curve in panel b of Figure 1.5. This makes rented capital even cheaper thereby
increasing the countercyclicality of the rental share compared to the case of MFP shocks. Because
of the additional impact of financial shocks on the required down payments, directly raising the
user cost of owning, the possibility of renting has a larger impact on changes in the allocation
following a financial shock than in the case of a MFP shock.
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Figure 1.7: The Effects of a Negative Collateral Shock with and without Renting

Notes: The magnitude of the shock is 1sd. The horizontal axes are in quarters. The following
parameters are used: α = 0.3, β = 0.9925, γ = 0.97, δR = 0.03, δO = 0.02, ω = 0.75 (with renting) or
ω = 0.99 (without renting), ε = 10.5, θ = 0.6, ρz = 0.9, σθ = 0.01.

the longer run.26 In contrast, the presence of renting circumvents the intertemporal
technological constraint induced by malfunctioning financial markets, and results in
lower consumption and investment volatility. Though rented capital by assumption is
an imperfect substitute of owned capital in production, the misallocation effect caused
by capital substitution is quantitatively small, as shown in Figure 1.7.

The presence of renting mitigates as it serves as a productive absorber of excess sav-
ings. In traditional business cycle models with credit constraints such as Kiyotaki and
Moore (1997) and Kiyotaki (1998), such lack of absorber leads to those savings being
invested and produced with by savers with low individual productivity, leading to fall
in aggregate productivity. Our results suggest that allowing for the possibility to rent
capital has the potential to mitigate the negative impact of such credit cycles, by cir-
cumventing credit constraints and channelling loanable resources back into production.
This is in line with the empirical evidence presented in Section 1.2.2.

1.4 Conclusion
This chapter has provided empirical evidence on the countercyclicality of the rental
share over the business cycle and on the mitigating role of renting during financial
26Note that our highly stylised model cannot capture the positive co-movement between investment,

output and consumption following a shock to θ. This would require the introduction of additional
frictions, such as the labour demand channel as in Jermann and Quadrini (2012).
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distress. It presented a simple dynamic stochastic general equilibrium model, which
provided an explanation based on borrowing constraints for the countercyclical beha-
viour and the mitigating impact of rentals during crises. Despite its simplicity, the
model performed reasonably well at matching some of the key business cycle moments
in the data. The model has shown that the possibility of renting can be powerful,
during a financial downturn, in absorbing some of the economic resources that cannot
be absorbed by malfunctioning credit markets. The focus of the chapter has been
the aggregate study of the countercyclicality of renting, and the implications of firm-
heterogeneity are left for future research. The roles of adjustment costs, irreversibility
constraints and uncertainty in affecting renting may also be subject to further ana-
lysis. Nevertheless, we have shown empirically that time-varying uncertainty does not
seem to be the main driver of the countercyclicality of rentals, while changing financial
conditions appear very strongly related.

Finally, we would like to point at two possible implications of the chapter. First,
our results suggest that it may be important for macroeconomic modellers to distin-
guish between owned and rented capital. The majority of DSGE models used by policy
makers and academics do not make such a distinction, whereas our empirical and theor-
etical results suggest that the owning-versus-renting choice is a relevant issue. Second,
as our results show that the possibility of renting could alleviate problems associated
with borrowing constraints and mitigate the adverse impacts of financial shocks, they
highlight a potential macroeconomic benefit of having well-developed rental and leasing
markets in place, especially in times of tight credit conditions.

32



1.A Empirical Appendix

Appendix 1.A Empirical Appendix

1.A.1 Data Description

The detailed description of variables, with the Compustat variable name in parentheses
(Source: Compustat User’s Guide):

• rental expenses (xrent, item number: 47): This item represents all costs charged
to operations for rental, lease, or hire of space and/or equipment.27

• property, plant and equipment (ppent, item number: 141): This item represents
the cost, less accumulated depreciation, of tangible fixed property used in the pro-
duction of revenue. In order to arrive at Kt in the user cost (i.e. the denominator
in equation 1.2), we add the current year depreciation to this variable.

• depreciation and amortization (dp, item number: 14): This item represents non-
cash charges for obsolescence of and wear and tear on property, allocation of the
current portion of capitalised expenditures, and depletion charges.

• amortization of intangibles (am, item number: 65): This item represents a non-
cash charge for the systematic write-off of the cost of intangible assets over the
period for which there is an economic benefit.

• capital expenditures (capx, item number: 128): This item represents cash outflow
or the funds used for additions to the company’s property, plant and equipment,
excluding amounts arising from acquisitions, reported in the Statement of Cash
Flows.

• average short-term borrowings rate (bastr, item number: 105): This item rep-
resents the approximate weighted average interest rate for aggregate short-term
borrowings for the reporting year. This item is not available for banks or utility
companies.

• employment (emp, item number: 29): This item represents the number of com-
pany workers as reported to shareholders. This is reported by some firms as an
average number of employees and by some as the number of employees at year-
end. No attempt has been made to differentiate between these bases of reporting.
If both are given, the year-end figure is used.

27This item excludes so-called capital leases, which are accounted for among owned assets on the
book. This is justified on the grounds that capital leases are closer to collateralised lending than
to real rentals because ownership is essentially acquired by the lessee. The rental expense measure
captures only operating leases, which do not imply a transfer of ownership to the lessee, hence
the lessor bears all the risks of ownership. For more details, see Table 1 of Eisfeldt and Rampini
(2009).

33



Chapter 1 Capital renting vs. owning over the business cycle

• sales (sale, item number: 12): This item represents an industry segment’s gross
sales (the amount of actual billings to customers for regular sales completed
during the period) reduced by cash discounts, trade discounts, and returned sales
and allowances for which credit is given to customers.

The number of observations, broken down by SIC (Standard Industrial Classification)
sectors, are shown in Table A.1. Companies in the following sectors are omitted from
the analysis: public sector (SIC codes equal 9000 and above), the financial sector (SIC
codes starting with 6) as they are the providers of credit hence not considered credit
constrained, and agriculture (SIC codes smaller than 1000) as they are less synchronised
with the business cycle and also have very few firms in Compustat. Industries whose
primary activity is to rent out capital are also excluded, unless indicated otherwise (e.g.
Tables A.5 and A.6): lessors of railroad and real property (6517, 6519), real estate
agents (6531), automotive rental and leasing (7510-7519), miscellaneous equipment
rental (7350-7359), computer rentals (7377).

Table A.1: Number of Observations Broken down by Industries

Renting or lessor industries are the following (SIC 4-digit industry codes in parentheses):
Lessors of railroad and real property (6517, 6519), real estate agents (6531), automotive
rental and leasing (7510-7519), miscellaneous equipment rental (7350-7359), computer rentals
(7377).
Source: Compustat, annual financial statements for US companies, 1980-2011.

External data on real GDP (chain-weighted real GDP in billions of chained 2005
dollars) and GDP deflator to deflate sales in Compustat (Implicit Price Deflators for
Gross Domestic Product) is taken from the National Income and Product Account
Tables of the Bureau of Economic Analysis. Price indices and implicit deflators for
the rental sector (NAICS 53) value added, capital stock (fixed assets) and capital
expenditures (gross investments) – both private, fixed and non-residential - are obtained
from the Bureau of Economic Analysis.
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The data set, used for analysing the role of the rental sector, is compiled by merging
three cross-country data sets (see Section 1.2). Descriptives of that data are shown in
Table A.2.

Table A.2: Descriptives of the Data Used for Analysing the Role of the Rental Sector
during Financial Crises

Note: rental measures use the output (value added) of industry 71 (in NACE Rev 1.1) called Renting
of machinery and equipment without operator and of personal and household goods in the numerator,
and either overall GDP or overall gross fixed capital formation (as a measure for capital expenditures)
in the denominator. The averages over these ratios are taken for years preceding the crisis, either
over two years (t-2 to t-1) or three years (t-3 to t-1). Output loss is measured, as a ratio of GDP, as
the cumulative sum of the differences between actual and trend real GDP over the period [t, t+3],
expressed as a fraction of trend real GDP, with t the starting year of the crisis. Source: rental measures
from the OECD STAN database, output loss from financial crises from Laeven and Valencia (2012),
financial development indicators from Cihak et al. (2012), and GDP growth from OECD.
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1.A.2 The Importance of Renting at the Firm Level and Over
Time

In order to explore the characteristics of firms that rely more on renting when obtaining
capital, Figure A.1 presents the rental expenditure share along two dimensions: firm
size and sector, and in two points in time, 1980 and 2011.
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Figure A.1: Renting Is More Important among Small and Services Firms
The Share of Rental Expenses in Total Capital Expenditures in the US

Note: Sectoral classification is based on the Standard Industrial Classification (SIC) system. Rental
shares are calculated as the mean of rental shares across firms by size quartiles and sectors and over
years 1980-2011.
*Firm size is measured by fixed tangible assets, and firms are ordered in increasing size (i.e. 1st
quartile captures smallest firms).
Source: Compustat, firms incorporated in the United States; 1980 and 2011.

We confirm the earlier findings of Eisfeldt and Rampini (2009) that for small firms,
the rental share is higher (almost 50% in the smallest quartile), but even the largest
firms spend a considerable fraction of their capital expenditures on rentals (almost
20% in the largest quartile). In addition, we show that the sectoral dimension is also
important: generally, firms related to services rent more (40-50% in trade and services
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compared to around 30% in manufacturing). Heavily capital intensive sectors like
transport, telecom, utilities and especially mining, oil and gas, rely less on renting.
Finally, the increase in the role of renting has been ubiquitous across size classes as
well as across sectors.28

These findings can partially reflect technological differences: for example, mining,
oil and gas, rely less on renting as the typically used capital goods in those sectors are
more firm-specific and thus more difficult to find on a secondary market. However,
access to external financing is probably also a key factor: small firms with little fixed
tangible assets possess less collateral, hence have less access to credit compared to their
larger counterparts (see Beck et al. 2005).

In order to assess whether these factors are jointly present, and what we see is not
just an artefact of correlation across size and sector (i.e. more small firms in services),
we ran regressions with firm-size and sectoral fixed effects on the right hand side, and
various rental share measures on the left hand side. The results are presented in Table
A.3, and show that both fixed effect sets are significant. Hence, there is a separate,
complementary role for technological factors, embedded in the sectoral fixed effects,
and for financial factors related to collateral size, primarily captured by firm-size fixed
effects. Furthermore, the effects of firm size are robust across rental measures.

28Only the most capital intensive Mining, Oil and Gas industry (SIC code 10-14) did not show an
increase in the share of rental expenditures, pointing to the difficulties in creating a rental market
for assets with a high degree of firm-specificity.
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Table A.3: Small Firms Rely More on Renting

The Effect of Sectoral Affiliation and Firm Size on Renting

t-statistics in parentheses; * p<0.1, ** p<0.05, *** p<0.01.
Note: Left hand side variables are firm-level rental share measures, averaged over time, for each firm.
(1) Baseline measure: rental share

(1)
it = rentit

rentit+(δit+iit)Kit

(2) Direct measure for capital expenditures in the denominator: rental share
(2)
it =

rentit

rentit+capital expendituresit

(3) Sales in denominator: rental share
(3)
it = rentit

salesit

The base effect is the combination of the left out categories for each dimension, that is manufacturing
firms in the smallest firm size quartile. Firm size is measured by fixed tangible assets. Sectoral
classifications are based on the Standard Industrial Classification (SIC).
Source: Compustat, firms incorporated in the United States; from 1980 to 2011.
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1.A.3 Robustness Checks on the Countercyclicality of Renting

Table A.4: The Robustness of the Countercyclicality of Renting (1980-2011)

Panel a. Correlation Coefficients between Several Rental and Output Measures

Panel b. Correlation Coefficients between Several Rental Measures and GDP, Rental
Measures by Sector

Notes: Each measure is HP-filtered (with smoothing parameter 6.25) before calculating the
correlations. Definition of rental measures: (1) Benchmark, aggregate measure (eq. 1.1) (2) Directly
observed Capital Expenditure measure in denominator (instead of the implied cost of capital) (3)
Benchmark, firm-level, mean across firms (eq. 1.2) (4) Benchmark, firm-level, median across firms
(5) Mean of firm-level rental expenses (i.e. only numerator of rental share) (6) Median of firm-level
rental expenses (i.e. only numerator of rental share) (7) Sales in denominator (8) Employment in
denominator (9) Balanced sample (10) Real variant of benchmark measure (1) (11) Real variant of
measure (2). Sources: Compustat (rental expense measures and sales), for companies incorporated
in the United States (1980 to 2011); Bureau of Economic Analysis (GDP and GDP deflator, value
added and capital stock and expenditure deflators).

To show the robustness of the negative relationship between output and renting, Table
A.4 and 1.1 present correlations between the cyclical components of a number of rental
and output measures. It confirms that the contemporaneous correlations are robustly
negative with respect to both output measures (aggregate GDP and sales from Com-
pustat), and for most measures, they tend to be stronger than either lagging or leading
correlations (panel a). Moreover, they are present within each sector (panel b).

The countercyclicality of rental expenses does not hinge upon the type of capital
expenditure measure we use for the denominator (compare measures 1 and 2). Nor
it is driven by compositional and firm-size changes throughout the sample (compare
measures 1, 3, 4 and 9).
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Note that measures (5) and (6), which lend the weakest support to countercyclicality,
measure the mean and the median of the level of rental expenditures (in logs), without
normalising it by any firm size measure. They also do not control for an important
factor which is pushing their correlation with output towards zero: the price of rentals
(the rental fee). Instead, what we observe for each company is only the nominal rental
expenditure, which is the product of the rental fee and the amount of rented capital:

rent = RRKR,

where RR is the rental fee and KR is the amount of rented capital.
For these reasons, it is important to relate rental expenses to overall capital expendit-

ures, i.e. to look at the rental expenditure share. That measure automatically controls
for price changes of capital goods, and more generally the changes in the cost of capital
(i.e. interest rates and depreciation rates). This is also in line with the practice in the
finance literature when measuring the leasing activity of firms (Eisfeldt and Rampini,
2009, and Rampini and Viswanathan, 2013).

Of course, if the rental fee does not closely follow the cost of capital over the cycle,
then such a normalization may not take out all cyclical variation due to changes in the
rental fee. For this reason, we include other measures that are normalised with different
firm-size measures than total capital expenditures: sales and employment (columns 7
and 8). We also include measures (columns 10 and 11) that are the real variants of
the two benchmark measures, correcting for price changes. They use deflated series
in the numerator and denominator, where rental expenses are deflated by the value
added deflator of the rentals and leasing sector (NAICS 53), interest rates are conver-
ted to real interest rates using the GDP deflator, and capital stock and expenditures
are deflated by the implicit deflator for non-residential private fixed assets and gross
fixed investments, respectively (see Section 1.A.1 on data sources). In all these cases,
the countercyclicality is preserved, confirming that rentals are used relatively more
intensively in times of downturns.

1.A.4 Financial Shocks and the Rental Share

To provide evidence on the causal relationship between financial factors and the dy-
namics of rentals, we estimate a simple bi-variate BVAR model including the annual
averages of the quarterly financial shock series constructed by Jermann and Quadrini
(2012) and the HP-filtered annual rental share series as in equation 1.1. The estima-
tion follows Banbura et al. (2010) and Blake and Mumtaz (2012) using standard values
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for the hyperparameters29, and using 500 draws from the posterior distribution after
burning the first 5000 draws. The estimation period is 1980-2010.30

Figure A.2: The Impact of Financial Shocks on the Dynamics of the Rental Share
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Notes: Each of the three rows presents the IRFs for the first orthogonalised shock implied by a VAR
of order 1, 2 and 3 respectively. The bands are the 16th and 84th percentiles of the posterior
distribution.

The identification is done through Choleski decomposition, which is standard in
the VAR literature on models using exogenous variables (’shocks’) in the system of
equations (Romer and Romer, 2004). Figure A.2 shows that the impact of a one
standard deviation contractionary financial shock on the rental share is countercyclical,
and this result is robust to different values for lag length.

1.A.5 Differences between Lessors and the Rest of the Economy

In order to assess the extent to which differentiating between lessors and the rest of
the economy is justified when considering their financial constraints, this subsection
compares the observed leverage ratios (total liabilities over total assets) and borrowing
rates (i.e. interest rates on borrowings) of the two sectors, controlling for the level of
29Using the notation of Blake and Mumtaz (2012), λ = 1 measures the overall tightness of the priors;

τ = 10 ∗ λ is the tightness of the priors on the sum of coefficients; μ = 0.001 is the tightness of the
priors on the constants.

30Note that the shock series end in 2010Q2, so the annual value for 2010 is constructed using the
average of 2010Q1 and 2010Q2. Nevertheless, the results are robust to running the estimation for
the 1980-2009 period only. These results are available upon request.
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collateral (tangible capital). Larger leverage ratios and lower borrowing rates are taken
as an indication that lessors are less constrained hence are more capable of accumulating
capital and rent it out, compared to the average non-lessor firm. Furthermore, the
portfolio of the tangible assets on their balance sheets - which are essentially the ones
being rented out - should show higher depreciation due to the more wear and tear
stemming from moral hazard on the side of the lessees (firms who rent those capital
goods). Tables A.5 and A.6 show that indeed there are statistically and economically
significant differences between lessors and the rest of the economy, at the firm and
aggregate levels, respectively.

Table A.5: Comparing Lessor Companies with the Rest: Firm-level Results

Notes: t-statistics in parentheses * p<0.1, ** p<0.05, *** p<0.01. k measures the log of fixed tan-
gible assets and is meant to be a proxy for the size of the collateral the firm can use when drawing
on external funds.+Lessor industries indicate a dummy variable for those firms whose industrial clas-
sification is in one of the following industries (SIC 4-digit industry codes in parentheses): Lessors of
railroad and real property (6517, 6519), real estate agents (6531), automotive rental and leasing (7510-
7519), miscellaneous equipment rental (7350-7359), computer rental (7377). Sources: Compustat, US
incorporated, publicly traded firms’ annual statements, for the period 1980-2011. Only those firms are
included where the leverage ratio, the borrowing rate and the depreciation rates are jointly available.
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Table A.6: Comparing Lessor Companies with the Rest: Aggregate Results

Notes: annual averages of aggregate measures over the years 1980-2011. Aggregate measures are com-
puted by summing numerators and denominators of ratios (leverage ratio and depreciation rates), and
a simple cross-sectional average is taken in case of the borrowing rates or weighted by fixed tangible
assets (Borrowing rate, weighted). Depreciation rate is measured by the ratio of depreciation of tan-
gible assets to fixed tangible assets. Leverage is measured by the ratio of total liabilities to total assets.
Source: Compustat, US companies’ annual statements, for the period 1980-2011. Source: Compustat
(rental expense measures and sales), Bureau of Economic Analysis (GDP and GDP deflator).
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Appendix 1.B Theoretical Appendix

1.B.1 Allocation in the Two-period Model

Figure B.1: Comparing Allocations With and Without Financing Frictions

(a) Without Credit Frictions (θ = 1)

(b) With Credit Frictions (θ = 0.5)

Note: Total consumption is CH
1 + CH

2 + CE
1 + CE

2 . The allocation is calculated using the following
parameter values: A = [1.1 : 0.01 : 1.3] (horizontal axes), θ = [0.5, 1] (lower and upper panel),
α = [0.1, 0.9] (black and red lines), ε = 5, w = 5, β = 0.99, γ = 0.97.
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1.B.2 Steady State of the Infinite Horizon Model

This section provides an analytic description of the steady state of the model described
in Section 1.3. The steady-state values are denoted by ·. The level of owned capital:

K
O =

⎛⎜⎜⎜⎜⎜⎝
1
γ

−
(
1 − δO

)
− θ

γ
(β − γ)

α

(
ω

1
ε + (1 − ω)

1
ε

( 1
γ

−(1−δO)− θ
γ

(β−γ)
1
β

−(1−δR)

)ε−1 (
1−ω

ω

) ε−1
ε

) ε
ε−1 α−1

ω
1
ε

⎞⎟⎟⎟⎟⎟⎠

1
α−1

(1.15)

The level of rented capital:
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The level of composite capital used in production:
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The level of household consumption:
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The level of production:
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The level of borrowings and savings:

B = S = θβ
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) ε
kε−k−1

(1.20)
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1.B.3 Optimality Conditions

This subsection presents the optimality conditions of the household and the entrepren-
eur, as explained in Section 1.3.

1
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= 1
1 + RR

t − δR
= βEt

CH
t
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= γEt
CE

t

CE
t+1

+ ψt (1.21)

where ψt is the shadow price of the borrowing constraint (1.9).
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1.B.4 Parameter Values

The quarterly parameter values are presented in Table B.1. Following Iacoviello and
Neri (2010), the discount rates of the household and the entrepreneur are β = 0.9925
and γ = 0.97, respectively. Capital’s coefficient in production is set at α = 0.3, as
is standard in the business cycle literature. The share of renting in composite capital
is ω = 0.75, which is calibrated to match the steady-state value of the rental share
suggested by the model with the value (around 25%) observed in the data. The degree
of elasticity ε = 10.5 is set to match the observed volatility of the rental share. The
depreciation rate of owned capital is set to be lower, δO = 0.02, than that of rented
capital, δR = 0.03. These values broadly correspond to what we find using depreciation
rates of owned capital goods in the non-rental sector and that in the rental sector,
respectively (See Table A.6 of the Appendix). The tightness of the borrowing constraint
is θ = 0.6, which gives a steady-state ratio of debt over quarterly GDP equal to around
3.7, similar to Jermann and Quadrini (2012). The value is also close to the estimated
value obtained by Iacoviello (2005). The persistence of the technology shock is fairly
standard, ρz = 0.9, and the persistence of the collateral shock is set at ρθ = 0.9, based
on Iacoviello (2015).
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Table B.1: Parameter Values of the Quarterly Benchmark Model

Description Parameter Value
Preferences: Discount factors
Patient household β 0.9925
Impatient entrepreneur γ 0.97

Technology parameters
Capital’s coefficient in production α 0.3
Share of renting in composite capital ω 0.75
Elasticity of substitution between the two types of capital ε 10.5
Depreciation rate of rented capital δR 0.02
Depreciation rate of owned capital δO 0.03
Tightness of the borrowing constraint θ 0.6
Persistence of the technology shock ρz 0.9
Persistence of the financial shock ρθ 0.9

1.B.5 The Role of the Credit Constraint

Figure B.2 illustrates how the credit constraint interacts with the steady-state and the
dynamics of the rentals share in the model economy. The left panel shows that as the
degree of collateralisability (θ) and thereby the amount of credit increases, the steady-
state level of the rental share falls rapidly. This is consistent with equation 1.13. With
the benchmark value of θ = 0.6, the rental share is more than 25%, whereas it would
fall below 5% when θ = 0.9. The right panel of figure B.2, shows that the impact of a
one standard deviation MFP shock induces a smaller expansion in the rental share, as
the degree of collateralisability (θ) increases.
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Figure B.2: The Role of the Collateral Constraint

Notes: the figures are constructed using the parameter values described under figure 1.6. The left
panel shows how the steady-state value of the rentals share changes with θ. The right panel shows
how log-linear dynamics around the given steady-states implied by the three different values for
θ = {0.6, 0.75, 0.9} in response to a 1 standard deviation negative MFP shock.

1.B.6 The Role of the Depreciation Rate

Figure B.3 presents the full set of impulse responses for the benchmark model. It also
shows the impact of using a higher depreciation rate for rented capital. As standard
in the literature, a negative MFP shock triggers an immediate drop in output, which
recovers only gradually due to the persistence of the shock. Falling production implies
falling entrepreneurial profits which leads to an immediate deterioration of their net
worth (determining aggregate investment demand) captured by the sharp fall in entre-
preneurial consumption. Owned entrepreneurial capital gets depleted and because of
its large share in the economy, the total capital stock falls as well. In contrast, house-
hold net worth (determining aggregate savings supply) falls only gradually as reflected
in the response of household consumption. As a result, some of these excess household
savings are absorbed in rented capital accumulation leading to a rise in its share in the
total productive capital stock.
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Figure B.3: The Effect of a Negative MFP Shock and the Role of Depreciation
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Notes: The vertical axis shows percentage deviations from the steady state values in the benchmark
model. The horizontal axis is in quarters.

A stronger depreciation of rented capital (4% instead of 3% per quarter), which could
be seen as a proxy for the severity of the moral hazard problem between lessees and
lessors, reflecting the development of the rental sector, is associated with more sharply
diminishing returns in inter-temporal production possibilities, hence rentals become
less efficient in transferring resources across time. This negative efficiency effect makes
the substitution from owned capital to rented capital less attractive in the face of
negative MFP shocks, leading to a smaller increase in the rental share. Consequently,
more of the adjustment takes place through prices: the interest rate falls by more in
order to ensure that the net worth of the household and therefore the saving supply
falls sufficiently to match the fall in entrepreneurial net worth and investment demand.
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2 How does demand volatility
encourage information and
communication technology use?
The role of flexibility1

2.1 Introduction
The use of information and communication technologies (ICTs) is often thought of as
a means to provide firms with more flexibility by reducing the adjustment costs related
to changing production factors. Such adjustment costs are pervasive both in the case
of capital (Cooper and Haltiwanger, 2006) as well as labour (Hamermesh and Pfann,
1996). Their determinants are manifold, from the policy environment – affecting the
degree of financial constraints or employment protection, see Chapter 4 – to purely
technological factors such as installation costs or matching frictions. Reducing them
allows firms to more closely follow changes in their business environment.

The exact mechanism of how the reduction of adjustment costs is facilitated by
ICT is open to debate, however. Some studies suggest that ICT may allow for bet-
ter planning and management systems to react to changes in a more timely manner
(Bartelsman, 2013; Bartelsman et al., 2017). Others focus on the communication en-
hancing aspect of ICT, which helps maintaining contacts with costumers, suppliers as
well as across different plants of the same company (Abramovsky and Griffith, 2006;
Bloom et al., 2014). This enables fragmented production structures, which rely more
on externally supplied intermediate inputs and less on internal production factors such
as employment on payroll and fixed capital.

1I thank Giuseppe Berlingieri, Flavio Calvino, Chiara Criscuolo, Timothy Destefano, Bart Hobijn,
Gabor Pinter and participants at the OECD Applied Economics seminar series for useful comments
and suggestions. I am especially thankful for my supervisor Eric Bartelsman for his insights and
in helping me getting access to ESSLait data in the context of the project described in Bartelsman
and Gal (2014) and which contains the empirical results that rely on ESSLait data and used in
this chapter. Granting access to ESSLait data by Statistics Sweden and Eva Hagsten in particular
is also gratefully acknowledged.
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Extreme manifestations of such business models are recent companies that tend to
have only a few employees on payroll or assets in their books, and instead rely on
independent ("freelance") contractors or simply people with occasional free time and
capacity (e.g. AirBnB for renting apartments, Uber for transporting people, Handy
for home cleaning or TaskRabbit for providing help with a wide range of activities.).
Closely related to this is the phenomenon what The Economist (2015) has labeled "on-
demand economy", enabled by the proliferation of smartphone applications and leading
to more flexibility in order to match fluctuations in demand.

A simple descriptive plot broadly confirms the idea that more ICT intensive indus-
tries rely on a more fragmented production structure: Figure 2.1 shows that these
industries have increased more their intermediate inputs (as a ratio of labour inputs,
in real terms) over time and on average across 18 OECD countries. The sectors that
tend to be the most ICT intensive (such as telecom, manufacturing of electrical and
transport equipment) have seen a dramatic rise in the role of intermediates in their
production. Put differently, these industries have become more fragmented, and rely
less on internal inputs – employment on payroll – and more on goods and services
purchased from external sources. At the other end of the spectrum, sectors such as
hotels, restaurants and construction – examples for the least ICT intensive industries
– have experienced very little if any increases in intermediate use.

The purpose of the chapter is to show that the volatility of the business environment
plays an important role in encouraging firms to use ICT more intensively and thus
being able to rely more on external inputs to avoid adjustment costs and become more
flexible.
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Figure 2.1: Intermediate use increases more in ICT intensive industries
Growth in intermediate use for selected industries (1995-2005)

Note: Average growth in real intermediate inputs, normalized by employment or real wages,
measured in log points over a ten year period between 1995 and 2005 on a balanced sample
of 18 countries (see details in Appendix 2.A.3). Out of the 26 industries, only the top and
the bottom five ones in terms of growth in intermediates are shown.
Source: Author’s calculations using EU-KLEMS data (O’Mahony and Timmer, 2009).

It uses the idea that firms and industries that are exposed to a more volatile business
environment face larger incentives to avoid adjustment costs and rely on flexible inputs.
Thus they are expected to make greater use of ICT to help them better connecting
and communicating with such “outsourced” inputs. This mechanism, in turn, also
induces a positive correlation between ICT intensity and the volatility of outcomes
(such as output or employment), since they get more closely related to changes in the
environment. Hence the direction of causality between ICT and outcome volatility
goes two-ways, and disentangling them is difficult unless exogenous variation either on
ICT adoption or the volatility of the environment is available.

The chapter presents new evidence on one direction of causality, showing that tur-
bulence in the external business environment leads to higher ICT intensity. It relies
on an exogenous demand volatility measure at the industry level, which is constructed
by using input-output links and changes in economic activity in purchasing industries.
The dependent variable is a particular type of ICT that captures precisely the type of
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communication-related aspects that enable a more fragmented production structure:
ordering through computer networks. The positive effect of demand volatility on ICT
use is robust to a variety of alternative choices for measuring the type of ICT use
(presence of internet, broadband internet or ordering through networks from suppli-
ers), demand volatility, as well as to changing the set of control variables and time
periods. Confirming the role ICT plays in enhancing flexibility through relying more
on external inputs – measured by intermediate inputs –, separate regression results
show that both output and intermediate inputs of more ICT intensive industries follow
changes in their demand more closely.

Note that two features of our combined dataset of various sources is crucial for the
analysis. First, using an exogenous measure for volatility is key, as ideally one would
like to capture the volatility of shocks hitting firms or industries - something which
is exogenous to them and not affected by their decisions. However, what we usually
observe are outcomes, which are the results of both the shocks and the adjustments
given in response to them. If firms and industries are becoming more flexible, the
same amount of exogenous business volatility can result in higher observed volatility
of outcomes. Second, these indicators are combined with the result of a unique data
collection conducted at the firm-level by the involvement of a network of European
national statistical offices (ESSnet). This micro-aggregated data retains information
on detailed aspects of ICT use, allowing us to focus on and measure the intensity of
the communication-enhancing aspects of ICTs.

The chapter contributes to various strands of the literature. First, it enriches our
understanding of the relationship between ICT use and volatility. The use of ICT, es-
pecially for early adopters, involves experimentation with new business models and or-
ganizational structures, thereby leading to more volatile outcomes (Brynjolfsson et al.,
2009; Polder et al., 2014; Bartelsman et al., 2016). Adopting ICTs early on can also be
viewed as a proxy for innovation and for greater tolerance for risk-taking. These mech-
anisms emphasize the direction of causality from ICT adoption to increased volatility.
At the opposite direction, a more volatile business environment can also encourage
ICT use because it can reduce adjustment costs and thus it provides an additional mo-
tivation – besides raising efficiency and profits – to adopt ICT. Without refuting the
plausibility and the presence of the first set of mechanisms, this chapter establishes the
existence of the latter types, by using an exogenous measure of demand volatility built
from world input output tables and economic activity in customer markets, adopting
the methodology proposed by Shea (1993) and Bartelsman et al. (1994).

Second, this study proposes a specific mechanism about how adjustment costs are
reduced by more ICT use. Existing findings on the relationship between adjustment
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costs and ICT use are rare. Our proposed mechanism is based on lowering the costs of
external inputs which are inherently more costly due to higher communication and co-
ordination costs. Empirically, it is implemented by relying on specific types of ICTs to
more accurately reflect its nature as easing the management of external production in-
puts (the use of data exchange with suppliers and of a fast internet connection). Bloom
et al. (2014) also point out that it is crucial to distinguish between the communication
enhancing and the information processing aspects of ICT, because they have different
implications on the organization of firms. Indeed, Chen and Kamal (2016) find that
when ICT investments lower communication costs, both intra- as well as extra-firm
trading can increase, depending on the codifiability of production specifications. Our
study complements this strand of research by showing that ICT take-up is stronger
under more volatile demand conditions, in order to be able to react more promptly
to changes in business conditions through relying more on outsourcing. As such, the
chapter adds to the set of explanatory factors of outsourcing and offshoring. It has
been shown that greater intensity of ICT use leads to more offshoring by Abramovsky
and Griffith (2006) for the UK, while confirming evidence is found for Germany more
recently by Rasel (2012). Brynjolfsson et al. (1994) confirms that those industries
which invest more heavily in ICT tend to have smaller firms afterwards, consistent
with the idea the ICT allows to the outsourcing of a wider range of tasks and/or at
lower costs.2

The chapter is structured as follows. First it outlines the construction of the exoge-
nous demand volatility indicator, followed a brief description of the ICT data used.
Then it presents the key result of higher volatility leading to more ICT use. Further,
as a means of illustrating the mechanism, it shows that more ICT intensive indus-
tries manage to track more closely the movements in demand by their output and
intermediate inputs. The final section offers conclusions.

2.2 Demand volatility
Most studies measure volatility derived from economic outcomes such as output (sales)
or inputs (employment or wagebill), typically by calculating the standard deviation
of their growth rates (Comin and Philippon, 2006; Davis and Heathcote, 2007; Davis
and Kahn, 2008). These approaches use observable outcomes at the firm or industry
level, hence the volatility patterns derived from them reflect not only the volatility of
exogenous shocks but also the nature (speed and degree) of adjustments. Indeed, firms

2The role of ICT in enabling an "unprecedented break-up" of the production process has also been
emphasized by Grossman and Rossi-Hansberg (2006)
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facing a very volatile business environment but at the same time hampered by severe
adjustment costs can show a low standard deviation of their outcomes.

In contrast, the distinction between exogenous volatility and outcome volatility is
conceptually very sharp and clear in theoretical thinking, allowing theories to provide
predictions on how firms react when faced with more volatility or more uncertainty.
Therefore, when assessing the consequences of business volatility from an empirical
point of view, it would also be important to rely on measures that are exogenous to
the firm or industry.

Against this background, this subsection uses input-output linkages at the country-
industry level to construct exogenous measures of demand and uses the standard de-
viation of their growth rates as measures for demand volatility. The idea of using
purchasing industries’ outcomes as instruments for demand in the supplying industries
dates back to Shea (1993) for the US, and it has been refined in Bartelsman et al. (1994)
and Baily et al. (2001). The principle has been also used widely in the recent trade
literature (Eaton et al., 2011; Bems et al., 2011) in a cross-country context. Here I also
apply it in a cross-country setting, and strengthen exogeneity by using cross-country
average input-output linkages instead of country-specific ones.

Formally, let wc′i′
ci denote purchaser-weights derived from gross output Y c′i′

ci , which
captures the flow of goods going from country c and industry i to country c′ and indus-
try i′ as a share of total supply produced by country c and industry i (for simplicity,
the time index t is suppressed):3

wc′i′
ci := Y c′i′

ci∑
c′,i′ Y c′i′

ci

. (2.1)

Once these weights are obtained, demand growth Δdcit is calculated as the purchaser-
weighted average real output growth rate:

Δdcit :=
∑
c′,i′

wc′i′
ci,t−1Δyc′i′t, (2.2)

where lowercase letters indicate natural logarithms, hence Δy and Δd are interpreted
as growth rates.

Several restrictions are applied to ensure exogeneity. First, it is standard practice

3An alternative method would be to compute these weights by deriving them from the Leontief
inverse of the input-output matrices. This would capture the ultimate links between industries,
taking into account the indirect connections. However, for our present purposes to capture year-
to-year volatility, retaining only the direct – hence presumably more rapid – links seems more
appropriate. Ultimate links are mostly used in the literature when the overall, long-term links are
of primary importance (see e.g. the effect of product market regulations on downstream sectors in
Bourles et al. (2013)).
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to use weights that are dated back in time, hence the time-index t − 1 of the weights
in equation 2.2. In practice, the earliest available weights in the data are used, which
refers to the year 1995. Second, and following Baily et al. (2001), those links are set to
zero where the supplier industry represents a larger share than 5% in the purchasing
industry’s total purchases. This ensures that developments in the supplier industry
cannot bear a large impact on its own constructed demand indicator. Finally, we
also take into account that industries can potentially choose to specialize in a supply
structure that fits their degree of flexibility. For instance, less flexible industries have
an incentive to serve such customers that are less volatile. To avoid such a potentially
endogenous choice of the supply shares, cross-country averages are used instead of
instead of country-specific inter-industry linkages.

As a final step, a rolling window standard deviation of demand growth rates σL
cit are

calculated:

σL
cit :=

√√√√√ 1
L

L/2∑
j=−L/2

(
Δdci,t+j − Δdcit

)2
,

where L denotes the length of the rolling window over which standard deviations are
calculated and Δdcit is the average growth rate over the period [t − L/2, t + L/2]. This
measure is centered at period t, and the window length is set to 6 in the baseline case,
while 5 and 7 are also tested in robustness checks. This measure and these window
lengths follow closely those used in the literature on measuring volatility of outcomes
on annual data (?Comin and Philippon, 2006; Davis and Kahn, 2008).

2.3 Data sources and descriptive statistics
To construct demand indicators, we use the World Input Output Database (WIOD,
see Timmer et al., 2015) as the source of input-output weights, and gross output
or value added from ESSLait (Bartelsman et al. (2017)), which is also the source
for specific ICT-type variables (most importantly, the use of networks for purchasing
from suppliers). The combination of the two sources gives an unbalanced sample of
14 European OECD countries and 12 industries, with annual data over the period
1996-2010. To obtain measures for industry-level overall ICT intensity, to be used
as control variables, the EU-KLEMS database (O’Mahony and Timmer, 2009) is also
added. Finally, the analysis is restricted to manufacturing industries, for multiple
reasons. First, the degree of heterogeneity within the matched WIOD-ESS services
industries is too widespread (e.g. all business services with NACE codes 71-74 are
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lumped together). Second, ESSLait does not cover gas, electricity and water utilities
(40-42) and construction (45). Third, many important services industries need to
be excluded for ensuring exogeneity because their share in all of their purchasing
industries’ total inputs is larger than 5%.4 See Appendix 2.A for a more detailed
description of preparing and combining these sources.

As expected, the demand series constructed in the manner described above show a
close but imperfect relationship with actual output, either measured by gross output
or value added. Their mean growth rates are very close (2.4 vs 3.4 for gross output and
1.6 vs 1.9 for value added per annum growth rates, see 2.1). The standard deviation of
constructed demand is lower, only about 40% (around 6-7 percentage points) of actual
output (around 14-16 pp). Their positive comovement is very significant and robust to
using gross output or value added as the measure for output (Table 2.2, columns 1-2
vs. 3-4).

Table 2.1: Constructed demand and actual output

1996-2010, 14 countries and 12 industries

Note: All variables are annual growth-rates (first-differenced natural logarithms) of real indices. De-
mand is constructed as described in Section 2.2. The sample covers all manufacturing industries at
the EU KLEMS aggregation level (nearly 2-digit detail).
Source: author’s calculations using ESSLait and World Input Output Database (Timmer et al., 2015).

4Further industry-groups that are prone to these problems are the transport industries (codes 60
to 63) and professional business services (71 to 74), while the wholesale and retail distribution
sectors (51 and 52 respectively) are naturally also affected due to their high shares in the total
inputs of many industries. The final sample thus retains only manufacturing industries (at the
EU KLEMS aggregation level , i.e. approximately 2-digit detail), excluding industry 23 in NACE
Rev. 1.1. (Coke, refined petroleum and nuclear fuel). As an extension, the main result is shown
to be robust when this sample is extended with the available other sectors: 50 (retail of fuel and
motor vehicles), 55 (hotels and restaurants) and 64 (post and telecommunications).
The 14 countries are shown on Figure 2.2.
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Table 2.2: Constructed demand strongly affects actual output

1996-2010, 14 countries and 12 industries

Note: Clustered standard errors (at country x industry level) in parentheses. ∗ ∗ ∗p < 0.01, ∗ ∗ p <
0.05, ∗p < 0.1. All variables are annual growth-rates (first-differenced logs) of real indices. Columns 1-2
use gross output and columns 3-4 use value added. Demand is constructed as described in Section 2.2.
The sample covers all manufacturing industries at the EU KLEMS aggregation level (approximately
2-digit detail), excluding industry 23 in NACE Rev. 1.1. (Coke, refined petroleum and nuclear fuel).
Source: author’s calculations using ESSLait and World Input Output Database (Timmer et al., 2015).

The relationship between them and actual output volatility is relatively strong, show-
ing correlations around 0.55 and 0.44 for gross output and value added based measures,
respectively (Table 2.3). This implies that there is substantial room for either (i)
country-industry specific adjustment costs to influence actual output, over and above
the exogenous shocks or (ii) other types of exogenous shocks besides demand (e.g.
productivity, input costs, etc.).

Table 2.3: Correlations between actual output and constructed demand volatility

1999-2007, 14 countries and 12 industries*

Note: All correlations are significant at 1% level. Demand volatility is calculated as described in
Section 2.2 . The sample covers all (12) manufacturing industries at the EU KLEMS aggregation level
(approximately 2-digit detail), for 14 OECD countries.
* The actual sample on which the correlations are calculated depend on the length of the volatility
window, and 1999-2007 refers to the window length of 6.
Source: author’s calculations using ESSLait and World Input Output Database (Timmer et al., 2015).

The cross-country pattern of this exogenous volatility measure suggests that very
open and small economies (e.g. Netherlands, Ireland) tend to show more volatility than
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large economies (e.g. France, Germany, see Figure 2.2), and this feature is generally
robust across the various demand volatility measures.

Figure 2.2: The cross-country pattern of demand volatility
Annual standard deviation of demand growth

Note: Demand volatility is calculated as described in Section 2.2 using a window length of 6 years
based on gross output. The country values are predicted values from regression containing country,
industry and year fixed effects, averaged by country. The data covers all (12) manufacturing industries
at the EU KLEMS aggregation level (approximately 2-digit detail), excluding industry 23 in NACE
Rev. 1.1. (Coke, refined petroleum and nuclear fuel) and over years 1997 to 2010.
Source: author’s calculations using ESSLait and World Input Output Database (Timmer et al., 2015).

2.4 Regression results on volatility and ICT use
Before turning to regression results, Table 2.4 presents key descriptive statistics. The
main ICT measure is “Firm orders via computer networks”, which is a type of ICT that
can facilitate and automate transactions with external suppliers. It has a mean value
of 0.524, implying that in the average industry over our sample, a little more than half
of the firms used some type of networks to connect with suppliers, with 0.2 standard
deviation, and a wide range of values (the min and max span virtually the whole interval
between 0 and 1). Internet and broadband internet connections, however, are much
more prevalent and are concentrated near 0.9 for the average industry, with broadband
connections showing a bit higher variability.

The main explanatory variable is demand volatility, whose mean shows 0.052 (≈5.2
percentage point) standard deviation of annual demand growth within 6-year windows.
The gross output and value added based measures show a similar pattern. A number
of standard control variables (such as overall employment, labour productivity and
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capital services) are also included, as well as measures for total ICT use, either as a
share in total capital services or as volumes. The joint availability of these and the
main variables is more limited, however, implying a fall in the sample to about 900
(standard controls) or 600 (ICT controls) from the largest possible sample size of 1,020,
resulting from the merge of ESSLait and WIOD.

Table 2.4: Descriptive statistics and data sources

Notes: calculations involving ESSLait data were carried out in the context of Bartelsman and Gal
(2014). The sample is restricted to the extent that the main dependent variables (Firms ordering via
computer networks) and the main explanatory variables (volatility over 6 years, three period lagged)
are all available.

The following regressions explain the adoption of ICTs by demand volatility and a
set of controls. They are estimated using ordinary least squares (OLS) with a full set
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of country, industry and year fixed effects:5

ICTcit = βσL
cit + γXcit + Dc + Di + Dt + εcit, (2.3)

where the time index t denotes years , demand volatility σL
ci,t uses gross output and

is defined over a window length of 6 years dated to t − 3 so all years that it captures
precede the timing of the ICT use indicator (for simplicity, still a time index of t is
used). X captures various sets of controls: (i) a set that captures basic characteristics of
the industry (employment, labour productivity and capital services) and (ii) two types
of controls for total ICT use, either measured as nominal capital services share or in
volumes. Their inclusion among the control variables ensures that the interpretation
of the demand volatility coefficient is the effect only on communication type ICT and
not on other types (e.g. computer use per se or the use of management software,
etc.).Dc, Di and Dt denote country, industry and year fixed effects, respectively, and
εcit is a standard error term.

5Using combined, multiplicative country × industry fixed effects instead of additive ones will be
presented as a robustness check.
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Table 2.5: Demand volatility leads to more reliance on ICT for external purchases

Note: Cluster robust standard errors at country × industry level in parentheses; *** p<0.01, **
p<0.05, * p<0.1. Demand volatility is calculated as described in Section 2.2 using gross output and
over rolling windows of 6 years. Employment, labour productivity and capital services are measured
in logs.

The regression results confirm the positive and significant effect of demand volatility
on such type of ICT that is used for dealing with external suppliers, measured by
"ordering purchases through computer networks" (Table 2.5). It is robust to all control
variable sets. The size of the effect – at around 0.8 in the at the minimum (col. 1)
– implies that raising demand volatility from a level prevailing in the lower half of
countries to the upper half of countries, in terms of demand volatility – a raise of
2pp, see Figure 2.2 – leads to a 0.8×0.02=0.016 log point stronger ICT take-up. This
increase is almost 10% of its standard deviation (0.2, see Table 2.4). As such, demand
volatility can potentially explain a sizable portion of ICT intensity.

The qualitative pattern also holds when a broader ICT definition is used. Either
any type of internet or broadband internet access is the dependent variable, demand
volatility has a significant and positive effect (Table 2.6). Similarly, using an alternative
definition for demand volatility – based on value added instead of gross output – leaves
the results significant, although in some cases only at the 10% level, once controls for
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total ICT use and other industry outcomes are included . The less precise estimates
can be the result of a weaker relationship between demand and actual value added
than in the case of gross output (see Tables 2.2 and 2.3). Finally, the results continue
to hold when the sample is extended to include 3 non-manufacturing sectors for which
data is available: retail of fuel and motor vehicles, hotels and restaurants, and post
and telecommunication (Table 2.8).

Table 2.7: Demand volatility leads to more reliance on ICT for external purchases

Using value added based demand volatility indicator

Note: Cluster robust standard errors at country × industry level in parentheses; *** p<0.01, **
p<0.05, * p<0.1. Demand volatility is calculated as described in Section 2.2 using gross output and
over rolling windows of 6 years. Employment, labour productivity and capital services are measured
in logs.
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Table 2.8: Demand volatility leads to more reliance on ICT for external purchases

Including an extended set of industries beyond manufacturing

Note: Cluster robust standard errors at country × industry level in parentheses; *** p<0.01, **
p<0.05, * p<0.1. Demand volatility is calculated as described in Section 2.2 using gross output and
over rolling windows of 6 years. Employment, labour productivity and capital services are measured
in logs. In addition to the baseline sample of Table 2.5 (manufacturing), the sample is extended to
include 3 more sectors outside manufacturing: 50 (retail of fuel and motor vehicles), 55 (hotels and
restaurants) and 64 (post and telecommunications).

2.5 Robustness checks
This subsection presents a number of further robustness checks, and all of which confirm
the basic finding of higher demand volatility leading to more ICT use. In particular,
it holds for (i) using a richer fixed effects structure, with interactive country-industry
fixed effects instead of additive ones (Table 2.9); (ii) employing either shorter or longer
rolling windows for computing the demand volatility measures than in the baseline
(with a window length of 5 or 7 instead of 6, see Table 2.10); (iii) a shorter sample
that excludes the financial crisis (2001-2007) (Table 2.11) and (iv) removing potential
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outliers (Table 2.12).6

Table 2.9: Demand volatility leads to more reliance on ICT for external purchases

Robustness to a richer fixed effect structure

Note: Cluster robust standard errors at country × industry level in parentheses; *** p<0.01, **
p<0.05, * p<0.1. Demand volatility is calculated as described in Section 2.2 using gross output and
over rolling windows of 6 years. Employment, labour productivity and capital services are measured
in logs.

6Outliers are defined to be the 1% extremes of the distributions (0.5% from the top and from the
bottom) of the key dependent variable demand volatility as well as the outcome variable ICT use.
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Table 2.11: Demand volatility leads to more reliance on ICT for external purchases

Robustness to changing the time period – excluding the financial crisis

Note: Clustered standard errors (at county x industry level) in parentheses. ∗ ∗ ∗p < 0.01, ∗ ∗ p <
0.05, ∗p < 0.1. Demand volatility is calculated as described in Section 2.2 using gross output and over
rolling windows of 6 years. Employment, labour productivity and capital services are measured in
logs.
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Table 2.12: Demand volatility leads to more reliance on ICT for external purchases

Robustness to removing potential outliers

Note: Clustered standard errors (at county x industry level) in parentheses. ∗ ∗ ∗p < 0.01, ∗ ∗ p <
0.05, ∗p < 0.1. Demand volatility is calculated as described in Section 2.2 using gross output and
over rolling windows of 6 years. Employment, labour productivity and capital services are measured
in logs. These results are obtained when removing outliers, which are defined to be the 1% extremes
of the distributions (0.5% from the top and from the bottom) of the key dependent variable demand
volatility as well as the outcome variable ICT use.

On a technical note, the standard errors are computed allowing for clustering within
each country × industry. They do not change noticeably when heteroskedasticity
robust standard errors are used instead.
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2.6 The mechanism: ICT allows for more flexibility
This subsection presents further empirical evidence consistent with the mechanism
that ICT leads to more flexible responses to shocks, thus providing a motivation to
firms to invest in it when faced with a more volatile environment. More specifically,
it tests (i) whether the link between output (Ycit) and demand – still measured in an
exogenous manner using purchasing industries output growth (dcit) – as well as (ii)
between inputs and demand is stronger when firms use more ICT. Formally, it seeks
whether the coefficient estimates for the interaction term between demand change and
ICT use (γ) are significant and positive in the following regression:

ΔXcit = βΔdcit + γ(ĨCT cit,t−1×Δdcit) + δICTcit,t−1 + Dci + Dt + εcit, (2.4)

where Xcit is either output Ycit or inputs (labour Lcit or intermediates Mcit), both
measured in logs, and all variable and index notations are as introduced previously
(in particular for equation 2.3). The ICT intensity indicator captures again whether
firms order their materials through computer networks, and it is averaged over the
current and the lagged period (hence the time index t, t − 1). It is also purged from
country*industry and year fixed effects before in the interaction term, so as to minimize
the chance that the interaction effect is driven by unobserved nonlinear characteristics
of the reactions to demand shocks (hence the notation ĨCT ).7 The regressions are
run on the pre-crisis period so as to avoid the potentially confounding influence of the
crisis.

Table 2.13 presents the results, which are consistent with the mechanism that more
reliance on ICT leads to a stronger reaction of output to demand shocks (columns 1
and 4). It also stands out that this increased flexibility is achieved via a more amplified
response of intermediate inputs (columns 2 and 5). However, it is accompanied by an
either insignificant or much smaller change in employment (columns 3 and 6), consistent
with the idea that the adjustment-cost reduction channel of ICT operates through a
more flexible use of intermediates but less so through employees. These results are
robust to using either gross output or value added based demand indicators of the
purchasing industries (columns 1-3 vs. 4-6, respectively).

7For instance, some countries and/or industries may inherently be more responsive to changes in
their demand, and this feature can coincide with being more incentive ICT users. The purging of
the ICT indicator from such characteristics prevents that this can drive the result of a positive a
significant estimate for γ.

73



Chapter 2 How does demand volatility encourage ICT use?

Table 2.13: ICT use leads to more flexibility in reacting to demand shocks

Note: Cluster robust standard errors at country × industry level in parentheses; *** p<0.01, **
p<0.05, * p<0.1. Demand change is calculated as described in Section 2.2 using gross output (col.
1-3) or value added (col. 4-6. All change is calculated using first differences of logs on annual data.
In the interaction terms, the growth in demand is included as deviations from their means in order
to help with the interpretation of the coefficients on the base effects. ICT intensity is purged from
country*industry and year fixed effects in the interaction term so as to avoid potentially unobserved
factors driving the estimate. The crisis years are excluded from the sample.

2.7 Conclusion
The results of our study show that more volatile, less predictable demand conditions
can also motivate why firms choose more flexible types of inputs and try to avoid
fixed costs of adjusting. The broader implication is that ICT does not only raise the
productive capacity of firms, but it is also a powerful means to adapt to fast-changing
business environments. As such, it further fuels the substitution away from traditional
types of employment relationships and towards more fragmented production structures,
including contractual employment. Also, it adds an extra source of flexibility and
productivity at the aggregate level, since resources can be (re)allocated more efficiently
across firms. From a policy perspective, this shows that a modern and well-maintained
ICT infrastructure is essential. Moreover, the regulation of product markets should be
flexible enough to accommodate these new type of business models. Finally, labour
market institutions and the education system should be tailored so that employers can
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adopt flexible contractual arrangements and employees can face the challenge of more
flexibility and potentially higher ICT skill requirements.
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Appendix 2.A Data details
The analysis is conducted at the country-industry level, at annual frequency, and is
made possible by combining three different country-industry level data sources: ESS-
Lait, WIOD and EU-KLEMS. The details of these sources and definition of the vari-
ables used from them are detailed below.

2.A.1 ESS Lait

ESSLait stands for ESSnet (European Statistical System Network) on Linking of Mi-
crodata to Analyse ICT Impact Search, which is a unique data collection exercise led
by the Eurostat and a group of professional academic advisers, with the collaboration
of a network of national statistical offices Bartelsman et al. (2017). It collects a rich
set of summary statistics at the country-industry-year level (sometimes even further
split by productivity or size classes), built up from confidential firm-level databases
using the methodology of distributed micro-data analysis (Bartelsman et al., 2004).
This involves setting up a harmonized protocol (a program code) that is run separately
on the database of each statistical office and which produces a database of moments
separately for each country. Access to these micro-aggregated data was available only
on a restricted basis to specific research projects. The empirical analysis of this chapter
was carried in the context of the project described in Bartelsman and Gal (2014).

The most important feature of ESSLait for our purposes is that it contains infor-
mation from the combination of different firm-level surveys: one on detailed aspects
of ICT use (e-commerce surveys) and another one on production- and input use (pro-
duction surveys). The coverage retained in our analysis for ICT indicators is an un-
balanced panel of 14 European countries (Austria, Denmark, Finland, France, Ger-
many, Ireland, Italy, Luxembourg, Netherlands, Norway, Poland, Sweden, Slovenia
and the United Kingdom), 12 manufacturing industries or industry-groups (at the 2-
digit level of groups of those, using the classification system ISIC 3) for 1999-2010.
Non-manufacturing industries are excluded because most of them are too broad and
too important as inputs for other industries hence their exogenous demand volatility
cannot be calculated in a credible way. A subset of them is retained in an extension
of the baseline result (Table 2.8). We also make use of a third component of ESSLait
which covers longer time series – going back to 1995 – on production and input vari-
ables (“long panel” database covering Denmark, Finland, France, Netherlands, Norway,
Sweden and Slovenia).

The list of variables used from ESSLait and their definitions are as follows:

• ICT indicators (averages across firms within country-industry-year cells):
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– Firm orders via computer networks

– Firm has internet access

– Firm has broadband internet access

• Further economic variables (sum of values across firms within country-industry-
year cells):

– Gross output

– Value added

– Employment

– Labour productivity

– Total capital services

Note that for monetary variables, euro-conversion rates had to be applied for values
before euro adoption to avoid level-shifts due to the currency change, for which official
conversion rates were used from the European Central Bank. The purpose of the
output variables (gross output and value added) is to provide the basis for calculating
demand indicators in the supplying industries. Since output price movements are also
informative as they at least partially reflect demand developments, nominal output
changes are not filtered from price changes (i.e. no deflators are applied to the original,
current price values). Labour productivity and capital services are used only as control
variables in some specifications, so they are also kept in their original nominal values.

2.A.2 WIOD

The World Input-Output Database is used to construct exogenous measures for demand
and demand volatility. It has been developed by a network of research institutes,
headed by the Groningen Growth and Development Center (GGDC) in the Netherlands
and is documented in Timmer et al. (2015). It relies on national supply- and use tables,
detailed cross-border flows of goods and services, and implements a large number of
balancing and harmonization steps to assemble an international input-output table for
40 countries and for 35 detailed industries (at the 2-digit level of groups of those, using
the classification system ISIC 3), covering the years 1995-2011.

To ensure exogeneity of the production structures, the 1995 structure is used for the
average of those 14 countries that are a match with ESSLait. For details on constructing
the demand indicators, see Section 2.2.
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2.A.3 EU-KLEMS

To provide a control variable for all type of ICT use at the country-industry level, the
following variables are used from the EU-KLEMS database (O’Mahony and Timmer,
2009):

• ICT capital services as share in total capital services

• ICT capital services (volume, 1995 = 100)

The 2009 release of the data (more precisely, its 2011 update) covers the years 1970-
2007, and is combined with more recent information, contained in the 2012 release
(running till 2011), for the following eight countries: Austria, Finland, France, Ger-
many, Italy, Netherlands, Sweden, United Kingdom. The combination is implemented
by an approximate conversion table from the industry classification system ISIC4 (used
by the 2012 vintage) to ISIC3 (used by the 2009 vintage), following the content of the
industry groups and in line with OECD practice used when constructing the OECD
STAN database (see Table A.1).8 For two instances where a one-to-one match was not
available, but one ISIC4 industry group covers two ISIC3 ones, the information from
the ISIC4 industries is repeated for those two ISIC3 industries. This combination is
then matched with ESSLait and the demand indicator derived from WIOD.

Table A.1: Approximate conversion from ISIC Rev. 4 to ISIC Rev. 3 industry groups

Used for combining the 2009 and 2012 EU-KLEMS vintages
ISIC Rev 4 code ISIC Rev 4 label ISIC Rev 3 code ISIC Rev 3 label

10-12 Food 15-16 Food
13-15 Textiles 17-19 Textiles
16-18 Wood and paper 20 Wood
16-18 Wood and paper 21-22 Paper and printing
19 Coke & petroleum 23 Coke & petroleum

20-21 Chemicals 24 Chemicals
22-23 Rubber and plastics 25 Rubber and plastics
22-23 Rubber and plastics 26 Other non-metallic mineral
24-25 Metals 27-28 Metals
28 Machinery 29 Machinery

26-27 Electrics 30-33 Electrics
29-30 Transport eq. 34-35 Transport eq.
31-33 Other 36-37 Other

Source of industry codes and labels: EU KLEMS 2009 and 2012 releases.

8I am grateful for Bo Werth and Colin Webb, both from the OECD, for providing information on
this.
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3 The Best versus the Rest: the
global productivity divergence
across firms and the role of public
policy1

3.1 Introduction
Potential output growth has slowed by about one percentage point per annum across
the OECD since the late 1990s, which is entirely accounted for by a pre-crisis slow-
ing in MFP growth and more recent weakness in weak capital deepening (Figure 3.1).
This productivity slowdown has ignited a spirited debate on the future of productivity,
notably between “techno-optimists” and “techno-pessimist” (e.g. Gordon (2012) vs
Brynjolfsson and McAfee 2011).2 While the debate has by and large been conducted

1This chapter is based on joint work with Dan Andrews and Chiara Criscuolo (both at OECD) to
whom I am grateful for the collaboration in the context of the papers “The Global Productiv-
ity Slowdown, Technology Divergence and Public Policy: A Firm Level Perspective” (Brookings
Institution Hutchins Center Working Paper No. 24; its updated variant appeared as OECD Pro-
ductivity Working Papers No. 5) and “Frontier Firms, Technology Diffusion and Public Policy:
Micro Evidence from OECD Countries” (OECD Productivity Working Papers No. 2). The chapter
also draws on my paper titled “Measuring Total Factor Productivity at the Firm Level using
OECD-ORBIS” (OECD Economics Department Working Papers No. 1049). I would further like
to thank Martin Baily, Eric Bartelsman, Flora Bellone, Giuseppe Berlingieri, Patrick Blanchenay,
Erik Brynjolffson, Sarah Calligaris, Gilbert Cette, John Fernald, Dominique Guellec, Jonathan
Haskel, Nick Johnstone, Remy Lecat, Catherine L. Mann, Carlo Menon, Giuseppe Nicoletti, Dirk
Pilat, Xavier Ragot, Alessandro Saia, Jean-Luc Schneider, Louise Sheiner, John Van Reenen and
Andrew Wyckoff for their valuable comments and suggestions. I would also like to thank sem-
inar participants at the Bank of England, the Brookings Institution, the Central Bank of the
Netherlands, France Strategie, IMF, MIT, Peterson Institute for International Economics, UCL,
US Census Bureau, and participants at the OECD Global Forum on Productivity Conferences in
Mexico City and Lisbon as well as OECD Committee Meetings.

2Techno-pessimists argue that the slowdown is just a reflection of a “return to normal” effect after
nearly a decade of exceptional ICT-fuelled gains (Fernald and Jones, 2014) or that the types of
innovations that took place in the first half of the 20th century (e.g. electrification) are far more
significant than anything that has taken place since then (including ICT) (Gordon, 2012; Cowen,
2011). Such arguments are reinforced by the slowdown in business dynamism observed in highly
developed economies such as the United States (Decker et al., 2014, 2016b) and in several OECD
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from a macroeconomic perspective, implicitly, it often concerns the prospects for in-
novation at the global productivity “frontier”, with conflicting views as to whether it
is slowing or significant enough to matter for the economy as a whole.

Figure 3.1: Decline in potential output led by weak labour productivity
Contribution to potential per capita growth (% points unless otherwise noted)
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Notes: The chart decomposes potential output (Y *) through a Cobb-Douglas production function in
terms of potential employment (N*), the capital stock (K ) and labour-augmenting technical progress
(E*) then y∗ = α(n∗ + e∗) + (1 − α)k, where lower case letters denote natural logarithms and α is
the wage share. If P is the total population and PWA the population of working age (here taken to
be aged 15-74), then the growth rate of potential GDP per capita can be decomposed into the four
components depicted in the figure: d(y∗ − p) = αd(e∗)+ (1− α)d(k − n∗)+ d(n∗ − pwa)+ d(pwa − p),
where growth rates are denoted by the first difference operator d(. ).
1. Potential employment rate refers to potential employment as a share of the working-age population
(aged 15-74).
2. Active population rate refers to the share of the population of working age in the total population.
3. Percentage changes.
Source: OECD Economic Outlook 99 database.

However, little is actually known about the productivity performance of firms who
belong to this global frontier, especially about their evolution over time both in absolute

countries (Criscuolo et al., 2014).
Against this, techno-optimists argue that productivity stagnation might only be a reflection of

the difficult transition from an economy based on tangible production to one based on ideas, but
that the underlying rate of technological progress has not slowed (Brynjolfsson and McAfee, 2011;
Mokyr, 2014). These transition dynamics are very much in line with the idea that information
and communication technology (ICT) – a key field of recent innovations – is a general purpose
technology, whose adoption and diffusion is characterised by an S-curve (Griliches, 1957; Jovanovic
and Rousseau, 2005).
The debate also raised the possibility that the productivity slowdown might have just been

a reflection of increasing mismeasurement of the gains from innovation in IT-related goods and
services. However, recent analyses both for the US (Byrne et al., 2016) and across countries
(Syverson, 2016) suggest that this is unlikely.
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terms and relative to laggard (i.e. non-frontier) firms.3 Yet, cross-country differences
in aggregate-level productivity are increasingly being linked to the widespread hetero-
geneity in firm performance within sectors (Bartelsman et al., 2013; Hsieh and Klenow,
2009).4

To fill this gap, this chapter utilizes firm level data to shed new light on the factors
behind the global slowdown in productivity. We focus on the global frontier firms –
defined as the top 5% of firms in terms of labour productivity or multi-factor pro-
ductivity (MFP) levels within two-digit industries – and compare them with laggard
firms. We use a harmonised longitudinal cross-country firm-level database of several
million company accounts, for 24 countries since the late 1990s till 2014, covering the
non-financial non-farm business sector. The results suggests that a key feature of the
productivity slowdown is not so much a slowing of productivity at the global frontier,
but rather rising productivity at the global frontier coupled with an increasing pro-
ductivity gap between the frontier and laggard firms. In fact, slow productivity growth
of the aggregate measures – as well as those of the average firm – masks the fact that
a small cadre of firms are experiencing robust gains. This micro evidence provides a
conciliatory message for both the techno-optimist and techno-pessimist camps, sug-
gesting that the often cited innovations do translate to productivity gains – but they
do not diffuse to all firms. This finding may also help better identifying policies that
have the potential for reviving productivity performance, and possibly to motivate new
theoretical work.

We show that the rising labour productivity gap between global frontier and laggard
firms largely reflects divergence in revenue based MFP (MFPR), as opposed to capital
deepening.5 Moreover, we explore the role of market power – by adopting the mark-

3Throughout the chapter we use the term “laggard” and “non-frontier” interchangeably – they refer
to the group of firms that are not at the frontier.

4Recent papers started to link misallocation across firms to aggregate productivity. For instance,
Gopinath et al. (2015) explore the implications for sectoral MFP of the decline in real interest rates,
observed in Southern Europe during the euro-convergence process. They find that the associated
capital inflow was increasingly misallocated towards firms that had higher net worth but were not
necessarily more productive, which could explain why MFP slowed in Southern Europe – especially
Spain – even before the crisis. On the other hand, Brown et al. (2016) show both theoretically and
empirically that larger productivity dispersion can be a consequence of a more liberalized market,
through more experimentation. This argument is in line with the work of Bartelsman et al. (2016)
who also emphasize the role of experimentation in widening the productivity distribution.

5Complementary to our analysis, which focuses on the global distribution of firms, evidence of in-
creasing dispersion is emerging at the national levels as well. Preliminary results from the OECD
Multiprod project based on the micro-aggregation of production survey data for 15 countries over
the last 20 years (Berlingieri et al., 2016) show that most countries have experienced growing
labour- and multi factor productivity dispersion. Gamberoni et al. (2016) use micro-aggregated
firm-level data sources mainly based on Central Bank sources in the European Central Bank’s
CompNet project from 5 European countries, and also show increasing dispersion in MRPK and
MRPL across firms in the 2000s up to the crisis (under their assumptions of constant returns
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up estimation methodology of De Loecker and Warzynski (2012) – and conclude that
divergence in MFPR is primarily not due to an increasing ability of frontier firms to
charge higher mark-ups. While we find evidence that market power of frontier firms
has increased among services industries, this amounts to less than one-third of the
total divergence in MFPR on average. This leads us to the conclusion that the rising
MFPR gap between global frontier and laggard firms may in fact reflect divergence
in productivity or technology, broadly defined. This is likely to relate not only to
the diverging capacity of firms to technologically innovate but also to their success in
tacitly combining various intangibles – computerised information, innovative property
and economic competencies (see Corrado et al., 2009; Haskel and Westlake, 2017) – in
production processes.6

This pattern of MFP divergence might seem surprising for at least two reasons.
First, neo-Schumpeterian growth theory (Aghion and Howitt, 2006; Acemoglu et al.,
2006) and models of competitive diffusion (Jovanovic and MacDonald, 1994) imply
productivity convergence: that is, firms further behind the global frontier should grow
faster, given the larger stock of unexploited technologies and knowledge that they can
readily implement (“catching-up”). Second, the extent of productivity divergence that
we observed in the data is difficult to reconcile with models of creative destruction
where the process of market selection is productivity-enhancing (Aghion and Howitt,
1992; Caballero and Hammour, 1994; Campbell and Shiller, 1988). Our empirical
results suggest that both the rate of convergence and growth enhancing nature of
market selection have slowed down during the last decade leading to the productivity
divergence we observe in the data.

The chapter then explores a set of factors underlying MFP divergence and links with
aggregate productivity performance and public policy implications. Structural changes
such as digitalisation, globalisation and the rising importance of tacit knowledge could
underpin MFP divergence through two interrelated channels introduced below, one
focusing on the frontier and the second on laggards. While it is difficult to exactly pin
down their relative importance, a number of indicative patterns suggest that each may

to scale, MRPK and MRPL are simply multiples of capital and labour productivity, hence their
findings can also be interpreted as rising divergence in productivity levels). Decker et al. (2016b)
and Brown et al. (2016) find evidence of increasing productivity dispersion in the US. By focusing
on the global frontier, our chapter provides an analysis specifically on the very top segments of the
cross-country productivity distribution.

6Evidence of productivity divergence at the firm level is consistent with recent aggregate level analysis
suggesting that while adoption lags for new technologies across countries have fallen over time,
long-run penetration rates once technologies are adopted diverge across countries (Comin and
Hobijn, 2004; Comin and Mestieri, 2013). More specifically, new technologies developed at the
global frontier are spreading more and more rapidly across countries but their diffusion to all firms
within any economy is slower and slower, with many available technologies remaining unexploited
by a non-trivial share of firms.
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be important in explaining MFP divergence.
First, the increasing potential for digital technologies to unleash winner-takes-all

dynamics through lower marginal costs and easier upscaling (Brynjolfsson and McAfee,
2011; Bartelsman et al., 2014)) has enabled technological leaders to increase their
performance gap with laggard firms. In support of this hypothesis, we find three
distinct patterns in information and communication (ICT) services (e.g. computer
programming, information service activities such as data storage) – where winner take
all dynamics should be more relevant – that are less strong in other sectors: i) global
frontier firms have drastically increased their market share; ii) MFP divergence is more
pronounced; and iii) within the global frontier, the productivity of the “most elite”
firms (captured by the top 2%) has risen relative to that of other frontier firms already
high up in the productivity distribution (top 5% or top 10%).7

All else equal, these patterns are not necessarily a concern and could imply higher
aggregate productivity growth via stronger frontier growth and more efficient resource
allocation (i.e. higher frontier share). Yet, we find the opposite: aggregate MFP
performance was significantly weaker in industries where MFP divergence was more
pronounced. This suggests that the divergence is not solely driven by frontier firms
pushing the production boundary outward – which, ceteris paribus, is a benign force
in itself. Instead, it is also accompanied by a slowdown among laggard firms.

This leads us to explore a second source of MFP divergence and the aggregate pro-
ductivity slowdown: stalling diffusion of business best-practices – including knowledge
and technology – from the frontier to laggard firms. Indeed our estimates of the speed
of productivity convergence to the frontier has been slowing down during the 2000s.
One possible explanation is that the growing importance of tacit knowledge and com-
plexity of technologies has increased the sophistication of complementary investments
required for the successful adoption of new technologies and business practices, thereby
creating barriers to the catch-up of laggard firms. In particular, if ICT can be viewed
as a general purpose technology, its adoption and diffusion is – at least initially – com-
plicated by a high cost of learning on how to use it effectively; large adjustment costs
and slow introduction of complementary inputs – intangibles such as organizational
capital. In fact, the productivity slowdown may reflect the dynamics associated with
these complementary investments that are required in the initial, learning phase of a
new general purpose technology (Basu and Fernald, 2007).

At the same time, we also find a concomitant decline in market dynamism, measured
by the share of young firms and coupled with a higher productivity threshold for

7Both the OECD and the ECB projects cited previously find that dispersion is stronger amongst the
services sectors. Labour productivity for the US has also been found to display larger dispersion
over time, which is most pronounced in ICT services (Decker et al., 2016a).
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entrants. This suggests that the stagnation in the MFP growth of laggard firms may
be connected to rising barriers to entry and a decline in the contestability of markets.

Third, we explore the role of public policy. The descriptive findings raise the prospect
that while rising MFP divergence was somewhat inevitable due to structural changes
in the economy, there was scope for public policy to better align the regulatory envir-
onment with these structural changes and ensure that the incentives to adoption are
sufficiently strong (see Aghion and Howitt, 2006 and references therein). In line with
this hypothesis, we show that MFP divergence is much more extreme in sectors where
pro-competitive product market reforms or deregulation were least extensive. This res-
ult is robust to various methodological choices and for several types of instrumenting
for reforms. Regarding the magnitude of the effect, a simple counterfactual exercise
suggests that had the pace of product market reforms in retail trade and professional
services – where market regulations remained relatively stringent – been equivalent to
that experienced by telecommunications – where reforms were most extensive – then
the average increase in the MFP gap may have been up to 50% lower than what was
actually observed. As most of the output supplied by these heavily regulated sectors
are used as inputs in production elsewhere in the economy (see Bourles et al., 2013),
this may in fact provide a lower bound of the total impact of excessively stringent
service regulation on MFP divergence.

The next section discusses the firm level data and productivity measurement issues,
before identifying and describing the characteristics of firms at the global productivity
frontier. Section 3.3 presents new evidence on labour productivity divergence between
global frontier and laggard firms, while also explores the robustness to this result
to controlling for capital deepening and mark-ups. It concludes by highlighting the
aggregate implications. Section 3.4 explores potential structural drivers such as winner-
takes-all dynamics and diffusion. Section 3.5 establishes a significant impact of product
market regulation on the size of the MFP gap. The final section provides a qualitative
discussion of other factors that may potentially explain MFP divergence and identifies
some areas for future research.

3.2 Data and measurement
This chapter relies on a longitudinal cross-country firm-level database using harmon-
ized company accounts and covering 24 OECD countries8 over the period 1997 to 2014

8These countries are all from the OECD: Austria, Belgium, Czech Republic, Denmark, Estonia, Fin-
land, France, Germany, Great Britain, Greece, Hungary, Ireland, Italy, Japan, Korea, Netherlands,
Norway, Poland, Portugal, Spain, Sweden, Slovenia, the Slovak Republic and the United States.
The country coverage is somewhat smaller in the policy analysis. The Orbis database tends to have
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for the non-farm, non-financial business sector.9 These data are sourced from annual
balance sheet and income statements, collected by Bureau van Dijk (BVD) – an elec-
tronic publishing firm – using a variety of underlying sources ranging from credit rating
agencies (Cerved in Italy) to national banks (National Bank of Belgium for Belgium)
as well as financial information providers (Thomson Reuters for the US).10

To the best of our knowledge, it is the largest available cross-country company-
level database for economic and financial research. However, since the information
is primarily collected for use in the private sector typically with the aim of financial
benchmarking, a number of steps need to be undertaken before the data can be used
for economic analysis. The steps we apply closely follow suggestions by Kalemli-Ozcan
et al. (2015) and previous OECD experience (Gal, 2013; Ribeiro et al., 2010; Ragoussis
and Gonnard, 2012).11 Three broad steps are: i) ensuring comparability of monetary
variables across countries and over time (industry-level PPP conversion and deflation);
ii) deriving new variables that will be used in the analysis (capital stock, productiv-
ity); and iii) keeping company accounts with valid and relevant information for our
present purposes (filtering or cleaning). Finally, Orbis is a subsample of the universe of
companies for most countries, retaining the larger and hence probably more productive
firms. To mitigate problems arising from this – particularly the under-representation
of small firms – we restrict our sample to firms with more than 20 employees on average
over their observed lifespan. For more details, see Appendix 3.E.

3.2.1 Productivity measurement

As a starting point, we focus on labour productivity, which is calculated by dividing
real value added (in 2005 industry-level USD PPPs) by the number of employees. Using
labour productivity has the advantage that it retains the largest set of observations,
as it does not require the availability of measures for fixed assets or intermediate
inputs (proxied by materials mt) potentially used for deriving multi-factor productivity
(MFP).

a better coverage for European countries, while the US segment is basically the listed companies
(Gal, 2013; Kalemli-Ozcan et al., 2015; Bureau van Dijk, 2016). This means that the global fron-
tier firms are likely to be captured, even though coverage for European ones are more complete.
To mitigate any concerns arising from the coverage of laggard firms, the regressions throughout the
chapter include a rich set of fixed effects, which control for country- and year specific differences.

9This means retaining industries with 2 digit codes from 5 to 82, excluding 64-66 in the European
classification system NACE Rev 2, which is equivalent to the international classification system
ISIC Rev. 4 at the two-digit level.

10See the full list of information providers to Bureau van Dijk regarding financial information for the
set of countries retained in the analysis in Appendix 3.E.

11We are grateful for Sebnem Kalemli-Ozcan and Sevcan Yesiltas for helpful discussions about their
experience and suggestions with the Orbis database.

85



Chapter 3 The Best vs. the Rest: the global firm-productivity divergence

Our baseline MFP is derived from a value added based production function estim-
ation with the number of employees and real capital as inputs. More specifically, we
assume a value added based Cobb-Douglas production function and estimate regres-
sions of the following form, separately for each two-digit industry j:

yit = βj
Kkit + βj

Llit + νc,j + ηt,j + εit, (3.1)

where yit denotes log of real value added, kit denotes the log of real capital stock,
and lit the log of the number of employees. νc,j and ηt,j are country and year fixed
effects, respectively, and εit is the error term. Real values for value added are obtained
by dividing nominal values by country specific two-digit industry deflators.12 The
production function is estimated separately for each two-digit industry but pooled
across all countries, controlling for country and year fixed effects. This allows for
inherent technological differences across industries, while at the same time ensures
comparability of MFP levels across countries and over time by having a uniform labour
and capital coefficient along these dimensions.

We employ the one-step GMM estimation method proposed by Wooldridge (2009),
which mitigates the endogeneity problem of input choices by using material inputs
as proxy variables for productivity and lagged values of labour as instruments. This
approach builds on Levinsohn and Petrin (2003) but addresses the critique of Ackerberg
et al. (2015) on the identification of the labour coefficient, and also makes estimations
more efficient and robust since it avoids using a two-step approach.

More specifically, in order to avoid the endogeneity of inputs and a correlation
between the error term and the choice of labour input (violating E (εit|lit) = 0), the
estimation is done through one-step GMM with the following form:

yit = βj
Kkit + βj

Llit + g (kit−1, mit−1) + νc,j + ηt,j + uit. (3.2)

The function g(.) is a 3rd degree polynomial including all base terms, 2nd and 3rd
order interactions of kit−1 and mit−1. The lagged value of labour lit−1 is used as an
instrument along with all terms containing kit, kit−1 and mit−1, which act as their own
instruments as they are assumed to be predetermined. Standard errors are clustered
at the firm level.

Finally, MFPR, i.e. revenue based multi-factor productivity13 is defined in logs using

12For the real capital stock, it is more complicated as we build on the perpetual inventory method to
ensure that only current year gross investment – derived from changes in the book value of fixed
assets plus depreciation – is deflated by the investment deflator not the whole book value of fixed
assets (see Appendix 3.E).

13The use of industry level deflators, rather than firm level prices leads to a wedge between firm and
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the estimated coefficients (output elasticities) for capital and labour in equation 3.2:14

MFPRit
.= yit − β̂j

Kkit − β̂j
Llit. (3.3)

Note that for the key result of productivity divergence, the choice of MFPR estimation
does not play a role. In particular, we will show that results are robust to using a simple
Solow-residual based index number using industry-level wage shares and constant re-
turns to scale (see Appendix 3.A, Figure A.5 Panel A). This choice is also innocuous
for our finding of a declining speed of catch-up when estimating neo-Schumpeterian
productivity growth regressions (Tables C.1-C.3, columns 1 vs 3 ).

3.2.2 Correcting for mark-ups

In order to mitigate the limitations from not observing firm-level prices we correct our
revenue based MFP measure by firm- and time-varying mark-ups applying the mark-
up estimation methodology of De Loecker and Warzynski (2012).15 We introduce a
notation for mark-up corrected MFP estimates as MFPRc, and we define it for each
firm i and year t as follows:

MFPRc
it=MFPRit − log (μit) , (3.4)

influenced by market power changes under the assumption that at least one input of
production is fully flexible (e.g. labour or materials).16

The mark-up is derived from the supply-side approach originally proposed by Hall

industry level prices and thus our productivity measure will also be affected by the profitability of
firms, driven by their market power. In order to correct for the potential impact of market power
on our productivity estimates we also estimate firm- and time specific mark-ups and correct our
MFP measure for them.

14To avoid limiting the sample size unnecessarily, the MFP measures are also calculated for those
firms where intermediate inputs are not observed. With the actual implementation of Wooldridge
(2009), we follow the Stata program codes provided by Petrin and Levinsohn (2012).

15Allowing for the presence of imperfect competition on product markets is also motivated by the
findings of Dobbelaere and Mairesse (2013) and Dobbelaere and Vancauteren (2015) who show that
most industries are characterised by such imperfections, along with labour market imperfections,
and this has an impact on the firm-level distribution of MFP.

16A further step would be a separation of market power and quality and/or demand. See Foster
et al. (2008) and Forlani et al. (2016) on a related discussion about the role of different business
strategies and their impact on measured productivity through the example of Nissan (high number
of produced cars into the cheaper segment) and Mercedes (lower number of cars produced into
the premium segment). Even if firm level prices were observed, complications would still arise
– see Byrne and Corrado (2015) who demonstrate that official output prices of communication
products are significantly under-estimated due to ignoring certain quality improvements. Halti-
wanger (2016) discusses in great detail the various types of MFP calculations and to what extent
they are influenced by demand and market frictions.
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(1986) and more recently re-explored and adapted to firm-level applications by De Loecker
and Warzynski (2012). As described therein, the approach computes mark-ups without
any assumptions about the demand function, but only relying on available information
on output and inputs. Their two crucial assumptions are that at least one input is
fully flexible and that firms minimize costs. Thus, the mark-up – defined as the ratio
of the output price P over marginal cost MC – is derived from the first order condition
of the plant’s cost minimization problem with respect to the flexible input k as:

μ
(k)
it = Pit

MC it
= Output Elasticityikt

Output Shareikt
, (3.5)

or when using the estimated counterparts of the output elasticity (β̂j
k) and the share

of input in output (wage share, w̃sit):

μ
(k)
it = β̂j

k

w̃sit

. (3.6)

For example, in case the flexible input is taken to be labour (k = L), its coefficient
β̂j

L in the numerator of eq. 3.6 is estimated using the GMM estimation method by
Wooldridge (2009), as described above. The denominator is a corrected wage share,
obtained by using a prediction of firm-level value added by a rich polynomial function of
observable inputs in order to retain only the anticipated part of output developments.17

The rationale for using this correction is the assumption that firms do not observe
unanticipated shocks to production when making optimal input decisions.

Given that labour input may not be fully flexible – especially in countries with
rigid labour markets – we also calculated mark-ups using materials as the fully flexible
input for a subset of 18 countries for which data are available. In that case, a gross-
output based production function is estimated to obtain a coefficient for materials,
again following Wooldridge (2009). As shown in Appendix 3.A, the divergence in MFP
is robust to these different choices.

As De Loecker and Biesebroeck (2016; pp. 25) write, the intuition behind this mark-
up measure is as follows:

“Holding other inputs constant, a competitive firm will expand its use of
[the flexible input, i.e. labour] until the revenue share equals the output
elasticity [hence the mark-up measure would be 1]. [. . . ] If a firm does not
increase [its flexible input use] all the way until equality holds, but prefers

17The polynomial includes all possible interactions between labour, capital and materials containing
first and second degree terms, along with first and second degree base effects. This adopts the
Stata program code provided by De Loecker and Warzynski (2012) with their online Appendix,
with the difference that for computational reasons we omitted the third degree terms.
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to produce a lower quantity and raise the output price instead, it indicates
the firm is able to exercise market power and charge a price above marginal
cost.”

As noted in De Loecker and Warzynski (2012), the low demand in terms of additional
assumptions of their approach and the lack of information on firm level prices bear
some costs. Given that we do not observe firms’ physical output, the approach is only
informative on the way mark-ups change over time (not their level) and in relative
terms, i.e. on the correlation with firm characteristics (e.g. productivity, size, export
status) rather than in absolute levels. In what follows therefore, we will focus at relative
trends in mark-ups for frontier and laggard firms.

3.2.3 Measuring the productivity frontier

In keeping with the relatively scarce existing literature (Bartelsman et al., 2008; Iac-
ovone and Crespi, 2010; Arnold et al., 2011), we define the global productivity frontier
in a very simple and transparent manner: it is the top 5% of firms in terms of pro-
ductivity levels, within each industry and year.18 Using an MFPR-based productivity
frontier definition, for example, results in a global frontier size of about 80 companies
for the typical two-digit industry (the median is 83 for manufacturing of basic metals).
For the industries populated with a large number of businesses, the frontier represents
about 400-500 companies (e.g. retail and wholesale trade, construction).

Importantly, and again in line with the existing literature, the set of frontier firms is
allowed to change over time. This choice is necessary to ensure that when assessing the
evolution of the frontier, we account for the phenomenon of turbulence or churning at
the top: some firms can become highly productive and enter the frontier, while other,
previously productive, businesses can lose their advantage and fall below the frontier.
This is symmetric to the treatment of the laggard group, whose composition is also
allowed to change through entry and exit.19 As will be discussed in Section 3.4.2, there
is indeed substantial churning at the frontier, but this is mostly concentrated amongst
the top quintile of the productivity distribution.
18As the coverage of firms may change over time, we keep the frontier number fixed over time in

our baseline definition. Specifically, we use the top 5% of the median number of firms (across
years), separately by each two-digit industry. This still allows for inherent differences in the size
of industries in terms of the number of firms. As Figure A.3 in Appendix 3.A shows, the choice
among alternatives (fixed absolute number or a different threshold, at 10%) does not affect the
main finding of a growing productivity gap between the frontier and the rest. The diverging pattern
is also robust to using a time-varying 5% for defining the number of frontier firms, see Andrews
et al. (2015), Figure A1.

19The empirical literature on productivity-enhancing reallocations can indeed find an important role
for the entry-exit margin of firms (e.g. Foster et al., 2001), and the theoretical literature also
emphasizes its potential role (Caballero and Hammour, 1994; Campbell and Shiller, 1988).

89



Chapter 3 The Best vs. the Rest: the global firm-productivity divergence

3.2.4 Characteristics of frontier firms

Table 3.1 reports cross-sectional differences in average characteristics for global frontier
firms relative to non-frontier firms in 2013, along a number of dimensions. Panel A
reports these differences based on a labour productivity measure while Panel B does
likewise using MFPR and Panel C using mark-up corrected MFPR. The following key
findings emerge:

• First, firms at the global productivity frontier are on average 3 to 4 times more
productive than non-frontier firms.20 At first glance, these differences appear
large but are to be expected given the widespread heterogeneity in firm pro-
ductivity that is typically observed within narrowly defined sectors (Syverson,
2004).21 They are supported by a large literature that focuses on how such large
differences in productivity can be sustained in equilibrium, given the expectation
that market selection and the reallocation of resources would tend to equalise
them over the longer run.22

• Second, on average, global frontier firms have larger sales and are more capital
intensive, and more so for labour productivity. In manufacturing, firms at the
frontier in terms of MFP (both MFPR and its mark-up corrected variant) have
significantly higher employment than laggards, in line with existing evidence that
productivity is positively correlated with size (van Ark and Monnikhof, 1996;
Leung et al., 2008). However, frontier firms do not employ a significantly larger
number of employees in services for any of the productivity measures analysed.

• Third, global frontier firms pay higher wages, which ranges between $20,000 and
$26,000 (in 2005 USD terms) depending on the measure. These differences might
reflect the sorting of better workers into frontier firms (Song et al., 2015; Card

20Note that productivity is measured in logs, so relative to laggard firms, global frontier firms are
exp1.3=3.6 times more productive.

21For example, within 4 digit manufacturing industries in the United States, Syverson (2004) finds a
2-to-1 ratio in value added per worker between the 75th- and 25th-percentile plants in an industry’s
productivity distribution. Including more of the tails of the distribution amplifies the dispersion,
with the average 90–10 and 95–5 percentile labour productivity ratios within industries in excess
of 4-to-1 and 7-to-1, respectively.

22Supply-side explanations have typically emphasised factors related to technology shocks, manage-
ment skill, R&D, or investment patterns (Bartelsman and Doms, 2000). The demand side also
appear relevant, given evidence that imperfect product substitutability – due to geographical
segmentation (i.e. transport costs), product differentiation (i.e. consumer preferences, brand-
ing/advertising) and intangible factors (customer-producer relationships) – can prevent industry
customers from easily shifting purchases between industry producers (Syverson, 2004). The com-
bination of demand and supply side imperfections can indeed lead to large and persistent differences
in productivity levels across firms Syverson (2011). Note that most studies focus on within-country
productivity dispersion, while our analysis pools together different countries, potentially further
widening the productivity distribution.
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et al., 2013) and the potential sharing of higher rents by frontier companies with
their workers.

• Fourth, frontier firms are also shown to charge higher mark-ups in the case of
labour productivity and MFPR, particularly in services. This could reflect weaker
competition in the less tradable and more regulated services sector, which allows
for larger market power differences across firms. However, when the frontier is
defined based on mark-up corrected MFPR, frontier firms are found to charge
lower mark-ups. This is consistent with the idea that the most productive firms
can afford to charge lower prices and thus attract more demand.23

• Finally, global frontier firms are also more likely to belong to a multinational
group/conglomerate and patent more intensively than other firms. This is based
based on analysis for 2005 using a different vintage of the database when informa-
tion of firms’ patenting activity and multinational status was available (Andrews
et al., 2015).24

3.3 Productivity divergence the frontier and the rest
This section documents the evolution of productivity for the frontier and non-frontier
firms, revealing a robust and ubiquitous divergence between the two groups. Spe-
cifically, it proceeds in three steps, confirming divergence in labour productivity then
MFPR and finally its mark-up corrected variants. Finally, it investigates the aggregate
implications.

3.3.1 Labour productivity divergence

Figure 3.1 describes the evolution of labour productivity for firms at the global pro-
ductivity frontier and for non-frontier firms. The chart shows how the unweighted
average of log labour productivity across firms in these two groupings evolved over

23In particular, this is in line with the findings of Foster et al. (2008) using US firm level data on
prices and quantities, who show that there is a strong negative relationship between measures of
MFP based on physical output rather than revenues (and thus purged from markups) and firm
level prices. Note that we abstract from potential differences in input prices when making the link
between mark-ups and output prices.

24In both the previous and the current vintage, numerous well-known multinational companies make
it to the frontier, such as Google, Apple, Amazon or Microsoft among the ICT services, Samsung,
Nokia, Siemens among electronics manufacturing as well as BMW, Ford and Volkswagen within
the car manufacturing sector.
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3.3 Productivity divergence the frontier and the rest

time, with the initial year – 2001 – indexed to 0 and separately for two broad sectors:
manufacturing and business services.25

Between 2001 and 2013, firms at the global frontier have become relatively more
productive, with their labour productivity increasing at an average annual rate of 2.8
log points in the manufacturing sector, compared with productivity gains of just 0.6
log points per annum for laggards. This divergence is even more pronounced in the
market services sector, with labour productivity at the frontier growing, on average, by
3.6 log points, compared to an average of just 0.4 log points for the group of laggards.

Figure 3.1: Divergence between the frontier and the rest
Labour productivity

Frontier Laggard

Notes: the global frontier is measured by the average of log labour productivity for the top 5% of
companies with the highest productivity levels within each two-digit industry. Laggards capture the
average log productivity of all the other firms. Unweighted averages across two-digit industries are
shown for manufacturing and services, normalized to 0 in the starting year. The time period is
2001-2013. The vertical axes represent log-point differences from the starting year: for instance, the
frontier in manufacturing has a value of about 0.3 in the final year, which corresponds to approximately
30% higher in productivity in 2013 compared to 2001. Services refer to non-financial business sector
services. See details in Section 3.2.3.

Looking closer at the tendencies, two distinct time periods emerge, which are es-
sentially punctuated by the global financial crisis. Between 2001 and 2007, labour
productivity at the global frontier grew at a rapid rate of 4-5 log points per annum,
significantly eclipsing the growth of non-frontier productivity which averaged roughly
25Note that our aim with the graphical representation is merely to show the evolution of frontier

productivity compared to other firms in a way that captures the average tendencies across all
activities or technologies. When weighting by the number of firms, employees or value added
across industries, the qualitative picture of divergence remains. Note also that we restrict the time
horizon of the figures between 2001 and 2013 because the years before the 2000s and the latest
year (2014) is less well covered in Orbis. In the regression analysis, we control for a rich set of
fixed effects capturing potential changes in coverage, hence we are able to utilize a longer span of
data (1997-2014).
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1 log point per annum.26 From 2008 onwards, labour productivity growth at the global
frontier slowed to around 1 log point per annum, while the growth of non-frontier la-
bour productivity ground to a halt. Reflecting these patterns, around three-quarters
of the labour productivity gap between frontier and other firms that had accumulated
by 2013 had been realised by 2007.

Given potential concerns of coverage variations in Orbis, Figure A.1 of Appendix
3.A also reports figures for the industry aggregates sourced from the OECD National
Accounts. Comparing the frontier with industry aggregates tends to understate the true
gap between frontier and laggard firms as frontier firms will also inflate industry level
productivity, particularly when their weight is large and/or growing. This is because
the evolution of industry aggregate productivity over time reflects not only within-firm
productivity developments but also changes in allocative efficiency.27 Reassuringly,
industry level trends look very much in line with the picture obtained with information
from Orbis, with the aggregate lines falling between the frontier and the laggard group,
tracing more closely the variation observed for laggards. Moreover, as illustrated in
Appendix 3.A, the divergence is robust to: i) using revenue-based (instead of value
added based) labour productivity (Figure A.2); ii) defining the global frontier in terms
of top 100 firms or top 10% of firms instead of top 5% (Figure A.3); iii) taking median
labour productivity in the frontier and non-frontier firms groupings as opposed to
average productivity; iv) excluding from the sample firms that are part of a group (i.e.
subsidiaries), either domestic or multinational, where profit-shifting activity may be
relevant (Figure A.4); v) aggregating across two-digit industries using employment or
value added weights instead of taking an unweighted average; vi) defining the frontier
based on the average of productivity levels across three consecutive years instead of
based on single years28; vii) and using more narrowly-defined industries (i.e. 3 and
4-digit industry classifications instead of two-digit ones) to better ensure that the firms
compared against each other are competing in the same market and producing similar
products (Figures A.7-A.9).29, 30

26Note again that “growth” here does not refer to the average growth of firms within the productivity
frontier (laggard firms) but rather to the change over time of the average log productivity in the
group of firms that are at the frontier (are laggards), with this group of firms allowed to vary over
time.

27Further, the aggregate labour productivity measures from the industry data also reflect develop-
ments among the smallest companies (below 20 employees) as well as the self-employed. As such,
it is not strictly comparable with the frontier and non-frontier firms but still provides a benchmark
against which the patterns obtained using the Orbis sample can be compared.

28These results are available on request.
29In some instances, however, this leads to a non-trivial reduction in the number of firms within each

sector – raising difficulties for production function estimation and increasing the prevalence of
idiosyncratic and noisy patterns. This leads us to conduct our baseline analysis at the two-digit
level.

30In order to avoid estimating production functions with too few firms per industry, the production
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3.3.2 Labour productivity divergence: capital deepening or MFP?

Since gains in labour productivity can be achieved through either higher capital in-
tensity or multi-factor productivity (MFP), Figure 3.2 plots the evolution of these two
components for global frontier and non-frontier firms, using the same definition of the
global frontier as in Figure 3.1. Given that the sample of firms for which real capital
stock can be calculated is smaller than the baseline sample, Figure 3.2 Panel A starts
by reproducing the evolution of labour productivity for global frontier and non-frontier
firms in this smaller sample of firms, which confirms the labour productivity divergence
illustrated in Figure 3.1.

From a comparison of Panels B and C in Figure 3.2, it is evident that the rising labour
productivity gap between global frontier and non-frontier firms in the manufacturing
sector entirely reflects divergence in MFPR, while capital deepening of non-frontier
firms slightly outpaces that of global frontier firms over the sample period.31 For
the market services sector, there is evidence of divergence of both MFPR and capital
deepening between global frontier and non-frontier firms, although labour productiv-
ity divergence in the pre-crisis period appears to be more strongly related to MFPR
than capital deepening. Even so, vintage capital models imply that weak capital deep-
ening amongst laggards in the post-crisis period could exacerbate MFP divergence if
new technology is embodied in new capital which often requires a retooling process in
existing plants (see Cooper et al., 1999).

Since our capital measure is based on balance sheet information, it incorporates only
a limited set of intangibles, such as software, R&D, patent and goodwill (Bureau van
Dijk, 2016). Even then, their proper economic evaluation is difficult from an accounting
perspective, perhaps more so than with tangible assets. Moreover, intangibles as they
appear in the balance sheets miss other, hard-to-quantify elements such as the busi-
ness value of brand-building, worker training and the development of organizational
practices (Corrado et al., 2009; Haskel and Westlake, 2017). To the extent that the
most productive businesses implement more and more of these type of investments,
and at a faster pace than other firms, this may contribute to a widening gap in our
measured MFP.32 Accordingly, our subsequent discussion on the likely drivers of MFP

function parameters are still estimated at the two-digit level and only the frontier definition is
applied at the 3 or 4 digit level. The median number of firms across two-digit sectors and years is
about 2000, but this figure falls to 210 and 130 for 3 and 4 digit sectors respectively. When looking
across country*industry*year cells, these medians are 53, 8 and 6, respectively for 2, 3 and 4 digit
industries. Thus, we chose the two-digit detail level as our benchmark, which is a compromise
between avoiding too small cells and the appropriate differentiation across economic activities.

31In fact, in manufacturing, the divergence in MFP is larger than the divergence in labour productivity,
given the faster capital deepening of non-frontier firms. Exploring further the fast capital deepening
of non-frontier manufacturing firms is outside the scope of this chapter.

32As a flipside to this issue, our value added measure subtracts spending on these intangibles as costs.
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divergence explicitly acknowledges that measured MFP reflects these and other factors
beyond narrowly defined technology or technical efficiency – such as management prac-
tices or tacit knowledge more generally (Hulten, 2001).

As discussed in Corrado et al. (2009), overall, the underestimation of capital and value added tends
to lead to an upward bias on MFP.
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Figure 3.2: Labour productivity divergence is lead by MFP
A: Labour productivity (restricted to MFP sample)

B: Multi-factor productivity (MFPR)

C: Capital deepening (log(K/L))

Frontier Laggard

Notes: The frontier and non-frontier groups are based on labour productivity. Unweighted aver-
ages across two-digit industries are shown for log labour productivity, the Wooldridge (2009) type
production-function based log MFPR measure and the log of real capital stock over employment for
Panels A, B and C, respectively, separately for manufacturing and services, normalized to 0 in the
starting year. See details in Section 3.2 and in notes below Figure 3.1. The sample is restricted to
those companies that have data available so as to measure capital stock and MFP. MFP (Panel B)
and capital deepening (Panel C) do not sum to labour productivity (Panel A) in a simple way, because
V A/L = MFP (KαLβ)/L = MFP

(
K
L

)α
Lα+β−1, where the capital coefficient (α) and the labour

coefficient (β) are allowed to vary by industry.
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3.3.3 MFPR divergence: mark-ups or productivity?

Given that our measure of multifactor productivity (MFPR) is based on information on
revenues and that firm-level prices are not available, its divergence might also reflect the
increasing market power of the frontier. This in turn would require a shift of our focus
on profitability as opposed to productivity (including technical efficiency and business
practices). Accordingly, we attempt to assess the contribution of mark-up behaviour
to MFPR divergence, using the methodology outlined in Section 3.2.2 above.

Given the focus on MFPR, the global frontier in Figure 3.3 is redefined in terms of
the top 5% of firms in MFPR levels within each two digit industry and year. Using such
a definition, the divergence of MFPR in Figure 3.2, Panel A is very similar to that in
Figure 3.2, Panel B (which defines the global frontier in terms of labour productivity).
These patterns are robust to using alternative definitions of MFPR, based on a Solow
residual or the Wooldridge gross-output based production function estimation approach
(Figure A.5) and to using materials (a proxy for intermediate inputs) as the fully
flexible input in De Loecker and Warzynski (2012) mark-up correction methodology
for a subset of 18 countries for which data are available (Figure A.6).

Figure 3.3, Panel B plots the evolution of the estimated mark-ups for global frontier
and non-frontier firms. We keep the scale and the vertical axis height the same as
Panel A to better emphasize that mark-up tendencies are much less pronounced than
those of productivity. Indeed, changes in the mark-up gaps are much smaller (peaking
at around 10 log-points) than those observed in MFPR gaps (peaking around 40 log-
points). In particular, the pre-crisis divergence in MFPR in the manufacturing sector
does not appear to be driven by frontier firms charging increasingly higher mark-ups,
either in absolute or in relative terms, compared to laggards. Turning to services,
frontier firms increased their relative mark-ups in the pre-crisis period, in particular
after 2005, but this divergence in mark-up behaviour is still small and significantly
unwound in the post-crisis period. Overall, once we correct MFPR for these patterns
in mark-ups, the divergence in mark-up corrected MFPR in the pre-crisis era is reduced
by a factor of about one-third, while the divergence becomes somewhat larger in recent
years (Figure 3.3, Panel C).
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Figure 3.3: The widening MFP gap remains after controlling for mark-ups
A: MFPR

B: Estimated mark-ups

C: Mark-up adjusted MFPR (Panel C = Panel A – Panel B)

Frontier Laggard

Notes: Unweighted averages across two-digit industries are shown for MFPR, estimated mark-
ups and mark-up corrected MFPR for Panels A, B and C. The mark-up estimation used for
corrected MFPR uses the De Loecker and Warzynski (2012) methodology. See details in
Section 3.2.3 and in the notes of Figures 3.1 and 3.2.

For completeness, Figure 3.4 presents the evolution of mark-up corrected MFP where
the global frontier is now defined as the top 5% of firms in terms of corrected MFPR
levels. Taken together, the evidence in Figures 3.2 and 3.3 implies that even though
rising mark-ups for frontier firms plays a non-trivial role in services in the pre-crisis
period, divergence seems only weakly related to the evolution of mark-ups. This sug-
gests that growing differences in the capacity of frontier firms vs laggards to invest in
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and successfully combine technological and non-technological innovations (intangibles)
are more important drivers than increases in the market power of the firms at the top.

Figure 3.4: A widening gap in mark-up corrected MFPR
Global frontier defined in terms of mark-up corrected MFPR

Frontier Laggard

Notes: See details in Section 3.2.3 and in the notes of Figures 3.1, 3.2 and 3.3.

3.3.4 Aggregate implications

What are the main implications of the diverging pattern for aggregate productivity?
Is the dynamic productivity growth of the frontier enough to compensate for the ap-
parently sluggish improvement amongst laggards? To test whether an increasing gap
is associated with stronger or weaker performance in aggregate productivity, we util-
ize the rich the cross-sectional dimension across industries rather than only the time
series dimension. This choice is also driven by the constraint that our firm level data is
available only since the end of the 90’s, making it harder to detect a secular slowdown
over long time-periods.33 Specifically, we seek evidence on the relationship between
the global MFP divergence and average (industry aggregate) productivity performance
for MFP and labour productivity. The industry level MFP is sourced from the EU
KLEMS industry-level database (O’Mahony and Timmer, 2009), where it is derived
from a value added based production function and indexed to 2005 = 100. It is not
available for all countries after the crisis years, hence we limit the analysis to pre-crisis
years only. The industry level labour productivity is sourced from detailed OECD Na-
tional Accounts and is available for a longer time period, hence covering the crisis and
post-crisis years, until 2013. Both the industry and the firm-level data are collapsed to

33However, it is indicative there are two independent studies hinting at increased divergence from the
beginning of the 2000s. Furman and Orszag (2015) track firm profitability over time and documents
that the top 10% pulls away from the rest of the distribution starting around this period. Further,
OECD calculations – using cross-country industry level data constructed by Bourles et al. (2013) –
show that the productivity divergence between the most productive country-industry groups and
the others countries within the same industry starts around 2000 (Andrews, 2015).
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the industry-year level by taking an unweighted average of variables across countries,
yielding 600 or 1,000 observations across 60 two-digit industries and 10 years (for MFP)
or 16 years (for labour productivity).

Table 3.1 presents some basic descriptive statistics. All variables are measured in
logs. The gap between the global frontier and other firms is 1.4 for MFP and a little
higher for labour productivity in the average two-digit industry, in line with the firm-
level descriptives in Table 3.1. Note that the standard deviation of aggregate MFP is
very small, but this is primarily due to the fact that it is derived of an index, and as such
most of cross-industry differences are washed out. In any case, average cross-industry
differences are controlled for in the regressions, each variable is purged of industry
and year fixed effects to achieve a within-industry interpretation and to control from
common (global) time-varying factors. 34

Table 3.1: Descriptive statistics: global productivity gap and aggregate productivity

Unit of observation: industry-year
Gap in 
MFP

Aggregate 
MFP

Gap in 
labour 

productivity

Aggregate 
labour 

productivity
Mean 1.426 4.584 1.618 11.687
Median 1.368 4.603 1.421 11.612
St.dev. 0.383 0.078 0.698 0.482
N 600 600 1056 1056

Note: All variables are measured in logs. Industry refers to two-digit level detail according to ISIC
Rev. 4 / NACE Rev 2, covering the non-farm, non-financial and non-rental business sector (industry
codes 5-82 except 64-68).
Sources: Orbis (for productivity gaps); EU KLEMS ISIC4 (for aggregate MFP, 12 countries, 1998-
2007); OECD Detailed National Accounts (for aggregate labour productivity, 22 countries, 1998-2013)

Turning to the relationship between the within-industry MFP gap and aggregate
MFP, a significant negative association emerges (Figure 3.5 and Table 3.2, Panel A).
Above-average MFPR divergence between frontier and laggard firms within industries
tends to go together with below-average aggregate MFP performance. These results
hold despite the different nature of the industry-level and firm level data: the aggregate
data also reflect the MFP performance of firms that employ fewer than 20 employees as
well as changes in allocative efficiency (i.e. resource shifts across firms within sectors),
in contrast to the patterns coming from firm-level data. The coefficient estimates
imply that a 30 log-point rise in the MFPR gap – roughly equivalent to that observed
between 2001 and 2007 (Figure 3.1) – is associated with a 3.5 log-point decline in the
34When comparing with industry level MFP, countries are limited to the following ones,

reflecting the common set between the Orbis firm level data and the EU KLEMS industry
level data: Austria, Belgium, Germany, Spain, Finland, France, the United Kingdom,
Italy, Japan, the Netherlands, Sweden and the United States.
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level of aggregate MFP across industries. This is economically significant given that
the cumulative loss in MFP due to the productivity slowdown in OECD countries over
this period amounts to about 6%.35

Figure 3.5: Greater divergence is associated with lower aggregate MFP
Residual aggregate MFP and the MFPR gap at the industry level

(1998-2007, 60 industries)

Notes: The figure plots two-digit industry-year observations of aggregate MFP from EU-KLEMS
against the MFPR gap (as defined in Section 3.2.3) after two steps. First, an unweighted average of
each variable is computed across countries at the industry level for each year between 1998 and 2007.
Second, the industry-year observations are purged of two-digit industry fixed effects and year fixed
effects. Outlier observations outside the range of 0.4 are removed from the graph.

35This slowdown is measured relative to a counterfactual where MFP growth had not slowed from its
2001 rate of 0.9%:

CumulativeLoss2001−2007 =
2007∑

t=2001
(MFP2001 (1.009)t−2001 − MFPt),

where MFP is expressed as an index number with a base year of 2001. This means that
MFP2001 = 1 and 1.009 represents the (gross) growth rates under the counterfactual of steady
growth at the pace observed in 2001. MFPt is cumulated using the actual observed growth rates
(as shown in Figure 3.1).
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Table 3.2: Productivity divergence: link with aggregate productivity performance

OLS regressions of aggregate productivity on productivity divergence at the
industry-year level

Note: The table utilises industry-year variation to relate aggregate MFP from EU KLEMS to the
MFPR gap between frontier and laggard firms (Panel A) and aggregate labour productivity from the
OECD national accounts to the labour productivity gap between frontier and laggard firms (Panel B).
To construct industry-year observations, an unweighted average of each variable is computed across 12
OECD countries for MFPR and across 22 OECD countries for labour productivity. The productivity
gap terms are calculated at the industry-year level, by taking the difference between the average
log productivity at the frontier and among other firms. The results are robust to outlier filtering
techniques, employing a productivity gap based on the median productivity of frontier and laggard
firms and estimation via dynamic OLS (DOLS; Stock and Watson, 1993). Significance levels: ***
p<0.01, ** p<0.05, * p<0.1.

As shown in Table 3.2, this negative relationship between aggregate MFP and MFPR
divergence is statistically significant and holds within both manufacturing and services.
While this analysis is restricted to the pre-crisis period due to the lack of more recent
industry-level MFP data, a negative relationship is also evident between aggregate
labour productivity and labour productivity divergence over 1998-2013, although this
relationship is mainly driven by the manufacturing sector (Panel B).

The key conclusion from this simple analysis is that aggregate productivity is not
benefiting positively from a widening gap between them and laggards, suggesting that
MFP divergence and in particular slow laggard productivity is a likely factor behind to
the aggregate slowdown. This motivates further analysis below on its potential drivers.

3.4 Potential structural drivers
The evidence presented so far suggests that the MFP gap between the global frontier
and other firms has risen significantly over time and that this pattern has emerged even
before the crisis. This is surprising in light of a number of related strands of the theoret-
ical literature on the micro-level mechanics of productivity growth: neo-Schumpeterian
growth theory (Aghion and Howitt, 2006; Acemoglu et al., 2006); earlier generation of
models on competitive diffusion (Jovanovic and MacDonald, 1994); and growth enhan-
cing creative destruction (Aghion and Howitt, 1992; Caballero and Hammour, 1994;

103
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Campbell and Shiller, 1988). As will be discussed below, a weakening of the mechan-
isms described in these models might be the result of structural changes in the economy,
driven by digitalization – through vastly decreasing marginal costs – and globalization
– through increased scale economies.

Simply put, we conjecture that the top of the distribution, the frontier is affected
by winner-takes-all dynamics, while stalling diffusion of knowledge and best practices,
coupled with less market dynamism could inhibit productivity in the non-frontier seg-
ment. In practice, it is difficult to distinguish the exact relative importance and the
causal nature of these factors. A number of the findings presented below suggest that
all of them are likely to be present. Indeed, as illustrated by two simple simulations in
Appendix 3.B, the strength of the catch-up process has to weaken over time, market
selection has to be relatively weak and also worsening in order to produce a diverging
pattern of the frontier away from the laggard firms.

3.4.1 Frontier firms: “winner-takes-all” dynamics

The productivity divergence patterns unveiled so far may partly reflect the increasing
potential for digital technologies to unleash winner-takes-all dynamics (Brynjolfsson
and McAfee, 2011; Bartelsman et al., 2014)), which allows the technological leaders
to increase their MFP gap vis-a-vis laggard firms. More specifically, by making the
replication of informational goods and business processes possible at near zero marginal
cost, digital technologies enable the top-quality provider to capture most, or all, of the
market. At the same time, only a small market share accrues to the next-best provider
– even if they are almost as good as the best provider. These patterns are reinforced
by network externalities that favour the emergence of a single dominant player (e.g.
providing a specific network; platform or standard), even though the products of other
firms are not necessarily inferior. At the same time, given the global nature of frontier
firms, these patterns are likely to be reinforced by globalisation, which increases the
returns to investing in non-rival technologies via expanded market size (Acemoglu and
Linn, 2004).36

While it is hard to think of a single statistic that could capture winner-takes-all
dynamics, a number of findings support the existence of such dynamics:

36The rise of “winner-takes-all” dynamics amongst firms could also have a knock-on effects on CEOs,
for whom the rise of “superstars” with big salary premiums reflect differences in capital value of
the firms they work for rather that in their talent (Gabaix and Landier, 2008).
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3.4 Potential structural drivers

Figure 3.1: Is the frontier getting bigger?
A: Divergence in revenues

B: No divergence in employment

Frontier Laggard

Notes: the global frontier group of firms is defined by the top 5% of companies with the highest
productivity levels, measured by mark-up corrected MFPR within each two-digit industry.
Laggards capture all the other firms. Unweighted averages across two-digit industries are
shown for log revenues and log employment, for Panels A and B, respectively, separately for
manufacturing and services, normalized to 0 in the starting year. MFPR uses the Wooldridge
(2009) methodology based production function estimation, while the mark-up estimation used
for corrected MFPR uses the De Loecker and Warzynski (2012) methodology. Time period
is 2001-2013. Services refer to non-financial business services.

• Divergence in MFPR is accompanied by divergence in revenues – or market shares
– between frontier and laggard firms, particularly in sectors providing ICT ser-
vices.

– Figure 3.1 (Panel A) shows that the gap in revenues has been growing over
time: global frontier firms have gained significant market share relative to
laggards in manufacturing and to a larger extent in services. In contrast,
the average size of frontier firms and laggards in terms of employment show
similar trends (Panel B).

– Divergence in revenues is particularly stark in ICT services (Figure 3.2,
Panel A), compared to services outside the ICT segment (Panel B). This
divergence is also apparent within the global frontier grouping: the sales
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of firms in the top 2% of the global MFPR distribution grew by 14% on
average in ICT services over the sample period, compared to 7% in other
services.37 In comparison, the sales of the top 5% have grown by 6% and
3.5% in ICT and other services, respectively.

– Given these developments, one concern may be that firms at the frontier
gain too large market shares and start to become too dominant. This might
result in efforts making entry more difficult – either into the frontier or
more generally into the market – which could lead to lower competition
in the market.38 If this entails lower productivity growth among laggards,
aggregate productivity performance may suffer, despite any gains coming
from higher allocative efficiency. This will be explored in more detail in
Section 3.4.2.

• A more pronounced MFP divergence in ICT services between frontier and laggard
firms as well as within the global frontier grouping.

– Figure 3.2 (Panel C and D) shows that the rise in the MFPR gap is very
pronounced in ICT services.39

– Within the global frontier grouping, we see that a small cadre of the most
elite firms (top 2%) become more productive relative to other frontier firms
in ICT services (Panel C), while this pattern is not particularly evident
within non ICT services (Panel D).

• A divergence in mark-up corrected MFPR, notwithstanding developments in the
mark-up.

37Given the relative volatility of the sales data for firms in the top 2% of global MFPR distribution,
we do not show these estimates for presentational reasons.

38Exploring mark-up developments in ICT vs other services is outside the scope of this chapter, given
the challenges faced by current methodologies aimed at disentangling price-, quality- and quantity,
which are particularly severe for these activities.

39This is also in line with findings by Gamberoni et al. (2016) using alternative firm-level sources,
which show strongest increases in capital-productivity dispersion in the ICT sector. Also, Decker
et al. (2016a) confirm this for labour productivity for the US. Moreover, this is consistent with the
view of Haskel and Westlake (2017) who argue that productivity inequality should be become more
important in sectors dominated by intangibles - and indeed ICT services are a prime example.
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3.4 Potential structural drivers

Figure 3.2: Evidence on “winner-takes-all” dynamics

A: Revenues in ICT services B: Revenues in non-ICT services

C: MFPR in ICT services D: MFPR in non-ICT services

Notes: ICT-intensive services refer to the information and communication sector (industry code J in
NACE Rev. 2) and postal and courier activities (53). For more details see the notes of Figures 3.1,
3.2 and 3.3. Since the figures are depicted as within-sector differences, the evolution of revenues can
be interpreted as changes in the relative market shares for frontier and other firms.

As MFP divergence reflects a more productive frontier, and it is coupled with more
efficient resource allocation – witness the rapid gains in market shares of the frontier
–, then one might conclude that the aggregate productivity consequences of winner-
takes-all dynamics should be positive. However, as Section 3.3.4 showed, this is not
the case: aggregate MFP performance was weaker in industries where MFP divergence
was more pronounced. What is the explanation? The answer must lie in the changing
(worsening) performance of firms off the frontier, to be examined in the following
section.
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3.4.2 Laggard firms: stalling technological diffusion and weakening
market dynamism

Indeed, the rising gap in MFPR between frontier and laggard firms might also signal
stalling technological diffusion and sluggish market dynamism amongst laggards. This
stagnation could reflect the increasing costs for laggards firms of moving from an eco-
nomy based on production to one based on ideas when adopting a new general purpose
technology such as ICT. This would be the case if the strength of global frontier firms
not only reflects their capacity to technologically innovate but also to optimally com-
bine intangibles, i.e. technological, organisational and human capital, in production
processes. The importance of tacit knowledge as a source of competitive advantage for
frontier firms may have risen if increasingly complex technologies were to increase the
amount and sophistication of complementary investments required for technological
adoption.40 But it could also be symptomatic of rising entry barriers and a decline
in the contestability of markets, which could reflect the inability of the policy envir-
onment to adapt to structural changes in the global economy and the rising market
power of frontier firms, particularly in services. Both factors could act as a barrier to
the catch-up of laggard firms, and cause the technological “diffusion machine” to break
down.

To test whether the pace of productivity convergence has slowed over time, we es-
timate a neo-Schumpeterian model where firm level MFP growth depends on a firm’s
lagged MFP gap with (or distance from) the global frontier. The empirical specification
is based on the estimation of a variant of the Aghion and Howitt (1998) framework,
which has been implemented in a number of studies (Arnold et al. 2011; Griffith et al.
2009). In particular, MFP is assumed to follow an error correction model of the fol-
lowing form:

ΔMFPit = δ1GAPi,t−1+
∑

k

δk
2GAPi,t−1D

k
t +δ3ΔMFPFjt+

∑
m

δmXm
it +μct+ηj+εit. (3.7)

Productivity growth of firm i is expected to increase with the size of the productivity
gap (hence δ1 > 0), which measures how far each firm is away from the frontier F in
industry j in which firm i operates:

GAPit = MFPFjt − MFPit.

We allow for the speed of productivity convergence to vary over time by including

40We are grateful to Chad Syverson for raising this idea during his comments at the OECD-NBER
Conference on Productivity and Innovation in the Long-Run (25-26 September 2014).
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various interaction terms GAPi,t−1Dt , where D is a dummy variable corresponding
to different time periods (i.e. 1997-2000, 2000-2002 . . . 2010-2014). If the pace of
MFP convergence slowed over time, then we expect some of the GAPi,t−1Dt terms
to be negative and significant. As above, the frontier firm is defined as the average
MFP of the 5% most productive firms in sector s and year t in the sample of countries
analysed (frontier firms are excluded from the analysis, in line with the literature). The
specification also includes a number of controls among Xm – such as detailed firm size
and firm age classes, included separately in the baseline and interacted with the frontier
growth and gap terms as an extension –, as well as both industry ηj and country*time
fixed effects μct . The standard errors are clustered by country and sector to allow
for correlation of the error term in an unrestricted way across firms and time within
sectors in the same country (Moulton, 1990).

The main conclusions from these regressions are shown visually in Figure 3.3 (see
detailed results in Appendix 3.C). They demonstrate that the pace of productivity
convergence has indeed declined significantly over time. In particular, the estimated
coefficient on the lagged MFPR gap term GAPi,t−1 declined by almost 30% from the
late 1990s to the most recent period, with most of the fall realised by 2007 (Table
C.1).41 This pattern holds within firm size and age classes or when using a richer set
of fixed effects (Tables C.2 and C.3, respectively). The decline in the speed of catch-up
is even more pronounced when the model is estimated using mark-up corrected MFPR
(3.3 Panel B), providing further evidence that the pace of productivity convergence
has slowed.

41The coefficient estimate (0.15 for the period 1997-2000 and 0.11 for the period 2010-2014) imply
that the time it takes for the average laggard firm to catch-up half its initial MFPR gap with the
global frontier has risen from about 4.3 years (log(1/2) / log(1-0.15) = 4.265) in the late 1990s to
about 6 years by 2010-14.
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Figure 3.3: The pace of convergence slowed, even before the crisis
Estimated convergence parameters by time-periods from equation 3.7
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B: Mark-up corrected MFPR
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Notes: The marker line shows the evolution over time of the estimated GAPi,t-1 coefficient from the
firm level MFP growth regression (eq. 3.7), presented in Table C.1 of Appendix 3.C (Column 1), while
the dashed line provides the 95% confidence interval around this coefficient estimate.

One symptom of stalling diffusion could be the increasing persistence of incumbents
at the frontier, or that entry to the frontier increasingly comes from firms already close
to it (i.e. within the top decile or top quintile of the distribution). We might also expect
these patterns to be especially evident in the services sector where intangibles and tacit
knowledge are becoming ever more important and where the increase in market power
at the frontier is most apparent.

Table 3.3 provides supporting evidence to these conjectures. In the beginning of the
2000s (2001-2003), half of MFPR-frontier firms in the services sector were made up
from firms previously at the frontier or close to it (Panel A). More specifically, they
were either classified one year earlier as frontier firms (i.e. 48.3% of firms were in the
top 5%) or firms close to it, being in the top decile (62% of firms) or top quintile (68.8%
of firms). By 2011-2013, however, these figures had risen to 55.2%, 71.1% and 77.4%,
respectively. These patterns – which are also evident for corrected MFPR (Panel B)
and to a lesser extent among manufacturing firms – suggest that it has become more
difficult for laggard firms outside the top quintile of the MFP distribution to enter the
global productivity frontier over time.
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Table 3.3: The frontier has become more entrenched amongst top quintile firms

Proportion of frontier firms in time t according to their frontier status in t-1

Notes: The tables show the proportion of firms classified as global frontier firms at time t – i.e. in the
top 5% of the industry MFPR or mark-up corrected MFPR distribution – according to their status
one year earlier (t-1). Estimates are averaged over each three year time period. For example, the
bottom part of Panel A shows that on average over the period 2011-2013 in services, 55.2% of frontier
firms (i.e. top 5%) were present in the frontier grouping one year earlier, while 71.1% had MFPR
levels in the top 10% and 77.4% had MFPR levels in the top 20%.

Rising entrenchment at the frontier is consistent with the broader decline in business
dynamism observed across OECD countries (Decker et al., 2014 for the US and Cris-
cuolo et al., 2014 for 18 countries), which in turn raises the prospect that the degree of
competitive pressure may have declined. To explore the role of market dynamism more
directly among laggard firms, Figure 3.4 distinguishes between four groups of firms: i)
young firms (aged 0-5 years) to proxy for recent entrants; ii) mature firms (aged 6 to 10
years); iii) firms teetering on the brink of exit in a competitive market firms, proxied
by firms older than 10 years that record negative profits over at least two consecutive
years (non-viable old firms); and iv) all other firms (i.e. viable old firms; the excluded
category).

Two key patterns emerge. First, the data suggest that firm turnover has fallen, as
reflected by a decline in the share of young firms and a higher survival probability of
marginal firms that would typically exit in a competitive market (Panel A).42 Second,

42We use these categories to have a more robust picture of market dynamism and selection instead of
working directly with entry and exit rates. They tend to be more volatile and noisy, in particular
because our sample contains only those firms which have at least 20 employees on average over
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the average productivity of recent entrants relative to viable incumbent firms has risen,
while the average productivity of firms on the margin of exit has fallen over time (Panel
B).

These patterns are consistent with a decline in the contestability or competitiveness
of markets, which implies less indirect pressure on incumbent firms to improve their
productivity via the adoption of superior technologies and business practices (Bartels-
man et al., 2004).43 The corollary is that it has become relatively easier for weak firms
that do not adopt the latest technologies to remain in the market. Moreover, the de-
cline in firm turnover coupled with an increase in the implied productivity gap between
entering and exiting businesses is what one would typically observe if barriers to entry
had risen (Bartelsman et al., 2009). This leads us to suspect that there may be more
to the stagnation of laggard firm productivity than just the rising importance of tacit
knowledge. It is likely that it is not only the lack of capabilities of laggard firms, but
also their potentially lacking incentives that drives their faltering performance. This
motivates an analysis of the link between product market regulations – as drivers of
competitive pressures – and MFP divergence in the next section.

their observed lifespan. Also, the incidence of non-viable firms is likely to be understated since we
compute them for the sample where MFP is available, and this excludes cases with negative value
added, i.e. firms that have larger negative profits (in absolute value) than labour costs.

43Using cross-country microdata aggregated to the industry level, these authors find that productivity
growth within incumbent firms is positively correlated with the firm turnover rate.
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Figure 3.4: Indicators of declining market dynamism amongst laggard firms
Share and productivity of firms by age and financial viability

A: Share of total firms
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Notes: The figures show the shares (panel A) and the relative productivity (panel B) of three groups
of firms: firms aged 5 years or less (young firms), firms aged 6 to 10 years (mature firms) and firms
older than 10 years that record negative profits over at least two consecutive years (non-viable old
firms). The omitted group are firms older than 10 years that do not record negative profits over at
least two consecutive years (viable old firms). The age of the firm is calculated using the incorporation
date as recorded in the database. The estimates are an unweighted averages across industries in the
non-farm non-financial business sector.

3.5 The role of regulatory policy
It is likely that some degree of MFP divergence across firms is organic to the working of
the economy during the spreading phase of a general purpose technology such as ICT
where experimentation looms large and it may be difficult to follow the best practice.
However, the increase in the MFP gap is not uniform across sectors, but it is particularly
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pronounced in service sectors, and not only those related to ICT activities (Figure 3.2).
They are typically more sheltered from competitive pressures due to lower exposure to
international competition and more stringent product market regulations. This raises
the question: to what extent is the failure of policy to encourage competition in service
sectors contributing to maintain such barriers? We present robust econometric evidence
below that the rise in the MFP gap was less pronounced in sectors where the pace of
product market reform was more intense. This suggests that there has been scope for
regulatory policy to create stronger incentives for non-frontier firms to catch-up with
the frontier and to hold back the widening productivity gap.

There are a number of channels through which pro-competitive product market re-
forms can strengthen the incentives for laggard firms to adopt frontier technologies,
thereby moderating MFP divergence. Indeed, a range of firm-level evidence generally
supports the idea that competitive pressures are a driver of productivity-enhancing
innovation and adoption.44 Specifically, pro-competition reforms in product markets
could promote a smaller productivity gap vis-a-vis the frontier through the following
mechanisms:

• First, higher competition underpins within-firm productivity gains by weeding
out inefficient firms (selection) and sharpening the incentives for incumbent lag-
gard firms to adopt better technologies, business practices, leading to stronger
within-firm productivity growth (Bloom et al., 2016; Perla et al., 2015; Baily
et al., 1993). A potential driver behind this is that stronger product market
competition can improve managerial quality (Bloom and Reenen, 2007), which
is complementary to technological adoption (Bloom et al., 2012).

• Second, reductions in administrative entry barriers can spur entry, which pro-
motes technological diffusion to the extent that young firms possess a compar-
ative advantage in commercialising cutting-edge technologies (Henderson, 1993;
Baumol, 2002). In addition, increased entry also puts stronger pressures on in-
cumbents to innovate more intensively so as to survive on the market.

• Third, pro-competitive reforms to market regulations in services sectors may
increase the returns expected by firms that use their output (i.e. downstream
manufacturing sectors) from adopting best-practice techniques (Bourles et al.,
2013).

• Finally, product market reforms can promote productivity-enhancing reallocation
(Andrews and Cingano, 2014) thereby enhancing the ability of firms to attract

44Inter alia, see Nickell (1996); Blundell et al. (1999); Griffith et al. (2003) Aghion et al. (2004);
Haskel et al. (2007).
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inputs complementary to technological adoption and achieve sufficient scale to
enter global markets and learn from global frontier firms (Haskel and Sadun,
2012).

Our empirical analysis below remains agnostic as to which of these channels are the
dominating force – it aims to test whether any of the above or a combination of
them yields a significant effect of pro-competitive deregulation on the productivity
gap between the frontier and laggards.

3.5.1 Measuring product market reforms

To measure deregulations and pro-competitive reforms in product markets, we utilise a
country-sector database on product market regulations (PMR) prepared by the OECD.
It is based on a highly detailed questionnaire sent out to governments every five years
(Nicoletti and Scarpetta, 2003). For example, the 2013 questionnaire includes around
1400 questions on economy-wide and sector-specific provisions (Koske et al., 2015).
The indicators derived from these answers are scaled on a range from 0 to 6, where
higher values indicate more restrictive regulations.

The philosophy of the PMR indicators is to capture the extent of “anti-competitive”
regulations; that is, regulations “that inhibit competition in markets where competition
is viable” (Nicoletti et al., 2000). As outlined therein, the restrictions to competition
captured by the the PMR were defined either as barriers to access in markets that are
inherently competitive or as government interferences with market mechanisms in areas
in which there are no obvious reasons why such mechanisms should not be operating
freely (e.g. price controls imposed in competitive industries as road freight or retail
distribution). An important feature of these indicators is their de jure nature – i.e.
they focus on rules and regulations as it appears in legislation. This is advantage since
it facilitates cross-country comparisons. However, it is important to note that they do
not account for differences in implementation and enforcement across countries. Given
that the indicators cover a relatively homogeneous set of countries, the underlying
assumption is that regulatory patterns do not reflect cross-country differences in the
level of public concern for the market failures that motivate regulations, but rather
reflect regulatory failure or policies adverse to competition.

We exploit information on sector-specific regulation in 10 separate industries (7 in
network industries, 1 in retail, and 2 in professional services; Conway and Nicoletti,
2006b), as opposed to the economy-wide indicators. Network industries include two
energy sectors (electricity and gas), three transport sectors (road, rail and air) and two
communication sectors (post and telecommunications). The two professional services
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industries refer to the business services sector (accounting and legal services) and the
technical services sector (engineering and architecture services). As noted in Gal and
Hijzen (2016), regulation in: i) network industries is largely about the organisation of
network access to potential service providers; ii) retail trade typically takes the form of
entry barriers, specific restrictions for large firms and the flexibility of shops in terms
of opening hours and prices; iii) professional services concerns to barriers to entry
and the way services are delivered and includes, amongst others, rules governing the
recognition of qualifications and the determination of fees and prices.45

45For retail and professional services industries, where the OECD PMR indicators are updated only
every 5 years (1998, 2003, 2008, 2013), additional information was used on the timing of reforms
following the calculations of Gal and Hijzen (2016) and the detailed review of reforms in OECD
countries as carried out by Duval et al. (2016).
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Figure 3.1: The restrictiveness of product market regulations over time, 1998-2013
A: Network industries

B: Retail

C: Professional services

Note: The PMR indicator varies between 0 and 6, and higher values indicate more stringent and less
competition-friendly regulation. The horizontal line in the boxes represents the median, the upper
and lower edges of each boxes reflect the 25th and 75th percentiles and the markers on the extremes
denote the maximum and the minimum across OECD countries.
Source: calculations by Gal and Hijzen (2016) based on OECD indicators on product
market regulation (PMR; Conway and Nicoletti, 2006a; Koske et al., 2015) and ad-
ditional information on the timing of reforms for retail and professional services
(Duval et al., 2016). For more information on the OECD PMR indicator, go to:
http://www.oecd.org/eco/growth/indicatorsofproductmarketregulationhomepage.htm.
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The indicators reveal that there is considerable scope for further product market
reform in many OECD countries, particularly in market services where the increase
in MFP divergence has been most striking (Figure 3.1). Within non-manufacturing
industries, most reform activity over the past 15 years has been concentrated in network
industries (i.e. energy, transport and communication), and this is reflected in both
a decline in the median level and dispersion of market regulation across countries
(Panel A). While there remains some scope for further reform action in specific network
industries (particularly road and rail transportation) and countries, the need for reforms
in retail trade and professional services is clear. Between 1998 and 2013, the median
restrictiveness of product market regulations only fell modestly in retail (Panel B)
and was little changed in professional services (Panel C), while the dispersion in the
restrictiveness of market regulations across countries in these sectors remains high.

3.5.2 Descriptive statistics on PMR and industry-level MFP gaps

Table 3.1 presents descriptive statistics for PMR and the productivity gap at the
country-industry-year level (all variables are measured in logs).

Table 3.1: Descriptive statistics: PMR and national MFP gaps

Unit of observation: country-industry-year

Note: All variables are measured in logs. Industry refers to two-digit level detail according to ISIC
Rev. 4 / NACE Rev 2, covering the non-farm, non-financial and non-rental business sector (industry
codes 5-82 except 64-68).
∗Regulated services include those industries that are covered by the PMR indicator.
Sources: Orbis (for productivity gaps); OECD Product Market Regulation Database (for the PMR
indicator).

For illustrative purposes, Figure 3.2 provides suggestive evidence on the link between
the pace of market reforms and the evolution of the MFPR gap between global frontier
and laggard firms (as defined in Section 3.2.3) in three selected services industries. In
line with our hypothesis, the MFP gap increased more quickly in professional service
industries such as legal, accounting and technical services (engineering and architec-
ture) where the pace of reform was slower, compared to network industries such as
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telecommunications where the pace of market reform has been much more intensive.
These patterns are consistent with the idea that pro-competitive market reforms in ser-
vices can sharpen the incentives for technological adoption. The next section sharpens
this evidence by controlling for a number of potentially omitted country, industry and
global factors to establish a more robust link between regulations and the MFP gap.

Figure 3.2: Slower product market reform, a larger increase in the MFP gap
Selected industries; annual average change over time and across countries

Note: The figure shows the annual change in the (log) MFPR gap between the frontier and lag-
gard firms and the change in the (log) PMR indicator. Technical services refer to architecture and
engineering. Growth rates expressed in percentages are approximated by log-point differences.

3.5.3 Empirical strategy

This section lays out the empirical strategy for testing the hypothesis whether PMR
affects the productivity gap between frontier and non-frontier firms.

3.5.3.1 Baseline model

To more rigorously explore the link between product markets regulations and the MFP
gap between global frontier firms and other firms over time, we estimate two comple-
mentary econometric specifications.46 First, for 10 market services sectors for which
regulatory indicators are available over the period 1998-2013, we estimate the following

46Throughout the analysis of PMR’s impact on the productivity gap, the coverage is restricted to
cases where the annual PMR indicators are available and where at least 10 firms are present
in Orbis. The included 14 OECD countries are Austria, Belgium, Denmark, Finland, France,
Germany, Italy, Japan, Korea, Portugal Slovenia, Spain, Sweden and the United Kingdom.
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long difference specification:

ΔldGAPcjt = βΔldPMRcjt + γΔldEcjt + νc + μs + δ[c]t + εcst (3.8)

where Δld denotes the long difference operator, corresponding to five years in the
baseline specification;47 GAPcjt refers to the difference between the (unweighted) av-
erage MFP (MFPR or mark-up corrected MFPR) of global frontier firms and the
(unweighted) average MFP of laggard firms in country c, industry j and year t;48

PMRcjt refers to the overall restrictiveness of product market regulation in key service
industries (expressed in log terms)49, which is increasing in the degree of regulation.
If β > 0, then a slowdown in the pace of pro-competitive product market reforms (i.e.
a less negative term) is associated with a rising MFP gap between the global frontier
and non-frontier firms.

The regression also includes the growth of sectoral employment (E) to control for
time-varying shocks within country*industry pairings and for potential changes in the
coverage of the dataset.50 The baseline model includes separate country, industry and
year fixed effects to control for omitted time-invariant country (νc) or industry (μj)
trends – given the difference specification – and common global shocks (δt). As an
extension, we include interacted country-year fixed effects (δct) to control for country-
specific time-varying shocks (different trends and business cycles). To maximize the
use of the data, we rely on overlapping five-year differences (e.g. 2013-2008, 2012-2007
etc.) but given that we cluster at the country-industry pair level this is innocuous
(e.g. Bloom et al., 2016). Finally, country-industry-year cells that contain less than
10 firms are excluded in order to reduce the influence of highly idiosyncratic firm-level
developments.

Second, we also estimate a level specification using dynamic ordinary least squares
(DOLS; see Stock and Watson, 1993):

GAPcjt = βPMRcjt + γEcjt +
K∑

k=−K

∑
s

ρs
kΔXs

cj,t+k + νcs + μjt + δct + ucjt. (3.9)

47As discussed below, the significance of the results are not sensitive to the choice of the length of the
long-differencing window.

48As robustness checks, the medians instead of the means will also be used.
49Taking the log of PMR is a useful transformation to the extent that it allows for reforms to be

evaluated in relative terms, in relation to the pre-reform policy stance. This is particularly relevant
as in many industries the level of regulation – as expressed by the PMR indicator – is already at
low levels, and there is limited scope for further reforms that lead to a similar reduction in absolute
terms in the indicator than in the past.

50The employment variable is based on information from the Orbis database, and is calculated as the
average of log employment levels across firms.
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This specification relates the level of the MFP gap to the (log) level of PMR. The DOLS
approach relies on lags and leads changes (i.e. first differences) of all the explanatory
variables (Xs) which are included to control for serial correlation and endogeneity
stemming from policy changes. The DOLS estimates are presented using either one
(K = 1) or two (K = 2) lags and leads. They also include a fully saturated set of
fixed effects in each pairwise combinations of the country-industry-year dimensions, to
control for unobserved time-varying country-specific shocks (δct), time-varying global
industry-specific shocks (μjt) and time invariant industry-specific factors within coun-
tries (νcs).

3.5.3.2 Addressing identification concerns

One identification concern is that rigid services regulation might be a consequence, not
a cause of the MFP gap. This would be the case if in service sectors with many firms
lagging behind the global productivity frontier, there was a greater incentive for firms
to exert political pressures for raising anticompetitive regulations. While such lobby
activity by inefficient firms would upwardly bias the estimate of β, the tendency for
product market reforms to be conducted when economic conditions are weak (Bouis
et al., 2016) would bias the estimate of β in the opposite direction.

The DOLS specification (eq. 3.9) partly controls for such phenomena, since they
result in short-term changes in policies, and the specification includes lags (and leads)
of all right hand side variables. Importantly, we also adopt two additional identifica-
tion strategies to confront the potential endogeneity of market regulation to economic
conditions for the long difference specifications as well (eq. 3.8). First, we employ
instrument variables (IV) approaches that exploit the existence of liberalization waves
across countries and the role of external pressure in driving them (see Bouis et al.,
2016).51 Specifically, we utilise two instruments that are unlikely to be affected by
sector-level economic outcomes in the country considered, and should not have any
effect on GAPcjt other than through pressure on domestic authorities to undertake
reform:

• “Reform pressure” The lagged level of market regulation, based on the idea that
the scope for reform as well as the push to implement reform is larger the in
country-sector pairs where the initial stance of product market regulation is
stricter.

51We employ the IV approach in the context of our baseline long-difference specification since it’s
easier to find plausible instrument variables for reform – i.e. PMR change – then the level of
PMR.
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• “Reform waves” or “ Relative reform pressure”: Average reform activity in other
countries – as measured by the 5-year change in product market regulation in the
given sector – to capture peer pressure from reforms in other countries. These
peer pressures might arise due to competitiveness concerns by policymakers if
they observe a restrictive regulatory framework in their country but a strong
reform activity in others.

Second, if the relationship holds, then one might expect to see a link between the MFP
gap in manufacturing sectors and the extent of regulation in upstream service sectors
in those instances where input-output connections are more intense. Accordingly, we
estimate a variant of equation 3.8 for 22 manufacturing industries using the OECD
regulatory impact indicator, which captures the knock-on or indirect effect of product
market regulations in upstream services sectors on the MFP gap in downstream man-
ufacturing industries (Bourles et al., 2013; Conway and Nicoletti, 2006b). This is
done by weighting together the upstream regulatory indicators with the intensity of
use of intermediate inputs from the these regulated services sectors, via input-output
matrices. While political economy factors may again be a source of bias – for example,
if firms in downstream industries that use regulated (upstream) intermediate inputs,
and whose productivity growth is low as a result, were to lobby for and obtain up-
stream deregulation – if anything, this would make it more difficult to find a positive
relationship between upstream regulation and the MFP gap in downstream sectors
(Bourles et al., 2013). Finally, endogeneity concerns are further mitigated by omitting
such manufacturing-services links where the manufacturing industry uses more than
5% of the output of the services industry.

3.5.4 Empirical results

3.5.4.1 Baseline OLS results

Table 3.2, Panel A shows the baseline estimates for the 5-year long difference specific-
ation (eq. 3.8) for the MFP gap based on MFPR and mark-up corrected MFP for the
services sector. The odd numbered columns include separate country, industry and
year fixed effects, while the even numbered columns include country-year fixed effects
– which control for time varying country-specific shocks – and separate industry fixed
effects. In each case, the change in the MFP gap is positively related to the change in
PMR and the coefficient is statistically significant at the 1% level. Similarly, the DOLS
estimates based on eq. 3.9 – which provide an alternative estimate of the long-run rela-
tionship – suggest that higher PMR is associated with a larger MFP gap, with levels of
statistical significance varying between 5 and 10% (Panel B). The coefficient estimates
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in Column 1 of Table 3.2 Panel A and the descriptive statistics in Table 3.1 imply
that a one standard deviation increase in PMR is associated with about one-third of a
standard deviation increase in the MFP gap.

Table 3.2: MFP divergence and product market regulation in services

A: Estimation method – five-year long differences

B: Estimation method – dynamic OLS

(1) (2) (3) (4)

0.181* 0.292** 0.281** 0.395*
(0.098) (0.139) (0.134) (0.216)

Country X year fixed effects YES YES YES YES
Country X industry fixed effects YES YES YES YES
Industry X year fixed effects YES YES YES YES
Lag and lead length 1 2 1 2

Observations 564 429 471 358

R-squared 0.983 0.988 0.954 0.963

Y: MFP gap Y:  Mark-up corrected MFP gap

Product Market Regulations,c,t

Notes: Panel A and Panel B shows regression results based on equations 3.8 and 3.9, respectively.
Cluster robust standard errors (at the country-industry level) are in parentheses. Significance levels:
*** p<0.01, ** p<0.05, * p<0.1. Both the MFP gap and the PMR indicator are measured in log terms.
The MFP gap is calculated at the country-industry-year level, by taking the difference between the
global frontier and the unweighted average of log productivity of non-frontier firms. The time period
is in principal 1998-2013. See more details in the text.

How to interpret these results? They imply that the rising MFP gap between frontier
and non-frontier firms in market services could be related to a slowdown in the pace of
pro-competitive reforms in product markets. That is, while the MFP gap between the
global frontier and laggard firms increased over the sample period due to technological
factors, this pattern of MFP divergence was much less pronounced in services sectors
where the pro-competitive product market reform was more intensive.

To better illustrate the economic magnitude, Figure 3.3 performs a counterfactual
simulation to estimate how much the MFP gap would have risen if market reforms in
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five key services sectors had proceeded at the same pace of that observed in telecom-
munications, where reform was most extensive. For example, the MFP gap increased
at an annual average rate of 3.8% in legal and accounting services over the sample
period, but our estimates imply that 1.7% of this increase may have been avoided if
market liberalisation in this sector accelerated more rapidly. On average across the sec-
tors analysed, our estimates imply that up to 40% of the increase in MFP divergence
may have been avoided if countries had engaged in extensive market liberalisation in
services.

Figure 3.3: MFP divergence and market reforms in services
Contribution to the annual change in the MFP gap of the slower pace of reform relative to the best

practice industry

Notes: The figure shows the annual change in the MFPR gap between the frontier and laggard
firms, and the part that is explained by slower deregulation than that observed in the fastest
deregulating industry (telecom), based on the coefficient estimates in Column 2 of Table 3.2,
Panel A. The estimates are averaged over countries and years. Growth rates expressed in
percentages are approximated by log-differences.

3.5.4.2 IV results and sensitivity analysis

The baseline results are robust to using: i) an MFP gap that corrects for mark-ups
(Table 3.2, columns 3-4); ii) alternative lengths of the long difference operator (Table
D.1); iii) the median (rather than mean) productivity of laggards to construct the
MFP gap (Table D.2); and iv) alternative lag and lead lengths in the DOLS estimator
(Table 3.2, Panel B).

Additional analysis based on the instrumentation of reforms suggests that it is un-
likely that the baseline estimates are upwardly biased by the potential endogeneity of
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market reforms to industry-specific economic conditions:

• Columns 1 and 2 of Table 3.3 confirm a positive relationship between the change
in the MFPR gap and the change in PMR when the latter is instrumented using
two plausibly exogenous measures of external reform pressure. The IV estimates
are larger in magnitude than the baseline estimates although less precisely estim-
ated, suggesting that weak sectoral performance may trigger market reforms, as
opposed to lobbying for anticompetitive regulation.

• The IV regressions in Table 3.3 also show a positive relationship between the
mark-up corrected MFPR gap and PMR (Columns 3 and 4), although the impre-
cise estimation means that the coefficients are not always statistically significant.
That PMR is more strongly related to MFPR gap than the corrected MFPR
gap provides tentative evidence that market reforms may also operate through
decreasing mark-up gaps between frontier and laggards.
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Table 3.3: IV estimation: MFP divergence and product market regulations in services

A: Instrument: lagged level of PMR

B: Instrument: average PMR reform activity in other countries

Notes: The table reports second-stage instrumental variable estimates. In Panel A, ΔPMR
(denoting a five-year difference in PMR) is instrumented by the lagged level of PMR (in t-5).
In Panel B, ΔPMR for a given country is instrumented by the average 5-year change in PMR
in the given sector across all other countries in the sample. In each case, the instrumental
variable is highly significant with the expected signs in the first-stage equation. Cluster robust
standard errors (at the country-industry level) are in parentheses. Both the MFP gap and
the PMR indicator are measured in log terms. The MFP gap is calculated at the country-
industry-year level, by taking the difference between the global frontier and the average of
log productivity of non-frontier firms. The time period is 1998-2013. See more details in the
Section 5.4. *** p<0.01, ** p<0.05, * p<0.1.

• We also checked the existence of a relationship between the MFP gap in man-
ufacturing sectors and the extent of regulation in upstream service sectors in
those instances where input-output connections are more intense. Accordingly,
the DOLS estimates in Table 3.4 imply that higher PMR in upstream sectors is
associated with a larger MFP gap in manufacturing, and this effect is statistically
significant at the 1% level. These results raise the prospect that aggregate impact
of services regulation of the MFP gap is likely to be somewhat larger than the
direct estimates reported in Figure 3.3.
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Table 3.4: MFP divergence in manufacturing and upstream product market regulation

A: Estimation method: dynamic OLS; average MFP of laggards

B: Estimation method: dynamic OLS; median MFP of laggards

Notes: Cluster robust standard errors (at the country-industry level) in parentheses. ***
p<0.01, ** p<0.05, * p<0.1 Both the MFP gap and the PMR indicator are measured in log
terms. The MFP gap is calculated at the country-industry-year level, by taking the difference
between the global frontier and the average (panel A) or median (panel B) of log productivity
of non-frontier firms. The time period is 1998-2013.

3.6 Conclusion and future research
In this chapter, we aimed to contribute to the debate on the global productivity slow-
down – which has by and large been conducted from a macroeconomic perspective –
from a more micro perspective. We provided new firm level evidence that highlights the
importance of separately considering what happens to the frontier as well as to laggard
(non-frontier) firms. The most striking feature of the productivity slowdown was found
to be not so much a slowing in the rate of productivity growth at the global frontier, but
rather rising productivity at the global frontier coupled with an increasing productivity
divergence between the global frontier and laggard firms. This productivity divergence
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remains after controlling for differences in capital deepening and mark-up behaviour
although there is evidence that market power of frontier firms has increased in services.
This led us to suspect that the rising MFPR gap between global frontier and laggard
firms may in fact reflect technological divergence. This provides a link with the view
of techno-optimists, emphasizing the fast pace of technological innovations (probably
pushed by frontier firms) and with the dismal aggregate productivity figures, which are
dominated by what we find a slowing diffusion of these innovations or more generally
business practices to the majority of (non-frontier) firms.

We also showed that this pattern of MFP divergence, which is at odds with exist-
ing models of neo-Schumpeterian growth and of creative destruction, could plausibly
reflect structural changes in the global economy – namely digitalisation, globalisation
and the rising importance of tacit knowledge. These factors indeed can contribute
to rapid productivity gains at the global frontier through reduced marginal costs and
concomitant winner-takes-all dynamics. Yet, aggregate MFP performance was signi-
ficantly weaker in industries where MFP divergence was more pronounced, suggesting
that the divergence observed is not solely driven by frontier firm pushing the boundary
outward. In this regard, we contend that increasing MFP divergence – and the global
productivity slowdown more generally – could reflect a slowdown in the technological
diffusion process. This stagnation could be a reflection of increasing costs for laggards
firms of moving from an economy based on production to one based on ideas. But it
could also be symptomatic of rising entry barriers and a decline in the contestability of
markets. Crucially, in both cases, there is scope for policy to alleviate the productivity
slowdown.

Indeed, we found the rise in MFP divergence to be much more extreme in sectors
where pro-competitive product market reforms were least extensive, suggesting that
the observed rise in MFP divergence might be at least partly due to policy weakness
stifling diffusion. A simple counterfactual exercise suggests that had the pace of product
market reforms in retail trade and professional services been equivalent to that observed
in the best practice service sector (i.e. telecommunications), then the extent of MFP
divergence may have been up to 50% less than what was actually observed. Put
differently, structural changes in the global economy meant that technological catch-
up to the global productivity frontier became more difficult for the typical firm over
the 2000s, but these difficulties were compounded by policy weakness. From this
perspective, the opportunity cost of poorly designed product market regulations may
have risen over time.

This research raises a number of issues for future research. First, it would be inter-
esting to explore the impact of the crisis and macroeconomic policies on global frontier
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and laggard firms, via the channels identified in Anzoategui et al. (2016) and Gopinath
et al. (2015). Second, policies that can contain MFP divergence may carry a double-
dividend for inclusiveness to the extent that the observed rise in wage inequality is
closely related to the rising dispersion in average wages paid across firms (Card et al.,
2013; Song et al., 2015).

The results of this analysis also suggest scope for policy relevant research in other
areas. For example, to the extent that technological adoption is complementary to
investments in organisational capital (Bloom et al., 2012), it would be interesting to
explore the link between managerial quality and technological divergence. The same is
true for IPR regimes given their intuitive link with winner-takes-all dynamics and op-
portunities for technological diffusion, although nuanced cross-country policy indicators
of IPRs are currently lacking. Finally, given the increasing potential for entrenchment
at the frontier, concerns about non-technological barriers to entry – such as lobbying
activity by incumbents to prevent the proliferation of new business models and regu-
latory incumbency more generally (Comin and Hobijn, 2009) – represent a fruitful area
for future research.
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Appendix 3.A Robustness checks for divergence

Figure A.1: Divergence: firm-level patterns vs average industry level productivity
A: Business Sector
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B: Manufacturing
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C: Services
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Notes: The global frontier is measured by the average of log labour productivity (value
added over employees) for the top 5% of companies with the highest productivity levels
within each two-digit industry. Laggards capture the average log productivity of all the other
firms. Unweighted averages across two-digit industries are shown for manufacturing and
services, normalized to 0 in the starting year. Services refer to non-financial, non-real estate
business services (industry codes 45-82, excluding 64-68, in NACE Rev.2.). The business
sector denotes manufacturing and services. The sectoral data refers to aggregate log labour
productivity (value added over total employment), averaged across countries and industries at
the two-digit detail (unweighted). In cases the two-digit details are not available, higher level
industry groups are used. The industry level aggregates are employment weighted averages
of all companies and self-employed businesses within the two-digit industries, whereas the
firm-level information is an unweighted average of companies with at least 20 employees.
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Figure A.2: Divergence: alternative labour productivity definition
Labour productivity: operating revenues per worker

Frontier Laggard

Notes: the global frontier is measured by the average of log labour productivity (measured as
revenue per worker) for the top 5% of companies with the highest productivity levels within
each two-digit industry. Laggards capture the average log productivity of all the other firms.
Unweighted averages across two-digit industries are shown for manufacturing and services,
normalized to 0 in the starting year. Services refer to non-financial business services. Time
period is 2001-2013.

131



Chapter 3 The Best vs. the Rest: the global firm-productivity divergence

Figure A.3: Divergence: alternative frontier definitions
A: Frontier – 10% most productive firms within each sector

B: Frontier – 50 most productive firms within each sector

C: Frontier – 100 most productive firms within each sector

Frontier Laggard

Notes: the global frontier is measured by the average of log labour productivity (value added
per worker) for the top 10% of, top 50 and top 100 companies with the highest productivity
levels within each two-digit industry, in Panel A, B and C, respectively. Laggards capture
the average log productivity of all the other firms. Unweighted averages across two-digit
industries are shown for manufacturing and services, normalized to 0 in the starting year.
Services refer to non-financial business services. Time period is 2001-2013.
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Figure A.4: Divergence: excluding subsidiaries that are part of a group
A: Labour productivity: value added per worker
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Notes: see notes below Figure 3.3. These figures retain only the consolidated accounts of the
ultimate owners (headquarters) of groups or stand-alone firms that are not part of any group.
Firms with an unknown status are omitted, leading to a substantial reduction in sample size.
The available ownership link structure in Orbis may not be complete, especially for earlier
years. Time period is 2001-2013.
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Figure A.5: Divergence: alternative MFPR definitions
A: MFP – Solow

B: MFPR – Wooldridge gross-output

Frontier Laggard

Notes: the global frontier is measured by the average of the log of an index-number based
Solow residual MFP measure (using OECD National Accounts wage shares and assuming
constant returns to scale) and a residual from a gross-output based Wooldridge (2009) pro-
duction function estimation for the top 5% of companies with the highest MFP levels within
each two-digit industry. Laggards capture the average log productivity of all the other firms.
Unweighted averages across two-digit industries are shown for manufacturing and services,
normalized to 0 in the starting year. Services refer to non-financial business services. Time
period is 2001-2013.
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Figure A.6: Divergence: mark-up corrected MFP using materials as flexible inputs
A: Mark-up

B: Mark-up corrected MFPR

Frontier Laggard

Notes: the global frontier is measured by top 5% of companies with the highest
Wooldridge (2009) production function estimation based productivity levels (MFPR) within
each two-digit industry. Laggards capture the average log productivity of all the other firms.
Panel A shows the average level of (log) mark-ups and Panel B the average level of mark-up
corrected MFPR for these two groups. The mark-up estimation uses the De Loecker and
Warzynski (2012) methodology. Unweighted averages across two-digit industries are shown
for manufacturing and services, normalized to 0 in the starting year. Services refer to non-
financial business services. Time period is 2001-2013.
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Figure A.7: Labour productivity divergence within more narrowly defined industries
A: 3-digit industries

B: 4-digit industries

Frontier Laggard

Notes: the global frontier is measured by the average of log labour productivity for the
top 5% of companies with the highest productivity levels within each 3-digit (panel A) or
4-digit (panel B) industry. Laggards capture the average log productivity of all the other
firms. Unweighted averages across 3 (or 4)-digit industries are shown for manufacturing and
services, normalized to 0 in the starting year. The time period is 2001-2013. The vertical
axes represent log-point differences from the starting year. Services refer to non-financial
business services.
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Figure A.8: MFPR divergence within more narrowly defined industries
A: 3-digit industries

B: 4-digit industries

Frontier Laggard

Notes: the global frontier group of firms is defined by the top 5% of companies with the
highest MFPR levels within each 3-digit (panel A) or 4-digit (panel B) industry. Laggards
capture the average log productivity of all the other firms. Unweighted averages across 3 (or
4)-digit industries are shown for manufacturing and services, normalized to 0 in the starting
year. The time period is 2001-2013. MFPR uses the Wooldridge (2009) methodology based
production function estimation conducted at the two-digit level to avoid having to work with
too few observations per industry. The vertical axes represent log-point differences from the
starting year. Services refer to non-financial business services.
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Figure A.9: Mark-up corrected MFPR divergence within more narrowly defined in-
dustries

A: 3-digit industries

B: 4-digit industries

Frontier Laggard

Notes: the global frontier is measured by the average of corrected MFPR for the top 5% of
companies with the highest productivity levels within each 3-digit (panel A) or 4-digit (panel
B) industry. Laggards capture the average mark-up corrected MFPR of all the other firms.
Unweighted averages across 3 (or 4)-digit industries are shown for manufacturing and services,
normalized to 0 in the starting year. MFPR uses the Wooldridge (2009) methodology based
production function estimation, conducted at the two-digit level to avoid having to work with
too few observations per industry, while the mark-up estimation used for corrected MFPR
uses the De Loecker and Warzynski (2012) methodology. The time period is 2001-2013.
The vertical axes represent log-point differences from the starting year. Services refer to
non-financial business services.
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Appendix 3.B Illustrative simulations: slowing
productivity convergence

Below two examples are used to generate time-series patterns of productivity frontier
and laggards under different assumptions. In both of them, the evolution of the frontier
is given by the following random-walk with drift process for firm-level MFP :

ΔMFPit = a + εit, εit ∼ N(0, σε) (3.10)

MFPi0 ∼ N(0, σMFP0)

where the following notations apply:

• a: Trend firm-level productivity growth: 0.5% per annum (i.e. 0.005 log point,
mean value from the data)

• σε: Standard deviation of firm-level annual productivity growth: 0.25 log-points
(taken from data)

• σMFP0 : Initial cross-sectional dispersion of MFP: 0.8 (st.dev. of log MFP from
the data)

The frontier is obtained from a distribution as described above, by choosing its top 5%
in each period.

3.B.1 Catching-up and market selection: strong convergence

In the case used to illustrate catching-up, the following law of motion is applied for
firms outside the frontier group:

ΔMFPit = β(MFPF,t−1 − MFPi,t−1︸ ︷︷ ︸
Gap from the frontier

) + εit, εit ∼ N(0, σε)

where MFPF,t−1 denotes the average of frontier firms in period t-1, and β is the
convergence parameter, set to 0.15 and is estimated from firm-level data (see Table
C.1 column 1.)

To capture market selection, a decreasing probability of exit is assumed as MFP
is higher, reaching zero for the frontier and α for the firm with average productivity
E(MFPit).

P (exitit) = α
MFPFt − MFPit

MFPFt − E(MFPit)
, (3.11)
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whereαis average probability of exit, set to 0.06, also obtained from the data. Further,
the number of entrants is such that it compensates for the number of exiting firms
(to abstract away from changes in the size of the firm population, which is kept at
1,000). Their productivity level is centred at the mean of the MFP distribution of the
incumbents and is normally distributed with the same standard deviation as above for
the initial MFP level.

Figure B.1: Simulation results: convergence
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3.B.2 Weakening catch-up and market selection: stalling
convergence

To illustrate a case that produces increasing divergence, the following changes are
introduced:

• Laggard MFP growth: β is declining by 20% after every 2 years

• Exit: uniform exit probability across the whole productivity distribution

P (exitit) = 2α

• Entry: the initial level is now centred to only 20% of the mean level of incumbents,
and this level is halved after every 2 year period.
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Figure B.2: Simulation result: stalling convergence
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These simulations illustrate that the strength of the catch-up process has to weaken
over time, market selection has to be relatively weak and also worsening in order to
produce a diverging pattern of the frontier away from the laggard firms.
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Appendix 3.C Assessing catching-up
This Appendix presents firm level evidence on the extent to which the pace of pro-
ductivity convergence to the global productivity frontier has changed over time. See
Section 3.4.2 in main text for more details, including the exact specification.

The results suggest that on average across time, firms further behind the technolo-
gical frontier have higher MFP growth, reflecting their ability to catch-up based on the
adoption of a larger stock of unexploited technologies. However, there is also evidence
that the pace of technological convergence via this mechanism has declined signific-
antly over time. For example, while the base effect for the gap term – which provides
the effect for 1998-2000 – is positive, the interactions with subsequent time periods
are often negative. For example, Column 1 of Table C.1 shows that the estimated
coefficient on the lagged MFPR gap term declined by almost 30% from the late 1990s
to the most recent period, with most of this decline realised by 2007. Moreover, this
slowdown in the pace of productivity convergence is even more pronounced when the
model is estimated using mark-up corrected MFP (column 2).

These patterns are broadly robust to: i) different measures of MFP (Columns 3);
ii) including firm age/size interactions with the frontier growth and gap terms (Table
C.2); and iii) including industry*year fixed effects, which absorbs the frontier growth
and level terms, which vary only at the industry*year level (Table C.3).
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Table C.1: The pace of productivity convergence has slowed over time

Dependent variable: indicators of MFP growth at the firm level; 1998-2014
Baseline

Notes: Results are based on the regressions shown in equation 3.7 in Section 3.4.2.
Cluster robust standard errors (at the industry-year level) in parentheses. Firm size
and age captured by a rich set of fixed effects, corresponding to the following categories
in employment: below 50, 50-99, 100-250, 25-999, 1000 and above; and in age: 0-2,
3-4, 5-9, 10-29, 30 and older. The sample is restricted to firms that have at least 20
employees on average over time. Significance levels: *** p<0.01, ** p<0.05, * p<0.1
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Table C.2: The pace of productivity convergence has slowed over time

Dependent variable: indicators of MFP growth at the firm level; 1998-2014
Age/Size Interactions

MFPR 
(Wooldridge) MFPQ MFPR (Solow

residual)

(1) (2) (3)
Gapj,t-1

Base effect 0.216*** 0.240*** 0.176***
(0.007) (0.013) (0.010)
0.006 -0.012 0.004

(0.007) (0.013) (0.011)
2002-2005 -0.016*** -0.052*** -0.016*

(0.006) (0.010) (0.010)
2005-2007 -0.036*** -0.061*** -0.029***

(0.006) (0.010) (0.010)
2007-2010 -0.021*** -0.070*** -0.027***

(0.007) (0.011) (0.010)
2010-2014 -0.038*** -0.081*** -0.037***

(0.005) (0.009) (0.009)
Frontier growthj,t-1

Base effect 0.184*** 0.245*** 0.151***
(0.057) (0.080) (0.052)
-0.076 -0.135** -0.076
(0.056) (0.067) (0.055)

2002-2005 -0.048 -0.090 -0.071
(0.058) (0.067) (0.051)

2005-2007 -0.055 -0.087 -0.142***
(0.056) (0.065) (0.051)

2007-2010 0.074 -0.124 0.022
(0.066) (0.081) (0.056)

2010-2014 -0.095* -0.176*** -0.126**
(0.053) (0.064) (0.049)

R-squared 0.087 0.094 0.070
Country X year FEs Yes Yes Yes
Industry FEs Yes Yes Yes

Firm size and age controls Yes Yes Yes

Gapj,t-1 X Sizeclass FEs, 
Frontier growthj,t-1 X 
Sizeclass FEs

Yes Yes Yes

Gapj,t-1 X Ageclass FEs, 
Frontier growthj,t-1 X 
Ageclass FEs

Yes Yes Yes

Obs. / countries 898737 / 21 516062 / 17 898120 / 21

2000-2002 

2000-2002 

Notes: Results are based on the regressions shown in equation 3.7 in Section 3.4.2.
Cluster robust standard errors (at the industry-year level) in parentheses. Firm size
and age captured by a rich set of fixed effects, corresponding to the following categories
in employment: below 50, 50-99, 100-250, 25-999, 1000 and above; and in age: 0-2,
3-4, 5-9, 10-29, 30 and older. The sample is restricted to firms that have at least 20
employees on average over time. Significance levels: *** p<0.01, ** p<0.05, * p<0.1
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Table C.3: The pace of productivity convergence has slowed over time

Dependent variable: indicators of MFP growth at the firm level; 1998-2014
Industry*Year Fixed Effects

Notes: Results are based on the regressions shown in equation 3.7 in Section 3.4.2.
Cluster robust standard errors (at the industry-year level) in parentheses. Firm size
and age captured by a rich set of fixed effects, corresponding to the following categories
in employment: below 50, 50-99, 100-250, 25-999, 1000 and above; and in age: 0-2,
3-4, 5-9, 10-29, 30 and older. The sample is restricted to firms that have at least 20
employees on average over time. Significance levels: *** p<0.01, ** p<0.05, * p<0.1
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Appendix 3.D Robustness on MFP divergence and
PMR

See Tables D.1-D.2 for a series of robustness checks on the impact of product market
regulation on the productivity gap between the global frontier and other firm

Table D.1: Robustness to changing the long difference window

A: Estimation method – four-year long differences

B: Estimation method – six-year long differences

Notes: Cluster robust standard errors (at the country-industry level) in parentheses. ***
p<0.01, ** p<0.05, * p<0.1 Both the MFP gap and the PMR indicator are measured in log
terms. The MFP gap is calculated at the country-industry-year level, by taking the difference
between the average log productivity at the frontier and among other firms. The time period
is 1998-2013. See more details in the Section 5.4.
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Table D.2: Robustness to median MFP of laggard firms

A: Estimation method – five-year long differences

B: Estimation method – dynamic OLS

(1) (2) (3) (4)

0.198** 0.328** 0.300** 0.343*
(0.099) (0.145) (0.125) (0.205)

Country X year fixed effects YES YES YES YES
Country X industry fixed effects YES YES YES YES
Industry X year fixed effects YES YES YES YES
Lag and lead length 1 2 1 2

Observations 564 429 471 358

R-squared 0.979 0.986 0.957 0.965

Y: MFP gap Y:  Mark-up corrected MFP gap

Product Market Regulations,c,t

Notes: Cluster robust standard errors (at the country-industry level) in parentheses. ***
p<0.01, ** p<0.05, * p<0.1 Both the MFP gap and the PMR indicator are measured in log
terms. The MFP gap is calculated at the country-industry-year level, by taking the difference
between the global frontier and the median of log productivity of non-frontier firms. The time
period is 1998-2013.
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Appendix 3.E Data and productivity measurement

3.E.1 Data

Table E.1: Information providers underlying the Orbis Database

Information provider Country
Bisnode Czech RepublicSlovakia
Bureau van Dijk Luxembourg
Cerved Italy
Cortera US
Coface Slovenia Slovenia
Creditreform Austria Austria
Creditreform Latvia Latvia
Creditreform Luxembourg Luxembourg
Creditreform-Interinfo Hungary
Ellisphere France
Experian NorwayDenmark
ICAP Greece
InfoCredit Poland
Informa Spain
Informa Portugal Portugal
Jordans United KingdomIreland
Kamer van Koophandel Netherlands
Krediidiinfo Estonia
LexisNexis Netherlands
National Bank of Belgium Belgium
NICE Info Korea
Suomen Asiakastieto Finland
Thomson Reuters US - Listed companies
TSR Japan
UC Sweden
Verband der Vereine Creditreform Germany

Source: Bureau van Dijk, reflecting their set of information providers as of March 2016.

This paper uses a harmonized firm-level productivity database, based on underlying
data from the recently updated OECD-Orbis database (see Gal, 2013). The database
contains several productivity measures (variants of labour productivity and multi-factor
productivity, MFP) and covers up to 24 OECD countries over the period 1997 to
2014 for the non-farm, non-financial business sector.52 These countries are: Austria,

52This means retaining industries with 2 digit codes from 5 to 82, excluding 64-66 in the European
classification system NACE Rev 2, which is equivalent to the international classification system
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Belgium, Czech Republic, Denmark, Estonia, Finland, France, Germany, Great Britain,
Greece, Hungary, Ireland, Italy, Japan, Korea, Netherlands, Norway, Poland, Portugal,
Spain, Sweden, Slovenia, the Slovak Republic and the United States. The country
coverage is somewhat smaller in the policy analysis, given the limited availability of
the policy indicators, or lack thereof, for some of the 24 countries considered. The
industry coverage means retaining industries with 2 digit codes from 5 to 82, excluding
64-66 in the European classification system NACE Rev 2, which is equivalent to the
international classification system ISIC Rev. 4 at the two-digit level.

As discussed in Gal (2013), these data come from annual balance sheets and income
statements, collected by an electronic publishing firm called Bureau van Dijk, using a
variety of underlying sources ranging from credit rating agencies (e.g. Cerved in Italy)
to national banks (e.g. National Bank of Belgium for Belgium) as well as financial
information providers (e.g. Thomson Reuters for the US). See the full list of information
providers to Bureau van Dijk regarding financial information for the set of countries
retained in the analysis in Table E1.

Orbis is the largest cross-country company-level database that is available and ac-
cessible for economic and financial research. However, since the information is primarily
collected for use in the private sector typically with the aim of financial benchmarking,
a number of steps need to be undertaken before the data can be used for economic
analysis. The steps we apply closely follow suggestions by Kalemli-Ozcan et al. (2015)
and previous OECD experience (Gal, 2013). Three broad steps are (i) ensuring com-
parability of monetary variables across countries and over time (PPP conversion and
deflation); (ii) deriving new variables that will be used in the analysis (capital stock,
productivity); and (iii) keeping company accounts with valid and relevant information
for our present purposes (filtering or cleaning). Finally, Orbis is a subsample of the
universe of companies for most countries, retaining the larger and hence probably more
productive firms. To mitigate problems arising from this, we exclude firms with less
than 20 employees on average over their observed lifespan.

A number of issues that commonly affect productivity measurement should be also
kept in mind. First, differences in the quality and utilisation of capital and labour in-
puts cannot be accounted for as the capital stock is measured in book values and labour
input by the number of employees.53 Secondly, to measure output in internationally
comparable price, we use the country-industry level purchasing power parity database

ISIC Rev. 4 at the two-digit level.
53The measurement of intangible fixed assets in the balance sheets follows accounting rules, hence

the total fixed assets (sum of tangibles and intangibles) may understate the overall capital stock
(Corrado et al., 2009). Moreover, different depreciation rates and investment price deflators cannot
be applied, since an asset type breakdown is not available.
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of Inklaar and Timmer (2014). However, there remain important challenge, details
therein for the trade-offs involved in deriving their PPP measures. Finally, similar to
most firm-level datasets, Orbis contains variables on outputs and inputs in nominal
values and no additional separate information on firm-specific prices and quantities
(i.e. we observe total sales of steel bars, but no information on tonnes of steel bars sold
and price per ton), thus output is proxied by total revenues or total value added. Even
though we deflate these output measures by country-industry-year level deflators (at
the two-digit detail), differences in measured (revenue) productivity across firms within
a given industry may still reflect both differences in technology as well as differences in
market power.54 As described in Section 3.2.2, we attempt to correct our productivity
measures for differences in market power by deriving firm- and time- specific mark-ups
following De Loecker and Warzynski (2012).

3.E.2 Variable definitions

3.E.2.1 Value added

It is defined as the sum of gross profits and the costs of employees. More specifically,
value added is the sum of the following accounting categories as available from earnings
statements: Profit (net income) for the period + Depreciation + Taxation + Interests
paid + Cost of employees.

3.E.2.2 Capital stock

It is derived from the book value of fixed assets using the perpetual inventory method
on gross investments - deflated by two-digit country-specific investment deflators – and
the initially observed fixed assets. Firm-specific depreciation rates are derived using
the book value of depreciation and fixed assets. Before running the production func-
tion estimations, a number of additional cleaning rules were applied. In particular,
within each two-digit industry, those observations are excluded where log(value ad-
ded/employment), log(capital/employment) and log (materials/employment) are out-
side the top or bottom 0.5% of their distribution. The resulting productivity measures
as well as the mark-up and capital intensity measures discussed below are then also
filtered by following a similar procedure, but applied only for growth rates and not
(log) levels since it is crucial for our purposes that we retain in the analysis the most
productive firms. Specifically, within each country, the top and bottom 0.5% of the

54In the above example, it is unclear whether revenue based productivity is higher because the firm is
producing more steel bars, or whether the firm’s higher observed productivity is driven by higher
prices reflecting high mark-ups, which the firm can charge because of a lack of competition, for
example.
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annual growth rate distribution of productivity, capital intensity and mark-ups are
left out, to avoid the influence of extreme outliers in terms of productivity (mark-up,
capital-intensity) growth.

To obtain a measure of real capital stock Kit, the perpetual inventory method (PIM)
is applied by using the book value of fixed assets KBV

it (for each firm i and year t),
derived gross investment series from them and two-digit industry deflators. More pre-
cisely, the dynamic evolution of the real capital stock Kit is given by the degree of
depreciation δit, investments Iit and the value of the capital stock in the previous
period Ki,t−1 in the following manner:

Kit = Ki,t−1 (1 − δit) + Iit.

The depreciation rate is defined as the observed book value of depreciation divided
by the sum of the previous value of capital stock and depreciation: δit = DeprBV

it
DeprBV

it +KBV
i,t−1

.
Using firm-specific book value depreciation rates has its limitation but we view it better
than the alternative of using industry-specific depreciation rates based on more accurate
measures for changes in asset values over time but which are by nature homogeneous
across firms. In contrast firm-specific depreciation rates – even if book values – will
reflect differences in the asset composition (i.e. firms that use more structures and
buildings but fewer machinery and equipment will have lower depreciation rates). Since
the balance sheet data is harmonized across countries by the data provider of Orbis,
the role of country specific differences in accounting rules for depreciation rates should
be minimized. In any case in the regressions containing country*time fixed effects, this
issue is further mitigated.

We defined the real value of gross investment Iit as the annual change in book value of
fixed tangible assets KBV

it plus depreciation DeprBV
it , deflated by the gross fixed capital

formation deflator PIcjt (specific to each country c and two-digit industry j, sourced
from detailed OECD National Accounts):

Iit = (KBV
it − KBV

i,t−1 + DeprBV
it )/PIcjt.

Finally, the starting value of the real capital stock Ki0 for each firm is the book value
of fixed assets deflated by the investment deflator:

Ki0 = KBV
i0 /PIcj0.

Missing values in the raw data for fixed assets are filled up by linear interpolation,
invoking the implicit assumption that depreciation offsets gross investments (“steady
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state”). The same principle is applied for missing values for depreciation.

3.E.2.3 MFP

The production function is estimated separately for each two-digit industry but pooled
across all countries, controlling for country and year fixed effects. This allows for
inherent technological differences across industries, while at the same time ensures
comparability of MFP levels across countries and over time by having a uniform labour
and capital coefficient along these dimensions.

The estimated coefficients are statistically significant and economically meaningful
in that the labour coefficients tend to be higher in services than in manufacturing and
overall they range between 0.6 and 0.85. The production function estimation results
are available upon request. In order to maximize coverage for our MFP measures,
they are also calculated as a residual from the estimated production function for those
firms where materials (our measure of intermediate inputs) are not available. However,
the first step of the mark-up estimation also relies on materials, hence the sample size
reduction in the mark-up corrected MFP measures.

3.E.2.4 Markups

We provide below a more detailed description of the time varying firm-specific mark-
up calculation as proposed by De Loecker and Warzynski (2012). The methodology
relies on the basic insight of Hall (1988) that market power drives a wedge between
the observed share of input costs in total output and the output elasticities of the
particular input.

The difficulty is twofold: i) to identify the output elasticities of inputs and ii) to
calculate cost shares since we don’t observe total costs.

However, under cost minimization and flexibility of at least one of the inputs X it
can be shown that the output elasticity equals (left hand side below) its cost share
(right hand side):

∂Yit

∂Xit
/

Yit

Xit
= P X

it Xit

MC itYit
, (3.12)

where Y, C and P X are output, marginal cost and input price, respectively.
Then by introducing a definition for the markup as

μit = Pit

MC it
,
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we can rewrite equation 3.12 as follows:

μit = (∂Yit/∂Xit)/(Yit/Xit)
(P X

it Xit)/(PitYit)
= OutputElasticityX

it

OutputShareX
it

.

This is the relationship that the actual implementation will exploit. The exact steps
of that are as follows:

1. Identifying the output elasticities of inputs from estimating the production func-
tion using Wooldridge (2009), obtaining β̂j

L, since labour is assumed to be the
flexible input in our baseline case. As a robustness check we also estimate a gross
output based production function where materials enter as a separate input and
they are considered as the flexible input for the markup calculation (Figure A.6).

2. Calculating the share of input costs in revenue, using as the baseline employment
as flexible input. This boils down to a variant of the wage share wsit = WLit

˜VAit
.

This is

• partly directly observed from the data, for labour costs: WLit in the nu-
merator

• partly estimated, for the corrected value added ˜VAit in the denominator.
The aim of the correction is to retrieve that part of output (measured here
by value added) that is anticipated by the firm. This is needed because we
assume that firms minimize costs based on a “prediction” of value added
i.e. they do not take into account unexpected shocks to production. The
prediction is based on fitting a rich polynomial function of inputs on value
added, capturing the anticipated part of output:

vait = h (kit, lit, mit) + νc,j + ηt,j + εit,

where the function h() contains all base effects and interactions containing
first and second order terms in an additive way, following the code in the
online Appendix by De Loecker and Warzynski (2012). They compute the
predicted level of value added as follows, which we also adopt:

˜VAit = V Ait

exp (ε̂it)
,

where ε̂it is the residual obtained from equation (6) above and V Ait is value
added as observed in the data.

3. Deriving the markup μit as the ratio of the output elasticity of employment and
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the corrected wage share:

μit = β̂j
L

wsit

.

3.E.3 Deflation and currency conversion

Real values are obtained by applying two-digit industry value added deflators from
detailed OECD National Accounts. This uses the ISIC Rev. 4 variant of the classi-
fication of activities. If deflators are missing at the two-digit industry detail, they are
filled up by applying the growth rate in the price index at the immediate higher level of
aggregation. For instance, if textile manufacturing (industry code 13) has missing in-
formation on the value added deflator for a particular country in a particular year, the
growth rate from the immediate higher level (Textiles and wearing apparel, industry
group 13-14) is used. If that is missing as well, then once more the immediate higher
level (Textiles, wearing apparel, leather and related products industry group 13-15) is
used. The same practice is followed for the other deflators used in the paper: gross
output, value added, intermediate inputs and gross fixed capital formation.

We use the country-industry level purchasing power parity database of Inklaar and
Timmer (2014) for the year 2005, see details therein for the trade-offs involved in de-
riving their PPP measures. Then the country-industry level national account deflators
are applied, with 2005 = 1 base.

3.E.4 Filtering and cleaning

In order to limit the influence of erratic or implausible firm-behaviour, we exclude in-
formation for firms that report an extreme annual log-change (growth). More precisely,
the variable is set to missing for the whole observed life of the firm if at least once, the
variable has a growth rate that is in the top or bottom 1% of the growth distribution,
at least once during their observed period. We do this procedure for the following
variables: labour productivity measures, MFP measures, employment, capital, capital
ratio, intermediates, value added and gross output. The rationale behind being relat-
ively strict is that when a big growth rate – i.e. level shift – is observed, it is difficult
to know whether the pre- or the post- shift period should be retained for the analysis.
By removing the whole firm, we are also likely to exclude cases when a firm purchased
another (relatively large) one as well as when a firm is being split-up.

154



3.E Data and productivity measurement

3.E.5 Representativeness issues

A key drawback of Orbis is that it is a selected sample of medium-sized and larger and
hence more productive firms and thus tends to under-represent smaller and younger
firms in some economies. To mitigate problems arising from this, we exclude firms
with less than 20 employees. Even so, the analysis of the MFP growth of laggard firms
should be interpreted with more caution, to the extent that laggards are likely to be
less well represented in the sample.

While this issue is probably less of a concern for firms at the national and global
frontier, some other issues remain. For example, the reporting unit (establishment or
firm) may be different across countries. A related issue is that countries may apply
different accounting requirements. For instance, US companies in Orbis report their
financial statement in a consolidated manner, while in most European countries the
database contains mainly unconsolidated accounts.55 Accordingly, the coverage of Or-
bis is less satisfactory for the United States than many European countries, although
its coverage of US affiliates abroad is still good. Furthermore, multinational firms may
systematically shift profits across the countries in which they have affiliates, depending
on the tax system of the countries of its affiliates (see OECD, 2013). A priori, it is
not clear in which direction these factors will bias the analysis given that the focus is
only on the global frontier and the gap relative to “all laggard firms” and thus country
boundaries are less relevant. However, it is reassuring that the key result of Section 3.3
– i.e. that global frontier firms have become relatively more productive over the 2000s
compared to other firms – is robust to excluding firms that are part of a multi-national
group (i.e. headquarters or subsidiaries) where profit-shifting activity may be relevant.
However, this comes at the cost of significantly reducing the number of observations,
so it is not incorporated in the baseline specification but is instead presented as a
robustness test (Appendix 3.A, Figure A.4).

Another caveat is that emerging market economies are not well represented in the
database hence they are not included in our analysis. While this is unlikely to signi-
ficantly affect the measurement of the global productivity frontier, it may have implic-
ations for diffusion if global frontier technologies are increasingly diffusing to firms in
emerging markets but not to those in OECD economies. However, this seems unlikely,

55Working with a mix of the two types of accounts carries the risk of double counting certain activities
if a firm files both consolidated and unconsolidated accounts. However, the aim of this paper is
not to measure aggregate economic activity but to analyse the determinants of firms’ behaviour.
Thus, the ideal reporting and consolidation level (i.e. group, firm or establishment) should be the
one that most closely reflects managerial decisions. It is a difficult task to judge a priori which level
that is, but most of the literature assumes it is either the firm or the group. For these reasons, we
give priority to consolidated accounts by removing the unconsolidated ones for companies where
both types of accounts are present in the data.
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in light of the evidence presented in Comin and Mestieri (2013) which highlights im-
pediments related to the penetration of new technologies across a sample of developed
and developing economies alike.

The composition of countries in the frontier is probably still not entirely accurate,
as the Orbis database has a low coverage of US company accounts that are suitable
for productivity analysis (Gal, 2013). Nevertheless, as discussed in Andrews et al.
(2015), firms located in the United States, and other highly developed countries, are
well-represented in the global frontier grouping. Moreover, this definition of the global
frontier seems to match anecdotal evidence with for example Finland and Korea having
firms at the global frontier in most ICT sectors, or Italy being well represented at the
global frontier in the textiles industry.
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4 The role of firm heterogeneity in
cross-country employment
adjustment patterns during the
financial crisis1

4.1 Introduction
Virtually all advanced economies have been severely hit by the global financial crisis
starting in 2008. However, the extent to which the decline in aggregate demand trans-
lated into lower employment has differed dramatically across countries (Figure 4.1, and
OECD, 2012). In some of them, much of the adjustment in the labour market has been
in terms of labour shedding (e.g. Spain and the U.S.). In others, where firms have
tended to hoard labour (e.g. Germany, Japan) employment declined less. This large
variation in the employment impact of the crisis across countries raises important ques-
tions about the role of policies and institutions. Before assessing their role, however,
one has to consider the influence of a number of other potential explanations.

In particular, differences in the employment impact of the shock initiated by the
crisis can be broken down into three margins: (i) variations in the nature and size
of shocks across firm groups; (ii) differences in the economic structures along these
firm groups; (iii) and the policy and institutional characteristics of countries, shaping
the response of firms within these firm groups. In the paper, firm groups will be
investigated along the joint sector- and firm size dimensions. Figure 4.1 illustrates
that even though differences in the size of aggregate shocks played an important role,
there is also a substantial part of the variation in employment dynamics that is left

1This chapter has evolved from a project on labour market resilience at the OECD, based on joint
work with Alexander Hijzen (OECD) and Zoltan Wolf (OECD at the time of the project, currently
at Census Bureau of the United States). Earlier versions have appeared as IZA Discussion Papers
No 7399 (May 2013) and OECD Social, Employment and Migration Working Papers No 134
(October 2012). I would like to thank Eric Bartelsman, Andrea Bassanini, Bart Hobijn, Mark
Keese, John Martin, Stefano Scarpetta and Ken Swinnerton as well as participants of the CAED
2012 Conference for helpful comments and suggestions.

157



Chapter 4 The role of firm heterogeneity on the employment effects of the crisis

Figure 4.1: The relationship between output and employment change (2008-09)

Source: OECD data on labour force survey statistics on total employment and annual real GDP
growth.

unexplained. For example, in Germany and Japan, manufacturing industries suffered
the most from the slump. In contrast, the construction sector was hit particularly hard
in Ireland, Spain and the US, where it had tended to grow rapidly before the crisis
as a result of the housing bubble. Since firm-specific human capital tends to be less
important in construction than in manufacturing, construction firms may adjust their
labour inputs more quickly in response to falling output.In other words, there may be
a role for firm heterogeneity in shaping the diverse aggregate responses: cross-country
differences in the distribution of output shocks across heterogeneous firms as well as
differences in their composition can account for some of the observed differences in
aggregate employment.2

Against this background, this chapter investigates the role of policies and institutions
for aggregate labour market dynamics during the financial crisis using cross-country
longitudinal firm-level data. The advantages of firm-level data are twofold. On the one
hand, it allows us to control for firm-heterogeneity, differences in the composition of
firms and the distribution of shocks when understanding aggregate dynamics. On the

2Indeed, it can be shown that during the global financial crisis, labor market outcomes diverged within
countries. The increase in within-country dispersion during a downturn is consistent with previous
work on uncertainty by Bloom (2009) and provides a first indication that using disaggregate data
instead of aggregate data can add to understanding aggregate labor market dynamics.
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other hand, we can use within-country variation as well as across country variation to
identify the impact of institutions. The use of within-country variation for identifying
the impact of policies and institutions is useful since it is able to focus on and explot
the specific mechanism via which they exert their impact across frims, hence lending
more credibility to identification. Controlling for all relevant drivers of policies and
employment dynamics is difficult to do at the macroeconomic level (e.g. Belot and van
Ours, 2004).

More specifically, this chapter makes the three contributions. First, using com-
prehensive and internationally comparable firm-level data for 20 OECD countries for
the period 1993-2009, it estimates the responsiveness of employment and earnings per
worker to output shocks across countries, industries and firm-size groups. Second, us-
ing a semi-aggregated data set of estimated output elasticities, employment shares and
output shocks by the same breakdown, it employs a variance decomposition to assess
the relative contribution of cross-country differences in economic structure (“structure
heterogeneity”); the distribution of output shocks across different types of firms (“shock
heterogeneity”); and the responsiveness of labour inputs to output shocks (“heterogen-
eity in elasticities”) in explaining the cross-country variation in aggregate employment
growth during the crisis. Assuming labour market institutions affect elasticities but
not output shocks or economic structures, the variance explained by heterogeneity in
elasticities can be interpreted as an upper bound on the effect of institutions. Third,
it investigates the role of employment protection legislation using both the within-
country as well as the cross-country variation arising from firm-size exemptions and
assesses the implications of our findings for aggregate labour market dynamics during
the crisis.

Given the focus on the immediate, short-run response following the crisis, we main-
tain two assumptions throughout the analysis. First, labour market institutions affect
the adjustment of firms to output shocks, but not the distribution of output shocks
across different groups of firms.3 Second, the adjustment technology is assumed to be
homogeneous and constant over time for each firm group.4 These assumptions allow

3Of course, the distribution of shocks can also be endogenous in the long run, but that is beyond
the scope of this paper. Further, the employment composition along sector and firm-size classes
can also be influenced by policies institutions. However, it turns out that cross-country differences
in these compositions play only a minor role in explaining cross-country differences during the
crisis. For our purposes, therefore, the potential role of institutions through changing employment
structures is negligible.

4Our assumption of the stability of labour market response to shocks is also supported by a recent
study by Ball et al. (2013) where they show that even during the recent crisis and in most countries,
Okun’s law coefficients did not change substantially. Moreover, they also show that differences
across countries in terms of their responsiveness are much more important than the variation of
responses over time, hinting at the role of labour market institutions which tend to be change only
slowly and gradually over time.
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us to use our micro-economic estimates for making inferences about aggregate labour
market dynamics in the short run.

The main findings of the chapter are as follows. First, there is considerable het-
erogeneity in the way firms adjust their labour inputs to output shocks. This gives
rise to systematic differences in the adjustment patterns of firms in different countries,
industries and size groups. Consequently, taking account of firm heterogeneity is po-
tentially important for explaining aggregate employment dynamics. Second, policies
and institutions explain a significant part of the aggregate employment response to the
crisis. This finding is based on our decomposition which suggests that heterogeneity
in output elasticities – i.e. systematic differences in the adjustment behaviour of firms
– accounts for as much as 40% of the cross-country variation in aggregate employment
growth during the period 2008-2009. Third, strict employment protection (EPL) has
a significant dampening impact on employment adjustment to output changes at the
firm level. However, differences in EPL account only for a small part of the overall
cross-country variation in aggregate employment growth during the crisis.

The chapter contributes to different branches of the existing literature. First, the
analysis fits the line of papers about the role of market institutions for labor market
outcomes. This includes macro studies which exploit the variation across many coun-
tries (Nickell and Layard, 1999; Blanchard and Wolfers, 2000; Bassanini and Duval,
2009) as well as micro studies which seek to identify the impact of employment pro-
tection using the within-country variation in production technologies across industries
(Bassanini et al., 2009; Cingano et al., 2010).5 Lafontaine and Sivadasan (2009) falls
somewhere in between in the sense that it uses plant-level data for a single multina-
tional firm across more than 40 countries, but exploits the cross-country variation to
assess the role of labour market rigidities for employment adjustment. 6 Second, it
relates to the literature that assesses aggregate implications of the way firms adjust to
shocks at the micro level (Caballero et al., 1997; Davis et al., 2012). While those studies
emphasize the importance of non-linearities in adjustment technologies for aggregate
dynamics, the present study focuses on the role of heterogeneity in adjustment techno-
logies. Third, it provides another evidence on the role of EPL as reducing employment
response as in Bertola (1990).

5A number of recent papers (European Central Bank, 2012; Hobijn and Sahin, 2013) also invest-
igate the cross-country patterns in employment during the crisis, using data on vacancies and
unemployment and focusing on policies affecting labour market matching.

6Put differently, our analysis follows microeconomic studies in that the elasticities are estimated using
firm-level data. However, we deviate from those studies in that data is collected in a comprehensive
manner from a multitude of countries. Our approach is related to macroeconomic studies in that
one of the objectives is to explain cross-country variation in employment growth. However, it is
different in that we do it by making use of within-country variation.
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The remainder of the chapter is organized as follows. Section 4.2 characterises the
labour input adjustment behaviour of firms at the micro level using a multi-country
firm-level panel data set (Orbis). Section 4.3 sets out the decomposition analysis to get
a first idea of the role of policies and institutions for aggregate employment dynamics
duiring the crisis and discusses the results. analyse the role of policies. Section 4.4
presents the methodology to identify the impact of employment protection using firm-
size exemptions and discusses the results, while Section4.5 discusses the aggregate
implications. The final section concludes.

4.2 Characterising labour adjustment at the firm level
This section lays out the approach to estimate the responsiveness of labour inputs to
output shocks, provides a brief description of the data and discusses the results.

4.2.1 Estimation methodology

We take a simple reduced form dynamic labour adjustment equation as the basis for
obtaining estimates of output elasticities of the extensive margin (number of employees)
and of the intensive margin (earnings per worker)

lit = γlit−1 + βyit + ηi + εit, (4.1)

where lit denotes the labour input variable of interest in firm i in year t, yit denotes
output (measured by turnover) in firm i in year t, ηi denotes firm-fixed effects and εit

denotes an error term. Both the labour input variable and output are expressed in
logs. Given the focus of the present analysis on short-run adjustment, especially over
the crisis, the analysis will focus on the short-term output elasticities, i.e. differences
in the estimates of the β-s.7

We consider two aspects of the labour input: its quantity (employment) and price
(earnings per worker). The focus on earnings per worker in addition to employment
is motivated by our aim to account for different margins of labour input adjustment.
Macroeconomic evidence shows that in countries such as Spain and the United States,
labour market adjustment related to the crisis has overwhelmingly taken the form
of labour shedding (external margin). In countries such Germany and Japan, where
firms have tended to hoard labour and reduce working hours (internal margin) much

7Note that the long run elasticities β/(1 − γ) are primarily driven by technological factors such as
productivity growth and the general trend in capital-labour substitution, whereas our current aim
is to assess the role of policies in shaping the short-run response to the crisis.
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of the decline in employment has been avoided. Turning to the role of adjustment
through wages, macroeconomic evidence with respect to real hourly wages is less reli-
able due to the role of composition effects.8 Nevertheless, there is suggestive evidence
that real wage adjustments have been relatively important in Central and Eastern
European countries (OECD, 2012). As our available measures do not allow differenti-
ating between changes in working time and real wages, the analysis focuses on earnings
per worker instead and labels it as the "adjustment on the intensive margin".

Equation 4.1 is a reduced form, in the sense that it leaves out many determinants of
labour demand and does not expliditly model adjustment costs. For our purposes of
identifying differences in responsiveness across countries and firm types, however, it is
compatible with a variety structural models. For example, it is consistent with labour
demand models which assume that firms do not fully adjust instantaneously because of
the presence of quadratic adjustment costs (Gould, 1968; Hamermesh, 1993), and also
provides a valid approximation when adjustment costs have a more complex structure
(e.g. non-convex) due to the smoothing effect of aggregation across firms and over
time.9

Equation 4.1 is estimated by country * industry * firm size class groups (or cells) to
allow for variation in the coefficients across each of these dimensions. To control for
the endogeneity of output and lagged labour inputs, we apply a generalized method of
moments estimator described in Arellano and Bond (1991). We use difference-GMM
with the 3rd to the 5th lags of the labour input and output as instruments. These lags
were chosen for computational feasibility, such that the lagged instrument levels have
sufficient explanatory power while maintaining orthogonality. As the estimates are
carried out cell-by-cell and including year fixed effects, cell-level time-varying factors
are controlled for.

The estimated output elasticities are used as inputs for the variance decomposition
and the analysis of institutions. In order to ensure that the estimated output elast-
icities are reasonable, we make use of the following rules. First, we disregard any
output elasticities that do not satisfy the restriction 0 < β̂ < 1 as these are considered
to be implausible. Second, we disregard any output elasticities if (i) the number of
instruments (j) is large relative to the sample size (N) and (ii) Hansen’s test of over-

8Namely, the fact that less efficient workers with lower wages are more likely to be dismissed during
a downturn increases average wages.

9Annual data is likely to be “overaggregated” in time, meaning it does not match the timing of
firm decisions. Consequently, annual employment data may signal smoother adjustment than
quarterly or monthly data. Therefore, estimating a linear model using annual firm-level data is not
inconsistent with underlying models that specify non-linear adjustment costs (Hamermesh, 1993).
Indeed, the simulation results by Lafontaine and Sivadasan (2009) confirm that the relationship
between the underlying friction and the estimated β and γ coefficients in a reduced form regression
such as equation 4.1 is preserved under various types of adjustment costs.
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identifying restrictions rejects the null of the orthogonality of the instrument matrix
and estimated errors. An estimate is considered to be acceptable if (i) j/N < 0.3 and
(ii) Hansen’s test does not reject at the 5% level.10

4.2.2 Cross-country firm-level longitudinal data

We estimate output elasticities using previous vintages of the cross-country, firm-level
longitudinal database (Orbis) that is used in Chapter 3. 11

We make use of firms in the non-farm, non-financial business sector in 20 OECD
countries for the period 1993 to 2009. Our “raw” sample for the analysis of employment
adjustment was obtained after suppressing all observations with non-positive informa-
tion on sales and employment. Similarly, our raw sample for the analysis of earnings
per worker was obtained after suppressing all observations with non-positive informa-
tion on sales, employment and earnings per workers. We further cleaned the two raw
samples by applying a variety of cleaning rules (see Section 4.A.1 in the Appendix).
Table A.2 of the Appendix provides information on the number of observations before
and after applying these additional cleaning rules to the employment and earnings-
per-worker samples. Of the 20 OECD countries, Austria and the United States had to
be suppressed from the earnings-per-worker sample due the lack of comprehensive in-
formation on the wage bill. The final sample for employment and earnings-per-worker
results in 7.1 million and 5.5 million firm-year observations, respectively. For more
details, see Section 4.A.1 in the Appendix.

For the present purposes as well as the the variance decomposition in Section 4.3within-
country heterogeneity is captured by stratifying the data set along two dimensions: firm
size and industry. Firm size is defined in terms of the average number of employees:
less than 20 employees; between 20 and 250 employees; more than 250 employees. In-
dustries are grouped into construction, manufacturing and business services. While the
use of a limited number of groups may lead to ignore some differences in labour ad-
justment across firms, the use of a coarse cell structure makes it easier to highlight the
main messages of the descriptive analysis and also allows enough observations within

10The literature does not provide tests or even a rule of thumb to see whether the number of in-
struments is ‘too’ large relative to sample size. Increasing j/N filters less βcjs-observations and
therefore leads to a larger sample size in the second stage (the institutional analysis) However, it
also increases the probability that observations are noisier.

11The Statistics Department of the OECD has carried out extensive consistency checks and cleaning
of the data (see Ragoussis and Gonnard, 2012, for details). This cleaning procedure was applied
and extended to take account of specific issues in relation to the present analysis and are described
in more detail below and in Appendix 4.A.1. In addition, we complemented the OECD-Orbis data
set with previous vintages of Orbis and Amadeus (the “European edition” of Orbis) to increase
the time-horizon of the data back in time.
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each cell to estimate output elasticities using equation 4.1.12

4.2.3 Output elasticities of employment and earnings per worker

Figure 4.2 describes the estimated responsiveness of labour input to output shocks.13

On average, across countries, the short-term elasticities of employment and earnings-
per-worker are both between 0.1 and 0.15, with the sensitivity of employment to out-
put shocks being slightly larger than that of earnings-per-worker. This suggests that,
at least in terms of the cross-country averages, contemporaneous adjustments on the
extensive (employment) and intensive margins (average hours worked and wages) to
output shocks account both for a substantial part of total labour-cost adjustment.
However, there appears to be considerable heterogeneity in the cross-country distribu-
tion of elasticities, with a strong negative correlation between the output elasticities of
employment and earnings per worker (the pairwise correlation is -0.5 and statistically
significant) This implies that firms that adjust more on the employment margin tend
to adjust less on the earnings-per-worker margin. The elasticity of employment with
respect to output is highest in countries such as Denmark and the United States, while
it is lowest in Central and Eastern European Countries (CEECs) and Japan. The
earnings-per-worker elasticity is highest in Hungary, Japan and Poland and lowest in
Italy, Portugal and Spain. The former results echo earlier findings on the flexible US
and Danish labour markets, while the latter findings are broadly in line with those of
the Wage Dynamics Network of the European Central Bank, showing that real wages
in the CEECs are generally more flexible than in more developed EU countries (Babeck
et al., 2010; Rusinova et al., 2015).

The cross-country averages of elasticities for each industry show that the responsive-
ness of employment to output is highest in construction and lowest in manufacturing,
while the responsiveness of earnings-per-worker is highest in manufacturing and lowest
in construction. The differences in elasticities are quantitatively large, with the employ-
ment (earnings-per-worker) elasticity in construction being about twice as large (small)
as that in manufacturing. These may reflect differences in production technologies, the
skill composition of the workforce or the importance of non-standard contracts. The
large differences across sectors in the responsiveness of labour inputs to output shocks
imply that cross-country differences in industrial structure and the sectoral concentra-

12The cell structure used in Section 4.4 is adjusted to match the sizeclass dimensions of EPL driven
by firm size exemptions.

13These elasticities are estimated separately for each firm size, industry and country. In Figure 4.2,
unweighted averages are shown as we do not want the relative size of cells to affect the picture.
Coefficients on the lagged dependent variable are also of interest but not discussed here as the
main purpose is to explain the short-term impact of the crisis on labour markets.
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tion of shocks can have important implications for the impact of the crisis on labour
markets.

Differences in the responsiveness of labour inputs to output shocks across size groups
are less pronounced than those across industries, but are of particular interest as they
do not appear to conform well to the perceived wisdom at first sight. According to
the figure, the responsiveness of both employment and earnings-per-worker to output
shocks increases with firm size. This suggests that the sensitivity of the wage bill
also increases with firm size. Traditionally, however, employment in small firms has
been considered to be more sensitive to output shocks than employment in large firms,
because the former were thought to find it more difficult to hoard labour during periods
of weak product demand due to financial constraints (Sharpe, 1994).14 This argument
implies that the sensitivity of both employment and earnings-per worker to output
should decline with firm size. However, the traditional view that small firms hoard less
during a downturn has recently been challenged by Moscarini and Postel-Vinay (2012)
who suggest that large firms may have weaker incentives to retain workers during a
downturn since they tend to be more productive and offer higher wages and, as a result,
find it easier to recruit new workers during a recovery.15 This argument is, in principle,
consistent with the positive relationship between the sensitivity of employment and
firm size, but does not explain the positive relationship between earnings-per-worker
and firm size.

14Small firms tend to have shorter credit histories, to be subject to higher levels of idiosyncratic risk
and are less likely to have adequate collateral (Gertler and Gilchrist, 1994).

15Descriptive statistics based on firm-level data for a large number of European countries in OECD
(2010) are also at odds with the traditional view and consistent with the evidence in Moscarini
and Postel-Vinay (2012).
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Figure 4.2: The elasticity of employment and earnings per worker with respect to
output

Estimated output elasticities across countries, industries and firm size groups

Notes: unweighted averages over cells by country (panel A) and over countries by cells (panel B). *,
**, ***: statistically significant at the 10%, 5% and 1% level, respectively. n.a.: Not available.
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4.3 The role of policies and institutions: A first pass

4.3.1 Decomposing cross-country heterogeneity in aggregate
employment growth

What accounts for the increased dispersion in aggregate employment growth across
countries during the global financial crisis, and what is the potential role of policies and
institutions? We take a first pass at these questions by decomposing the cross-country
variation in aggregate employment growth into the respective contributions of three
sources of heterogeneity: cross-country differences in economic structure (“structure
heterogeneity”); the distribution of output shocks across different types of firms (“shock
heterogeneity”); and the responsiveness of labour inputs to output shocks ( “response
heterogeneity”).

We start by defining the predicted aggregate growth rate of log employment, Δ̂lc in
countryc as the weighted average predicted employment growth rates Δ̂l over industry
and firm size cells c:

Δ̂lc =
∑ S∑

s=1
wcjs (βcjsΔycjs)︸ ︷︷ ︸

Δ̂lcjs

(4.2)

wherewcjs denotes the employment share of size class s and industry j in country
c aggregate employment in the base period, βcjs the elasticity of employment with
respect to output in size class s, industry j and country c, ycjs log output and Δ
the first difference operator. Note that elasticities are estimated, using equation 4.1,
rather than directly observed, but for ease of exposition, we write β instead of β̂. Time
indices are dropped for expositional convenience. Note that the elasticities, obtained
by estimating equation 4.1 for each firm group, are assumed to be time-invariant.

To quantify the role of each source of heterogeneity, we decompose equation 4.2 into
two components:

Δ̂lc =
G∑

g=1
wcg

(
βcg − β̄g

)
Δycg︸ ︷︷ ︸

Ac

+
G∑

g=1
wcgβ̄gΔycg︸ ︷︷ ︸

Bc

, (4.3)

where we introduce index g for the group of firms defined by sizeclass and industry
(thus G denotes thus the total number of sizeclass and industry combinations) and
cross-country average response heterogeneity in a firm group is given β̄g = 1

C

∑C
c=1 βcg.

The first component Ac captures the degree of heterogeneity in responses or elasticities
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βcg.16 The second component Bc of 4.3 shows the predicted aggregate employment
change that would arise if there were no response heterogeneity, i.e. when output
changes and employment shares evaluated at the average response β̄g.

Coming back to the first term, Ac in equation 4.3, it is important to realize that it
includes the combined effect of response heterogeneity measured by βcg − β̄g and the
joint distributions of wcg and Δycg. As such, if β − β̄, w and Δy are correlated, then the
contribution of heterogeneity, term Ac, stems not only from heterogeneity in the β-s,
but also from the combined variation in β − β̄, w and Δy. We will refer to this term in
the results section (Section 4.3.3) as “the contribution of response heterogeneity with
interaction effects”. To fully isolate the role of response heterogeneity, we consider
another measure as well, without interaction effects. We do so by decomposing Ac

into a term where employment shares and output shocks are set to their respective
cross-country averages in each group, and into other terms that capture the covariance
structure of the variables:

Ac =
G∑

g=1
wcg

(
βcg − β̄g

)
Δycg =

G∑
g=1

w̄g

(
βcg − β̄g

)
Δyg︸ ︷︷ ︸

A′
c

+ (4.4)

+
G∑

g=1
(wcg − w̄g)

(
βcg − β̄g

)
Δyg+

+
G∑

g=1
w̄g

(
βcg − β̄g

) (
Δycg − Δyg

)
+

+
G∑

g=1
(wcg − w̄g)

(
βcg − β̄g

) (
Δycg − Δyg

)
,

where Δyg = 1
C

∑C
c=1 Δycg and wg = 1

C

∑C
c=1 wcg are the cross-country means of output

growth and employment share in cell or firm group g. The first term on the right
side of 4.4, A′

c, captures that part of employment growth which is associated with
heterogeneity in responses alone. We refer to this part as the “contribution without
interaction effects”.

On the potential importance of the remaining terms Ac − A′
c, i.e. the interaction

effects, consider the following example. Suppose that countries with high (above-
average) employment sensitivity βcg in a given group of firms, say small construction
firms, also tend to have a larger employment share wcg and/or experience a larger
output shock Δycg in that group. For instance, the large fall in aggregate employment
in Spain may be a combination of a large output shock hitting small construction firms,

16More precisely, it gives the weighted average deviation of elasticities from their group-specific cross-
country averages.
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a large employment response to the shock and relatively high employment share of those
firms. In this case, the contribution of response heterogeneity is likely to be relatively
large, partly because of the role of interaction effects along these three dimensions.
This is the motivation to consider to role of response heterogeneity without taking
account of these interaction effects. This essentially boils down to a question such
as, for instace, what Spain’s employment response would have been when employment
weights and the output shocks are at the average level of other countries.

How to implement a variance decomposition in this setting? In order to calculate
the contribution of each source of heterogeneity to the cross-country variation in em-
ployment growth, we make use of an implication of the definition of variance. Consider
again equation 4.3. The cross-country variance of the left-hand-side of it can be written
as:17

var
(
Δ̂lc

)
= var(Ac + Bc) = var(Ac) + var(Bc) + 2cov(Ac, Bc) (4.5)

= cov
(
Ac, Δ̂lc

)
+ cov

(
Bc, Δ̂lc

)
.

Equation 4.5 allows one to quantify how much of the cross-country variance of employ-
ment growth is explained by Ac and Bc separately. If cov

(
Ac, Δ̂lc

)
is large relative

var
(
Δ̂lc

)
, then most of the cross-country variation in employment growth is attributed

to cross-country heterogeneity of responses and their interactions with structures and
shocks. Thus we will focus on the ratios

Role of response heterogeneity with interactions:
cov
(
Ac, Δ̂lc

)
var
(
Δ̂lc

)
Role of response heterogeneity without interactions:

cov
(
A′

c, Δ̂lc

)
var
(
Δ̂lc

)
which represent the share of cross-country variation in employment growth due to
response heterogeneity with and without interaction effects.

Analogously to the steps we described above for response heterogeneity, which uses
deviations from the cross-country means in elasticities βcg − β̄g, we calculate the role of
the two other sources of heterogeneity as well: output shocks and employment struc-
ture. They use deviations from cross-country means in output shocks and employment
shares also with and without interaction effects.

17Using the definition of the covariance, and if Z = X + Y , we have that (i) σ2
Z=σ2

X+σ2
Y +2σXY and

(ii) σZX=σ2
X+σXY and (iii) σZY =σ2

Y +σXY . Then (i)-(iii) imply σ2
Z =σZX+σZY .
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4.3.2 Additional data from administrative data sources

In order to implement the decomposition of the cross-country variation in aggregate
employment growth, the estimated output elasticities in Section 4.2 need to be comple-
mented with cell-level information on output shocks (shock heterogeneity) and employ-
ment shares (structure heterogeneity) To ensure that our decomposition is consistent
with official aggregate information, we rely as much as possible on external data which
are consistent with published national accounts and nationally representative labour
force surveys.

The measures of structure heterogeneity are constructed by combining two data
sources. First, information on the employment shares of manufacturing, construction
and services by country and year are obtained from OECD STAN. Second, since OECD
STAN does not provide any information by firm size, we multiply the employment
shares by industry by time-invariant employment shares of firm-size groups within
industries obtained from the Structural and Demographic Business Statistics (SDBS).18

Cell-level output changes by industry and firm size are measured as follows. First,
changes in real output by industry, country and year are obtained from OECD STAN.
Second, cell-level output changes are calculated using the year-on-year evolution of real
sales in Orbis. Third, the growth rates of size classes within an industry, calculated
from Orbis, are rescaled such that the weighted-average growth rate of these size classes
equals the industry-level growth rate observed in STAN.19

The data on employment shares (structure heterogeneity) and output changes (shock
heterogeneity) are summarised in Table 4.1.

18While the SDBS, in principle, provides information on employment and the number of firms by
country, year, industry and firm-size class, this information is typically missing from 2008 onward.
We, therefore, use the average values of the employment shares in 2006-2007 and assume these
are constant over time. Any missing information in STAN on cell-level employment was imputed
using chained labour force surveys.

19Cell-level output growth rates are rescaled as follows:

Δycjst
.= ΔyORBIS

cjst

ΔyST AN
cjt

ΔyORBIS
cjt

,

where ΔyST AN
cjt and ΔyORBIS

cjt denote output growth rates in country c, industry j and year t from
STAN and Orbis, respectively. Cell-level output growth rates ΔyORBIS

cjst are calculated as sales
weighted average output growth rates across firms within a cell.
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Table 4.1: Cross-country differences in economic structure and the distribution of
output shocks

Panel A: Economic structure ("structure heterogeneity")
Share of firm groups, in %, out of total employees (2008)

Panel B: Output shocks (“shock heterogeneity”)
Percentage change in real output by firm groups (2008-09)

Note: In the non-farm, non-financial business sector.
Source: Calculations based on Orbis, SDBS and labour force surveys. For more details, see the text
in Section 4.2.2.

It is worth pointing out some interesting findings from there. First, Spain and
Portugal had above average construction sectors, while, together with Italy, had also a
lot of employment concentrated in small firms. Second, output declines tended to be
largest in the manufacturing sector, except Spain, Portugal, the UK and the US where
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it was concentrated in construction. Third, Estonia was especially hard hit in each of
the sectors.

4.3.3 Variance decomposition of aggregate employment growth
during the global financial crisis

In order to examine the role of structure, shock and response heterogeneity for aggreg-
ate employment growth during the global financial crisis, the cross-country variation in
aggregate employment growth between 2008 and 2009 is decomposed into components
that are assumed to capture different sources of heterogeneity. The contribution of each
source of heterogeneity to the cross-country variance is calculated in two ways. First,
for each source of heterogeneity, we switch off the two other sources of heterogeneity by
setting their values to the cross-country average (equation 4.4) This is labelled “contri-
bution without interaction effects” in Figure 4.3. Computing the explained variance in
this manner gives a measure of the explanatory power of a single source. Second, for
each source of heterogeneity, we leave the other two at the actual values (equation 4.3)
Computing the explained variance in this manner gives a measure of explanatory power
when each source of heterogeneity is evaluated at the actual distribution. If hetero-
geneity is correlated along these dimensions, computing contributions in this manner
should increase the explained variance. This is labelled “contribution with interaction
effects”.
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Figure 4.3: Decomposing cross-country variation in labour market adjustment in the
crisis

Contributions to cross-country variance in employment growth rates, 2008-09

Notes: Calculations based on Orbis, STAN, LFS and SDBS. Contributions with interaction effects
comprise the variance coming from changing the specific factor only (e.g. response heterogeneity) plus
its covariance with the other two factors (shock and structure heterogeneity). For details, see Section
4.3.1 and in particular equation 4.4, which separates the variance coming from the terms with and
without interactions effects across the three factors.

The results from the decompositions are presented in Figure 4.3. Response het-
erogeneity explains 38% of the cross-country variation in employment growth when
the other variables are kept at their cross-country mean. Considering the sample
distributions of employment shares and output shocks, the contribution of response
heterogeneity goes up slightly to 42% of the cross-country variation. Repeating the
decomposition for shock heterogeneity suggests that this source explains 46% of the
cross-country variation in employment growth. After accounting for the covariances
between output shocks, on the one hand, and employment shares and output responses,
on the other, shock heterogeneity explains about 59% of the cross-country variation in
employment growth. The role of structure heterogeneity is negligible without account-
ing for interaction effects but increases to 14% after accounting for such effects.

The results provide two key insights. First, the relative importance of response het-
erogeneity suggests that differences in policies and institutions across countries account
for a potentially large part of the cross-country variation in aggregate employment
growth during the crisis. Second, using disaggregate information can indeed explain
part of differences in aggregate labour market dynamics, as illustrated by the share of
the cross-country variance that can be attributed to the role of interactions.
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4.4 Analyzing the role of employment protection
One challenge when trying to identify the role of policies and institutions is that in-
stitutions are typically defined at the country-level and are correlated with each other
across countries (Bassanini, 2010; Belot and van Ours, 2004) For instance, employment
protection legislation tends be stronger in countries where other employees have other
means of protection as well, in the form of trade unions, more generous unemployment
benefits etc. This makes it difficult to isolate the role of a single institution using
cross-country data unless all institutional effects are effectively accounted for in the
regression analysis. One way to get around this problem is to focus on the available
within-country variation of a given institution as this is less likely to be correlated
across institutions.20 We consider two important labour market institutions that may
have important implications for the adjustment behavior of firms, and which have data
availabilities allowing us to utilize within-country as well as cross-country variation:
employment protection provisions by exploiting firm-size exemptions and the role of
temporary work by considering its incidence across firm types.

The institutional analysis uses the cell-by-cell estimates of the output elasticities β̂cg

of employment and earnings per workers based on equation 4.1 as the dependent, left-
hand side variable.21 The impact of the institution of interest is identified by relating
the within-country variation in output elasticities to the within-country variation, or
more precisely, by comparing the variation in these two variables across firm types
within countries and comparing them across countries. In this sense, our estimation
can be considered a generalized difference-in-difference approach that controls for both
country and cell-specific fixed effects.22

Formally, the empirical model to identify the role of institutions can be represented

20In fact, if institution X1 is correlated with institution X2 in a country, and within-country variation
is available, then the role of X2 can be controlled for and therefore the least squares estimate of
the effect of X1 on the left-hand side variable can be identified. However, if X1 is defined such that
its variation is uncorrelated with X2 by definition, there is no need to include X2 in a regression
measuring the effect of X1. This is the case for the first institution: we make use of firm size
exemptions in the case of EPL. The role of temporary work is gauged using incidence measures
across firm groups within countries.

21Note that the cell structure is defined separately for each institutional variable in order to ensure that
the within-country variation in the estimated output elasticities matches that of the institutional
variable of interest. For instance, if an institution is available by a different size class or industry
breakdown than our baseline classification, then we adjust the classification to match that of the
institutions, and re-run the first stage regressions to obtain output elasticities βcg-s.

22The “first” difference is defined by within-country deviations in elasticities and institutional vari-
ables. The “second” difference is given by the difference in these differences across countries.
Comparing the differences gives a measure of the effect of institutions. Our approach may be con-
sidered a generalized DiD approach in the sense that we focus on continuous rather than binary
variables (i.e. institutions like EPL are measured on a continuous scale)
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in generic form as follows:

β̂cg = αINSTcg + μc + ηg + εcg, (4.6)

where β̂cg denotes the first stage estimates of the employment and earnings-per-worker
elasticities by firm group g and country c, INSTcg is the institutional variable of
interest, and μc and ηg are group- and country specific fixed effects, respectively.
Country-specific fixed effects are important as they control for omitted labour mar-
ket institutions, while group-specific fixed effects control for systematic differences in
production technologies and their potential implications for labour adjustment. The
coefficient α is our parameter of interest. It captures the effect of institutions on re-
sponsiveness under the identifying assumption that the variation in the elasticities after
conditioning on cell and country fixed effects can be attributed to institutions.23

4.4.1 Employment protection legislation (EPL)

The effect of EPL is identified using variation generated by exemptions from national
regulations (Venn, 2009). Exemptions usually apply to small firms but the exemption
threshold may differ across countries.24 Exemptions may be full or partial and relate
to individual or collective dismissals, denoted by EPRcs and EPCcs, respectively.25

In general, the effect of more stringent regulations is expected to reduce employment
responsiveness by increasing the costs of adjustment. Consequently, one would also
expect firm size exemptions, i.e. looser employment protection for small firms, to reduce
the fixed cost of adjusting the number of employees. This leads to stronger adjustment,
i.e. larger β elasticities, resulting in a negative coefficient α < 0 in equation.26 The
identification assumption is that firms above and below the size-threshold differ only
in terms of the applicable EPL-regime and are identical otherwise. If this assumption
holds, any measured differences between the elasticities each side of the threshold can

23To account for the fact that the dependent variable is generated by a “first stage” regression (equa-
tion 4.1) the second-stage regressions use robust standard errors. We also ran the second stage
regressions with using the standard errors of the first stage as weights, which did not affect the
results.

24A number of previous country studies have exploited the firm-size exemptions to study the eco-
nomic implications of employment protection provisions (see Venn, 2010, and references therein).
However, to the best of our knowledge, ours is the first study which does this on a cross-country
basis.

25The stringency of EPL does not vary across industries, but only across countries and size classes.
Therefore EPR and EPC are indexed only by country c and sizeclass s.

26Theoretical models give some background to interpret results of the regressions below. For instance,
Pissarides (2001) suggests that firing restrictions may be rationalized in the presence of market
imperfections, which prevent workers from insuring against the risk of dismissal. On the other
hand, EPL may hinder labour adjustment and therefore the efficient re-allocation of resources.
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be attributed to EPL. To maintain the homogeneity of the sample along dimensions
other than EPL, only those firms are taken into account whose employment level is
either above or below the threshold throughout the entire sample period which is used
for measuring output elasticities.

One potential concern with identifying the role of EPL from firm-size exemptions
is that its estimated impact may be biased because it captures the independent or
autonomous effect of firm size. For example, employment in small firms has tradition-
ally been considered more sensitive to output shocks than employment in large firms
due to the role of credit constraint, leading to a biased estimate of the impact of EPL
on the responsiveness of employment to output shocks away from zero. However, more
recent evidence by Moscarini and Postel-Vinay (2012) as well as the results in Section
4.1 of this chapter show that the employment elasticity, if anything, increases with firm
size, suggesting that the bias may go in the other direction.

We control for the independent effect of firm size in two complementary ways. First,
we include firm-size dummies which capture any common effects of firm size across
countries. This is done either by assuming that the independent effect of firm size does
not depend on the level of threshold or by allowing for heterogeneous firm-size effects for
each threshold. In the first, more restrictive setting, it is sufficient to include a single
dummy that equals one for observations above the threshold and is zero otherwise.
This dummy is denoted by v below. In the second setting, a separate firm-size dummy
is included for each threshold. These are denoted by vs.

The second way of controlling for independent firm size effects is by including “con-
trol” countries that do not provide firm size exemptions in their EPL. The inclusion
of control countries is important as it may otherwise not be possible to disentangle
independent firm-size effects that are common across countries from threshold effects
(particularly when using the restricted model that assumes a common threshold effect
across different thresholds)

Formally, the empirical model used to identify the impact of EPL on output elasti-
cities is described as follows:

β̂cjs = αEP REPRcs + αEP CEPCcs + ηj + μc + vs + εcjs, (4.7)

where μc denotes a set of country dummies, ηj a set of industry dummies, and vs a
set of size dummies, which allow for threshold-specific size effects. In the restricted
version of the model where there is assumed to be a common threshold effect, the size
dummy vs is replaced by v and the interpretation is effectively a uniform above vs.
below threshold difference, irrespective of the exact value of the threshold (e.g. 10 or
15 employees, etc.) The coefficients αEP R and αEP C measure the average effect of EPL,
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conditional on size and country-fixed effects.27

A second potential concern is that firms may systematically sort around the EPL
threshold, depending on their adjustment technologies. In particular, firms that have
higher output elasticities of employment are more affected by the presence of EPL.
The reason is that it increases the fixed costs of adjusting the number of employees,
thus hurts more those types of firms who would have more flexible adjustment in the
absence of EPL. This provides incentives for firms to choose a small size which will
make them exempt from EPL. This type of selection is likely to raise the average output
elasticity of employment below the threshold relative to those above the threshold, only
by changing the pool of firms below the threshold. It may lead to a downward bias
(away from zero) in the estimated impact of EPL on the employment elasticity.

In order to check whether the selection problem is serious in our case, we looked
for signs of bumping or heaping in the firm size distribution. If this is important in
practice, then observations should congregate below the thresholds, and/or we should
observe spikes in the distribution of firm size. In contrast, the size distributions do not
show unusual bunching at the thresholds (see Section 4.B in the Appendix). 28

4.4.1.1 The incidence of temporary work

The effect of temporary work on responsiveness can, in principle, be investigated by
using another component of the EPL index which refers to provisions with respect to
temporary contracts (Venn, 2009). However, because of particular concerns over the
enforcement of these provisions, we prefer to focus on the incidence of temporary work
instead (Bassanini et al., 2010). The main reason why enforcement issues are of partic-
ular concern in the context of temporary contracts is that incentives for enforcement
are weak since workers and firms often share a mutual interest in non-enforcement. As
27While equation 4.7 provides the intuition, in practice, we also include the interaction of the size-

class dummy with an indicator for being above or below the threshold. The reason for this is
that in order to have a sufficient number of observations in each cell for the estimation of the
elasticities, we use “overlapping cells”. This means that a firm can be in the “above” group for
the sample around the threshold at 10 employees, but in the “below” group for the sample around
the threshold at 20 employees. Then the size-class dummy selects which threshold we are focusing
on, and the above dummy selects whether the firm is above or below the particular threshold.
For the control countries, where no EPL exemptions exist, we define above and below samples for
each possible threshold. For the treatment countries, where EPL exemptions exist, we only define
above and below samples with respect to the actual threshold.

28Spain, Slovenia, Italy and Portugal, show no major discontinuities in their employment distribution
around the thresholds. For a number of other countries, there are spikes in the distributions at
every 5 or 10 employees, possibly linked to some rounding in reporting. We attempted to carry
out formal tests for breaks in the distribution around the threshold (following McCrary, 2008), but
the the discrete nature of the employment distribution makes it difficult to obtain reliable results.
The recent results by Hijzen et al. (2013) lend support to our case, however, as their tests fails
to find a break at the threshold using a continuous (full time equivalent) measure of employment
levels for Italy.
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a result, it has sometimes been difficult to establish a negative relationship between the
incidence of temporary work and the stringency of employment protection provisions
with respect to temporary contracts. Bassanini et al. (2010) provide empirical evidence
that shows that this is indeed related to the problem of enforcement. Hence, instead
of using information based on the legislation, we focus on the actual use of temporary
work, by measuring its incidence across countries and firm groups. Of course, it is
not a policy variable but is closely influenced by the regulatory environment related to
temporary contracts, among other factors. However, by including country fixed effects
and relying on within-country variation at least eliminates the concern of other, omit-
ted institutions driving the results. Also, the inclusion of sector and firm size fixed
effects ensures that general differences in the prevalence of temporary work along these
dimensions are controlled for.

The effect of temporary work on the responsiveness of employment and earnings per
worker to output shocks is identified using the following model:

β̂cjs = αtempTEMPcjs + μc + ηj + vs + εcjs (4.8)

where β̂cjs, μc, ηj and vs are as before. TEMP denotes the incidence of temporary
work within a cell, measured on a scale of [0,1], by the ratio of temporary workers to
total workers in a cell.

4.4.2 Data on labour market institutions

The institutional analysis considers employment protection and the incidence of tem-
porary work. Information on the stringency of employment-protection rules with re-
spect to collective and individual dismissals are obtained from the OECD database
on EPL described in Venn (2009). Table A.3 of the Appendix provides details on the
stringency of employment protection provisions for countries that practice firm-size
exemptions or are included in our estimation sample as control countries. Exemptions
in relation to individual dismissals (EPR) are partial in all countries in the sample, in-
dicating that workers of small firms are subject to more flexible rules than larger firms.
This generally reflects shorter or no notice periods, different procedural requirements
or lower levels of severance pay. The other sub-component of EPL which we include in
the analysis refers to collective dismissals rules (EPC). In countries where small firms
are exempt from collective dismissal rules, the value of EPC is 0.29

Data on the incidence of temporary work by industry and firm-size cell are obtained

29This reflects the fact that a firm needs to have a certain critical mass to engage in collective
dismissals.
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from the European Labour Force Survey.

4.4.3 Results of the institutional analysis

This section presents evidence on the effect of labour market regulations on the respons-
iveness to shocks. As a first plausibility check on our estimated elasticities and their
relationship with labour market institutions, we present the relationship between em-
ployment protection and labour market flexibility using only cross-country variation.
Then we move on to present our main results which use micro-level elasticities and
within-country variation in employment protection, followed by suggestive evidence on
the role of temporary work.

4.4.3.1 The role of employment protection using cross-country variation

Figure 4.4 shows a scatter plot of the regular component of the EPL index (EPLR)
and the estimated employment elasticities of output shocks (the median β -s across
firm groups, for each country) The relationship is negative (and significant at 5%) as

Figure 4.4: Cross-country relationship between employment protection and employ-
ment adjustment

Note: Employment responsiveness to shocks are measured as the median values of the firm-level
GMM estimates of elasticities β across firm groups (cells) based on equation 4.1. See more on firm-
level estimation in Section 4.2.1. Employment protection of permanent workers is the median value
of the first subindex of the EPL measure (Venn, 2009) over the years 1998-2009.
Source: Venn, 2009 and calculations based on Orbis.
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expected: more stringent employment protection, by increasing the costs of adjust-
ment, generally leads to smaller adjustment to output shocks. Although this finding
is in line with economic intuition and earlier evidence (Bassanini and Duval, 2009;
OECD, 2012) it meant to be only an illustrative exercise, since no additional controls
are included. As we argued in the introduction, the most important controls would be
further institutional and policy variables, which can affect both labour market flexib-
ility and usually tend to be related to the stringency of employment protection. To
focus only on employment protection and filter out the impact of other policies and
institutions, the next subsection exploits within-country variation of the EPL index.

4.4.3.2 The role of employment protection using within-country variation

This part of the analysis of employment protection exploits the within-country variation
that results from firm-size exemptions. In order to ensure that the results only relate to
exemptions with respect to employment-protection provisions and not the independent
effect of firm size the analysis control for common firm-size effects across countries and,
in addition, includes countries without firm-size exemptions as controls (see Section 4.4
for details) The results for employment are reported in Table 4.2.

Table 4.2: The effect of EPL of responsiveness on the responsiveness of employment
and earnings per worker

Notes: Column 1 shows results with constant size effects (equation 4.7 with a uniformv for above-below
effects, in Section 4.4) Column 2 shows results for flexible size effects (equation 4.7 with a firm-size
dependentvs) All specifications include a full set of country and industry fixed effects. *, **, ***:
statistically significant at the 10%, 5% and 1% level, respectively. t statistics in parentheses +There
is no uniform size effect to reported in columns A (2) and B (2) as the impact is allowed to flexibly
vary with the thresholds. For details, see Section 4.4.

The results suggest a negative relationship between the stringency of individual dis-
missal regulations for regular workers and the responsiveness of employment to output
shocks. As shown by the first row of Panel A, a unit-increase in the index of EPL
is associated with 3-5 percentage point decrease in the employment elasticity, similar
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to the magnitude obtained using cross-country variation (Figure 4.4) On the other
hand, the stringency of collective dismissals does not seem to be significantly related
to employment elasticities in our sample. There is evidence of independent size effects
around the threshold: the coefficient of v is statistically significant at 5% when we
assume a uniform above-below effect (columns 1 and 3) as well as when we allow it to
vary with the thresholds (not shown in table).

The responsiveness of earnings per worker to output shocks appears to be posit-
ively associated with the stringency of individual-dismissal provisions (4.2, Panel B)
The relationship seems to be robust across specifications and even stronger than for
employment adjustment. Again, there is evidence of positive size effects around the
threshold: the coefficient of v is positive and statistically significant.

The results of specification (4.7) are visualized in Figure 4.5. They indicate that
provisions with respect to both individual and collective dismissals have a tendency to
reduce the output elasticity of employment, while provisions with respect to individual
dismissals appear to increase the sensitivity of earnings per worker to output shocks.
Moreover, the effects of individual dismissal provisions appear to be large. A one
standard-deviation increase in the stringency of individual dismissal provisions, which
corresponds to an increase in the level from Denmark to Belgium, would result in a 4
percentage-point reduction in the responsiveness of employment to output shocks and
a 10 percentage-point increase in the responsiveness of earnings-per-worker to output
shocks. These results suggest that more stringent employment-protection provisions
for regular employees induce firms to adjust less on the extensive and more on the
intensive margin.

4.4.3.3 The role of the incidence of temporary work

Employment protection rules are also likely to have an important impact on the use
of temporary contracts (Blanchard and Landier, 2002; Boeri, 2011). Employment pro-
tection provisions with respect to regular contracts increase incentives to make use
of temporary contracts, while employment protection provisions with respect to tem-
porary contracts regulate their use. In order to capture the impact of employment
protection on the adjustment behaviour of firms that comes about through its im-
pact on the incidence of temporary work, Figure 4.6 analyses the role of the incidence
of temporary work for the adjustment behaviour of firms. It confirms expectations
that the employment sensitivity of temporary workers with respect to output shocks
is substantially higher than that of regular workers. There is some indication that the
increased sensitivity of employment reduces the sensitivity of earnings per worker in
response to shocks. However, the difference in the sensitivity of earnings per worker to
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Figure 4.5: The effect of employment protection on output elasticities
Output elasticities of employment and earnings per worker,
with EPR and EPC at average values and with high values

Notes: **, ***: statistically significant at the 5% and 1% level, respectively. For details, see Section
4.4.

shocks between permanent and temporary workers is not statistically significant.
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Figure 4.6: The effect of the incidence of temporary work on output elasticities
Output elasticities of employment and earnings per worker,

with temporary work incidence at average values and with high values

Notes:: Calculations based on Orbis. For details, see Section 4.4. **, ***: statistically significant at
the 5% and 1% level, respectively. Output elasticities for permanent and temporary workers denote
the average of predicted values of regression 4.8 when setting the incidence of temporary work to one
and to zero

4.5 Aggregate implications
What does the evidence above suggest about the importance of a specific policy or
institution in explaining the cross-country variation of employment growth during the
crisis? In order to answer this question, we check how much the dispersion of cross-
country employment growth is affected by setting the employment protection index
referring to individual dismissals of regular workers (EPR) to the cross-country average.
More specifically, we calculate the dispersion of the implied country-level employment
growth rates between 2008 and 2009 across countries

σ(Δ̂lt)
.=

√√√√ 1
Nc − 1

C∑
c=1

(
Δ̂lct − Δ̂lt

)2
,

where Nc is the number of countries and Δ̂lt is the average of the predicted aggregate
employment change across countries. The implied country-level employment changes
are calculated according to the formula in equation 4.2 in the Section 4.3.1, which uses
estimated cell-level employment elasticities β̂cg, actual output changes Δycg and actual
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employment shares wcg in country c and firm group g. We repeat that formula here,
with time subscripts omitted, and emphasize that estimated β-s are now treated as a
function of the components of EPL, as obtained in the 2nd stage regressions (equation
4.7):

Δ̂lc =
G∑

g=1
wcg

(
β̂cgΔycg

)
(4.9)

The standard deviation of the predicted employment changes across countries σ(Δ̂l)
is 0.9% in 2009. Using the estimated coefficient of EPR on the output elasticity of
employment from Panel B of Table 4.2 (-0.47) we calculate the predicted elasticities
after setting EPR to its cross-country mean:

β̃cg
.= β̂ − 0.47×(EPRcg − EPRcg),

and use these elasticities in equation 4.9:

Δ̃lc =
G∑

g=1
wcg

(
β̃cgΔycg

)
(4.10)

The resulting cross-country standard deviation is 0.8%, only slightly smaller than the
standard deviation based on actual levels in EPR.

Thus, this simple back-of-the-envelope calculation indicates that differences in the
regular worker component of EPL alone are unlikely to be a major cause for the disper-
sion in aggregate employment dynamics during the initial phase of the global financial
crisis. In future work, further institutions like tax systems the nature of collective bar-
gaining, could be looked at in order to explain a larger part in the variation of labour
adjustment across countries.30

4.6 Concluding remarks
This chapter investigates the role of policies and institutions for aggregate labour mar-
ket dynamics during the global financial crisis using firm-level data. It makes the case
that using micro-level information can be important for understanding macro-economic
outcomes in the context of firm heterogeneity and provides new evidence on the role
of labour market institutions for the adjustment behaviour of firms.

30Alternatively, our assumption that output elasticities are constant over time may not be valid during
the crises. Perhaps the perceived persistence of the shocks, or other types of shocks (e.g. financial)
and changing labour market policies (regulation of short-term work) can also play a role.
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The use of firm-level data is important if firms are heterogeneous in their labour
input adjustment technologies. In this case, cross-country differences in aggregate
labour market dynamics may not just stem from cross-country differences in average
labour input technologies - here assumed to be largely due to differences in institutional
settings -, but also from differences in the distribution of shocks across firms within
countries and the composition of firms across countries. Descriptive evidence based
on a variance decomposition suggests that this may indeed be important in practice.
Thus, using disaggregate information not only enhances one’s ability when adjustment
technologies are non-linear as emphasized in previous related work, but also when firms
are heterogeneous in terms of their adjustment technologies.

Firm-level data may also help to shed more light on the role of labour market in-
stitutions for the way firms adjust in response to shocks. In contrast to much of the
previous literature on the role of labour market institutions the present study does this
by exploiting the within-country variation in institutions rather than the cross-country
variation. The main advantage of doing so is that the within-country variation allows
us to better estimate the effect of a single institutional variable. Moreover, using dis-
aggregate data also allows controlling for different sources of heterogeneity. Estimates
from aggregate studies may be misleading to the extent that cross-country differences
in labour market adjustment results, in part, from differences in composition of firms
or the distribution of business conditions across firms.

This analysis shows that labour market institutions account employment protection
provisions for regular workers have a tendency to shift the burden of adjustment from
the extensive margin (employment) to the intensive margin (working time and wages)
while the incidence of temporary tends to have the opposite effects. However, back-of-
the-envelope calculations on the effects of EPL for regular workers suggest that they are
unlikely to account for a substantial part of the cross-country variation in aggregate
employment dynamics during the initial phase of the global financial crisis. Hence,
exploring the role of other labour market institutions as well is an important area of
future research.
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Appendix 4.A Data description

4.A.1 Sources and construction of international firm-level data

The source of the company-level data set used in the analysis is the Orbis data set,
collected by the Bureau van Dijk (BvD)31 The database is a collection of accounts,
mostly at annual frequency, derived from companies’ balance sheets and income state-
ments. As such, it is a longitudinal database providing rich variation across countries,
industries and firm size, and with a time span of seventeen years (1993-2009)32 The
version we can access contains data from 43 countries (primarily OECD member coun-
tries and those who participate in the Enhanced Engagement of the OECD) though
not all of them can be used in the analysis. Eventually 21 countries were included in
the sample, for which there is a large enough number of firms and the appropriate set
of variables for our purposes. See Table A.2 in the Section 4.2.2 of the main text for
the set of countries we use and the number of observations and firms for each.

31The Orbis data set, which contains countries outside as well as within Europe, is augmented with
the Amadeus data set (also collected by the BvD) This was needed primarily to include more
firm-year observations in the 1990’s, as the vintage of the Orbis data set available at the OECD
starts reporting firms mostly only around 1999.

32The Statistics Department (STD) and at the Directorate of Employment, Labour and Social Affairs
(ELS) of the OECD have carried out extensive consistency checks and cleaning of the data. Among
others, the role of consolidated accounts, differing accounting years have been addressed. See more
details on this by the OECD STD (Ragoussis and Gonnard, 2011)

186



4.A Data description

Table A.1: Criteria for filtering observations

Note: observations are dropped from the database if any of the criteria (columns) for any variable
(rows) is not fulfilled. For example, the first entry in column four corresponds to the following rule: an
observation is dropped if the yearly growth rate in employment grows by a factor of 5 or drops by 80%.
This rule is equivalent to keeping all observations which satisfy the following rule 1.2<Et/Et−1<5.
The relative magnitude of the intervals across variables are based on an assessment of the relative
standard deviation of the variables.
a) Dropping observations with large absolute changes. An observation is dropped if the absolute value
of log changes |log(Xt/Xt−1)| is larger than values in the respective cells of the table, and also the
absolute value of changes in levels are larger than the value in the cell.
b) Dropping observations with large growth rates. An observation is dropped if Xt/Xt−1 is larger
than the cell value or smaller than the inverse of the cell value.
c) Dropping observations with volatile growth rates (reversals) An observation is dropped if Xt/Xt−1
is above the cell value in time t and is below the inverse of the cell value in time t + 1.
d) Dropping observations with volatile growth rates (lagged growth) An observation is dropped if the
absolute value of log changes is larger than the elements in the first sub-column and the difference
with the lagged change is larger than the elements in the second sub-column.
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Table A.2: The number of observations in the raw and estimation samples by country

Notes: non-farm, non-financial business sector, 1993-2009. The raw sample for the employment
(earnings per worker) analysis corresponds to observations with strictly positive values for sales,
employment (and earnings per worker) The raw data is different from the estimation sample due to
restrictions on minimum firm size (at least 3 employees) basic cleaning and outlier-filtering, and most
importantly, concentrating on firms with at least five valid observations. Smallest and largest cells
refer to the cells with the least and largest number of observations, considering nine cells based on
three broad sectors (manufacturing, construction and business services) and three firm size classes
(less than 20 employees, between 20 and 250 employees, more than 250 employees) Countries marked
with * are excluded from the earnings per worker sample because of the low number of observations.
For more details, see Section 4.A.1 in the Appendix and Section 4.2.2.

Our main variable of interest is employment (EMPLOYEES in Orbis) sales or
turnover (OPERATING_REV_TURNOVER) as a proxy for output and labour costs
(COSTS_EMPLOYEES) Earnings per worker is defined as labour costs divided by
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4.A Data description

employment.
All firms in our analysis have at least three consecutive years of non-missing and

positive data without implausibly large longitudinal changes. Specifically, as they are
likely to be data errors, we filter out observations in any of the conditions are met in
Table A.1. The main filtering rules were: i) to exclude observations with less than three
employees; ii) to exclude firms with less than three consecutive observations and less
than five observations in total (not necessarily consecutive); iii) to exclude observations
with implausibly large changes in employment, sales or earnings per worker and iv) to
exclude outliers based on sales per worker (i.e. labour productivity)

We also apply outlier filtering based on the distribution of sales over employment
and earnings per worker: we apply the Chebyshev method and filter out observations
in each country, industry and sizeclass cell which our outside the interval defined as
[p25–1.5∗ iqr, p75+1.5∗ iqr], where p25 and p75 denotes the 25th and 75th percentiles,
and iqr is the interquartile range: iqr = p75 − p25.

After dropping observations which do not pass these filters, we require that each
firm has at least five observations in order to ensure that the GMM type estimation
can utilize enough number of lagged values. The affected number of observation per
each country for each of these criteria is available on request.

4.A.2 Employment protection index with firm size exemptions

Table A.3 presents the degree of employment protection, pertaining to regular, per-
manent workers (EPL R) and collective dismissals (EPL C) for firms below and above
the size thresholds, for countries where such size exemptions of applying employment
protection are present. The data is taken from Venn (2009)
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Table A.3: Employment protection and firm-size exemptions

Stringency of employment-protection provisions for regular workers and collective dismissals

Notes: EPL R denotes the stringency of firing regular workers, and EPL C measures the stringency
of collective dismissals regulations in 2008. - : Not applicable. Source: Venn (2009)

Appendix 4.B Firm size distributions by employment
thresholds for firm-size exemptions

Below we show the employment distribution of firms for those countries where employ-
ment protection legislation exempts small firms from the most stringent regulations.
The threshold below firms are considered exempt vary by country, but 4 groups can
be identified, with thresholds at employment levels of 10, 15, 20 and 25. The US,
with the threshold at 100 employees, is omitted because the stringency of the more
important, regular worker component (EPR) of the EPL index is the same below and
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above the threshold, and the employment histogram is very irregular around such high
employment levels due to low density of firms at such, relatively high employment level.

Figure B.1: Firm size distributions by employment thresholds for firm-size exemptions

(a) Slovenia (employment threshold: 10) (b) Italy, Portugal (employment threshold: 15)

(c) Austria, Belgium, Denmark, Finland, Germany,
Hungary (employment threshold: 20)

(d) Spain (employment threshold: 25)

Notes: horizontal axis denotes employment (E) the columns indicate the densities of the firms size
(measured by employment) distribution by country-groups, grouped by the employment protection
thresholds below which exemptions apply. Vertical lines indicate the country-group specific threshold
levels (10, 15, 20 and 25)
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Summary

My dissertation consists of four studies, with a common focus on how market imper-
fections or policy induced frictions shape the input choices – capital and labour – and
the productivity of firms, sectors and the macroeconomy as a whole.

Chapter 1 provides an empirical and theoretical analysis on the role of capital rent-
als as opposed to ownership by firms. Novel results using US firm level data show
that capital renting makes up one-fifth of capital expenditures, and it increases during
downturns. Further, cross-country evidence is presented that output losses after finan-
cial crises are smaller where renting is more prevalent. To understand these findings, a
general equilibrium model with borrowing constraints and with the option to rent or
buy capital is set up. It illustrates that the countercyclicality of rentals occurs because
their supply increases, as renting serves as an additional means of savings when credit
markets malfunction. Moreover, demand also shifts towards rentals as they become
relatively cheaper. By absorbing excess savings, renting mitigates financial crises.

Chapter 2 analyses the use of information and communication technologies (ICT)
and how it is shaped by business risk. In particular, it establishes a direction of caus-
ality between ICT take up and an exogenously derived volatility of demand: matching
several cross-country cross-industry databases on detailed ICT use, input-output link-
ages and industry-level inputs and output, it shows that more volatile demand leads
to more widespread ICT adoption. By reducing adjustment costs and thus causing
firms to rely less extensively on internal inputs but more on flexible external inputs
(outsourcing), ICT helps firms to better adjust to demand shocks. This mechanism
is corroborated by empirical findings which show a significant effects of a risky envir-
onment on the use of ICT, in particular communication related technologies such as
the internet. Moreover, additional evidence is found for the key role of intermediate
inputs in adjusting to external shocks whenever ICT is used more intensively, whereas
employment – a “traditional input” internal to the firm – does not adjust more quickly.

Chapter 3 utilizes cross-country firm level data to shed light on the global productiv-
ity slowdown. It aims to bring the debate surrounding the causes of the slowdown –
which has largely been conducted from a macroeconomic perspective – to a more micro-
level. It uncovers a novel feature of the slowdown: it does not coincide with a low pace
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of productivity growth at the “global frontier” (i.e. of the most productive businesses
across all the 24 countries in the sample), but rather rising labour productivity at the
global frontier coupled with an increasing divergence between this frontier and lagging
(non-frontier) firms. Aggregate MFP performance is shown to be significantly weaker
in industries where MFP divergence was more pronounced, suggesting that the diver-
gence observed is not solely driven by frontier firms pushing the boundary outward.
The chapter then also explores the behaviour of the firms outside the frontier, and
concludes that the pace of convergence has slowed. Moreover, evidence is found for
a worsening of productivity enhancing market selection, which could be symptomatic
of rising entry barriers and a decline in the contestability of markets. Taken together,
these findings suggest that it is likely to be not only the capabilities but also the in-
centives of the laggard firms that is at play behind the growing gap from the frontier.
Confirming the role of pro-competitive deregulation in shaping the incentives of non-
frontier firms, we find that the rise in the MFP gap is much more extreme in sectors
where product market reforms were least extensive.

Chapter 4 relies on the same type of rich international microeconomic data to in-
vestigate the determinants of labour adjustment, in particular at the onset of the 2008
financial crisis. It is shown that the role of institutions and policies are of primary
importance and technological factors of production (i.e. differences between services
and manufacturing firms) are less important. First, it provides comparable estimates
on firm-level labour adjustment by country, industry and firm size. Second, using
variance decomposition methods, it shows that differences in firm-level labour adjust-
ment accounts for about 40% of the cross-country variation in aggregate employment
growth at the outset of the crisis. We interpret this as evidence that differences in
institutional settings accounted for a substantial part of the variation in aggregate
employment growth. Third, we find that stronger protection for regular workers is
associated with lower (higher) employment (earnings-per-worker) response in the wake
of output shocks. This suggests employment protection shifts the burden of adjust-
ment from the extensive to the intensive margin. However, in explaining the diverse
cross-country patterns in employment adjustment during the crisis, the impact of em-
ployment protection alone seems to be small.
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