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Abstract:

Productivity growth in southern European countries has been slowing down at least since the early
2000s. In this regard, Portugal has been no exception to this common trend as productivity growth
has been sluggish since the beginning of the century, well before the global financial crisis. At the
same time, corporate levels of indebtedness of Portuguese firms have built-up quite substantially
until recent years. Although with different levels of intensity across sectors, this pattern was
particularly prevalent in the construction sector, rendering it to be a compelling case to study the
relation between debt and productivity. Using microdata from Portuguese construction firms, in
this paper, we investigate the long-term impact of persistent corporate debt accumulation on total
factor productivity growth. To do so, we rely on the framework provided by the estimation of
heterogeneous dynamic-panel models. This framework allows us to account for dynamics, feedback
effects, firm heterogeneity, and cross-sectional dependencies arising from unobserved common factors.
After taking into account the effect of unobserved common factors affecting all firms in the sector as
well as firm’s specific characteristics, we find a negative and significant effect of corporate debt-build
up on total productivity growth in the industry. This result is robust to different measures of total
factor productivity, labour productivity and firms’ indebtedness. Our results suggest that timely
measures aiming to reduce debt overhangs by firms may be essential tools to boost productivity
growth in the construction sector.
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1. Introduction

Productivity is widely considered an essential determinant of economic growth and development in
the long-run. The recent slowdown in productivity often described as a puzzle or even as a paradox,
particularly in the case of advanced economies, has raised justifiable concern amongst economists
and policymakers alike. In this regard, Portugal has been no exception to other southern European
developed economies, as productivity growth has been sluggish since the beginning of the century, and
well before the global financial crisis (Figure 1). Meanwhile, corporate indebtedness has expanded
quite substantially from 2000 onwards, peaking in 2012, decreasing ever since, but still far from the
levels witnessed in the pre-crisis period (Figure 2).

Figure 1: Multifactor Factor Productivity, 2000=100
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Figure 2: Corporate Debt to GDP, 2000=100
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Notes: Figure 1 shows the level of total factor productivity at the aggregate level, where for each country the level has been
normalized to 100 in 2000. TFP data has sourced from the OECD’s multifactor productivity series. Figure 2 sows the ratio
of total corporate debt to GDP, and was sourced from IMF’s global debt database.

At the sector level, and despite different levels of intensity, productivity growth in Portugal has
also shown signs of a slowdown, at least since late 2000 (Figure 3) while indebtedness levels have
ratcheted up quite substantially across sectors but notably in the construction sector (Figure 4).

Having as a backdrop the performance of both productivity growth, and firms’ indebtedness in the
last decade, this paper contributes to the ongoing debate about productivity slowdown in developed
economies by addressing the long-run impact of persistent debt accumulation in firms’ total factor
productivity (TFP). To highlight the sectoral features of the joint dynamics of productivity growth
and indebtedness, we pay particular attention to the within-industry long-run effect rather them
cross-industry effects for the whole economy. Moreover, we focus our analysis in the construction
sector, which has experienced both a significant slump in productivity growth as well as a substantial
increase in indebtedness levels.

Using firm-level panel data from Portuguese non-financial corporations of the construction sector,
our empirical strategy relies on the estimation of dynamic heterogeneous panel data models which
allow us to focus on the long-run relation between TFP growth and indebtedness while admitting
heterogeneous short-run dynamics across firms. Furthermore, our empirical framework accounts for
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Figure 3: Labour Productivity, 2008=100
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Figure 4: Debt to GVA, 2008=100
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Notes: Figure 3 shows labour productivity for each sector, normalized to 100 in 2008. Sectoral data on labour productivity
was sourced from INE (excluding sole proprietors). Figure 4 sows the debt to GVA ratio normalized to 100 in 2008. Sectoral
data on debt was sourced from BdP, while GVA data was sourced from INE (both exclude sole proprietors). "Industry"
figures include both sections B and C while "Business Sector Services” includes sections G to N of CAE Rev3 (Portuguese
classification of economic activities).

the possible influence of unobservable common factors that might impact our estimates by allowing
for cross-sectionally correlated errors.

The remainder of this paper is organised as follows: Section 2 briefly discusses the relevant
literature on the topic; Section 3 describes our database as well as the underlying variables of interest;
Section 4 presents a set of summary statistics; Section 5 outlines our empirical framework; Section
6 presents the results; In section 7 we perform several robustness checks. Finally, in section 8, we
briefly discuss our results and present our chieftain conclusions.

2



2. Literature Review

Productivity has been slowing down in many advanced economies, even before the global financial
crisis. Despite some arguments that attribute this phenomenon to mismeasurement issues specifically
those related with the increasing importance of information and communication technology (ICT)
products and services5, productivity slowdown in advanced economies is generally considered a rather
undisputed fact.

As productivity is widely considered a determinant factor for long-run economic prosperity and
well being, the concerning growth path of productivity during the last decade has set the stage for
an extensive research agenda on this topic. Most research has been focusing on the driving forces
behind productivity growth, some of which may be influenced by long-term trends. Surprisingly,
though, one of such trends identified in the literature has been the diminishing pace of technological
innovation. This notion has been conveyed, for instance, by Fernald (2015) who notes that after
boosting productivity growth in the U.S. and some other advanced economies from the mid-1990s
to the early 2000s, ICT related gains appear to be fading away6. Despite this, recent research
highlights, instead, the role of slowing technological diffusion, pointing out to the growing productivity
gap amongst leading and lagging firms across many advanced economies and industries, as well as
declining business dynamism, since the early 2000s (Haltiwanger (2012); Haltiwanger et al. (2014);
Andrews et al. (2015); Decker et al. (2016)).

Beyond structural aspects, researchers have been exploring the effect of other factors such
as increased resource misallocation. Following the seminal contribution of Hsieh and Klenow
(2009), particular attention has been given to role market frictions on the allocation of inputs and
productivity growth7. Financial frictions, in particular, have been the focus of extensive study,
examples including Moll (2014), who studies the effects of such frictions on the accumulation of capital
and wealth and Midrigan and Xu (2014), who explore the role of credit constraints in generating
aggregate TFP losses. More recently, Gopinath et al. (2017) focus their attention on the role played
by real interest rates in the misallocation of capital in southern European countries, while Schivardi
et al. (2017) explore the effect of “zombie" lending misallocation of credit on Italy’s TFP dispersion.
Moreover, there are reasons to believe that the forces driving productivity growth down may be
different pre- and post-crisis (Adler et al., 2017), the latter being influenced by lack of investment
exacerbated by credit constraints (Ollivaud et al., 2016)8. Additionally, a series of papers have
highlighted the role of institutional factors weighing on productivity growth (see, for instance, Kim
and Loayza (2017)). Such factors include product, services and labour market regulation (Nicoletti
5This argument highlights the fact that official statistics on productivity may not be able to capture the impact of
technological innovations fully and has been put forward, for instance, by Feldstein (2017) and Varian (see Aeppel
(2015)). Byrne et al. (2016) are dismissive of such argument has they find little evidence that the slowdown in
productivity in the U.S. arises from growing mismeasurement of the gains from innovation in ICT-related goods and
services.

6The ongoing debate on this topic is focusing into whether the slowdown in innovations is permanent (Gordon, 2017) or
temporary (Brynjolfsson and McAfee, 2014) as significant advances such as artificial intelligence and other technologies
offer a positive outlook into productivity improvements.

7Another example can be found in Restuccia and Rogerson (2008) who argue that differences in the allocation of
resources across establishments that differ in productivity may be an important factor in accounting for cross-country
differences in output per capita.

8For French firms, Aghion et al. (2012) show that in more credit-constrained firms, R&D investment plummets during
recessions but does not increase proportionally during upturns.
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and Scarpetta, 2003), as well as firms’ practices of selection and rewarding of managers (Pellegrino
and Zingales, 2017).

Meanwhile, in the aftermath of the global financial crisis and the sovereign debt crisis that
followed, extensive research has been addressing the nexus between debt and economic growth.
Particular attention has been given to the impact of high and rising levels of public debt on economic
performance9, examples including Reinhart and Rogoff (2010)10 as well as Chudik et al. (2017). On
the other hand, Mian and Sufi (2010) examine the influence of household leverage in the built-up
to the global financial crisis and the economic crisis that ensued in the U.S. while Kalemli-Ozcan
et al. (2015) explore the impact of corporate debt overhangs in investment by Southern European
firms. Despite the growing interest given to the role of debt and debt accumulation on economic
performance, its role in productivity growth has received far less attention. Exceptions include
Nucci et al. (2005), who find a negative relationship between debt and TFP for Italian firms, Ghosh
(2009), who finds, for Indian manufacturing firms, a negative association between firm leverage and
productivity and Coricelli et al. (2012), who find a non-monotonic relationship between leverage
and productivity growth in Central and Eastern European Countries11. More recently, Anderson
and Raissi (2018) find significant negative effects of persistent corporate debt accumulation on TFP
growth of Italian firms.

In this paper, we which to contribute to the ongoing debate on productivity growth slowdown by
expanding on Anderson and Raisi’s (2018) results and methodological framework, which we apply
to the Portuguese case. We do so while focusing solely on the specific case of the construction
sector. Studying the effect of debt accumulation on productivity growth in Portugal is particularly
appealing for firms from the construction sector, where the relationship between both variables seems
to have been particularly intense. Moreover, since the 1990s, this sector also recorded higher weight
of global value-added (GVA) as well as credit granted by the financial system when compared to
other European countries (Reis, 2013), rendering it to be an all-around compelling sector to study
within the scope of this paper.

9Although the lack of consensus prevents it to be considered a stylized fact, the predominant view on the subject
is that higher levels of public debt constrain economic growth. Panizza and Presbitero (2014), disagree with this
view arguing that even though there is a negative correlation between economic growth and public debt, in advanced
economies, there is no causality in the relation.

10The conclusions presented in this paper have been subject to extensive scrutiny and critique. Examples include, for
instance, Herndon et al. (2014) as well as others such as Kumar and Woo (2010).

11TFP growth increases with leverage until the latter reaches a critical threshold beyond which leverage lowers TFP
growth.
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3. Data

3.1. Database

Our empirical strategy relies on firm-level data sourced from Banco de Portugal’s Microdata
Research Laboratory (BPlim), which provides annual information on non-financial corporations
located in Portugal12. The data set relies on information reported through IES - Informação
Empresarial Simplicada (Simplified Business Information). Moreover, IES is a mandatory and
exhaustive repository of information on the balance sheet of firms legally registered in Portugal, as
well as other variables collected by the Ministry of Justice through the Central Registry of Companies.
Specifically, BPlim data set contains information on the sector of activity (at a five-digit level), legal
form, location (at the district level), size category, founding year along with information on the firm’s
situation at the end of the fiscal year. The data set also includes detailed balance sheet information
as well as employment data. Data covers firms over the period 2006-2017, which entails the use
of two different accounting standards. Until 2009, the data was reported according to the POC -
Plano Oficial de Contabilidade (National Plan of Accounts) standard, while from 2010 onwards, the
SNC - Sistema de Normalização Contabilística (Accounting Standards System)standard has been
used. The reason behind this change is the fact that this new standard is closer to the International
Accounting Standards (IAS) and International Financial Reporting Standards (IFRS). Although this
fact could pose difficulties in terms of comparability of figures across both accounting standards, we
relied on BPlim’s harmonized version of the data set, which allows a consistent definition of variables
throughout the accounting vintages13. Despite using BPlim’s data set severely limited the likelihood
of encountering misreporting problems in our data, we undertook a series of cleaning steps to ensure
consistency based on those performed by Anderson and Raissi (2018), and Gopinath et al. (2017).
These cleaning steps are thoroughly outlined in the Appendix. Moreover, we restrain our analysis to
construction firms that consistently report at least three employees in the period.

3.2. Variables of Interest

We use firms’ balance-sheet figures to build our variables of interest. Firstly, we define total debt
as the sum of current14 and non-current obtained funding as reported by firms in their balance-sheet.
As in Anderson and Raissi (2018), we define our baseline measure of indebtedness, DEBT, as the
ratio of firms’ debt to its nominal value-added. Moreover, we compute the nominal value-added as the
difference between total output (which includes total turnover, variation in production, capitalised
production, supplementary income and operating subsidies) and intermediate consumption (which
comprises costs of goods sold and material consumed as well as external supplies and services).

Although alternative measures of firm indebtedness could be used, such as measures based on

12This data set only provides information on corporations. For that reason, sole proprietors were excluded from this
study.

13The harmonization procedure performed by Banco de Portugal tried to ensure the compatibility of the variables
over time as much as possible. However, the procedure heavily relies on the harmonization methodology adopted.
Moreover, the transition between the old and the new accounting rules and concepts may take some time. For this
reason, some harmonized variables may show a clear discontinuity in 2010.

14Current obtained funding was not directly available in our data set. As such current obtained funding was computed
as the difference between total current liabilities and other current liabilities accounts namely, suppliers and remaining
current liabilities which include state and other public sector institutions, other current liabilities and deferred income.
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leverage ratios, this formulation is relatively unresponsive to asset price volatility or revaluation,
which could contaminate our estimates. Despite this fact, we check the robustness of our results to
alternative measures of indebtedness such as debt, as defined earlier, to assets.

To estimate TFP, we require figures for labour and capital inputs. As for labour, we use the cost
of employees as a proxy, whereas capital stock was computed using the perpetual inventory method
outlined in the Appendix. We estimate TFP as the fitted residuals of a standard log-linearized Cobb-
Douglas production function. Formally, the production function for the firm i at time t operating in
a given sector is the following:

yi,t = βkki,t + αlli,t + ui,t (1)

where y(i,t) is the logarithm of value-added; k(i,t) is the logarithm of capital; l(i,t) is the logarithm
of labour and u(i,t) is the logarithm of TFP. Related literature on the subject has often pointed to
the positive correlation between the observable input levels and unobservable productivity, rendering
ordinary least squares (OLS) to be inconsistent. To address this simultaneity issue, we estimate TFP
using Wooldridge’s single-step approach15 (Wooldridge, 2009), which builds upon Olley and Pakes
(1996) and Levinsohn and Petrin (2003) two steps procedures.

4. Descriptive Statistics

4.1. Sample

Our initial data set comprises an extensive collection of information about the population of
non-financial corporations in Portugal from 2006 to 2017, which includes firms from the construction
sector. To obtain our initial sample, we started by eliminating irrelevant sectors. We followed by
applying a series of cleaning steps outlined in the Appendix section. Although the limitations imposed
on the initial data set by our cleaning procedures severely limited the number of observations and
firms available 16, our unbalanced panel covers over 60% of yearly value-added as well as over 55%
of yearly employment in the sector (Figure 5).

To assess the long-run impact of indebtedness build-up on productivity growth in the construction
sector, we focus on firms that consistently reported their annual financial accounts statements over
the 2006-2017 period. This requires firms to be active for the full 12 years of available data. However,
the average and the median number of active years of construction firms in our initial sample is 6.3
and 6 years, respectively. Additionally, we follow Anderson and Raissi (2018), as we focus our analysis
on firms that report a debt to value-added ratio of at least 1% during the period. As a result, our
balanced panel ended up with observations for firms covering approximately 15% of employment and
20% of value added by the end of the sample period (Figure 6).

15This procedure was implemented in Stata using Mollisi and Rovigatti’s prodest command (Rovigatti and Mollisi,
2018).

16After performing our cleaning procedures our unbalanced panel covered approximately 18% of the initial observations
and 20% of the initial firms.
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Figure 5: Coverage Unbalanced Panel
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Figure 6: Coverage Balanced Panel
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Notes: Figures 5 and 6 show the yearly share of employment and value-added for the unbalanced and balanced panels of
construction firms respectively.

Although firms in our balanced panel tend to be larger and have a higher number of employees
than firms in our unbalanced panel, median productivity growth profiles of firms in the unbalanced
and balanced panel are remarkably close (Table 1).

Table 1. Employment and TFP Growth - Balanced and Unbalanced Panels

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

TFP Growth
Balanced 2,9 1,2 -0,4 -1,5 -2,3 -3,8 -0,1 -0,2 1 0,8 2,8
Unbalanced 2,2 0,3 -1,2 -1,9 -2,2 -3,1 -0,07 0,6 1,7 0,9 2,5
Employment
Balanced 12 12 12 13 12 12 11 11 12 12 12
Unbalanced 9 10 9 9 9 8 8 8 8 8 8

Notes: The table shows the median number of employees and TFP growth for both the balanced and unbalanced panels of
firms.

4.2. Evolution of Firm Indebtedness

In figure 7, we compare different measures of firm indebtedness for our balanced panel of
construction firms. Debt to value-added, our baseline measure of firm indebtedness, raised rapidly
and steadily from 2008 onward, peaking in 2015 before falling back modestly. However, firms debt to
value-added in 2017 was still well above pre-crisis levels. Debt to assets displayed a similar pattern,
particularly between 2010 and 2014. By contrast, both debt to EBITDA17, as well as debt to equity,
displayed a more volatile behaviour during the period. Debt to EBTIDA was particularly volatile
from 2010 to 2012, stabilizing, by the of the period, at approximately two times its 2006 value. Debt
to equity, that had been raising consistently since 2006 fell abruptly in 2010, picked-up again in 2012
but has been decreasing ever since. More remarkably, though, is the fact that this is the only measure
of firm’s indebtedness that, by 2017, had reached pre-crisis levels.
17EBITDA is computed as the difference between operating income (which includes turnover and remaining income,
excepting obtained interest and similar income) and total operating costs (that include costs of goods sold and
material consumed, supplies and external services, employee expenses and remaining expenses).
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Figure 7: Different Measures of Firm Indebtedness
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Notes: Panels (a) to (d) show different measures of aggregate firm indebtedness for the balanced panel of x firms. Panel (a)
shows the sum of debt for all firms as a ratio of the sum of value added for all firms. Panel (b) shows the sum of debt for all
firms as a ratio of the sum of EBITDA for all firms. Panel (c) shows the sum of debt for all firms as a ratio of the sum of
total assets for all firms. Panel (d) shows the sum of debt for all firms as a ratio of the sum of equity funds for all firms.

Furthermore, the detailed breakdown of the median value of debt to value-added by size class18,
presented in Table 2, shows that this measure of firm indebtedness displayed a certain degree of
heterogeneity across size categories 19. After a rapid increase in indebtedness levels, particularly
after 2008, Micro and Small firms began scaling down debt from 2012 onwards, reaching 2017 with
median values of indebtedness comparable to the ones observed in 2006. Medium firms indebtedness
levels displayed a similar pattern to the one seen in smaller firms, although the reduction of debt
in the period after the crisis was far more modest. Notably, in 2017, the median value of debt to
value-added of Medium firms was 20 p.p. above its 2006 level. More interesting though was the
behaviour displayed by the median value of debt to value-added in larger firms. Following 2009,
median indebtedness levels rose sharply, more than doubling in three years. After peaking in 2013,
a short period of adjustment followed. In 2017, though, larger firms indebtedness levels ratchet-up
once more nearing the level of 2013.

18Firms are grouped according to the Commission Recommendation of 6 of May of 2003 concerning the definition of
micro, small, and medium-sized enterprises.

19For further detail, in the Annex, we present a size class breakdown of other measures of median firm indebtedness
such as debt to EBITDA, debt to Assets and debt to Equity.
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Despite this, our empirical approach is not likely to be influenced by size class heterogeneity
of indebtedness levels, as the analysis focuses on the rate of change of debt rather than on a level
effect. Besides that, larger firms account only for a small fraction of the total number of firms in
our balanced panel (see Table 10 in the Annex for further detail on the distribution of firms by size
class) rendering results likely to be rather irresponsive to robustness checks based on the exclusion
of larger firms from our empirical analysis.

Table 2. Debt to Value Added, by Size Class (%)

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Size Class
Micro 60.4 58.4 65.4 69.0 71.7 70.0 72.2 70.0 71.0 62.5 63.1 58.7
Small 53.3 52.3 49.2 56.2 66.2 65.7 63.7 61.9 62.5 54.5 55.0 49.6
Medium 30.8 32.4 37.5 40.2 65.8 59.0 75.8 77.8 73.7 66.3 65.8 57.4
Large 45.9 50.5 59.0 49.6 80.6 90.1 106.5 112.8 94.5 93.4 93.5 111.7

Notes: The table shows the median value of debt to added value for the balanced panel of construction firms in the period.

4.3. Evolution of Firm Productivity

In figure 8, we present mean and median TFP growth in our balanced panel of construction firms.
Both median and mean TFP growth rates fell sharply from 2007 to 2012, entering negative terrain
as soon as 2009 and 2010 respectively. After bottoming in 2012, average TFP growth picked-up and
became positive as late as 2013, while median TFP growth remained negative until 2014. Contrary to
what happened in the previous period, where TFP growth fell almost continuously, the recovery that
ensued the 2012 bottom was far bumpier and characterized by stop-and-go moments, particularly
when it comes to the average construction firm.

Alternatively to TFP, figure 9 depicts mean and median labour productivity20 growth for
our balanced panel of construction firms. Albeit with different scales, mean and median labour
productivity growth show similar trends to mean and median TFP growth during the period. As
for differences between the two measures of productivity, they arise primarily from the behaviour
of median growth rates. Whereas median TFP growth had been negative since 2010, only in 2012
did median labour productivity reached negative figures. Another striking difference between both
measures of productivity steams from the fact that until 2012, the gap between median and mean TFP
growth rates narrowed down more intensively than in the case of labour productivity. This suggests
that once capital is taken into account, productivity slowdown seems to have been equally felt across
all firms. More interestingly, though, is the fact that during the recovery period, there seems to be
a decoupling between the median and mean growth rates, hinting towards greater dispersion among
firms both in TFP and labour productivity growth.

20Here on after we refer to labour productivity as the ratio between value-added and the number of employees.
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Notwithstanding the different dynamics, both parametric and empirical measures of productivity
growth are in line with the Portuguese business cycle pattern of the last decade. As such and in order
to strengthen our results, we assess their robustness to different measures of productivity, namely
labour productivity. Similarly, we check whether our results are influenced by the chosen method of
TFP computation by using alternative parametric methods.

Figure 8: Total Factor Productivity Growth
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Figure 9: Labour Productivity Growth
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Notes: Figure 8 shows median and mean TFP growth for the balanced panel of construction firms. TFP is estimated
using Wooldridge’s single-step approach and corresponds to the fitted residuals of a standard log-linearized Cobb Douglas
production function described in equation (1). Figure 9 shows median and mean labour productivity growth. Labor
productivity is calculated as the ratio between value-added and the number of employees.

Moreover, in Figures 10 and 11, we breakdown mean and median TFP growth by firm size. In this
sense, both average firms, as well as median firms of different size categories, experienced a similar
growth path during the period, maybe except for medium firms, for which the behaviour of TFP
growth was far more volatile. Once again, these results highlight the fact that size may not have
been the prominent factor when it comes to productivity growth during the period.

Figure 10: Mean TFP Growth, by Size Class
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Figure 11: Median TFP Growth, by Size Class
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Notes: Figure 10 shows mean TFP growth of all size classes of our balanced panel of construction firms during the period.
Figure 11 shows the median TFP growth for the same firms.
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5. Empirical Framework

5.1. Auto-Regressive Distributed Lag (ARDL) Approach

Our econometric strategy relies on the framework provided by the estimation of heterogeneous
dynamic-panel models which allows us to focus on the long-run effect of firm-level indebtedness
build-up on productivity growth. We rely on a two-equation setting where the joint dynamics of
productivity growth and indebtedness at the firm level is described as follows:

∆TFPit = αi,y + δi∆TFPit−1 + τi∆dit−1 + εit (2)

∆dit = αi,d + ρi∆dit−1 + ωi∆TFPit−1 + εit (3)

where TFPit is the estimated logarithm of TFP for firm i at time t, and dit is the logarithm of
firm indebtedness. This specification allows both for firm-fixed effects, (αi,y and αi,d) as well as
for feedback effects from firm productivity to indebtedness, as the former is more than likely to
impact firms’ choices on how to finance their assets. Despite focusing only in the construction sector,
our model allows for heterogeneous short-run dynamics in productivity and indebtedness across all
firms, as slope coefficients are firm-specific (δi, τi, ρi, and ω1). In our baseline ARDL specification,
we assume cross-sectionally independent errors, although, in our preferred version of the model, this
rather strict assumption is relaxed by allowing cross-sectional dependencies. Moreover, TFP and
debt levels are determined simultaneously at the end of the period for all firms. As in Anderson and
Raissi (2018) we address the possibility of simultaneity bias stemming from this fact, by assuming
that εi,t linearly depends on εi,t:

εit = liεit + uit (4)

such that εit and uit are uncorrelated. We can interpret li as the degree of simultaneity between εit
and εit. We also assume that li differs across all i as firms have different needs as well as access to
external financing.

Substituting εit for (4) and plugging (3) into (2), we obtain an ARDL (1,1) representation of
productivity growth:

∆TFPit = ci + λi∆TFPit−1 + βi0∆dit + βi1∆dit−1 + uit (5)

where ci = αi,y − liαi,d; λi = δi − liωi; βi0 = li; and βi1 = τi − liρi.
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Our primary interest is to study the long-run impact of firm-level debt build-up on TFP growth.
This impact can be retrieved from (5) using short-run coefficients, such that:

θi =
βio + βi1
(1 − λi)

(6)

The literature on heterogeneous panel-data models estimation, in which both cross-sectional units
and the number of times-series are large, suggests several approaches to estimate (5). For the ARDL
representation, we use the pooled mean group (PMG) estimator, as proposed by Pesaran, Shin and
Smith in Pesaran et al. (1997) and Pesaran et al. (1999), which allows for an intercept, heterogeneous
short-run dynamics, and joint long-run debt growth elasticity of TFP. Furthermore, the traditional
ARDL approach is suitable for the long-run analysis as this methodology is valid regardless of whether
the regressors are exogenous, or endogenous, and irrespective of whether the underlying variables are
I (0) or I (1)21.

5.2. Distributed Lag (DL) Approach

Alternatively, to the estimation of the long-run effects of debt on productivity through the short-
run coefficients of the ARDL representation, we use a distributed lag (DL) approach to assess
this effect directly. We do so to strengthen the robustness of our results as the DL can be seen
as complementary to the ARDL approach (Chudik et al., 2013). Moreover, this method has a
better small sample performance for moderate values of T (Chudik et al., 2013), which is the case.
Furthermore, in the DL representation, we use the mean group (MG) estimator proposed by Pesaran
and Smith (1995) where the intercepts, slope coefficients, and error variances are all allowed to differ
across groups. Additionally, it should be noted that the PMG estimator constrains the long-run
elasticities to be equal across all firms. This "pooling" across firms yields efficient and consistent
estimates when this restriction is valid. Despite this, MG estimates are consistent whether slopes are
homogeneous or heterogeneous. Formally, the DL specification is given by the following expression:

∆TFPit = ci + θi∆dit +

p∑
l=0

δil∆
2dit + vit (7)

where θiis now the long run-effect of debt on ∆TFP and p is the lag order. In the result section, we
report the estimates of the long-run effect using the DL approach, allowing for various lag lengths.

5.3. Cross-Sectionally Augmented ARDL and DL Approaches

Until now, we have assumed a somewhat restrictive assumption about the nature of the cross-
sectional errors. That is, we have assumed that the errors in the debt/TFP relationship are cross-
sectionally independent, which is likely to be problematic as several factors could lead to cross-
sectional error dependencies. This fact is particularly true as we are dealing with firms operating in

21For further details see Chudik et al. (2013).
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the same sector that are likely to have been subject to the same kind shocks during the period. Factors
that can lead to cross-sectional dependencies are most likely unobserved and include financial crises
and recession, labour and product market frictions, commodity price shocks, institutional factors
that condition business environment, the health of the banking system or other omitted common
factors. We introduce this possibility by assuming that the errors in (5) have a multifactor error
structure given by:

uit = γ
′

ift + ûit (8)

where γ
′

i a m × 1 vector of factor loading and ft is a m × 1 vector of unobserved common factors
themselves possibly correlated. As for ûit, they are idiosyncratic errors uncorrelated with ft or at
least mildly cross-correlated.

Both ARDL and DL specifications, described in previous sections, can be readily generalized to
deal with cross-sectional dependence by approximating the unobserved common factors. We do so by
following a parsimonious version of the one implemented by Chudik and Pesaran (2015) as both ARDL
and DL specifications are augmented with cross-sectional averages of productivity and indebtedness
growth. Moreover, the DL models were also augmented with lagged values of cross-sectional averages
both of the dependent and independent variables. In doing so, we obtain a CS-ARDL and CS-DL
specifications of our baseline models 22.

6. Results

6.1. Baseline ARDL and DL Specifications

The results from the estimation of our baseline ARDL, DL specifications are reported in Table
1. As discussed earlier, for every ARDL specification, we report PMG estimates, of the long-run
effect of increased indebtedness, ∆dit, on total factor productivity growth ∆TFPit. For these
specifications, we also report the error-correction speed of adjustment parameter λ̂. Likewise, for
the DL specification, we report the MG estimates for the long-run effect. Moreover, we report
different ranges of lag lengths to access the sensitivity of our results to the choice of the lag order.
Notably, we use the same lag order for all firms, but consider different values of lags in the range of 1
to 2 for both the ARDL method and DL. Furthermore, as noted by Chudik et al. (2013), sufficiently
long lags are necessary to ensure the consistency of the ARDL approach, whereas using more lags
than necessary can be conducive to estimates with poor small sample properties. The results both
from our ARDL and DL approaches, reported in Table 3, suggest a negative long-run relationship
between persistent debt build-up and productivity growth, regardless of the chosen lag order. In
both specifications, the estimated coefficient, θ̂∆d, is negative and statistically significant. However,
the PMG estimate of debt elasticity in the ARDL specification is smaller in magnitude than the
estimate from the MG used in the DL specification.

22The relative merits and drawbacks of both approaches are thoroughly discussed in Chudik et al. (2013).
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Particularly, estimates from the ARDL models fall between -0.045 and -0.056, whereas the figures
from the DL models range between -0.135. and -0.139.

Table 3. Estimates of Long-Run Effects of Corporate Indebtedness on TFP Growth

ARDL DL

Lags (1,1) (1,2) (2,1) p=1 p=2

θ̂∆d -0.054*** -0.056*** -0.045*** -0.135*** -0.139***
(0.002) (0.002) (0.002) (0.007) (0.009)

λ̂ -1.152*** -1.175*** -1.394***
(0.011) (0.013) (0.019)

Constant -0.005*** -0.010*** -0.009 -0.005*** -0.005***
(0.001) (0.001) (0.001) (0.000) (0.000)

Observations 10,940 9,846 9,846 10,940 9,846

CD 67.667*** 67.367*** 68.906*** 43.200*** 21.470***

Notes: The ARDL and DL specifications are described in equations (5) and (7). For the ARDL we report PMG
estimates while for the DL we report MG estimates. CD refers to test statistic for weak cross-sectional dependence.
Standard errors are reported in parentheses. Symbols ∗, ∗∗, and ∗∗∗ denote significance at 10%, 5%, and at 1%
respectively.

6.2. Cross-sectionally Augmented ARDL and DL Specifications

As noted before, in our baseline specifications for the ARDL and DL models, we deal
with heterogeneity, simultaneity and dynamics in the long-run relationship between debt build-
up and productivity growth. Despite this, we assumed cross-sectionally independent errors.
Notwithstanding, a series of common factor are likely to have affected all firms during the period,
deeming this assumption to be implausible. Furthermore, some of these factors may be unobservable
as well as correlated with the regressors, leading to biased estimates. In order access, the degree of
cross-sectional dependence we apply a CD test based on Pesaran (2015) under the null hypothesis
of weak cross-sectional dependence. As reported in Table 1, for all lag orders, we firmly reject the
null hypothesis, leading us to conclude for the presence of a significant degree of cross-sectional
dependence amongst errors. To address the problem, we use the CS-ARDL and CS-DL approaches.
These are modified versions of our baseline specifications that make use of cross-sectional averages
of the regressors, the dependent variable, and their lags as proxies of unobserved common factors.

Results from this approach are reported in Table 4. Under these specifications, the long-run
relationship between debt built-up and TFP growth remains negative and statistically significant for
all specifications. On the other hand, once we control for common correlated effects, the long-run
relationship between debt growth and productivity seems to become more intense in the case of
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our DL representation, though the same does not hold for the ARDL representation. Interestingly,
for our DL representation, we now accept the null hypothesis of weak cross-sectional dependence of
errors, as the CD statistic becomes insignificant.

Table 4. Estimates of Long-Run Effects of Corporate Indebtedness on TFP Growth

CS-ARDL CS-DL

Lags (1,1) (1,2) (2,1) p=1 p=2

θ̂∆d -0.060*** -0.037*** -0.044*** -0.145*** -0.192***
(0.002) (0.002) (0.001) (0.011) (0.037)

λ̂ -1.272*** -1.345*** -1.737***
(0.013) (0.018) (0.029)

Constant -0.001 -0.002 0.000 -0.001 0.001
(0.001) (0.002) (0.002) (0.002) (0.005)

Observations 10,940 9,846 9,846 10,940 9,846

CD 66.753** 69.904*** 69.089*** -1.296 -1.192

Notes: The CS-ARDL specification augmented the baseline ARDL model with cross-sectional averages of the dependent
and independent variables. The CS-DL specification augmented the baseline DL model with cross-sectional averages
and lags of the dependent and independent variables. For the CS-ARDL we report PMG estimates while for the CS-DL
we report MG estimates. CD refers to test statistic for cross-sectional dependence. Standard errors are reported in
parentheses. Symbols ∗, ∗∗, and ∗∗∗ denote significance at 10%, 5%, and at 1% respectively.

Overall, both our ARDL and DL specifications results are of economic significance as they
are indicative of a negative long-run effect of increasing firm indebtedness on TFP growth in the
construction sector during the period 2006-2017. Particularly for the coefficient estimates of our CS-
ARDL specifications, this implies that a persistent annual increase in the debt to value-added ratio of
1%, in the long-run, is associated with a decrease in TFP growth rate of approximately 0,1 percentage
points. Alternatively, if we consider the possibility of different responses in the relationship between
indebtedness and productivity across firms, our CS-DL results show that the decrease in TFP growth
is about the double, that is 0,2 percentage points. Moreover, these results are robust to the inclusion
of multiple lag lengths of the regressors and qualitatively consistent after we control for common
correlated effects that are shown to have had an impact on construction firms during the period.
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7. Robustness

7.1. Alternative Measures of Firm Indebtedness

7.1.1. Debt to EBITDA

As an alternative measure of corporate indebtedness, we use the ratio of total debt, as defined
in our baseline specification, to earnings before interest, taxes depreciation and amortizations,
commonly known as EBITDA. From a financial standpoint, EBITDA is the amount of "cash-
flow" generated by the firms’ operational activities and distinguishes itself from value-added by not
including financial profits, extraordinary profits, as well as the cost of employees. Being so, EBITDA
can assume positive or negative values at the end of the period. As some firm-year observation
presented zero or negative figures for EBITDA, these had to be removed from our sample in order
to implement our empirical procedure.

The results from this alternative specification are reported in Table 5 and confirm the long-run
negative relationship between persistent debt to EBITDA build-up and TFP growth. Moreover, we
find the effect to be statistically significant for both ARDL and DL specifications. As in the case
of our baseline models, figures from the CD statistic suggest the role of common correlated effects
influencing the relationship. Despite this, and after controlling for these effects, in both our CS-DL
representations, we are unable to reject the null hypothesis of weak cross-sectional dependence. This
happens without compromising neither the proper sign for our estimates nor statistical significance.

7.1.2. Debt to Assets

As another measure of firm indebtedness, we use a leverage ratio based on assets. Particularly,
we consider the ratio of total debt to total assets in all our specifications. The results for these
specifications are reported in Table 6. Although more likely to be susceptible to the influence of
price fluctuation and revaluation issues, the negative relationship between this leverage ratio and
productivity growth is confirmed in our results. Moreover, the estimates of the long-run effect are
statistically significant in all specifications other than the CS-DL of order 2. Although displaying the
proper sign, the relevant coefficient for this specification is statistically non-different from zero.

16



T
ab

le
5.

E
st
im

at
es

of
L
on

g-
R
u
n
E
ff
ec
ts

on
T
F
P

U
si
n
g
D
eb

t
to

E
B
IT

D
A

A
R
D
L

D
L

C
S-
A
R
D
L

C
S-
D
L

La
gs

(1
,1
)

(1
,2
)

(2
,1
)

p=
1

p=
2

(1
,1
)

(1
,2
)

(2
,1
)

p=
1

p=
2

θ̂ ∆
d

-0
.0
75
**
*

-0
.0
78
**
*

-0
.0
69
**
*

-0
.0
97
**
*

-0
.0
26
**
*

-0
.0
76
**
*

-0
.0
68
**
*

-0
.0
44
**
*

-0
.1
02
**
*

-0
.0
21
**
*

(0
.0
02
)

(0
.0
02
)

(0
.0
01
)

(0
.0
05
)

(0
.0
07
)

(0
.0
01
)

(0
.0
01
)

(0
.0
01
)

(0
.0
10
)

(0
.0
49
)

λ̂
-1
.1
70
**
*

-1
.1
88
**
*

-1
.3
43
**
*

1.
29
6*
**

-1
.3
59
**
*

-1
.7
34
**
*

(0
.0
13
)

(0
.0
15
)

(0
.0
21
)

(0
.0
15
)

(0
.0
20
)

(0
.0
31
)

C
on

st
an

t
0.
00
1

-0
.0
03
**

-0
.0
03
*

0.
00
0

-0
.0
04
**

-0
.0
01

-0
.0
04
*

-0
.0
05
*

-0
.0
02

-0
.0
12
*

(0
.0
01
)

(0
.0
01
)

(0
.0
01
)

(0
.0
01
)

(0
.0
01
)

(0
.0
01
)

(0
.0
02
)

(0
.0
02
)

(0
.0
02
)

(0
.0
06
)

O
bs
er
va
ti
on

s
8,
77
0

7,
89
3

7,
89
3

8,
77
0

7,
89
3

8,
77
0

7,
89
3

7,
89
3

8,
77
0

7,
89
3

C
D

45
.4
56
**
*

44
.8
05
**
*

46
.6
93
**
*

28
.4
03
**
*

33
.4
68
**
*

45
.2
93
**
*

46
.9
96
**
*

51
.7
76
**
*

-1
.9
83
**

-0
.5
60

N
ot
es
:
T
he

A
R
D
L
an

d
D
L
sp
ec
ifi
ca
ti
on

s
ar
e
de
sc
ri
be

d
in

eq
ua

ti
on

s
(5
)
an

d
(7
).

Fo
r
al
l
sp
ec
ifi
ca
ti
on

s,
in
de
bt
ed
ne
ss

is
m
ea
su
re
d
by

th
e
ra
ti
o
of

de
bt

to
E
B
IT

D
A
.
Fo

r
th
e
A
R
D
L
w
e
re
po

rt
P
M
G

es
ti
m
at
es

w
hi
le

fo
r
th
e
D
L
w
e
re
po

rt
M
G

es
ti
m
at
es
.
T
he

C
S-
A
R
D
L
sp
ec
ifi
ca
ti
on

au
gm

en
te
d
th
e
ba

se
lin

e
A
R
D
L
m
od

el
w
it
h
cr
os
s-
se
ct
io
na

l
av
er
ag
es

of
th
e
de

pe
nd

en
t
an

d
in
de
pe

nd
en
t
va
ri
ab

le
s.

T
he

C
S-
D
L
sp
ec
ifi
ca
ti
on

au
gm

en
te
d
th
e
ba

se
lin

e
D
L
m
od

el
w
it
h
cr
os
s-
se
ct
io
na

la
ve
ra
ge
s
an

d
la
gs

of
th
e
de

pe
nd

en
t

an
d
in
de
pe

nd
en
t
va
ri
ab

le
s.

C
D

re
fe
rs

to
te
st

st
at
is
ti
c
fo
r
w
ea
k
cr
os
s-
se
ct
io
na

l
de
pe

nd
en

ce
.
St
an

da
rd

er
ro
rs

ar
e
re
po

rt
ed

in
pa

re
nt
he
se
s.

Sy
m
bo

ls
∗
,
∗∗
,
an

d
∗∗

∗
de
no

te
si
gn

ifi
ca
nc
e
at

10
%
,
5%

,
an

d
at

1%
re
sp
ec
ti
ve
ly
.

17



T
able

6.
E
stim

ates
of

L
on

g-R
u
n
E
ff
ects

on
T
F
P

U
sin

g
D
eb

t
to

A
ssets

A
R
D
L

D
L

C
S-A

R
D
L

C
S-D

L

Lags
(1,1)

(1,2)
(2,1)

p=
1

p=
2

(1,1)
(1,2)

(2,1)
p=

1
p=

2

θ̂
∆

d
-0.017***

-0.010***
-0.009***

-0.050**
-0.068**

-0.022***
-0.065***

-0.532***
-0.047*

-0.001
(0.002)

(0.003)
(0.002)

(0.015)
(0.024)

(0.002)
(0.002)

(0.001)
(0.025)

(0.198)

λ̂
-1.242***

-1.239***
-1.545***

-1.367***
-1.343***

-1.863***
(0.010)

(0.012)
(0.019)

(0.011)
(0.014)

(0.026)

C
onstant

-0.004***
0.009***

0.008***
-0.003**

-0.005*
0.001

-0.002
0.003

-0.001
-0.008

(0.001)
(0.001)

(0.001)
(0.001)

(0.002)
(0.001)

(0.001)
(0.002)

(0.003)
(0.020)

O
bservations

10,940
9,846

9,846
10,940

9,846
10,940

9,846
9,846

10,940
9,846

C
D

72.382***
72.249***

72.227***
51.502***

28.472***
72.402***

58.875***
60.601

-1.417
-1.348

N
otes:

T
he

A
R
D
L

and
D
L

specifications
are

described
in

equations
(5)

and
(7).

For
all

specifications,
indebtedness

is
m
easured

by
the

ratio
of

debt
to

A
ssets.

For
the

A
R
D
L
w
e
report

P
M
G

estim
ates

w
hile

for
the

D
L
w
e
report

M
G

estim
ates.

T
he

C
S-A

R
D
L
specification

augm
ented

the
baseline

A
R
D
L
m
odel

w
ith

cross-sectional
averages

of
the

dependent
and

independent
variables.

T
he

C
S-D

L
specification

augm
ented

the
baseline

D
L
m
odelw

ith
cross-sectionalaverages

and
lags

of
the

dependent
and

independent
variables.

C
D

refers
to

test
statistic

for
w
eak

cross-sectional
dependence.

Standard
errors

are
reported

in
parentheses.

Sym
bols

∗,
∗∗,

and
∗∗∗

denote
significance

at
10%

,
5%

,
and

at
1%

respectively.

18



7.2. Alternative Measures of Productivity

7.2.1. Labour Productivity

We also consider the robustness of our results to a non-parametric measure of productivity,
namely labour productivity. As stated previously, labour productivity is calculated as the ratio of
value-added per worker. The results for the long-run effect of debt built-up on labour productivity
growth, reported in Table 7, show a negative and significant relationship in all specifications. These
results are in line with our baseline models that make use of a parametric measure of TFP, although
using labour productivity renders a stronger long-run response from both ARDL and DL models.
The same holds once we control for common correlated effects, as the results remain qualitatively
unchanged and statistically significant.

7.2.2. Alternative Measure of TFP

In our baseline estimations, TFP was computed using the single-equation approach as proposed
by Wooldridge (2009). Alternatively, we use TFP estimates computed through Levinsohn-Petrin’s
method (Levinsohn and Petrin, 2003). As in our baseline specification for the computation of TFP,
we begin by assuming a Cobb-Douglas production function:

yt = β0 + βllt + βkkt + βmmt + ωt + ηt (9)

where yt is the logarithm of the firm’s output; lt and mt are the logarithm of freely variable inputs
of labour and the intermediate input; and kt is the logarithm of the state variable for capital. The
error term has two different components, namely ωt, the productivity transmitted component and ηt
an error term that is uncorrelated with input choices. Moreover, Levinsohn and Petrin (2003) show
that the unobservable productivity term ωt can be expressed solely as a function of two observed
inputs, namely:

ωt = ωt(kt,mt) (10)

Notably, for the computation of our alternative measure of TFP we use value-added as our
measure for firm’s output, labour costs as our free variable, supplies and external services as our
proxy variable and capital computed through the perpetual inventory method.

The results for the long-run effect of debt in productivity using this alternative method of TFP
computation are reported in table 8. Overall, they are once again indicative of a negative and
significant relationship between debt growth and productivity. Despite this, the effect seems to be,
on the one hand, less intense across all specifications, and on the other hand less significant, mainly
once common correlated effects are accounted for in CS-DL (p=2) where the coefficient associated
with this specification is statistically no longer different from zero.
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8. Conclusions

Productivity growth slowdown in developed countries has been at the forefront of the economic
research agenda for the past years. This paper aims to contribute to the ongoing debate on the topic
by addressing the relationship between firms’ debt build-up and productivity growth, particularly
for the construction sector. To do so, we rely on the framework provided by the estimation of
heterogeneous dynamic-panel models with cross-sectionally correlated errors. Using firm-level data
from the Portuguese construction sector from 2006 to 2017, our empirical approach suggests a
significant and negative relationship, during the period, between debt accumulation and TFP growth.
This result is consistent with what Anderson and Raissi (2018) found for the Italian economy. We
also find this result to be robust to different measures of firm indebtedness as well as to various
measures TFP and labour productivity. These results highlight the importance of structural reforms
as well as policy measures that enable alternative forms of firms’ financing. In this regard, the
Portuguese flagship program Capitalizar is a good example of one of such policies, as it aims
not only at the strengthening traditional financial intermediaries but also at stimulating the use
of financing alternatives based on equity solutions. Moreover, our empirical approach suggests a
significant influence of common factors over productivity growth during the period. Despite this, our
empirical framework accounts for those factors, particularly throughout our CS-DL specifications,
without compromising our chieftain conclusion.
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A. Appendix

Data Cleaning Steps

After discarding irrelevant sectors, our data set comprised 552.960 observations for 84.020 firms
from the construction sector. We followed by imposing a series of cleaning steps, namely:

1. Only companies employing at least three employees were considered, since those who do not
are more likely to misreport their financial situation.

2. We dropped firms that presented gaps between their annual financial accounts.

3. Firms reporting an activity status other them "Active" were dropped. Further, we dropped
firms that in any given year reported negative equity (solvency requirement).

4. Observations with no information about BdP’s identification number, year, as well as figures
for assets, number or cost of employees and sales were discarded.

5. To ensure consistency of reporting, we demanded that some fundamental accounting identities
were satisfied. Despite this, and to abstract from potential rounding errors, observations are
kept if the absolute value of the difference between both sides of the identity is bounded to one
euro. To put into place the described procedure, we used the following accounting identities:

(a) Total Assets = Total liabilities + Total equity

(b) Total Assets = Non-current Assets + Current Assets

(c) Total Liabilities = Non-current Liabilities + Current Liabilities

6. We dropped observations from the sample if at any given time, during the 12-years, firms
reported negative figures for total assets, tangible assets, number or cost of employees, and
sales.

7. We dropped observation for any given year whenever the figures reported for total assets, sales,
Equity and EBITDA exceeded 50 times the figure reported in the previous year.

8. As in Gopinath et al. (2017), we abstain from the effect of other possible outliers, by computing
the ratio of tangible fixed assets to cost of employees and the ratio of cost of employees to value-
added, and dropping observations belonging to the top and bottom 0.1%. Moreover, in the
case of cost of employees to value-added, we also drop observation whenever the ratio exceeds
1.1.

9. Finally, observations for which there were missing values in the variables used to compute
productivity were dropped.

Table 9 outlines the number of observations and firms lost after imposing all the restrictions
described above.
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Table 9. Number of Lost Observations and Firms

Procedure Observations Firms
Less than 3 employees 409.686 61.973
Gap between accounts 1.364 205
No activity or insolvent 15.395 2.069
Missing essential information 664 602
Fundamental Accounting Equalities 1.174 17
Negative Figures 18 3
Consistency in Assets and Sales 599 0
Consistency in Equity and EBITDA 664 0
Based on Gopinath et al. (2017) 10.325 320
Computation of Productivity 12.478 2.414
Total 452.178 67.603

Table 10. Number of Firms by Firm Size - Balanced Panel

Firm Size 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Micro 474 442 424 402 383 408 445 474 450 443 443 434
Small 541 561 577 600 611 592 560 530 551 559 550 559
Medium 61 72 72 69 77 71 68 70 71 69 79 78
Large 18 19 21 23 23 23 21 20 22 23 22 23
Total 1.094 1.094 1.094 1.094 1.094 1.094 1.094 1.094 1.094 1.094 1.094 1.094

Computing the Capital Stock

To compute a measure of capital stock, we follow a modified version of the perpetual inventory
method as laid out in Anderson and Raissi (2018). Particularly, the evolution of capital stock, Kit,
follows a law of motion given by:

Kit = (1 − δit) + Iit

where, Iit is investment of firm i in year t and δit is the depreciation rate of capital for firm i in
year t.

The initial balance-sheet value of the capital stock, KBS
i0

, corresponds to the value of fixed tangible
assets and intangible assets in 2006. Furthermore, the depreciation rate is equal to the value of
depreciations and amortizations, DBS

it
, divided by the sum of the value of depreciations and the

lagged value of the balance-sheet value of the capital stock, KBS
it−1

, such that:

δit = 1 +
DBS

it

KBS
it−1
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Finally, Iit is computed as the sum of the change in the balance-sheet value of the capital stock
and depreciations:

Iit = ∆KBS
it

+DBS
it

Median Indebtedness by Size Class

Figure 12: Median Firm Indebtedness, by Firm Size Class
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