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Abstract

This study investigates the patterns and trends of e-commerce activities as well as their impact on 
labour productivity growth in a group of European countries. At hand for the exercise is a unique 
panel of micro-aggregated firm-level data for 14 European countries spanning over the years 2002 
to 2010. The empirical approach is twofold: A static specification and a dynamic panel data model. 
The former is a difference specification estimated by OLS and the latter uses system GMM to account 
for endogeneity of e-commerce activities. For the impact analysis e-commerce is narrowed down to 
e-sales, measured as the percentage of firms receiving orders online (EDI or websites) or as the share 
of total sales in firms. Descriptive statistics reveal that the proportion of firms engaging in e-sales 
activities is slowly growing over time starting from a low level. The OLS estimates, controlling for 
industry, time and country effects, show that the change in e-sales activities and labour productivity 
growth are significantly positively related. Specifically, an increase in e-sales raises the rate of labour 
productivity by 0.3 percentage points over a two-year period for the total sample. Services industries 
experience a larger impact than manufacturing. In addition, dynamic panel data estimates demonstrate 
that smaller firms gain the most from increases in e-sales. Overall, for the total business sector, these 
estimates reveal that the increase in e-sales activities during the period studied accounts for 17 per 
cent of the total growth in labour productivity.

I. InTroduCTIon

Uncertainties about both measurement and impacts of information and communication technology (ICT) 
– as earlier expressed by Solow (1987), for instance – have been replaced by strong empirical evidence 
that ICT is indeed an important factor of economic growth and firm performance (Van Reenen et al., 
2010; Cardona et al., 2013). However its features and the channels through which it transforms into firm 
performance seem to change over time from the sole investment in computers to a multi-dimensional 
palette of advanced ICT systems including facilities for e-commerce activities and interactions with 
skills and changes in the organizational structure of the firm. These findings are partly made possible 
by improvements in measurement over time, where aggregate ICT capital is no longer the sole source. 
Detailed information on ICT usage in firms is available thanks to pioneering statistical and analytical 
work by the OECD, the European Commission (Eurostat and EUKLEMS) and extended to developing 
economies by UNCTAD. This development also made the three different Eurostat ICT Impacts projects 
possible, where nationally linked firm-level and micro-aggregated cross-country datasets (the Micro 
Moments Database) allow statistics on ICT usage of firms to appear in several novel dimensions.1

1 ESSNet on Linking of Microdata to analyse ICT Impact (ESSLait), ESSnet on Linking of Microdata on ICT Usage 
(ESSLimit) and ICT Impacts. See www-cros-portal.eu.
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In this study our main purpose is to go beyond the already extensively researched field of investments in 
ICT hardware and broadband and instead concentrate on another kind of adoption: e-commerce activities 
in firms. Indeed, simple systems for e-commerce were available long before the Internet, especially 
for business to business exchanges. However, e-commerce of today most likely requires advanced 
infrastructure to work. We aim to empirically investigate the patterns and trends of e-commerce activities 
and their impact on firm performance, measured as labour productivity growth in a group of European 
countries.

The empirical approach is twofold: a static specification and a dynamic panel data model. The former is 
estimated by OLS in two-year differences and the latter by the system GMM estimator, which makes it 
possible to account for endogeneity of the e-commerce activities. A number of previous studies have applied 
dynamic panel data methods to study the impact of ICT investments using multi-country industry level 
datasets (O’Mahony and Vecchi, 2005; Venturini, 2009; Dahl et al., 2010). To the best of our knowledge 
no such study is available for e-commerce activities. Nor have we encountered any earlier studies with this 
broad country coverage or with data in dimensions as novel as in the Micro Moments Database (MMD). 

For the impact analyses e-commerce is narrowed down to e-sales. These activities are measured either as 
the percentage of firms with sales activities or the proportion of sales through computer networks (websites 
or EDI). This focus is mainly motivated by data limitations (consistent question comparability). A firm is 
considered to be engaged in e-sales when it receives orders via a website, EDI-type systems or other means 
of electronic data transfer, in accordance with the EU-harmonized survey on ICT usage in enterprises.2

We use micro-aggregated rather than firm level data to study the productivity effects of e-sales activities.3 
There are two motivations for this: Firstly, firm-level data is confidential and difficult to stack in one 
international dataset. Secondly, even with access to linked firm-level data, the high attrition rates caused 
by the rotating nature of the ICT/e-commerce surveys mean that the use of panel data methods would 
offer few additional insights. 

The literature on ICT as an enabler of growth is vast, going from the aggregates (Jorgenson and Stiroh, 
1999; Chou et al. 2014) and investments in hardware to more disaggregated studies on selected groups 
of firms (Black and Lynch, 2001; Brynjolfsson and Hitt, 2003; Bartelsman, 2010; Van Reenen et 
al., 2010). ICT is considered to potentially improve the quality of the production factors. The more 
productive these factors are the greater the return to investments. The empirical studies often consider 
ICT and firm performance in conjunction with other important factors such as skills and organizational 
structure. However, Cardona et al. (2013) conclude that there is a caveat: ICT needs to be well embedded 
to render positive effects. In the different phases of the ICT impacts projects (Eurostat 2008, 2012 and 
2013) broadband internet-enabled employees were found to be the kind of usage most clearly related to 
productivity, at the firm as well as at the industry level (see also Grimes et al., 2012). 

The adoption of e-commerce activities are investigated in several studies where factors such as quality 
of the underlying ICT infrastructure, ICT skills, adjustment costs, uncertainties surrounding e-commerce 
and perceived strategic value for the firm are considered important determinants, factors that also to a 
certain degree make firms reluctant to engage in these activities (Grandon and Pearson, 2004; Hollenstein 
and Woerter, 2008; Oliveira and Martin, 2010; Ben Aoun-Peltier and Vicente Cuervo, 2012). Eriksson 
et al. (2008) show that Swedish SMEs, despite having access to high-level infrastructure, do not manage 
utilization of advanced ICT systems. 

2 For further discussion, see http://epp.eurostat.ec.europa.eu/cache/ITY_SDDS/EN/isoc_bde15d_esms.htm.
3 Micro-aggregated means that information has been sourced at the level of the firm, but due to disclosure issues the 
firms have then been grouped by industry or other firm characteristics.
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A growing field of literature emphasizes ICT as a facilitator of international trade. By using websites for 
promotion and sales channels, firms may be able to sell to markets otherwise not reachable due to distance 
or political systems, for instance. Fraumeni (2001) reasons that the digital economy and e-commerce 
activities will expand the global economy, while Morgan-Thomas (2009) finds that several different 
kinds of online capabilities are important for the internationalization of firms. According to Terzi (2011), 
the Internet will lead to increased amounts of international e-commerce following its capacity to reduce 
trade barriers. In the short run the gains from this will appear in the developed countries, but a shift to 
developing countries is expected in the long run. Martens (2013) shows that ICT and e-commerce are 
efficient reducers of distance-related trade costs. 

Another branch of the literature deals with e-commerce effects on firm performance. Zhu and Kraemer 
(2005) conclude that both front-end (product information) and back-end capabilities (web applications, 
ICT infrastructure) increase the value of e-commerce in the retail industry across a group of countries. In 
developed countries, the back-end capabilities render a stronger influence while in developing countries 
the opposite effect is found. In contrast to e-sales processes, Quirós Romero and Rodríguez Rodríguez 
(2010) find that e-purchases have a positive effect on Spanish firm efficiency. 

Positive links to productivity have been found by Xia and Zhang (2010) and Liu et al. (2013) although 
spillover effects within the specific industry are also important. The former study is based on a small sample 
of retailing firms in the United States for the years 1996–2008 and the latter relates to manufacturers in 
Taiwan Province of China in 1999 to 2002. Large ICT intensive firms in Belgium (Konings and Roodhooft, 
2002), and firms with advanced ICT systems in Italy (Colombo et al., 2013) exhibit similar patterns of 
positive associations between e-commerce and firm performance. The “dot.com era” is captured by 
Subramami and Walden (2001) who present a study where the pure signalling of e-commerce intentions 
increases the market value of the firm.

The study is organized as follows: First, we describe the empirical approach and the dataset at hand. This 
is followed by a section on e-commerce and ICT usage patterns across Europe. Then we present and 
discuss the results of the impact analyses. Finally, we conclude and suggest possible lines of future work. 

II. EmpIrICal approaCh

The theoretical rationale underlying the impact analysis relates to the efficiency in the sales activities 
rather than to the production process itself. E-commerce activities represent additional channels for firms 
to do business and enter new markets. When distance becomes less crucial (Lohrke et al., 2006) and 
e-commerce offers diminished adjustment and transaction costs, consolidation of supply and demand 
and decreased need of intermediaries or physical presence (see for instance; Garicano and Kaplan, 2001; 
Lucking-Reiley and Spulber, 2001) there is scope for the firms to streamline their sales activities. 

In order to study the impact of e-sales on labour productivity, micro-aggregated data are employed. 
Two different datasets are used: The first one consists of 2-digit industries and the second one uses data 
by both size class and broad industry groups. By means of the multi-country panel dataset, the level of 
labour productivity (in constant prices) in a given industry can be modelled as a function of the e-sales 
activities in the firm, with control variables: 

 (1)

where i,...,25 denote industry, t,..,8 time and c,..,14 country. VACP reflects the production value (value 
added) in constant prices and L employment. The variable %esales measures the percentage of firms that 
sell goods and services over the Internet or computer networks. Alternatively the share of sales through 
computer networks is used. X contains control variables such as the capital stock, λt encompasses the 
time effects and αic denotes the fixed effects (country/industry pairs). The error term εict is assumed to 

 
ictticticticictict cXesalesLVACP ελβα ++++= %)/ln(
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be independently and identically distributed (iid). The labour productivity equation may be estimated 
by a two-way fixed effects model although a difference specification estimated by OLS is an attractive 
alternative. It is well known that a long difference specification reduces the problem of measurement error 
(Griliches and Hausman, 1986). This problem is more likely to arise within the annual variation instead of 
when changes over two or five years are studied. Taking two year differences and adding sets of country 
DOC and industry DSEC dummy variables gives the following labour productivity growth equation:

 (2)

where ∆ refers to the change of the variables over a two-year interval. Labour productivity is calculated 
as the growth rate: 

and the change in e-sales is measured in percentage points 

         .

The new error term is defined as vic ≡ εict – εict–2 and is assumed to be normally distributed with zero mean 
and with a constant variance-covariance matrix. 

The labour productivity growth equation can be estimated by OLS with heteroscedasticity consistent 
standard errors, allowing the error term to deviate from the assumption of zero variance. Since OLS 
estimates based on cross-sectional data are likely to be sensitive to influential observations, the labour 
productivity equation is also estimated by the robust regression method. This regression technique is 
a weighted least-squares procedure that puts less weight on outliers and is achieved by using Cook’s 
distance and then performing Huber iterations. Furthermore, the labour productivity equation is estimated 
separately for broad industry groups in order to allow for differences in the relationships.

In general, it is assumed that the direction of causality goes from e-sales practices to labour productivity 
growth. However, e-sales activities are most likely endogenous due to output changes, as well as 
unobservable factors affecting both output and e-sales activities. Examples of this are business cycle 
fluctuations or demand shocks to the economy. The system GMM panel data estimator (Blundell and 
Bond, 1998) can be used to account for the correlation of e-sales activities with the error term. This 
estimator is particularly useful for panel data with a relatively large number of cross section units and a 
small time dimension – as is the case here – with an unbalanced multi-country industry panel consisting 
of 345 country-industry pairs and eight years. Given that the level of labour productivity shows a high 
degree of persistence we assume a dynamic adjustment process. Here the observed shift in labour 
productivity is a fraction of the required change to reach the optimal level of labour productivity which 
is ln(VACPict / Lict)*. The parameter ω measures the speed of the adjustment process: 

By incorporating the partial adjustment mechanism into the static equation, the labour productivity 
equation in dynamic form is obtained:

 (3)

where μic denotes fixed effects (country-industry pairs) and λt time effects. The adjustment parameters can 
be calculated as ω = (α1 – 1). The long-run effect of e-sales activities on labour productivity is obtained by 
β^ / (1 – α̂1). Alternatively, the size class/industry pairs panel data set can be used to investigate the impact 
of e-commerce. This makes it possible to explore whether the impact of e-sales activities βs vary across 
firm size: 

 
icticicicic DSECDCOcXesalesLVACP νλβα +++++∆+=∆ ~%~~)/ln( 0

 )/ln()/ln()/ln( 22 −−−=∆ icticticticticic LVACPLVACPLVACP

2%%(% −∆−∆=∆ ictictic esalesesalesesales (

 [ ])/ln()/ln()/ln()/ln( 11
*

11 −−−− −=− ictictictictictictictict LVACPLVACPLVACPLVACP ω

 ictticictictictictict uesalesLVACPLVACP ++++= −− λµβα %)/ln()/ln( 111
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icsttiscicsticstsicsticsticsticst ucXesalesLVACPLVACP +++++= −− λµβα %)/ln()/ln( 111

 (4) 

where i denotes sector, c country and s = 1,..,4 size classes (10–19, 20–49, 50–250 and 250+ employees) 
and represents the fixed effects (country by industry by size class). The labour productivity equation is 
estimated for three size classes separately (10–19, 20–49, 50–249 and 250+ employees).

The system GMM estimator builds on two equations: the one is based on the first difference specification 
and the other on the equation in levels. In the first equation lagged levels are used as instruments. Variables 
in the equation in levels are instrumented with lags of their own first differences. The two-step estimator is 
used to estimate the labour productivity equation with the finite sample correction developed by Windmeijer 
(2005). The e-sales variable is treated as endogenous (predetermined). The instruments consist of lagged 
variables from the first to the fifth lag in level and difference equations. As a rule-of-thumb the number 
of instruments should not exceed the number of groups in the regression (Roodman, 2009).

III. daTasET

Data for this analysis originate from the ESSLait Micro Moments Database (MMD).4 This database 
holds linked and micro-aggregated information on firms sourced from the national statistical offices in 
14 European countries. Information is available from registers on business, trade and education as well 
as from surveys on production, ICT usage and innovation activities for the years 2001–2010. The data is 
available at the two-digit industry level as well as for the EUKLEMS alternative hierarchy and in several 
other dimensions such as size class, age class, ICT intensity, innovation activity, ownership, affiliation 
and international experience.5 An overview of the industry classification is presented in annex B. In this 
empirical application the 2-digit industry country panel data set and data aggregated by both size class 
and broad industry groups are employed. Available variables may vary somewhat across countries, partly 
following the feasibility to link datasets (legal as well as practical), partly depending on the model design 
of sample surveys, where certain questions are mandatory and others are not. 

The Distributed Microdata Approach (Bartelsman, 2004) has been employed to build the MMD. This 
approach relies heavily on initial and careful metadata analysis including strict harmonization of firm-level 
variables. With a set of harmonized variables the process of organizing the national firm-level datasets 
in an identical infrastructure can start and a generic code can be developed. This Common Code is then 
run by each participating provider of statistics and the output generated consists of a set of summary 
tables with descriptive statistics and moments in different dimensions, at a level of aggregation where 
disclosure becomes less of a problem. Finally, each national output is pooled into a cross-country dataset: 
the MMD. By securing that data work and code running is dealt with in the described identical fashion, 
cross-country comparability can be guaranteed. 

Value added is defined as gross output minus intermediate purchases of services and goods. The ICT 
variables give the percentage of firms in an industry using the tool in question, unless something else is 
explained. Size of firm is represented by the number of employees. Nominal prices have been deflated 
by EUKLEMS or WIOD two-digit price indexes.6

4 See www.cros-portal.eu. The Micro Moments Database includes micro-aggregated firm-level information for Austria, 
Denmark, Finland, France, Germany, Ireland, Italy, Luxembourg, the Netherlands, Norway, Poland, Slovenia, Sweden 
and the United Kingdom.
5 More recent information about ICT usage in firms can be retrieved from the Eurostat databases. However those data 
have not been linked at the level of the firm and then aggregated, meaning that several dimensions of interest for impact 
analyses are not available.
6 See www.euklems.net and www.wiod.org.
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It is important to note that the descriptive statistics presented here may deviate somewhat from official 
statistics. This has two causes: The one follows from the fact that results from single sample surveys 
normally are aggregated, while micro-data linking has to be conducted on unweighted values. The 
implication of this is that the descriptive statistics display information about firms on average. If, for 
instance, an emphasis on firm size is needed, an ex-post re-weighting schedule can be used. The other cause 
is the existence of breaks in time series, which as far as possible have been over-bridged in the MMD.

IV. E-CommErCE and ICT usagE paTTErns In EuropE 

ICT usage (or ICT tools) across Europe displays several patterns, from rapidly growing to almost no 
change at all. This is illustrated in chart 1, where the development for 13 European countries is reported.7 
The lower or moderate growth of e-commerce might indicate that an underlying ICT-infrastructure is an 
important condition but not enough for engagement, as suggested by Bharadwaj and Soni (2007).

Websites (WEB) were in frequent use even before the times of fixed broadband connections (BROAD). 
These connections have gained vastly in popularity since the early 2000s, although now closer to saturation 
a more modest growth can be identified. Mobile connections (MOB) in firms are an ICT tool that initially 
showed slow progress but more recently has surged. This pattern resembles that of broadband connections 
in earlier years. Despite the strong development of mobile connections in firms, fixed broadband usage 
has not experienced a corresponding decline, indicating that mobile connections are not (yet) substitutes 
but rather complements to fixed broadband connections.

The development of e-commerce activities (ECOM, e-selling and/or buying) or pure e-sales (AESELL) 
deviates from the other ICT tools by exhibiting both a lower level of intensity and slower growth.8 
Approximately one out of four firms is active with e-sales and somewhat more than half of the firms 
engage in at least one of these two online activities. The temporary dip in both e-sales and e-commerce 
in 2007 should not be over-interpreted since it follows from slight definitional changes in the Eurostat 
EU-harmonized questionnaire for ICT usage in enterprises.

In comparison with the other ICT tools, the development of e-commerce and e-sales appears puzzling. 
Eurostat (2008, 2012 and 2013) suggests that there could be a threshold as well as a ceiling regarding 
the prospect of benefiting from ICT usage in firms. This is exemplified by the relationship between 
broadband Internet enabled employees and firm performance. When the intensity of usage comes close 
to saturation, the link to firm performance might weaken, although it remains stronger for firms at a lower 
level of intensity. This pattern is represented by the Nordic countries, already high in ICT usage, gaining 
less in productivity than countries from Eastern Europe, still low in usage. A minimal level of usage 
equally lacks the strength to impact firm performance. Bertschek et al. (2013) illustrates this in a study 
of the early years of broadband adoption in German firms, where no links to labour productivity could be 
found. Grandon and Pearson (2004) suggest that the adoption of e-commerce is related to the perceived 
strategic value for the firm of such an adoption. A lack of belief in online commerce could thus be an 
underlying explanation to the sparse development. Ben Aoun-Peltier and Vicente Cuervo (2012) argue 

7 Usage and access to PCs in firms are now so common that these phenomena are no longer accounted for in official 
statistics, and data on pure ICT investments are only available in a smaller group of European countries. Thus inclusion 
of time series on this is not possible here.
8 More recent information on ICT usage and e-commerce than analysed here is available online from Eurostat. However, 
those data are not linked and cannot be presented in the same dimensions as needed for this study. Nevertheless, these 
data confirm that the development of e-sales is still idling. Online purchases, on the other hand, which are included in 
the ECOM variable might even have deteriorated somewhat although comparable evidence of this is lacking. From 2011 
onwards information on online purchases became voluntary for statistical offices and several countries now refrain from 
including questions about this in their questionnaires. See http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/
search_database.
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that the many uncertainties surrounding e-commerce 
are barriers to its diffusion. Hollenstein and Woerter 
(2008) agree on this and also add adjustment costs 
as important drivers of diffusion. 

While the development of different ICT tools to a 
certain degree might be affected by the business 
cycle, no clear evidence of such effects or of the 
financial crisis can be seen in the descriptive statistics. 
Indeed, this might follow from the level of the 
analysis. Highly aggregated data might to a certain 
extent cancel out firm-level reactions to the crisis. 
For instance, Eurostat (2012, 2013) finds that firms 
high in ICT usage are more volatile than other firms, 
although the causality is unclear. The development 
of labour productivity (LPV), which first grows, 
contracts and then flattens out as it approaches the end 
of the decade (right hand Y-axis of chart 1) indicates 
cyclical behaviour. After a downturn the typical 
pattern in early phases of recovery is a pick-up, when 
existing capacities are highly utilized.

Labour productivity can also be reported for different 
groups of firms by their ICT intensity (chart 2). 
Results for 2010 reveal a clear pattern: Firms with 
a wider usage of ICT, in this case illustrated by the 
proportion of broadband Internet enabled employees 
(BROADpct), are operating at a higher level of labour 
productivity. The largest group includes those firms 
with less than 40 per cent of connected employees, 
and the next largest group is the upper percentile 
users.

Although fast broadband connections in firms and 
staff that manage to operate them may not have 
initially been conditions for setting up a website 
or taking part in electronic sales activities, such 
capacities certainly are more important now, at 
least if the website is expected to have some kind 
of interactive functions, such as online ordering. 
Despite this, the magnitude of the significant 
correlation between the change in the percentage 
of Internet-enabled employees (BROADpct) and 
in the percentage of firms with e-sales activities is 
at best moderate with a correlation coefficient of 
0.18 (see chart I in Annex A). This emphasizes that 
access to internet and e-skills may not be the only 
aspects of importance for a firm when considering 
selling online.

A closer look at the broadband connections (mobile 
and fixed) in chart 3A and B shows that the proportion 
of employees with these tools available (BROADpct 

Chart 1
ICT usage and labour productivity in 

European firms

Source: ESSLait Micro Moments Database.
Note: Average for 13 European countries: Austria, Den

mark, Finland, Germany, Ireland, Italy, Luxembourg, 
the Netherlands, Norway, Poland, Slovenia, Sweden 
and the United Kingdom. France is excluded 
because of gap in the time series. The Netherlands 
is excluded from MOB and WEB also due to gaps. 
LPV is value added based labour productivity, 
pppadjusted, reported on the righthand axis. The 
ICT variables are expressed as the proportion of 
firms with fixed broadband connections (BROAD), 
mobile connections (MOB), websites (WEB), online 
sales (AESELL) or online sales and/or purchases 
(ECOM).

40

45

50

55

60

65

70

75

80

85

90

0

10

20

30

40

50

60

70

80

90

100

2003 2004 2005 2006 2007 2008 2009 2010

E
ur

o,
 th

ou
sa

nd
s

P
er

 c
en

t

broad

aesell

mob

ecom

web

LPV 
(right axis)

Chart 2
Labour productivity by ICT intensity

level of firms in 2010
(Measured as a proportion of broadband Internet-

enabled employees (BROADpct); Euro, thousands)

Source: ESSLait Micro Moments Database.
Note: Average for 12 countries: Denmark, Finland, 

Germany, Ireland, Italy, Luxembourg, the Nether
lands, Norway, Poland, Slovenia, Sweden and the 
United Kingdom. 

0

20

40

60

80

100

120

mean <40% 40-89% >90%

BROADcat



8

and MOBpct) is increasing over time, although less near saturation level than the proportion of firms 
(as illustrated in chart 1). The span between types of broadband is also diminishing over time, where the 
mobile connections in firms seem to be catching up rapidly. Notable is that the spread between the country 
with the lowest connectivity among employees and the highest, is less wide for mobile connections.

Beyond the European average there is a spread in the intensity of websites and e-commerce in firms. 
Northern Europe and small countries seem to be more inclined to use websites than larger countries in 
the south. Finland and Sweden are close to saturation at levels above 90 per cent while in Italy only every 
second firm has a website (chart 4).

The general pattern also holds true for the development of e-commerce and e-sales, although it appears 
that being the country with the highest use of websites in firms does not automatically indicate a similarly 
high proportion of firms with engagement in e-commerce or pure e-sales activities. Norwegian firms are 
most intensively engaged, with Irish and Swedish firms not far behind. Austrian firms, with widespread 
usage of websites, are keen on e-commerce in general, but less so in regard to online sales. It is important 
to remember that these variations partly reflect differences in the industry structures across countries.

Not only varying structures across countries, but also domestic factors such as industry, size and age 
might affect the degree or possibility of firm engagement in online sales. In chart 5, e-sales activities are 
illustrated by four combinations of size and age classes, where a young firm is less than five years old 
and where a large firm has at least 50 employees. 

Besides a certain variation among industries, with the ICT producing sector (Elecom) being the most 
active in e-commerce and where the services firms (Mserv) among small firms have more functions for 
online ordering, it is clear that size is more discriminating for e-commerce than age. This holds true also 
for the manufacturing firms exclusive of ICT (MexElec).

A more detailed picture of the spread in e-sales activity across industries is presented in chart A2 in 
annex A. This reveals that firms producing consumer goods, personal services, distribution and ICT, are 
most frequently active in e-sales.

Chart 3
Employee broadband connectivity

(Per cent)

Source: ESSLait Micro Moments Database.
Note: Average for 9 countries: Ireland, Finland, Denmark, Germany, Norway, Poland, Slovenia, Sweden and the United Kingdom. 

Country with lowest and highest values varies over time. 
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International experience and distance to markets are additional factors that might affect the degree of 
e-commerce in firms. From chart 6 we can draw the conclusion that exporting firms are indeed more 
active with online transactions and the differences among industries are also less pronounced than on 
the domestic market. 

Chart 4
Websites and e-commerce in firms across Europe in 2010

(Per cent)

Source: ESSLait Micro Moments Database.
Note: WEB means the proportion of firms with websites, ECOM proportion of firms that engages in either e-sales or e-purchases 

and AESELL proportion of firms with e-sales activities. Italian data refer to the year 2009. All values are weighted with 
respect to sample size. 

Chart 5
E-commerce by size and age of firms in 2010

(Per cent)

Source: ESSLait Micro Moments Database.
Note: Averages for 10 countries: Denmark, Finland, France, Ireland, Italy, the Netherlands, Norway, Poland, Slovenia and 

Sweden. Small indicates fewer than 50 employees and young means less than five years old. Elecom is the ICT sector 
(NACE rev. 1.1, industries 30–33 and 64), while MexElec and MServ are manufacturing and services industries, exclusive 
of ICT. AESELL illustrates online sales and ECOM online sales and/or purchases. 
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The degree of e-sales activity in a firm can also be measured as this channel’s share in total sales 
(AESVALPCT). Between 2003 and 2009 the proportion doubled, although the extent is still low. On 
average, almost one seventh of sales is conducted through digital systems. In 2010 it was voluntary for 
statistical offices to include in the EU-harmonized questionnaire a question on the proportion of e-sales. 
This led to inconsistent coverage across countries and is why 2010 is left out in chart 7. Information for 
a smaller sub-group of countries, with Sweden, Italy and Luxembourg excluded, indicates a downturn 
in 2010. Detailed data by country is available in table A1 in annex A.

V. EsTImaTIon rEsulTs and dIsCussIon

In order to obtain an initial idea of the pattern of association between labour productivity growth and 
e-sales activities, two scatter plots are presented. Chart 8 illustrates the change in labour productivity 
against the change in the percentage of firms with e-sales for both manufacturing and services industries 
in the group of 14 European countries. The time period is restricted to the pre-financial and economic 
crisis of 2003–2008. For manufacturing industries we find a significant and positive correlation between 
labour productivity growth and change in e-sales activities. However, the correlation is only significant at 
the 10 per cent level and the magnitude is rather low (of about 0.22). The low significance level might be 
due to influential observations and outliers. Note also that differencing (using growth rates) may increase 
the measurement error in the data.

Services industries exhibit a positive and highly significant relationship (1 per cent level) between labour 
productivity growth and change in e-sales activities. The correlation coefficient is fairly high at 0.49. 
This indicates that the relation between e-sales activities and labour productivity growth differs across 
industry groups. The correlations should be interpreted with caution because they suffer from omitted 

Chart 6
Internationally experienced firms and 

e-commerce in 2010
(Per cent)

Source: ESSLait Micro Moments Database.
Note: Average for 10 countries: Austria, Denmark, France, 

Ireland, the Netherlands, Norway, Poland, Slovenia, 
Sweden and the United Kingdom. Elecom is 
defined as the ICT sector (NACE rev. 1.1, industries 
30–33 and 64), while MexElec and MServ are 
manufacturing and services industries, respectively, 
exclusive of ICT. AESELL illustrates online sales and 
ECOM online sales and/or purchases. 

Chart 7
Development of e-sales in firms  

in relation to total sales
(Per cent)

Source: ESSLait Micro Moments Database.
Note: Average for 12 countries: Austria, Denmark, 

Finland, Germany, Ireland, Italy, Luxembourg, the 
Netherlands, Norway, Slovenia, Sweden and the 
United Kingdom. France and Poland are excluded 
due to gaps in time series. In 2010 the question 
relating to variable AESVALPCT measuring esales 
as a proportion of total sales became voluntary to 
include in the EU-harmonized questionnaire. 
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variable bias and do not reflect causal effects. Nevertheless they could provide an initial indication of a 
possible positive relationship.

The next step is to analyse the relationship between labour productivity growth and change in e-sales 
activities by using regression analyses. Table 1 shows the OLS estimates of the impact of the change 
in e-sales activities on labour productivity growth. Separate results are provided for manufacturing and 
services industries. 

Because of the demand shock to the world economy in the late 2000s, three different periods are estimated: 
(i) total time period 2002–2010, (ii) pre-crisis period 2002–2008 and (iii) the crisis period 2008–2010. 
Additionally, table 1 also includes results obtained from the robust regression method which reduces the 
impact of extreme outliers or influential observations that may follow from measurement errors in e-sales 
or labour productivity variables. For each of the 14 European countries we use data from approximately 
25 industries and up to four two-year time periods, resulting in a total of about 1,200 observations.

The main result is a positive and significant relationship between the change in labour productivity and 
change in the percentage of firms with e-sales when controlling for industry, country and time effects. 
This indicates that industries with an increase in the proportion of firms selling through computer 
networks experienced a higher growth rate of labour productivity. These findings are consistent with the 
previous literature. Liu et al. (2013) use a similar approach on a sample of firms from Taiwan Province of 
China and find that e-commerce has a positive impact on productivity, although the effect is stronger in 
combination with R&D. Xia and Zhang (2010) shows that online sales channels increases sales volumes 
for about 100 publicly traded United States retailers during the period 1996–2008. By using firm level 
data for Belgium, Konings and Roodhooft (2002) reveal a productivity impact from e-businesses in large 
ICT-intensive firms. 

Chart 8
Labour productivity growth and change in e-sales by industry

Source: ESSLait Micro Moments Database.
Note: The sample is based on industry level data for 13 EU countries (AT, DE, DK, FI, IE, IT, LU, the NL, NO, PL, SE, SI and 

the UK). FR is excluded due to a break in time series. The following industries are included: NACE rev 1.1 15a6, 17t9, 20, 
21, 22, 23a4, 25, 26, 27, 28, 29, 30a3, 31, 32, 34, 35, 36a7, 50, 51, 52, 60t3, 64, 71a4, 72, 73. Labelled points indicate 
countries and industries with highest correlation. 
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The magnitude of the relationship differs across time periods and between manufacturing and services 
industries. In general, robust regression methods produce smaller coefficients with higher significance 
levels, indicating the presence of outliers. Based on the robust regression method for the total sample 
2002–2010 the coefficient of e-sales arrives at 0.12. This indicates that an increase in the share of firms 
with e-sales activities of one percentage point leads to an increase in the rate of labour productivity growth 
by 0.1 percentage points over the two-year period (as compared with the OLS-estimate of 0.28 percentage 
points). If the most turbulent years of the financial crisis are excluded (2008–2010), the estimates are both 
larger (0.22 and 0.46 respectively) and exhibit a higher significance level. Given the moderate growth rate 
of labour productivity in most European countries these effects are not negligible. When distinguishing 

Table 1
Impact of change in e-sales activities on labour productivity growth

(OLS and robust regression method)

Total Manufacturing Services

Industry coef. t coef. t coef. t

OLS estimates 2002–2010

Change in % of firms with e-sales activities 0.28** 2.15 0.28* 1.76 0.41 1.61
Constant -0.15 -1.55 0.03 0.28 -0.16 -0.60
# of observations 1167 756 363
R-squared 0.12 0.14 0.16

Robust regression method 2002–2010

Change in % of firms with e-sales activities 0.12** 2.09 0.11 1.63 0.30** 2.38
Constant -0.13*** -2.92 0.15*** 2.96 -0.06 -0.92
# of observations 1167 756 363

OLS estimates 2002–2008

Change in % of firms with e-sales activities 0.46*** 2.93 0.43** 2.21 0.66** 2.40
Constant -0.10 -0.81 -0.05 -0.48 0.07 0.60
# of observations 874 567 271
R-squared 0.14 0.18 0.17

Robust regression method 2002–2008

Change in % of firms with e-sales activities 0.22*** 3.44 0.22*** 2.98 0.40*** 3.06
Constant 0.00 0.06 -0.01 -0.22 0.12 1.58
# of observations 874 567 271

OLS estimates 2008–2010

Change in % of firms with e-sales activities 0.14 0.63 0.07 0.29 0.22 0.44
Constant 0.15 1.21 0.22 1.34 -0.08 -0.63
# of observations 293 189 92
R-squared 0.27 0.28 0.43

Robust regression method 2008–2010

Change in % of firms with e-sales activities 0.02 0.14 -0.04 -0.23 0.39 1.19
Constant 0.08 1.00 -0.01 -0.12 -0.10 -0.95
# of observations 293 189 92

Source: ESSLait Micro Moments Database and own calculations.
Note: The dependent variable is the change in log labour productivity in constant prices over two-year periods (i.e. 2002–2004, 

2004–2006, 2006–2008 and 2008–2010). OLS estimates are based on heteroscedasticity consistent standard errors. All 
regressions include country, industry and time dummy variables which are not reported. ***, ** and * denote significance 
at the 1, 5 and 10 per cent levels. The industry groups include NACE rev 1.1: 15a6, 17t9, 20, 21, 22, 23a4, 25, 26, 27, 
28, 29, 30a3, 31, 32, 34, 35, 36a7, 50, 51, 52, 60t3, 64, 71a4, 72, 73. Data for industry NACE 55, 65t67, and 90 are 
excluded because of erratic country and time coverage. The country group includes AT, DE, DK, FI, FR, IE, IT, LU, the 
NL, NO, PL, SE, SI and the UK.
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between manufacturing and service industries, robust regression estimates show that the coefficient of 
the change in e-sales activities amount to 0.22 and 0.40 for the pre-crisis period. This reveals that the 
relationship is larger for services than for manufacturing firms. The result for the crisis period (2008–2010) 
suggests that industries characterized by a higher share of firms with e-sales activities were affected by 
the downturn similarly to those with a low level of e-sales activities. 

Table 2 shows the two-step system GMM results of the impact of e-sales activities on labour productivity 
for the total sample as well as for services and manufacturing industries separately. The corresponding 
estimates for firms aggregated by three size classes (10–49, 50–249 and 250+ employees) are reported in 
table 3.9 The GMM estimates use robust standard errors and treat the e-sales variable as predetermined.10 

The results show a statistically significant and positive relation between labour productivity and e-sales 
activities. This implies that industries with an increase in the number of firms with e-sales activities 

9 The GMM estimations are carried out using the XTABOND2 command in STATA 13. 
10 The AR(2) test rejects the null hypothesis of second order correlation for the sample of manufacturing and services 
industries. As expected, there is significant first order serial correlation. Hansen J-test supports the validity of the instruments 
in most of the cases.

Table 2
Impact of change in e-sales activities on labour productivity

(System GMM estimates)

Total Manufacturing Services

Industry coef. t coef. t coef. t

log labour productivity t1 0.73*** 12.44 0.73*** 11.36 0.73*** 7.70
log labour productivity t2 0.11 1.11
% of firms with e-sales t 0.35*** 2.87 0.35** 2.35 0.40*** 2.61
Year 2004 (ref category  year 2003) 0.05*** 3.58 0.04** 2.33 0.08** 2.49
Year 2005 0.05*** 2.91 0.02 1.20 0.06* 1.78
Year 2006 0.01 0.90 0.00 -0.22 0.05 1.18
Year 2007 0.05** 2.58 0.05** 2.33 0.03 0.79
Year 2008 0.02 1.46 0.02 1.16 0.01 0.16
Year 2009 -0.05** -2.30 -0.06** -2.37 -0.07* -1.94
Year 2010 0.01 0.65 0.02 0.92 -0.03 -0.57
Constant 0.97*** 4.35 0.85*** 3.37 0.51* 1.91
Long-run coefficient e-sales 1.33*** 2.90 1.48** 2.40 2.10** 2.60
# of observations 2329 1535 752
# of groups 345 222 109
# of instruments 160 160 85
AR(1) test (p-value) 0.000 0.001 0.004
AR(2) test (p-value) 0.003 0.116 0.308
Hansen test of overid. restr. (p) 0.035 0.186 0.424
Hansen test excluding groupa (p) 0.011 0.085 0.617
Difference (null H=exogenous)a (p) 0.927 0.939 0.162

Source: ESSLait Micro Moments Database and own calculations.
Note: ***, ** and * denote significance at the 1, 5 and 10 per cent levels. The group of industries include NACE rev 1.1: 15a6, 

17t9, 20, 21, 22, 23a4, 25, 26, 27, 28, 29, 30a3, 31, 32, 34, 35, 36a7, 50, 51, 52, 60t3, 64, 71a4, 72, 73. The country 
group includes: AT, DE, DK, FI, FR; IE, IT, LU, the NL, NO, PL, SE, SI and the UK. The table reports two-step GMM 
results with the Windmeijer correction for small samples. The e-sales variable is treated as predetermined (endogenous). 
The Hansen J test checks for the validity of instrumental variables .a reports differenceinHansen tests of exogeneity 
of GMM instruments for levels (p-value). The short run impact of e-sales on labour productivity is equal to the short-run 
coefficient (ranging from 0.35 to 0.40). This coefficient refers to the impact that occurs in year (t). The long-run impact 
is calculated as the short-run coefficient divided by the adjustment parameter. 
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exhibit higher labour productivity growth. These results hold true for both the total sample and for the 
manufacturing and service industries, unconnectedly. 

The short-run coefficients indicate that an increase in the percentage of firms with e-sales activities by 
one percentage point will raise labour productivity by between 0.35 and 0.40 per cent.11 The adjustment 
parameters for services and manufacturing are 0.16 and 0.27, respectively. Corresponding average time 
lags are 5.3 and 2.7 years (calculated as (1 – ω) / ω). This implies that it takes between three and five years 
for half of the change in e-sales to be visible in labour productivity. The long-run impact of e-sales 
exceeds one and occurs by the earliest after six years. Given that the adjustment speed is rather low, the 
interpretation here focuses on the short-run coefficients. When estimated separately for different firm 
size classes we again find a significant impact of e-sales activities, except in the large firms (table 3). 
This insignificance might be partly explained by small sample size. The impact is more substantial for 
small firms with a coefficient of 0.36 than for medium-sized firms with a coefficient of 0.29. Interestingly 
though, the capital stock is not significant. However, this could be due to the fact that the structure of 
capital rather than its growth drives labour productivity.

11 Carefully note that the interpretation of regression estimates differs between OLS and GMM. While a one percentage 
point change in an independent OLS variable affects the dependent variable with equal units, the GMM estimates renders 
a change in per cent.

Table 3
Impact of change in e-sales activities on labour productivity by size class

(System GMM estimates)

10–49 employees 50–249 employees >250 employees

Size class coef. t coef. t coef. t

log labour productivity t-1 0.81*** 6.91 0.84*** 14.42 0.77*** 10.43
% firms with e-sales t 0.36*** 2.78 0.29*** 2.75 0.09 0.79
log real capital stock 0.00 -0.17 0.02 1.44 0.00 0.33
Year 2004 (ref category year 2003) 0.02 0.90 0.04* 1.76 0.04 1.25
Year 2005 0.04** 2.20 0.01 0.45 0.01 0.21
Year 2006 0.03 1.35 0.03 1.36 0.04 1.07
Year 2007 0.03 1.25 0.02 0.99 0.03 1.04
Year 2008 0.02 0.73 0.02 1.14 0.05* 1.69
Year 2009 -0.07*** -2.71 -0.07** -2.46 -0.06* -1.69
Year 2010 -0.04 -0.97 -0.03 0.00 -0.06
Constant 0.70 1.11 0.36 1.63 0.88*** 2.61
Long-run coefficient e-sales 1.91** 1.79** 0.40
# of observations 931 960 480
# of groups 124 128 64
# of instruments 103 103 80
AR (1) test (p-value) 0.00 0.00 0.01
AR (2) test (p-value) 0.89 0.41 0.06
Hansen test of overid. restr. (p) 0.359 0.276 0.948

Source: ESSLait Micro Moments Database and own calculations.
Note: ***, ** and * denote significance at the 1, 5 and 10 per cent levels. The groups of industries include the (i) ICT producers, 

(ii) consumer manufacturing, (iii) intermediate manufacturing, (iv) investment goods, (v) distribution and (vi) finance 
and business except real estate. The country group includes: AT, DE, DK, FI, IT, the NL, NO, PL, SE and the UK. The 
table reports two-step GMM results with the Windmeijer correction for small samples. The e-sales variable is treated as 
predetermined (endogenous).  
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In order to provide an indication of the magnitude of the results, it is possible to calculate the contribution 
of the change in e-sales activities to labour productivity growth. Given the short-run coefficient of 0.35 
for the total sample and the increase in the share of firms with e-sales activities of about 6.3 percentage 
points between 2003–2010 (or 0.9 percentage points per year on average), the total effect on labour 
productivity growth amounts to 2.1 per cent over the sample period (or 0.3 per cent per year). Expressed 
in relative terms e-sales activities account for 17 per cent of the total growth of labour productivity for 
the same period (which in turn was equal to 13 per cent). Overall, this indicates that e-sales activities 
account for a sizable increase in labour productivity of the business enterprise sector for the sample of 
EU countries. However, the contribution of e-sales activities is lower than that of ICT capital based on 
the macro productivity literature (Cardona et al. 2013; Spiezia, 2013). 

A number of robustness checks are conducted. First, we re-estimate the labour productivity equation with 
the percentage of firms with e-sales activities lagged one-year instead of the contemporaneous value. 
Unreported results show that the impact of e-sales remains significant although the magnitude of the 
coefficients is lower. Second, we use the alternative measure of e-sales activities: the proportion of sales 
through websites or EDI. Table A2 in annex A shows the results of the GMM estimator for the labour 
productivity equation estimated for manufacturing and service industries. Here the share of sales through 
websites or EDI is lagged one-year since the contemporaneous value is not significant. The results show 
that the positive estimates of this variable are slightly smaller than for the proportion of firms engaging 
in e-sales and the significance level is lower (10 per cent). This holds for both manufacturing and service 
industries. However, the proportion of e-sales in total sales is less significant when compared to the 
percentage of firms taking part in these activities. This could partly be explained by more volatile and 
erratic features of the variable itself. 

Third, it is possible that the effect of e-sales depends on complementary factors such as skills and 
organizational change. Combinations of different types of ICT and e-commerce may also render a larger 
impact on labour productivity growth. However unreported results show that interaction terms between 
these indicators and the e-sales variable are not significant. Another concern is the omitted variables bias. 
To account for this we include a number of other variables that may affect labour productivity in addition 
to the capital stock such as skills and innovation activities. Unreported results show that the effects of 
e-sales activities remain robust. Fourth, we investigate whether the link between e-sales activities and 
labour productivity remains stable during and after the economic and financial crisis. To do so the dynamic 
specification is augmented by an interaction term between the e-sales variable and the period 2009 to 
2010. Unreported results show that the interaction is not significant at conventional levels. This holds 
true for the industry sample as well as for the size class/industry sample.

VI. ConClusIons

This study adds to the literature by presenting patterns of and first insights into the productivity effects of 
e-commerce activities. To the best of our knowledge this has not earlier been explored in these dimensions 
for a large group of countries. E-sales is the main variable in focus, either in the shape of the activity or 
as a proportion of total sales. Engaging in e-sales is still not broadly spread, although more frequently 
used by large firms, high productivity firms and firms with international experience. The proportion of 
e-sales is growing over time, but ascending from a low level. Despite variations in the intensity, there is 
a consistency across countries in how the different phases of ICT appear, including the not yet strongly 
developed e-sales. 

We estimated the relationship between the change in labour productivity and firms engaging in e-sales 
activities based on a sample of industries in 14 European countries for the period 2002–2010. A key 
feature of the empirical analysis is the use of micro-aggregated panel data on e-commerce activities. 
The empirical results controlling for industry, time and country effects show that the change in e-sales 
activities and labour productivity growth are significantly positively related. All results are robust across 
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different specifications of the model and estimation methods. OLS estimates based on the difference 
specification show that the increase in e-sales raises the rate of labour productivity by 0.3 percentage 
points over a two year period, with a larger impact on service industries. Dynamic panel data estimates 
reveal that the increase in e-sales activities have accounted for 17 per cent of the labour productivity 
growth during the period 2003–2010.

Interestingly the effects of e-sales are more substantial for small firms than for medium-sized or large firms. 
Small firms are also the ones least active in e-sales. Further, our analysis indicates that the relationship 
between e-sales activities and productivity growth might have changed during the economic crisis, since 
the significant and positive estimates disappear for this period. Whether this is temporary or permanent 
is too early to conclude. Given the threshold reasoning, that certain ICT tools need to reach a critical 
level before they transforms into productivity gains, the modest level of e-sales might hold a potential 
for larger benefits in the future, especially for small firms, given an acceptable level of security and not 
too high costs. The overall stronger effect on services productivity might relate to the opportunity for 
some of these firms to deliver online.

One main shortcoming of the analyses is that only the impact of e-sales, not of e-purchases, has been 
possible to investigate. Although less directly connected to output, an efficient purchase organization 
may also affect labour productivity. Unfortunately, data limitations prohibit this. 

There are several directions for future research in this field. One possible extension is to investigate the 
employment impacts of e-commerce activities. Positive labour productivity effects of e-commerce activities 
do not necessarily mean that new jobs are created. Instead the expansion of e-commerce activities could 
as well destroy jobs. In particular, medium skilled or unskilled workers are likely to be more affected by 
e-commerce activities than high skilled workers (Michaels et al., 2014). 

Another interesting direction of future work would be to investigate whether complementary factors other 
than skills and organizational change affect the strength of the relationship between e-commerce activities 
and labour productivity growth. For instance, e-commerce data could be used for marketing purposes and 
market research (Ramanathan et al., 2012). The impact of e-commerce might be higher when combined 
with intangible assets (Corrado et al. 2014). A third alternative would be to study e-sales patterns and 
impacts based on data for countries outside Europe (or developing countries). Hypothetically, there is an 
opportunity to gain from e-sales even if the different stages of ICT deviate from what has been known 
for firms and industries in Europe.
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Annex A

Table A1
Average proportion of e-sales in firms

(Per cent)

AT DE DK FI FR IE IT LU NL NO PL SE SI UK

2003 4.2 1.6 2.9 5.2 n.a 2.5 2.1 17.3 2.5 23.2 n.a 19.5 4.8 1.7
2004 3.8 2.1 3.5 5.9 n.a 2.3 13.4 13.0 2.3 23.1 2.0 22.2 4.7 3.0
2005 5.0 2.9 3.9 6.6 n.a 4.7 15.6 21.9 3.3 24.0 4.2 23.4 5.1 4.6
2006 5.7 3.5 9.9 6.8 8.5 5.0 15.7 32.5 5.1 22.5 3.3 25.8 4.2 5.0
2007 7.0 7.5 7.1 7.5 10.6 6.5 15.8 27.9 6.4 28.8 4.2 28.6 4.2 5.6
2008 6.3 8.1 7.1 8.2 9.1 4.2 15.1 30.8 4.2 28.1 3.9 29.1 4.8 7.0
2009 8.2 9.7 6.5 8.9 8.1 7.0 19.0 29.5 12.4 30.3 5.9 30.4 5.3 10.1
2010 7.7 8.6 3.1 9.4 8.6 7.6 n.a. n.a. 5.7 23.6 5.7 n.a. 6.0 10.5

Source: ESSLait Micro Moments Database.
Note: In 2010 the question relating to variable AESVALPCT measuring e-sales as a proportion of total sales became voluntary 

to include in the EU-harmonized questionnaire.

Table A2
Impact of change in proportion of e-sales activities on labour productivity 

(System GMM estimates)

Manufacturing Services

Industry coef. t coef. t

log labour productivity t-1 0.83*** 12.64 0.81*** 7.77
Share of e-sales t-1 0.25* 1.97 0.33* 1.66
Year dummies yes yes
Constant 0.67*** 2.71 0.72* 1.74
Long-run coefficient 1.40* 1.92 1.74 1.62
# of observations 1497 779
# of groups 207 108
# of instruments 160 85
AR (1) test 0.00 0.00
AR (2) test 0.10 0.02
Hansen test of overid. restrictions 0.233 0.598
Hansen test excluding group a 0.258 0.433
Difference (null H = exogenous) a 0.318 0.798

Source: ESSLait Micro Moments Database and own calculations.
Note: ***, ** and * denotes significance at the 1, 5 and 10 per cent levels. The group of industries include NACE rev 1.1: 15a6, 

17t9, 20, 21, 22, 23a4, 25, 26, 27, 28, 29, 30a3, 31, 32, 34, 35, 36a7, 50, 51, 52, 60t3, 64, 71a4, 72, 73. The country 
group includes: AT, DE, DK, FI, FR, IE, IT, LU, the NL, NO, PL, SE, SI and the UK. The table reports two-step GMM 
results with the Windmeijer correction for small samples. The e-sales variable is treated as predetermined (endogenous). 
The Hansen J test checks for the validity of instrumental variables. 

a Reports difference-in-Hansen tests of exogeneity of GMM instruments for levels.
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Chart A1
Correlation between change in e-sales and change in broadband employees 

Note: The sample is based on industry level data for 13 EU countries (AT, DE, DK, FI, IE, IT, LU, the NL, NO, PL, SE, SI and 
the UK). FR is excluded due to break in time series. The following industries are included: NACE rev 1.1 15a6, 17t9, 20, 
21, 22, 23a4, 25, 26, 27, 28, 29, 30a3, 31, 32, 34, 35, 36a7, 50, 51, 52, 60t3, 64, 71a4, 72, 73.

Chart A2
E-sales by industry in 2010

Source: ESSLait Micro Moments Database.
Note: Average for 14 countries: AT, DE, DK, FI, FR, IE, IT, LU, the NL, NO, PL, SE, SI and the UK. Elecom represents ICT 

producing industries while ConsG, IntmdG and InvesG are manufacturers producing goods for consumers, intermediate 
use and for investments, respectively. The services sector includes Distribution, Personal services and Financial business 
services (Distr, Pers and FinBu).  
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annEx B
Industry classifications 

Table A3
EUKLEMS industry definitions (NACE 1.1)

TOT Total economy

15t37 Manufacturing
15a6 Food, beverages and tobacco
17t9 Clothing
20 Wood and of wood and cork
21a2 Pulp, paper, publishing
21 Pulp, paper and paper
22 Publishing and printing
23t25 Refining, chemicals, and rubber
23a4 Refining and chemicals
25 Rubber and plastics
26 Other nonmetallic mineral
27a8 Metals and machinery
27 Basic metals
28 Fabricated metal
29t33 Machinery and equipment
29 Machinery, nec
30t3 Equipment
30a3 Office, accounting and computing machinery; sc. eqpt.
31 Electrical equipment
32 Electronic equipment
34a5 Motor vehicles and transport equipment
34 Motor vehicles, trailers and semitrailers
35 Transport equipment
36a7 Misc manufacturing
40a1 Electricity, gas and water supply
45 Construction
50t74 Market services
50t5 Trade, hotels, restaurants
50t2 Trade, hotels, restaurants
50 Sale, maintenance and repair of motor vehicles and motorcycles; retail sale of fuel
51 Wholesale trade and commission trade, except of motor vehicles and motorcycles
52 Retail trade, except of motor vehicles and motorcycles; repair of household goods
55 Hotels and restaurants
60t4 Transport and communications
60t3 Transport
64 Post and telecommunications
65t7 Banking
70t4 Real estate and bus services
70 Real estate activities
71t4 Business services
71a4 Renting of machinery and equipment; oth. bus. svc.
72 Computer and related activities
73 Research and development
75t99 Social services
75 Public admin and defence; compulsory social security
80 Education
85 Health and social work
90t3 Personal services
90t3x Personal services excl. media
921t2 Media activities
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Table A4
EUKLEMS ALT industry definitions

ALT Description

Elecom Electrical machinery, post and communication services
MexElec Total manufacturing, excluding electrical
ConsG Consumer manufacturing
IntmdG  Intermediate manufacturing
InvesG  Investment goods, excluding hightech
OtherG  Other production
MServ   Market services, excluding post and telecommunications
Distr   Distribution
FinBu   Finance and business, except real estate
Pers    Personal services
NonMar  Non-market services
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