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Abstract

This paper determines the relative importance of technical efficiency and reallocation for aggregate
productivity growth in a small open European economy. To this end we use a dataset containing all
Belgian firms active in the private sector, both services and manufacturing. We observe at the firm
level a number of factors that have been shown to be drivers of productivity differences across
firms. More precisely, we have information on human capital such as the level of education and the
amount of on-the-job training received by the employees. Moreover we observe the international
activities of the firms such as imports and exports. This allows us to make a careful analysis of the
micro foundations of aggregate productivity growth by applying the decomposition introduced by
Petrin and Levinsohn (2012). The outcome of this exercise will not only provide us with a better
understanding of the slowdown of productivity growth in Europe over the past decades, but also
give an indication on the role of different productivity drivers in this process.
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1 Introduction

Economists and policy makers have always had a keen interest in understanding how firms
turn inputs into outputs. Productivity, which measures the efficiency with which this conver-
sion occurs, has received special attention as it directly affects the performance of countries
and regions. At the aggregate level for example Jones and Romer (2010) document that
over 50% of GDP per capita differences across countries are accounted for by productivity
differences. In Europe, a substantial deceleration in both labor and total factor productivity
growth has been recorded since the 1990s, relative to the United States putting downward
pressure on GDP per capita growth (van Ark et al., 2008).

At the firm or plant level, researchers have found substantial heterogeneity in productivity
across firms. Moreover these differences are proven to be persistent over time. An increasing
number of papers has started to analyze the determinants of firm level productivity in recent
years (cf. Syverson, 2011 for an overview). These studies can be related to the recent work of
Sutton (2012) analyzing firm capabilities. Sutton considers the ‘revealed’ capability of a firm
as its ‘underlying capability’, which consists of the set of elements of ‘know-how’ or ‘working
practices’ held collectively by the group of individuals comprising the firm. Firms can acquire
the necessary capabilities by investing in human capital (hiring skilled workers or investing
in firm-specific human capital through training, cf. Konings and Vanormelingen, 2011) or,
more indirectly, through spillovers resulting from its relationships with and interaction with
foreign and domestic suppliers and competitors. Corry et al.(2011) show for the UK that that
most of the productivity improvements were generated through the increased importance of
skills and new technologies.

Not only firm level productivity growth matters for aggregate productivity growth, but
also the reallocation of resources across different firms. The international trade literature has
studied the relationship between firm level productivity and internationalization intensively
since the 1990s, both theoretically and empirically (see Bernard et al, 2012; Mayer and Ot-

tavianio, 2008). These studies demonstrate that the most productive firms select themselves



into international markets and that trade liberalization will induce a process of creative
destruction. Hence, from a policy point of view promoting intra-industry competition is
important, leading the most productive firms to replace the least productive ones.

The importance of firm level productivity growth relative to the reallocation of resources
between firms with different productivity levels in aggregate productivity growth is likely
to differ across sectors. For example Baldwin and Gu (2011) find that the manufacuring
industries best fit in the active learning model (Ericson and Pakes, 1995) where firms can
improve their productivity after entry by making investments with an uncertain return.
Firms realizing productivity improvements expand over time while firms witnessing produc-
tivity decreases contract and ultimately exit. The retail sector on the other side would be
best described by a passive learning model where a firm enters with a given time-invariant
productivity level. Over time, the firm updates its believes about its underlying productivity
level based on the realized profits and either exits or stays in the market. These results are
consistent with the findings of Foster et al. (2006) who show how productivity growth in the
retail sector is almost entirely due to the entry of more productive establishments and exit
of less productive establishments. However, most of the studies up to date are limited to the
manufacturing sectors, mainly due to data limitations.

To determine the importance of firm level productivity growth versus the reallocation of
resources, most papers have computed sector or country level aggregate productivity growth
by using the input-or output-share weighted averages of productivity growth at the firm level.
Subsequently, aggregate growth is decomposed to determine to which extent growth is due to
increases in technical efficiency or reallocation of resources (e.g. Baily et al. (1992), Olley and
Pakes (1996), Griliches and Regev (1995) and Foster et al. (2001)). However, in a recent
paper Petrin and Levinsohn (2012) show that these definitions of aggregate productivity
growth are not necessarily linked to the classic definition of aggregate productivity growth,
namely aggregate value added growth that cannot be accounted for by input changes. They
show how to construct from firm level data a measure for aggregate productivity growth in

line with the classic definition, which can then be decomposed to measure the importance



of technical efficiency versus reallocation effects.

We follow Petrin and Levinsohn (2012) and determine the relative importance of techni-
cal efficiency and reallocation for aggregate productivity growth in a small open European
economy. To this end we use a dataset containing all Belgian firms active in the private
sector, both services and manufacturing. We observe at the firm level the necessary vari-
ables to estimate productivity as well as a number of factors that have been shown to be
drivers of productivity differences across firms. More precisely, we have information on hu-
man capital such as the level of education and the amount of on-the-job training received
by the employees. Moreover we observe the international activities of the firms such as im-
ports and exports. This allows us to make a careful analysis of the micro foundations of
aggregate productivity growth. The outcome of this exercise will not only provide us with
a better understanding of the slowdown of productivity growth in Europe, but also give an
indication of the importance of the different productivity drivers to both aggregate and firm
level productivity growth.

By doing so we contribute to the literature along several dimensions. First, we are the
first to apply the Petrin and Levinsohn (2012) approach in a European context. Second, we
include the services sector in our analysis. We do not only decompose aggregate productivity
in the services sector, but include as well international trade in services as a productivity
driver. Third, while most studies consider a single determinant of productivity at a time, our
rich dataset allows us toanalyze the role of each of these factors in explaining productivity
growth at the firm level as well as at the aggregate level.

Our findings suggest that reallocation is the largest and most stable component of ag-
gregate productivity growth, whereas within-firm productivity improvements account for a
smaller but also much more volatile component of productivity growth. Hence, changes in
aggregate productivity growth are driven mainly by fluctuations in within-firm productiv-
ity improvements. At the sector level, within-firm productivity improvements are realized
mainly by firms active in the manufacturing and telecommunication sectors. In general,

firms and sectors that invest in human capital (by providing training opportunities and/or



by hiring relatively skilled people) and/or participate actively on the international market,
outperform their counterparts. Finally, the relatively poor performance of the wholesale and
retail sector in Belgium can be related to the strict regulations that apply to the sector in
most of continental Europe (Baldwin and Gu, 2011, Conway and Nicoletti, 2006), hence
suggesting that liberalization may yield additional productivity improvements in the future.
Overall, while the services sector continues to grow in terms of value added and employment,
its contribution to overall productivity growth remains rather limited.

The remainder of the text is structured as follows. The second section shows the empirical
framework used to compute aggregate productivity while discussing its micro-foundations.
The third section describes the dataset(s) used while the fourth section presents and discusses

the results Finally the last section concludes.

2 Empirical Framework

This section presents the decompositions of aggregate productivity growth used in the analy-
sis. We will mainly focus on the novel Petrin and Levinsohn (2012) decomposition, but will
present as well the more standard Griliches and Regev (1995) decomposition, which will be
executed as a point of comparison.

2.1 Petrin and Levinsohn (2012) Decomposition

This section briefly describes the method proposed by Petrin and Levinsohn (2012) to mea-
sure aggregate productivity growth and decompose it into its micro-level foundations. The
setting is the following. There are N firms in the industry and to produce @);; units of
output in period ¢, firm ¢ combines K primary inputs, for example different kinds of capital
and labor, X;; = (X1, X2, ..., Xix) with intermediate inputs M;; = (M1, Moty - . ., M)

according to the production function Q?,

Qit = Qi<Xita Mitawit) — Fy (1)



where w;; represents firm level total factor productivity and Fj; are all fixed and sunk costs
incurred by firm ¢, normalized to the equivalent of foregone output. The total amount of

output that goes to final demand Yj; is then
Yi = Qit - Z sz’t
J

with Z M;; the part of firm 4’s production that is used as an intermediate in other firms
or in f;rm i. Petrin and Levinsohn (2012) then define aggregate productivity growth as the
difference between the change in aggregate final demand and the change in total expenditures
on primary inputs:

APG, = Z PydY; — Z Z Wikt d X (2)
i ik

with W the cost of primary input k. In growth rates, Equation 2 can be written as:
APGG"t = Z thd ln 1/;: — Z Z Ciktdln Xikt (3)
t ik

L _PuQi : * g ) oo Wikt Xk
where D, X is the Domar (1961) weight, dInY; = dY;;/Qi and c;x DIRE

i

the share of cost of input k in aggregate demand. Although we do not observe the amount
of a plant’s output that goes to final demand, the National Accounting Identity shows that

aggregate final demand is equal to aggregate value added and moreover that > D;dInY;} =
t

> DidInV A, where DY, = ZV‘?/“A , the share of value added of firm 7 in total value added.
t i VAt

Petrin and Levinsohn (2012) show how aggregate productivity growth can be decomposed

into a technical efficiency term (TE) a reallocation term (RE) and a fixed costs term (F).

More precisely APG, = TE + RE + F with

TE = Z thw,;t

RE=Y ij(Pita—X; = Win)d X + 3 ;(Bta—M; — Py)dM;;
F=- Z Pyt Fiy

Aggregate productivity growth can first of all increase if the average firm level produc-

tivity increase. Moreover, aggregate productivity growth can occur through reallocation of



resources from low marginal value activities to high marginal value activities (relative to
marginal costs). If for example marginal costs are constant across firms, the reallocation of

one unit of input from firm ¢ to firm s, would increase the value of output by Pstg%t — Py g%:

while aggregate input use remains constant, leading thus to an increase in aggregate produc-
tivity. In a neoclassical setting without frictions, the value of the marginal product is equal
to the marginal cost, leaving no room for improvements in aggregate productivity through
reallocation of resources. In reality, markups, taxes and adjustment costs all create gaps be-
tween the value of the marginal product and marginal costs and for example the reallocation
of resources to firms with higher markups increases aggregate productivity growth.

In growth rates, the decomposition of aggregate productivity growth can be written as:

APGGJ = Z thd In wit+z Dit Z(gik_sikt)d In XZth+Z Dit Z(Sij_sijt>d In Mijt_z thd In Et
i 7 k 7 J )
(4)

where ¢;;, and ¢;; are the output elasticities of primary and intermediate inputs and s =

V‘;’z‘—gt’“ are the revenue shares of each input. If intermediate inputs are separable in the

output production function, Petrin and Levinsohn (2012) show the growth rate formulation

in terms of the value added production function to be:

APGgy =) Didlnwi+>" Dy, > (eh—si ) AIn Xyu+> Dy, Z(sfj—s” JAIn M;;:—>" D, Aln F,
i i k i J i

ijt
(5)
Wike X

ikt 3 NOwW

where again, Dj, is equal to the firm’s share in total value added, s, = =5

the value added share of each input and the output elasticities, €};, are now those for the

value added production function. They can be shown to be equal to the elasiticites from the

output production function divided by 1 minus the share of intermediates in total revenue,

Le. g = % Likewise, wj, is the residual of the value added production function.
B
Given that the small firms do not report sales, we will focus on the value added specification

for the remainder of the analysis.

To write equations 3 and 5 in discrete time, we use Tornquist-Divisia approximations.



The growth rate of aggregate productivity can be written as:
APGIE =" DyAlnVA; — S 3 G In Xy (6)
i ik

where Eft is the average of firm i’s value added share from year ¢t — 1 to year t and G
the average across two periods of firm ¢’s expenditure share of input £ in total value added.

The decomposition of aggregate productivity growth can be written as:

APGEF="D,Alnw!, TE (7)
+> b;)t > (& — Sipg) An Xigp + > b;)t Z(‘g;}j - gzl']jt)A In M;j RE
% k i J

- DyAlnF, F (8)

where again a bar denotes the average of the variable across two time periods. Note that
when estimating a value added production function, the computed value added residual is
in fact Inw}, =InVA; — (Z gix In Xz-k> — > (e}, — 371 ) A In M;j;, the estimated residual will

k

J
contain the reallocation terms associated with intermediate inputs. These terms are only

equal to zero of if the elasticity of output with respect to an intermediate is equal to the
share of expenditures for that intermediate in total revenue. Since we only observe total
revenue for a subsample of firms, we focus on value added results despite this shortcoming,

but we will perform a robustness check on the subsample of firms reporting revenue.

2.2 Griliches and Regev (1995) Decomposition

Several other approaches for aggregating and decomposing productivity growth have been
applied in the literature. Most of these decompositions use the share weighted sum of firm
level productivity as a measure of aggregate productivity growth To compute the weighted

average, either input or output weights can be used., namely APGS" = 3~ s;;Awy;. Griliches
i



and Regev (1995) show how aggregate productivity growth can be decomposed as:

APGtBHC = ZggitAwit‘f— ;S'Asit(wit_ﬁt) (9)
S 1€
TE + RE

+ > Sit(wit_?t)_ > Sitfl(wz‘t—l_ﬁt)

iEN i€X
+ FLEE + XE

where a bar over the variable denotes the average over two time periods and P denotes the
aggregate productivity level in the sector/economy. Aggregate productivity growth can occur
through firms becoming more efficient (the technical efficiency term, also called within firm
component) as well as by reallocation of resources to firms being more productive than the
average (the reallocation term, also called between firm component). Moreover when entrants
are more productive than the average, aggregate productivity increases and likewise if exiters
are less productive than the average (the entry and exit terms). As Petrin and Levinsohn
(2012) note, the reallocation terms (including the entry and exit terms) are problematic
as they could be negatively related to final demand and productivity growth defined at the
aggregate level. For the sake of comparison we will also perform a decomposition of aggregate

productivity growth following Griliches and Regev. (1995).!

3 Data
3.1 Dataset

We make use of several databases to compute productivity growth and infer the contributions
of different firm types. First, we use data from the annual accounts of Belgian firms for the
period 1997-2009. In principle, all limited-liability firms in Belgium are required to file
their annual accounts to the National Bank of Belgium (NBB) and we select all firms active
in the private sector (NACE Rev 1.1 codes 1-74). The required variables for estimating

productivity using value added production functions are reported. To compute real value

'In practice we follow the standard in the literature and perform the decomposition in equation (9)
for each sector and subsequently take a weighted average of these sector level growth rates to compute
economy-wide aggregate productivity growth.



added, we deflate nominal value added by an industry value added price index obtained
from EU Klems.? As a measure for labor input, we observe the number of employees at a
firm (full-time equivalent) as well as the number of hours worked. We have information on
the different types of tangible fixed assets (buildings, machinery and equipment, transport
equipment). We construct a measure for the real capital stock using the book value of the
firm’s assets and the reported depreciation. For details on the construction of the real capital
stock, we refer to the Appendix. The user cost of capital is defined as r; = (0, + 1) P, with
0;; the reported depreciation rate of firm ¢ in period ¢ and 7, the long-term interest rate in

period t. Finally, P, represents the price index of gross fixed capital formation.

A subsample of large firms has to file complete annual accounts® which additionally pro-
vide information on turnover and material costs, allowing us to estimate revenue production
functions. We will focus however mainly on the full sample of firms, but provide a robustness
check focusing on the larger firms in order to keep the sample as representative as possible
for the whole Belgian private sector. Moreover, reallocation of resources is likely to be more
important for small firms compared to large firms. For example Foster et al. (2002) find the
pace of job reallocation as well as entry and exit rates to be a sharply decreasing function of
firm size in the US retail sector. Excluding the small firms would likely lead us to underesti-
mate the importance of reallocation in productivity growth. Next to the standard variables,
the annual report includes the “social balance sheet” which contains rich information on the
workforce including their education level, investments in on-the-job training, both formal as

well as informal and the number of managers, blue-collar workers and white collar workers.*:3

2The price indices are available for the period 1996-2007 at the NACE 2 or NACE 3 digit level. From
2007 to 2009 these are only available at the (sub)section level.

3Firms that are affiliated to other firms, publicly listed firms and firms that exceed at least two of the
three cutoff criteria in terms of employment (50 employees), balance sheet total (€3.65mio) and turnover
(€euro7.3mio) need to file complete accounts.

4The data on the education level is only available for large firms.

"There have been substantial changes in the social balance sheet starting in 2008. Most importantly,
employment by skill had to be reported only in flows — i.e. the educational level of the workers entering and
leaving the firm — prior to 2008, while it has to be reported in stocks starting in 2008. The changes in the
social balance sheet variables imply that the data before and after the change are difficult to compare. We
will therefore not include 2008 and 2009 in the analysis when we investigate how different human capital
profiles of firms relate to their productivity growth patterns.



The second database contains imports and exports of goods and covers the full population
of firms that report trading activities in Belgium. The data include both intra-EU and extra-
EU imports and export flows. For intra-EU trade flows, firms are only required to report
their trade if its value exceeds a particular cutoff. The data are recorded at the firm-product-
country-year level, separately for each flow. We aggregrate the trade flows to the firm-year

level to define firm-specific indicators of firms’ trading status.

The third database contains imports and exports of services and covers the full popu-
lation. These data are limited to the period 1995-2005. Starting 2006, the data collection
procedure has changed, resulting in a different (smaller) population. The data are recorded
at the firm-service-country-year level. We aggregate these data to the firm-year level to ob-
tain firm-specific indicators of firms’ trading status. Due to these data limitations, we need
to limit the sample to the period 1997-2005 when we analyze the relationship between the

trading status of firms in services and aggregate productivity growth.

The databases are merged together using the unique firm level VAT number, resulting
in an unbalanced panel data set of 216,805 firms active in the Belgian private sector. The
dataset covers around 75% of total private sector employment. The restricted dataset of large
firms reporting the educational level of the employees and total sales consists of 21,751 firms
but still covers around 55% of total employment. Table 1 displays some summary statistics
of both the full sample and the restricted sample of large firms. The average firm employs
almost 15 employees and generates a yearly value added of around 1 million euros. The
average share of labor costs and capital costs in value added (o; and ay) are respectively
equal to .62 and .20. The average size of large firms is equal to 102 employees and the
cost shares of the different inputs in total revenue (5 ’s) are equal to .22 for labor, .56 for

materials and .05 for capital.

10



3.2 Measuring Productivity

To infer total factor productivity, we estimate value added production functions following
Wooldridge (2009). We use investment as a proxy to invert out productivity (Olley and
Pakes, 1996) and estimate different production function parameters for each two digit NACE
Rev1.1 sector.® For our main results we rely on the more flexible translog production function
instead of the standard Cobb-Douglas. The main advantage is that the output elasticities
are allowed to vary across firms within a sector, which could be important as these elasticities
are part of the reallocation terms. The estimated production function coefficients can be

used to compute total factor productivity:
Inw; = avy — Bllit - Bkkit - 3ll(lit)2 - Bkk(kit)g - Blklitkit (10)

with av; the natural logarithm of deflated value added, [;; the natural loggarithm of labor
input (either number of hours or number of employees) and k;; the natural logarithm of the

real capital stock.

4 Results

4.1 Aggregate Productivity Growth

As a starting point we focus on value added and productivity growth for the entire private
sector. Figure 1 displays the growth rate of GDP reported by the National Bank of Belgium
and the growth rate of total value added in our sample. In general, the value added growth
follows closely GDP growth as it should (although we exclude the public sectors in our data
set). When turning to the different contributions of inputs and productivity — following
Petrin and Levinsohn (2012) — to the growth in value added in Table 2, one can see that on
average total factor productivity contributed positively to economic growth over the sample

period. Growth in labor and capital inputs was limited over the 12 year sample period, in

6Due to the low number of observations, sector 16 - Manufacture of Tobacco Products is combined with
sector 15 - Manufacture of Food Products. Sector 23 - Manufacture of Energy Products is combined with
sector 24 - Manufacture of Chemical Products. Finally, sectors 30 - Manufacture of Electrical Equipment
and 32 - Manufacture of Radio and Telecom. Equipment are merged together.

11



line with expectations for a developed economy like Belgium. Comparing the growth rates of
total factor productivity in Figure 2 and Table 2, one can see that the evolution of aggregate
productivity growth according to Petrin and Levinsohn (2012) (APGEL) is similar to the
evolution in productivity growth reported in the macro database EU Klems, but the level
of APGEE appears to be higher, namely 1.46% as opposed to —0.47%. This can be partly
due to the changing skill composition of the labor force. While productivity growth reported
in the EU Klems database takes into account the skill structure of the labor force, we have
treated the labor stock to be homogeneous.” Aggregate productivity growth computed as
the share weighted sum of firm level productivity (APG&!) appears to be more volatile and
less related to productivity growth computed using macro data. The correlation between

EU Klems productivity growth and APGEL and APGE! are respectively 0.64 and 0.24.

4.2 Decomposition Aggregate Productivity Growth

Table 3 reports the Petrin and Levinsohn (2012) decomposition of aggregate productivity
growth. The reallocation of resources to higher marginal product activities provides a pos-
itive and stable contribution to aggregate productivity growth and is on average equal to
1.25%. Average within-firm productivity growth is lower and equal to 0.21%, but its volatil-
ity is much higher. The standard deviation of the within term is equal to 1.16% while its
value for the reallocation term is only 0.56%. By consequence fluctuations in aggregate pro-
ductivity are mainly driven by technical efficiency growth. These results are in line with
Petrin et al. (2011) who found similar results for US manufacturing industries. Firm level
technical efficiency growth appears to be strongly procyclical as the correlation between
value added growth and within firm productivity growth is higher than 0.70. A possible
explanation could be labor hoarding by firms during recessions and the adjustment of labor
to negative shocks is happening more through reducing the number of hours worked by an

employee instead of through the number of employees employed. As a robustness check, we

"Note that this can only partly explain the difference in productivity growth as according to the EU
Klems database the average yearly contribution of the labor composition to value added is 0.23% points.

12



used the number of hours as our measure for labor input. Results are reported in Table C.1.
Again, fluctuations in aggregate productivity growth are driven by the technical efficiency
term, although technical efficiency is now less procyclical, as expected.®

Turning to the reallocation "gap" terms, one can see that labor gets reallocated from
low-value activities to higher-value activities. The capital reallocation term is somewhat
more volatile, but positive on average. On average the fixed costs term is positive hinting to
decreasing fixed costs over time. All in all the residual fixed cost term is relatively small in
comparison to total reallocation, indicating that the reallocation of resources from low-value

activities to high-value activities do a good job in explaining total reallocation.

The results for the Griliches and Regev (1995) decomposition are reported in Table 4.
Again, within-firm productivity growth accounts for only one quarter of aggregate produc-
tivity growth. Productivity growth appears to be mainly driven by the entry of firms being
more productive than the industry average and the exit of less productive firms. Together
they account for around 2/3 of aggregate productivity growth.” The between term — mea-
suring to what extent output gets reallocated to more productive firms — is highly volatile
and close to zero on average. The entry term is positive in most years indicating that on
average entrants are more productive compared to incumbents. The contribution of entry in
2009 is relatively high. Although the entry rate is low in this crisis year, the entrants are
substantially more productive. Similarly, the contribution of exits to aggregate productivity
growth is relatively low in spite of a higher exit rate because the productivity difference
between exiters and incumbents is smaller compared to other years. These results are in line
with results obtained by Hallward-Driemeier and Rijker (2013) for Indonesia in response to

the economic crisis in Asia during thel990s. Potential reasons why the crisis would have

8When using the number of full time equivalents employees as the measure for labor input, the correlation
between value added growth and within firm productivity growth is equal to 0.74. Using the number of hours
as labor input this correlation drops to 0.30.

9In principle, the within firm productivity growth in the Griliches-Regev decomposition should be exactly
the same as in the Petrin-Levinsohn decomposition. However, recall that we perform the Griliches-Regev
decomposition at the sector level — the same level at which the estimation was executed — and subsequently
aggregate these sector level results up using value added shares.
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such adverse effects are financial constraints faced by firms, as well as temporary restrictions

on products or markets imposed by governments when the crisis hits.

Before turning to the sector-level analysis of aggregate productivity growth, we perform a
number of robustness checks on the full sample. Results of these alternative decompositions
can be found in Appendix C. Table C.1 shows the results of the Petrin and Levinsohn
decomposition when we replace the number of employees by the number of hours worked.
Firms can adjust the number of hours more easily in response to a positive or negative shock,
at least to the extent that they can be adjusted without hiring or firing anyone. This higher
flexibility is confirmed by the much higher variation in labour input growth in Table C.1
compared to Table 4. Aggregate productivity growth is on average somewhat higher and
more volatile if we rely on the number of hours. While within-firm productivity growth
accounts (on average) for less than 15 percent of aggregate productivity growth when we
use the number of full-time employees, this value goes up to almost 43 percent when the
number of hours is used instead. To avoid measurement error and improve comparability
with related literature, we focus on the number of employees as our preferred measure for

the production function in what follows.

In Table C.2 we use the deflated book value of tangible fixed assets as a measure for the
capital stock. The construction of the real capital stock in the main results could be more
sensitive to measurement error in the capital stock as the year-to-year difference controlled
for depreciation is taken as total investment, which is subsequently deflated and added to
the capital stock. However from C.2,it is clear that the choice for a different way to construct

the capital stock hardly affects our results, Table C.2 summarizes the results.

In Table C.3, we perform a similar decomposition, now using a revenue production func-
tion, following Equation 4. Again, productivity growth is mainly realized through the real-
location of resources to firms with larger gaps. Within firm (technical efficiency) growth is

on average even negative and highly volatile. The material reallocation term is positive in
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most periods, indicating that within firm productivity growth using the value added specifi-
cation will be upward biased. Average within firm productivity growth computed using the
value added production is equal to 0.28%, which should be compared to the average within
firm productivity growth using the output production function, i.e. -0.89%. Although the
level of value added within firm productivity growth is higher, both measures are positively

correlated with each other.

Finally, Table C.4 shows the result of the decomposition if we rely on a Cobb-Douglas
specification for the production function rather than the more flexible translog specification.
The choice of estimator only affects the within and reallocation components in the decom-
position, aggregate productivity growth is identical in Table C.4 and in Table 3. Results
suggest a bigger role for within-firm productivity growth when we rely on the Cobb-Douglas
specification and corresponding lower importance of reallocation. The within components

are positively correlated across specfications however.

4.3 Sector Level Results

Table 5 displays aggregate productivity growth per sector. In line with expectations, largest
productivity growth can be found in the Agricultural and Manufacturing sectors.!® with
respectively an average growth rate of 5.33% and 1.69%. For these sectors within firm
productivity growth — i.e. individual firms improving their productivity level — is the most
important contributor while the reallocation of resources across firms accounts for only a
minor part of aggregate productivity growth. Productivity growth in the Transport and
Communication Sector is high as well, but this is mainly due to the Communications sector.'?
Productivity growth in the services sectors is in general lower compared to the industrial

sectors. Moreover, the reallocation term is more important for the services sectors (again

19Banks are not included in the Financial sector as they do not file standard annual reports and we choose
not to report the results for this sector separately.

1 Average aggregate productivity growth in the Communications sector (NACE rev 1.1 code 64) is equal
to 3.97%, of which 2.57% points is due to within firm productivity growth and 1.40% is due to reallocation.
Average aggregate productivity growth in the Transport and Storage sectors was equal to 1.87% of which
0.21% due to within growth and 1.66% to reallocation.
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with the exception of the Communications sectors). Technical efficiency growth is virtually
non-existent and even negative for the services sectors (on average across all years of the
sample).

In Figure D.1 in the Appendix, we show aggregate productivity growth for a more de-
tailed classification of the sectors. The top sectors in terms of productivity growth are
all agricultural or manufacturing sectors. The only services sectors with high productivity

growth are the Communication and Computer Services sectors.

One of the advantages of the decomposition proposed by Petrin and Levinsohn (2012) is
that it allows to measure the contribution of different types of firms or different sectors to
both aggregate factor productivity growth as well as the technical efficiency and reallocation
terms decomposition. The result of such an exercise is reported in Figure 3. Clearly, the
most important sector for economic growth between 1997 and 2009 was the Business Services
sector accounting for over one third of growth in value added. However, growth in this sector
mainly occured through the accumulation of labor and capital and the main contributors
to productivity growth are the Manufacturing sector and - to a lesser extent - the Post and
Telecommunications sector. The picture for the within firm productivity growth is even more
striking as the only contributors to growth are the Manufacturing sector and the Post and

Telecommunications sector.

Table 6 displays results for the Griliches-Regev decomposition. Results are comparable
in that highest productivity growth can be found in the Agricultural, Manufacturing and
Telecommunications sectors. While the Wholesale and Retail sector has been identified as
one of the main contributors to aggregate productivity growth in the US, productivity growth
in Belgium appears to be non-existent. Within-firm productivity growth is strongly negative,
compensated by more productive firms becoming larger and the less-productive firms being
driven out of the market. For the other non-manufacturing sectors, there is some positve
productivity growth for Business Services and Construction, but this growth has been driven

by the entry of more efficient firms. The within firm productivity growth is negative.

16



The results can be framed in the different models on industry and productivity dynamics
(Baldwin and Gu, 2011). The services industry appears to be in line with the passive learning
model of Jovanovic (1982) where firms are endowed at birth with an unknown productivity
level. After entry, firms update their beliefs on this time-invariant productivity level by
looking at their realized profitability levels. The less productive firms exit the market while
the more productive firms survive. Aggregate productivity growth is thus realized through
the entry of more productive firm, exit of the least productive firms and potentially the
reallocation of resources between firms with different productive levels. The manufacturing
sector and agricultural sector on the other hand fit in the active learning model by Ericson
and Pakes (1995). Here, firms can improve their productivity level after entry by making
investments, creating room for within firm productivity improvements.

Our results are in line with the so-called Baumol’s disease, the belief that the inherent
nature of services makes productivity improvements less likely than in the goods producing
industries of the economy (Baumol, 1967). However, more recently, Triplett and Bosworth
(2003) found substantial improvements in total factor productivity for the US services sector
since 1995. van Ark et al. (2008) among others show that the accelaration in productivity
growth for the services sector is more a US phenomena and that the slowdown in productivity
growth in European countries relative to the US is mainly due to low productivity growth in
the services sectors. As mentioned before, the number of studies performing a productivity
growth decomposition for the services sectors remains limited. A notable exception is Foster
et al. (2006) who analyze productivity growth in the US retail market for the period 1987-
1997. They find aggregate labor productivity growth to be almost completely driven by
the entry of more and exit of less productive establishments while within-firm productivity

growth as well as the between component are close to zero.

Although the sample period differs between the current study and Foster et al. (2006),
our findings can shed some light on the reasons behind the relative low performance of the

retail sector in comparison to the US.!? Paricularly the negative within-firm productivity

2Tables 5 and 6 take the retail and wholesale sectors together. APG growth, within firm growth and
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growth and the negative contribution of entry stand out as the main differences with the
retail sector in the US and UK (see for instance Baldwin and Gu, 2011) Baldwin and Gu
(2011) hypothesize that these differences in performance can be traced back to product
market regulation, which is much more stringent in continental Furope compared to the
US, UK and Canada. Baugnet et al. (2009) present an analysis of the Belgian distribution
sector, they use OECD indicators to infer the degree of regulation on the Belgian market, as
well as in other countries. Similar to Baldwin and Gu, Baugnet et al. point to the regulation

as an important obstacle towards efficiency increases in the sector.

Next we classify the sectors into four categories, namely (1) High-Technology Industries,
(2) Low-Technology Industries, (3) Knowledge Intensive Services and (4) Less-Knowledge

13" The results reported in Table 7 show that the knowledge intensive

Intensive Services.
industries are the fastest growing sector in the economy and part of this growth is realized
through productivity growth, but only through the reallocation of resources to higher value
activities, indicating that the innovation level in these sectors is still fairly low. Surprisingly,
productvity growth in the low-tech industries is higher than in the high-tech industries.
Even within-firm productivity growth in the high tech sector is comparable to within firm
productivity growth in the low tech industries. We can again compute the contributions of
the different sectors to aggregate growth. The outcome is reported in Figure 4. Although
the high-knowledge intesive services account for the largest part of economic growth, the
low-tech manufacturing sectors are almost equally important in terms of APG, and the most
important sectors for improvements in technical efficiency. Despite being the largest sector
in terms of value added together with non-technological manufacturing, the low-knowledge

intensive sectors only account for a relatively small part of economic growth and a tiny part

of APG, caused by negative within-firm productivity growth.

reallocation for the retail sector alone is respectively 0.44, -1.02 and 1.46%. The results for the Griliches-
Regev decomposition are -0.39% (APG), -1.02% (within), 0.51% (between), -0.47% (entry) and 0.59% (exit).

13We follow Eurostat and the OECD in the classification of these sectors. The precize classification of
sectors can be found in the Appendix.
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4.4 Firm Capabilities

Over the past years, the number of firm level productivity studies has increased substantially.
In this still growing body of literature several drivers of productivity have been identified, cf.
Syverson (2011) for an overview. These studies can be related to the recent work of Sutton
(2012) analyzing firm capabilities. Sutton considers the ‘revealed’ capability of a firm as
its ‘underlying capability’, which consists of the set of elements of ‘know-how’ or ‘working
practices’ held collectively by the group of individuals comprising the firm. Firms can acquire
the necessary capabilities by investing in human capital (hiring skilled workers or investing
in firm-specific human capital through training, cf. Konings and Vanormelingen, 2011) or,
more indirectly, through spillovers resulting from its relationships with and interaction with
foreign and domestic suppliers and competitors. We will bring in these capabilities in this
subsection and determine how much they potentially contribute to aggregate productivity
growth. We will focus mainly on two drivers of firm capabilities and will analyse human
capital and international engagement of firms.

While most of the literature on human capital has looked at the relation between human
capital and wages, the increasing availability of matched employer-employee datasets allows
for the estimation of the impact of human capital on firm level productivity. For example,
Ilmakunnass et al. (2004) find that productivity is increasing in worker’s education and age.
Konings and Vanormelingen (2011) show that firm-level productivity is increasing in the
number of workers that received training. Concerning the relationship between international
trade and productivity, it is well documented that the most productive firms tend to self-
select into international markets, but once they are internationally active they can realize
productivity gains as well (cf. De Loecker (2007) for exporting, Halpern et al. (2011) for

importing).
4.4.1 Human Capital

We look at two dimensions of human capital, namely at the accumulation of skills through

the general education system and at skill acquisition through training provided by firms. In
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order to assess the contribution of the skills of the workers to aggregate productivity growth
and its components, we classify firms into different categories according to the educational
level or training level of their employees. First, we turn to the educational level. In the
social balance sheet we observe — for firms that have to file the full annual account — the
educational level of the inflow and outflow of employees for the period 1997-2007. To obtain
a measure for the education level of the number of employees active in the firm we take
the average share of medium high education and high education inflow in total inflow over
all years, i.e. shMH = S (IN} + INH)/>", IN; where IN} and IN} are respectively
the inflow of medium-high education workers and high education workers for firm ¢ in year
t. INy is the total inflow of workers. After obtaining the share of medium-high and high
education workers, we divide the firms in three categories, namely the first category — the
(medium)-low education firms — comprises the firms for which the share of medium-high and
high skilled workers is below the median computed over all firms. Similarly, the medium-high
education category contains firms for which the share is higher than the medium and lower
than the 75" percentile. Finally, the high education category consists of the firms having a

share of high and medium high workers in the top 25" percentile.

This categorization results in each category being approximately equally important in
terms of value added, namely 34%, 36% and 30% for the medium-low, medium-high and
high education category respectively. The results for the Petrin-Levinsohn decomposition
are reported in Table 8 and Figure 5. Productivity growth is on average highest in the high
and medium high education categories while aggrgegate productivity growth is relatively low
in the low-education category. The difference between the low-education category and the
other categories even more pronounced when we turn to the technical efficiency (within) term.
Here productivity growth is almost non-existent for the low-education category. Translated
to the contributions of each category to the growth rates of value added and its different
components, Figure 5 shows that within-firm productivity growth is mainly driven by firms

having a share of highly educated workers above the median, while reallocation seems to
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take place mostly between firms with either low or high skill intensity.

Instead of defining human capital as the skills acquired through the general education
system, the database allows us to take human capital built up throug firm provided training
into account. More specifically we divide firms into training versus non-training categories
where training firms are defined as having provided at least one period training to at least one
employee. The results, reported in Figure 6, clearly show that firms that invest in training
activities account for the lion share of productivity improvements within the firm and for a
sizeable (though not larger than the share of value added accounted for by these firms, cf.

Table 9) part of growth through reallocation.'*

4.4.2 Internationally Active Firms

It has been well established that internationally active firms are more productive compared
to non-internationally active firms, both theoretically (e.g. Melitz, 2003) and empirically
(e.g. Bernard and Jensen, 1999). Internationalization can influence aggregate productivity
growth through the reallocation of resources to more productive firms and/or through some
learning-by-internationalizing effect where firms increase their productivity level more after
entry in the international markets compared to firms only active on the domestic market.
The first reallocation channel is for example the only source of productivity growth in the
Melitz (2003) model, namely trade liberalization causes the least productive firms to exit the
market and allows the most productive firms to expand. If our sample period is characterized
by increasing trade liberalization or decreasing trade costs, the reallocation term should be
the most important component of aggregate productivity growth.

We distingish between firms not involved in international trade, firms that are only
importers, firms that are only exporters and firms engaged in both imports and exports, for
trade in goods (Table 10) and for trade in services (Table 11). Firms are classified in the
group they resided in most during the period considered. As can be seen from Table 10

and Table 11, two-way traders account for the bulk of total value added generated by firms

4The same results, both for the education level as training intensity, hold as well at the sector level
(results available on request).
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in the private sector, even though they account for the minority of firms. These are the
so-called Superstar Exporters (Mayer and Ottaviano, 2008) that dominate world trade and
production.

The contribution of the different categories to aggregate productivity growth is depicted
in Figure 7 and Figure 8. In line with expectations, aggregate productivity growth is larger
for two-way traders compared to the no-traders. The difference however is mostly due to the
within firm component, while the reallocation term is only slightly smaller for the no-traders.
These results seem to indicate that theoretical models focusing solely on productivity gains
through reallocation will understate the true productivity gains from liberalization. The
group of firms that only import or export is clearly different for trade in goods than for
trade in services, as evidenced by the reallocation and within terms in the tables. For trade
in goods, there is a clear distinction between firms that only import and those that only
export in terms of their share of total reallocation versus within-growth. For services, all
trading firms contribute positively to both reallocation and within-firm productivity growth.
Overall, this is explained by the fact that most firms that engage in services trade, are

two-way traders on the goods market.!®

5 Conclusions

We provide a thorough analysis of productivity growth in the Belgian private sector between
1997 and 2009. More precisely we determine the micro-level foundations of aggregate pro-
ductivity growth following the decomposition methodology recently introduced by Petrin
and Levinsohn (2012). The advantage of this method being that the different components
add up to a measure of aggregate productivity growth that is close to macro definitions of
aggregate productivity growth, i.e. changes in final demand that can not be explained by
input changes. We find aggregate productivity growth to be equal to 1.46% on average over

the sample period. The reallocation of resources from low-value activities to high-value ac-

15The same results hold as well at the sector level (results available on request).
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tivities is the main contributor to aggregate productivity growth, although improvements in
firm-level technical efficiency play a role as well, especially in explaining fluctuations of ag-
gregate productivity growth. A classic decomposition of aggregate productivity growth such
as for example Griliches and Regev (1995), shows similar results. Turning to the sector level
contributions to aggregate productivity growth, the results show that the Manufacturing,
Agricultural and Telecommunication sectors realize highest productivity growth. Aggregate
productivity growth is low in the services sectors, especially so for within-firm productivity
growth.

Dividing the sample into different categories according to the firm capabilities shows
that productivity growth is mainly realized by firms having high levels of human capital —
obtained either through the general education system or through firm provided training — and
by firms that engage in international trade. Firms active in non-trading sectors (Hotels and
restaurants, Construction), in spite of their importance for overall employment, contribute

very little to overall productivity growth realized in Belgium between 1997 and 2009.
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7 Tables

Table 1: Summaries

All Firms large Firms

Mean S.D.  Mean S.D.
Employment 15 225 102 687
Real Value Added (X1000€) | 1,084 15,639 7,630 47,137
Real turnover (X1000€) - 40,925 311,597
Labor prod (X1000€) 95 857 159 2,440
o 0.62  0.30 0.74 0.34
ay, 0.20  0.19 0.15 0.19
B, - 0.22 0.19
B - 0.69 0.22
B - 0.05 0.10
Nr. Firms 228,374 23,030
Nr. Observations 1,553,480 161,644
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Table 2: Value Added and Aggregate Productivity Growth

Year Value added Labor Capital APGTY | APGEE
1998 4.25% 2.36%  0.82% 1.06% 0.75%
1999 3.50% 0.40%  0.28% 2.82% 1.62%
2000 3.12% 0.61% 0.31% 2.21% 1.99%
2001 0.32% 0.78%  0.07%  -0.53% | -1.19%
2002 0.47% -0.98% -0.13% 1.58% 0.99%
2003 1.93% -0.90%  0.00% 2.83% 3.24%
2004 2.58% -0.03%  0.20% 2.40% 3.16%
2005 0.84% -0.04%  -0.75%  1.62% -1.36%
2006 1.31% 0.54% -0.11%  0.87% 0.35%
2007 4.38% 1.04%  0.36% 2.99% 1.80%
2008 -0.13% 0.29% 0.39% -0.81% | -0.20%
2009 -2.44% -2.59%  -0.32%  0.46% 2.17%
Average 1.68% 0.12%  0.09%  1.46% | 1.11%

Table 3: Decomposition Aggregate Productivity Growth PL

Year APG  Within Reall
Labor Capital Fixed Cost

1998 1.06% 0.38% 0.69% 1.30% -0.60% 0.00%
1999 2.82% 1.75% 1.07% 1.08% -0.09% 0.08%
2000 221% 1.09% 1.12% 0.96% -0.05% 0.20%
2001 -0.53% -1.85% 1.33% 1.33%  0.36% -0.37%
2002 1.58% 0.62% 0.96% 0.14% 0.65% 0.18%
2003 2.83% 1.13% 1.70% 1.17%  0.50% 0.03%
2004 2.40% 0.58% 1.82% 1.04% 0.18% 0.60%
2005 1.62% -0.57% 2.20% 1.12% 1.23% -0.15%
2006 0.87% 0.56% 0.31% 0.67% 0.23% -0.58%
2007 2.99% 1.33% 1.66% 0.94% 0.13% 0.59%
2008 -0.81% -1.42% 0.61% 0.72%  0.04% 0.17%
2009 0.46% -1.06% 1.53% -0.06% 1.42% 0.05%

Average 1.46% 0.21% 1.25% 0.87% 0.33% 0.05%
St.Dev. 1.28% 1.16% 0.56% 0.44%  0.56% 0.34%

Petrin-Levinsohn decomposition aggregate productivity growth. Translog production
function estimated using Wooldridge (2009).

29



Table 4: Decomposition Aggregate Productivity Growth Griliches-Regev

Year APG  Within Between Entry Exit

1998 0.75% 0.41% -0.30% 0.34% 0.31%
1999 1.62% 1.72%  021%  0.41% -0.72%
2000 1.99% 1.11%  0.55%  0.25% 0.09%
2001 -1.19% -1.83%  0.04%  -0.06% 0.66%
2002 0.99% 0.70%  0.21%  0.36% -0.29%
2003 3.24% 1.13%  1.06%  0.38% 0.67%
2004 3.16% 0.51% -0.17%  2.39% 0.43%
2005 -1.36% -0.51% -1.55%  0.27% 0.42%
2006 0.35% 0.59%  0.17%  0.07% -0.49%
2007 1.80% 1.44%  -0.64%  0.29% 0.72%
2008 -0.20% -1.15%  0.35%  -0.28% 0.88%
2009 217% -0.92%  1.74%  0.95% 0.39%
Average 1.11% 0.27%  0.14%  0.45% 0.26%

Griliches-Regev decomposition aggregate productivity growth. Translog production
function estimated using Wooldridge (2009). Aggregate productivity growth and
components are weighted averages of sector level productivity growth and compo-
nents.

Table 5: Aggregate Productivity Growth per Sector

Value Added Labor Capital APG
Within  Reall

ABC Agriculture, Mining 6.70% 0.67% 0.70% 5.33% 4.55% 0.77%
D Manufacturing 0.09% -1.34%  -0.25% 1.69% 1.11% 0.58%
E Utilities 2.81% 1.38% 0.43% 1.01% -3.61% 4.62%
F Construction 2.07% 0.92% 0.46% 0.69% -0.87% 1.56%
G Wholesale and Retail 1.38% 0.59% 0.20% 0.58% -0.73% 1.32%
H Hotels and Restaurants 0.63% 1.27% 0.01% -0.65% -1.40% 0.75%
I Transport and Communication 2.15% -0.54% -0.03% 2.72% 1.20% 1.52%
K Business Services 4.27% 2.60% 0.52% 1.15% -0.30% 1.45%
Petrin-Levinsohn decomposition aggregate productivity growth. Translog production function estimated using Wooldridge

(2009).

Table 6: Aggregate Productivity Growth per Sector, Griliches-Regev

Year APG  Within Between Entry  Exit

ABC Agriculture, Mining 4.46% 458%  0.28% -0.51% 0.12%
D Manufacturing 1.78% 1.23%  0.15% -0.28% 0.68%
F Construction 0.42% -0.87% -0.80% 2.56% -0.46%
G Wholesale and Retail -0.06% -0.72%  0.32% -0.04% 0.39%
H Hotels and Restaurants -1.80% -1.40%  0.33% -1.08% 0.35%
I Transport and Communication 1.63%  1.26%  -0.08% -0.34% 0.78%
K Business Services 0.85% -0.28% -1.06% 3.07% -0.88%
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Table 7: APG in High Tech Industries / Knowledge Intensive Services

Year Val. Add. Labor Capital APG Within Reall
. Labor Capital | VA Share
Low Tech Ind. 1.18% -0.50% 0.01% 1.67% 0.59% 1.08% 0.69% 0.37% 31.50%
High-tech Ind. -047%  -1.46% -0.28% 1.27% 0.70% 0.57% 0.58% 0.56% 14.00%
Low-KIS Serv. 1.69% 0.66% 0.23% 0.79% -0.22% 1.01% 0.81% 0.15% 36.70%
High-KIS Serv. 4.41% 1.41% 0.27% 2.74% -0.01% 2.75% 1.53% 0.46% 17.80%
Table 8: Firm Capabilities: Education
Year Val. Add. Labor Capital APG Within Reall.
Labor Capital | VA Share
(Medium-)Low-educ. 1.79% 0.56% 0.04% 1.19% 0.23% 0.96% 0.93% 0.10% 33.70%
Medium-high-educ. 1.86% -0.04% -0.12% 2.01% 1.18% 0.83% 0.63% 0.37% 36.00%
High-skilled 2.91% 0.20% 0.14% 257% 0.72% 1.85% 1.10% 0.45% 30.30%

Petrin-Levinsohn decomposition aggregate productivity growth. Translog production function estimated using Wooldridge (2009). Sample

restricted to firms reporting full annual accounts.

Table 9: Firm Capabilities: Formal Training Actitvities

Year Val. Add. Labor Capital APG Within Reall.

Labor Capital | VA Share
No training 2.31% 0.49% 0.33% 1.49% -0.17% 1.66% 1.24% 0.23% 38.33%
Training 224%  0.30% -0.04% 1.98% 0.91% 1.07% 0.81% 0.27% 61.67%

Petrin-Levinsohn decomposition aggregate productivity growth. Translog production function estimated using Wooldridge (2009). Full

sample of firms, time period 1998-2007 (change in definition of training starting 2008)..

Table 10: Firm Capabilities: International trade in goods

Year Val. Add. Labor Capital APG Within Reall.

Labor Capital | VA Share
No-traders 2.51% 1.30% 0.37% 0.83% -0.46% 1.29% 1.12% 0.00% | 31.97%
Only importers 3.51% 1.98%  0.09% 1.44% -1.12% 2.56% 1.87% 0.38% 9.60%
Only exporters 0.62% -0.08% 0.36% 0.34% 0.28% 0.05% 0.60% -0.19% 2.27%
Two-way traders 0.94% -0.84% -0.07% 1.85% 0.80% 1.05% 0.56% 0.53% 56.16%

Petrin-Levinsohn decomposition aggregate productivity growth. Translog production function estimated using Wooldridge (2009).

Table 11: Firm Capabilities: International Trade in Services

Year Val. Add. Labor Capital APG Within Reall.

Labor Capital | VA Share
no-trader 2.29% 0.85% 0.35% 1.10% -0.04% 1.15% 1.15% -0.03% 47.88%
only M 2.17% 0.28% -0.12% 2.02% 0.62% 1.40% 0.89% 0.07% 14.46%
only X 3.43% 0.92% 0.16% 2.34% 0.95% 1.39% 1.48% 0.30% 2.80%
two-way 1.77% -0.55% -0.15% 247% 0.84% 1.62% 0.84% 0.77% 34.86%

Petrin-Levinsohn decomposition aggregate productivity growth. Translog production function estimated using Wooldridge (2009).
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8 Figures

Figure 1: Value Added and GDP Growth
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Figure 3: Contributions of Different Sectors to Aggregate Productivity Growth

Contribution of sectors to Aggregate Productivity Growth
All firms, 1998-2009, WLDITL
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Figure 4: Contribution of Sectors to Aggregate Productivity Growth: Technology and
Knowledge Intensity

Contribution of industries (services) grouped by technology (knowledge) intensity
All firms, 1998-2009, WLDITL
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Figure 5: Firm Capabilities: Average Skill Intensity

Contributions based on firm-level skill intensity (education)
Large firms, 1998-2007, WLDITL
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Figure 6: Firm Capabilities: Formal Training Activities

Contributions based on firms' formal training activities
Al firms, 1998-2007, WLDITL
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Figure 7: Firm Capabilities: International Trade in Goods

Contributions based on firms' trading status (goods)
All firms, 1998-2009, WLDITL
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Figure 8: Firm Capabilities: International Trade in Services

Contributions based on firms' trading status (services)
Al firms, 1998-2005, WLDITL
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Appendix
A Sector Classification

This appendix provides the details of the sector classification into high-tech industries, low-
tech industries, skill intensive services and less-skill intensive services. For the classification
of the manufacturing sector into high-technology and low-technology we rely on the OECD
classification where we take the high and medium high technology sectors as high technology
sectors and the low and medium-low tech industries as the low technology industries (cf.
Table A.1). Furthermore we include in the low tech industries the Agricultural Sector,
Mining and Quarrying, Recycling, Utilities and Construction.

To classify the services sectors we follow the Eurostat classification.'®, cf. Table A.2.

16The newest Eurostat classification is at the NACE rev. 2 level and we manually concord the NACE
rev. 1 codes with this classification.
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Table A.1: OECD Classification High Tech Sectors

NACE Revision 1.1 ISIC Revision 2
High-technology
1. Aerospace 35.3 3845
2. Computers, office machinery 30 3825
3. Electronics-communications 32 3832
4. Pharmaceuticals 244 3522
5. Scientific instruments 33 385
Medium-high-technology
6. Motor vehicles 34 3843
7. Electrical machinery 31 383-3832
8. Chemicals 24-24.4 3514-352-3522
9. Other transport equipment 35.24-35.4+35.5 3842+3844+4-3849
10.Non-electrical machinery 29 382-3825
Medium-low-technology
11. Rubber and plastic products 25 3554356
12. Shipbuilding 35.1 3841
13. Other manufacturing 36.2 through 36.6 39
14. Non-ferrous metals 27.4+27.53/54 372
15. Non-metallic mineral products 26 36
16. Fabricated metal products 28 381
17. Petroleum refining 23 3514354
18. Ferrous metals 27.1 through 27.3+27.51/52 371
Low-technology
19. Paper printing 21422 34
20. Textile and clothing 17 through 19 32
21. Food, beverages, and tobacco 15+16 31
22. Wood and furniture 20+-36.1 33

Table A.2: Eurostat Classification Knowledge Intensive Services

Description NACE Rev 1 Code
Knowledge Intensive Sectors
Water Transport, Air Transport 60 to 61
Telecommunications 642
Computer Services 72
Research & Development 73
Financial and Insurance Activities 65 to 67
Business Services (excl. cleaning and other business services) 741-746
Less-Knowledge Intensive Sectors
Wholesale and Retail 50 to 52
Land Transport 60
Supporting Transportation Services; Travel Agencies 63
Postal Services 641
Accommodation and Food Service 55
Rental and Leasing 71
Real Estate 70
Cleaning Services; Other Business Services 747 to 748
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B Construction of the Real Capital Stock

We have information on the different types of tangible fixed assets (buildings, machinery
and equipment, transport equipment) and take as the initial capital stock of a firm the book
value of the capital stock in the year that the firm enters the industry/sample, deflated by
the appropriate economy-wide gross fixed capital formation price index. (for example we
use the price deflator for non-residential housing to deflate the book value of buildings). To
construct the real capital stock for the subsequent years, we first compute nominal investment
by combining information on the book value of tangibles and depreciation, i.e.: I; = K;; +
D;; — K;;—1. We deflate nominal investment I;; and construct the real capital stock as
K; = (IN(Z-t_l—l—fit)(l—(Sit) where K;; and I, represent real capital and investment respectively.

;¢ is the depreciation rate of firm defined as 0;; = Dy /(K + D).

C Robustness Checks
C.1 Number of Hours as Labor Input

Table C.1: Petrin-Levinsohn Decomposition Hours as Labor Input

Year Val. Ad. Labor Capital APG Within Reallocation
Labor Capital

998 245%  -0.52% -0.30% 3.27% 1.14% 2.13% 2.711% -0.04%
1999 3.71% 1.13%  0.39% 2.18% 1.87% 0.32% 0.81% -0.12%
2000 4.16% 1.34% 1.11% 1.711% -0.22% 1.93% 0.56% -0.88%
2001 0.65% -0.30% 0.11% 0.83% -0.49% 1.32% 1.56%  0.10%
2002 0.89% -0.82% -0.02% 1.74% 0.81% 0.93% 0.31%  0.70%
2003 1.62% -1.18% 0.04% 2.75% 2.12% 0.64% 1.10%  0.29%
2004 2.60% 021% 0.19% 2.20% 0.85% 1.35% 1.41%  0.10%
2005 0.67% -0.92% -0.77% 2.35%  0.33% 2.02% 0.98%  1.38%
2006 1.22%  048% -0.14% 0.89%  0.69% 0.20% 0.58%  0.32%
2007 4.90% 1.22%  0.39% 3.28% 2.33% 0.96% 091% -0.10%
2008 0.14%  0.55% 0.41% -0.82% -1.39% 0.57% 0.86% -0.10%
2009 -2.55% -3.95% -0.26% 1.65% 1.43% 0.23% -0.68% 1.16%
Average 1.70% -0.23% 0.10% 1.84% 0.79% 1.05% 0.92%  0.23%
Petrin-Levinsohn decomposition aggregate productivity growth. Translog production function estimated using Wooldridge (2009).
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C.2 Book Value of Tangible Fixed Assets

Table C.2: Petrin-Levinsohn Decomposition Book Value Tangible Fixed Assets

Year Val. Ad. Labor Capital APG  Within Reall.
Labor Capital

1998 436%  2.38% 0.68% 1.29% 0.40% 0.89% 1.34% -0.50%
1999 3.59%  0.50% 0.10% 3.00% 1.59% 1.41% 1.03% 0.14%
2000 3.42%  0.82% 0.17% 2.44% 1.36% 1.07% 1.09% 0.12%
2001 0.88%  1.13% 0.34% -0.59% -1.83% 1.24% 1.39% 0.04%
2002 0.81% -0.86% 0.26% 1.41% 0.59% 0.82% 0.22% 0.39%
2003 227%  -0.65% -0.20% 3.12% 1.24% 1.88% 1.24% 0.70%
2004 3.06%  0.39% 0.08% 2.58% 0.52% 2.06% 0.97% 0.32%
2005 1.31%  0.34% -0.81% 1.79% -0.63% 2.42% 1.15% 1.41%
2006 1.711%  0.73% -0.27% 1.25% 0.58% 0.67% 0.73% 0.46%
2007 4.69%  098% 043% 3.28% 147% 1.81% 0.97% 0.12%
2008 0.12%  0.49% 0.30% -0.67% -1.51% 0.84% 0.77% 0.14%
2009 -2.35% -243% -0.07% 0.15% -0.98% 1.13% 0.02% 1.07%

Average  1.99%  0.32% 0.08% 1.59% 0.23% 1.36% 0.91% 0.37%

Petrin-Levinsohn decomposition aggregate productivity growth. Translog production function estimated using Wooldridge
(2009). Real capital stock is deflated book value of tangible fixed assets.

39



C.3 Output Production Function

Table C.3: Output Production Function
Year Val. Ad. Labor Capital APG  Within Reall.
Labor Capital Mat. FC

1998 3.75%  2.05% 0.76%  0.94% -14.73% 15.67% 0.34% -0.41% 3.02% 12.711%
1999 3.93% 1.19%  0.32% 2.42% 11.10% -8.67% -0.16% -0.31% 1.79% -9.99%
2000 3.59% 0.70% 031% 2.58% 2.94% -0.35% 0.256% -1.16% 1.55% -1.00%
2001 1.34% 2.03% 0.32% -1.02% -1.60% 0.59% 0.22% -0.33% 0.38%  0.32%
2002 0.16% -0.63% -0.23% 1.02% 3.96% -2.94% 0.48% 047% -1.92% -1.97%
2003 1.62%  -1.59% -0.11% 3.33% 0.00% 3.33% 0.13% 0.13% 1.25% 1.81%
2004 1.95%  -0.18% 0.13% 1.99% -2.48%  4.48% -040% 0.51% 2.28%  2.08%
2005 0.67%  0.08% -1.08% 1.67% -4.17% 5.84% 042% 1.23% 1.81% 2.38%
2006 0.36% 0.08% -0.26% 0.54% -3.31% 3.85% 1.29% 0.84% 1.80% -0.08%
2007 4.09% 1.29%  048% 2.32% -1.28% 3.60% 0.68% -0.54% 1.52% 1.94%
2008 1.03% 0.83% 0.61% -0.41% -1.39% 098% 0.19% 0.19% 1.01% -0.41%
2009 -2.711% -3.00% -0.26% 0.54% 0.31% 0.24% 0.16% 2.24% -3.52% 1.36%
Average  1.65% 0.24% 0.08% 1.33% -0.89% 2.22% 0.30% 0.24% 0.92% 0.76%
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C.4 Cobb-Douglas production function

Table C.4: Cobb-Dougals Production Function

Year Val. Ad. Labor Capital APG Within Reallocation

Labor Capital
1998 4.25%  2.36%  0.82% 1.06%  0.42% 0.64% 0.93% -0.50%
1999 3.50% 0.40% 0.28% 2.82% 2.43% 0.39% 0.89% -0.16%
2000 3.12% 0.61% 031% 221% 1.74% 0.46% 1.17% -0.32%
2001 0.32% 0.78% 0.07% -0.53% -1.00% 0.47% 0.84% -0.04%
2002 047%  -0.98% -0.13% 1.58% 1.41% 0.17% 0.45% -0.13%
2003 1.93%  -0.90% 0.00% 2.83% 2.37% 0.45% 0.85% -0.07%
2004 2.58% -0.03% 0.20% 2.40% 1.28% 1.13% 0.90% -0.10%
2005 0.84%  -0.04% -0.75% 1.62% 0.19% 1.43% 1.11%  0.58%
2006 1.31% 0.54% -0.11% 0.87™% 0.84% 0.03% 0.45% 0.10%
2007 4.38% 1.04% 0.36% 2.99% 2.40% 0.59% 0.62% -0.18%
2008 -0.13%  0.29% 0.39% -0.81% -1.01% 0.21% 0.65% -0.31%
2009 -2.44%  -2.59% -0.32% 0.46% 0.48% -0.01% 0.72% -0.09%
Average  1.68% 0.12% 0.09% 1.46% 0.96% 0.50% 0.80% -0.10%
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D Detailed Classification of Sectors

Figure D.1: Sector-Specific Growth Rates Productivity
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