Abstract
This analysis aims to develop a sectorial taxonomy looking at the extent to which they
digitalize themselves. It accounts for some key factors of the digital transformation happening in
the world and in Portugal and sees the differences in adoption of the most advanced digital
technologies. The data used for the analysis covers the period of 2010-2014 and investigates four
dimensions of digitalization, focused on the technological component of digitalization: ICT
investment in equipment, ICT investment in software, ICT purchases of services and ICT
purchases of goods.
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1. Digital transformation in Portugal
The digital transformation the world is going through is revolutionizing production
processes, and is affecting economic performance. However, these technological changes
are also having an impact on economic growth, and the benefits to society are still
unknown. There are considerable difficulties in measuring the diverse effects this
phenomenon is having on the Portuguese economy. The constant changing scenario of new
technologies being created, together with numerous programs of the Portuguese
government to foster and expand the digitalization in the country create a challenge to
measure the digitalization of Portugal and what can possibly be causing it.
The effectiveness of the policies being created rely on more clearly understanding
the transformations the economy is passing through, not by a general look of all the sectors
of economic activities but by a dive into the intricacies of each sectors adoption of digital
technologies. The present study, based on Calvino, F. (2018) “A taxonomy of digital
intensive sectors”, proposes a taxonomy of industry sectors looking how deeply they have
gone digital. This paper investigated 28 sectors of activity in the Portuguese economy
comparing their digitalization in 4 indicators during the period form 2010-2014. The first
one is Software investment, so how much of each industry is putting money on developing
or updating its software and databases; the second one is investment in ICT Equipment;
the third is Purchases of ICT Goods; and the forth is Purchases of ICT Services. The
relevance, source and assumptions made for each of these indicators is discussed in the rest
of this report.
As Calvino said in the previously referred paper “The digital transformation in fact
does not only entail investing in and developing the most advanced “digital” tools, but also
embedding them in production with the appropriate human capital, and using them when
dealing with clients and suppliers” (Calvino F. 2018). So, when developing policies
regarding digitalization is not only about fostering the creation of new technologies but
about integrating them into the Portuguese economy. This is the moment where recently
adopted programs such Industría 4.0 and Agenda Portugal Digital come into place. The
effects of this policies are not covered in this report since they were implemented after the
period in question, however they are fundamental to understanding where the digitalization
of the Portuguese economy is going.
The aim of this taxonomy is to present operational tool to help policy makers to
better understand the heterogeneity of digitalization in the Portuguese economy so they can
adapt the policies to become more efficient and target focused. Also, to reveal which
industries are digitalizing faster and implementing new technologies into their productive
process.
As previously stated, the taxonomy here presents an imperfect snapshot of the
digitalization in the Portuguese economy and does not address some of its aspects. It is
worth noticing it does not include the adoption of frontier technology such as 3D printing
and machine learning because of lack of comprehensive data to make an in-depth analysis

of how each industry is using this state of the arc technology. Also, the deflator used was
the Producer Price index and not a sector specific deflator due to data unavailability.
The rest of this paper is structured in a similar manner Calvino’s is; the second
section will look into the measures used and the rationale behind it; the third section will
introduce the indicators used and their development in the Portuguese economy and the
forth section will introduce the technological development in each sector and some
clarifications that can be derived from it. Followed by some conclusions and policy
implications.

2. Measuring the digital transformation by sectors: rationale and
challenges
The approach used followed two considerations: digitalization is a complex phenomenon
that cannot be captured by a single indicator and sectors are affected differently by digital
technologies both in general but also at the company level, so the effects are very heterogeneous.
The framework used was looking only to the technological component that represents
digitalization. We investigated ICT investment and ICT consumption in each industry of the
Portuguese economy. One component that is not included in this analysis is the human capital
related with technology production. Hence, this analysis is focused on the technological
component of digitalization.
The sourcing of the data ensured that each industry selected had, in the time covered, a
uniform output across the indicators to enhance comparability. To this end a series of concerns
have been addressed:




Sectoral coverage: As we are dealing with data from just one country it is easier to reach
a more uniform data. The same indicator was possible to be used for each sector, and for
the entirety of the analysis. The sectorial classification used follows the one proposed in
the System of National Accounts and relies on the ISIC revision 4 sectoral classification.
Two sectors were excluded: household production and production by international
organizations.
Monetary values: Values in nominal terms were deflated using the Portuguese Producer
Price Index (PPI) for the relevant timeframe (2010 – 2014). The PPI data was sourced from
OECD data. This was done in order to prevent comparisons of indicators across time of
being misleading. This would happen if the price effect was to have a large and different
weight in the change of the indicators’ values.

3. Key Indicators of digitalization
Behind each of the indicators selected there is a rationale of why they were chosen to
compose the taxonomy and its purpose into the analysis. How they were developed is also covered
to ensure that they provide a coherent picture of the underlying phenomenon across sectors of
economic activity.
3.1 ICT Investment
The investment in information and communication technologies is fundamental to
comprehend the digital transformations happening in Portugal. Data is divided in software and
equipment investment so both tangible and intangible aspects of ICT are considered. The source
of data is mainly EU KLEMS data base released in 2017.
Investment in ICT equipment refers to investment in hardware and telecommunications
equipment as a share of gross fixed capital formation.
What is considered software investment is all the money directed to the development and
implementation of the overlaying programs that a run on a hardware. For Portugal it was hard to
find an appropriate deflator for this and the other indicators, so we chose to use the Producer Price
Index. This decision compromises in part the accuracy of the taxonomy picture.
ICT investments embodied in other forms of capital are not accounted by both measures
used. So, if a company buys a computer and pays an additional value for its software, the whole
value is added to ICT investment in equipment and the discrimination does not happen. Another
point worth noticing is that investment in machinery to produce ICT equipment is not added to the
category of ICT investment. As Calvino put: “These forms of mismeasurement are likely to bias
downwards the digital content of some sectors, which rely on non-purely-ICT forms of investment
for production.”
3.1.1 Investment in ICT Equipment
Figure 1 shows ICT investment in equipment as a percentage of GFCF in Portugal by sector
of economic activity.
Looking on the period of 2010-2014 it is possible to observe that the top investor in ICT
equipment is the sector of “Telecommunications” followed by “Financial and Insurance”,
“Publishing audiovisual and broadcasting activities” and “IT”. The other sectors covered show a
relatively low share of ICT investment in equipment, this is in part because of the larger size of
the denominator (GFCF) of these sectors, but also because of their production processes. These
sectors do not need to use ICT equipment as intensively in their production, at least for now.

Figure 1

3.1.2 Investment in Software
Figure 2 shows Investment in software as a percentage of GFCF in Portugal by sector of
economic activity.
Looking at the period of 2010-2014 it is observable that the areas with more investment
are “IT” and “Finance and Insurance” by a great margin. Even other sectors that shown great
investment in ICT equipment such as “Telecommunications" don’t show considerable numbers in
software. A possible explanation for this discrepancy is the fact that the equipment purchased by
this companies already come with the software implemented and since explained before, the data
does not discriminate the expenditure on those cases.
Figure 2

3.2 Purchases of ICT intermediates
In this report the data used to compose this indicator was collected from Input-Output
Tables (IOTs) ISIC Rev.4. There is a discrimination between purchases and investment because
of OECD recommendation; as Calvino put in his paper A Taxonomy of Digital Intensive Sectors:
“The SNA and OECD (2009b) recommend the capitalization of expenditure if a purchase has a
“useful life of more than one year”, i.e. it is not entirely consumed in the annual process of
production. However, this only paints a limited view of overall ICT use. For example, a firm
purchasing software with one-year licenses will record the transaction as intermediate
consumption but if the same software was purchased with a two-year license it would be recorded
as investment.”. Also, companies adopt very different strategies such as hiring external providers
to supply a service, and this would be registered as purchase and the investment category would
not cover.
Purchasing ICT goods and services allow companies to adjust their technology fast and
cheaply, in some cases avoid maintenance costs and a possibility to scale without too much
financial costs. The indicator “Purchases of ICT goods” refers to purchases made by the sector for
intermediate goods such as “computer electronics”. The “purchases of ICT services” measures the
purchases carried out of “computer and relative services”, such as ICT consulting and hardware
management.
The deflator used for those indicators once again was the Producer Price Index of Portugal.
3.2.1

Purchases of ICT Goods

Figure 3 shows the Purchases of ICT Goods as a percentage of Sectorial Output. The graph
shows that “Telecommunications” as the most intense. Moreover, other two sectors are also
relatively high in this dimension, and they are “IT” and “Other manufacturing; repair and
installation of machinery and equipment”.
Figure 3

3.2.2 Purchases of ICT Services
Figure 4 presents the Purchases of ICT Services as a percentage of Sectorial Output. It is
observable that the sector who has more intensity is “IT” by a large likely because it produces data
bases and analyses using them. Hence, this sector spends a lot of resources in hardware
management, for instance.
All the other sectors present very low intensity, with “Telecommunications”, “Financial
and Insurance” and “Publishing, audiovisual and broadcasting” being in second place. This result
is coherent with the other indicators, these categories presented themselves as digitally intense
when observing ICT investment.
Figure 4

4. Level of digitalization by sector
Some conclusions can be taken from the sectoral taxonomy of digital intensity shown
below (Table 1).
Table 1 summarizes the classification of digital intensity according to all indicators
considered. For each indicator, the taxonomy reveals in which quartile the sector in question
positions itself relative to others, telling us if the sector is relatively low or high in a dimension.
The meaning of each color is explained below in Table 1.
As it would be expected, the most digitally intensive sectors are the ones that use ICT
intensively, such as “Publishing, audiovisual and broadcasting activities”, “IT”, “Financial and
insurance”, and “Telecommunications”. Conversely, “Agriculture”, “Mining” and “Real estate”
are the less digitalized sectors according to the indicators chosen. This could change, nevertheless.
For example, nowadays Smart Farms are starting to be more common, and this would most
probably make the agricultural sector more digitalized. It is important to say that this follows the
OECD trend shown by Calvino. When one compares the relative digitalization of Portuguese
sectors with the aggregate of OECD countries, one can see the same patterns. “Agriculture”,
“Mining” and “Real Estate” are the worst sectors in terms of digitalization, and the ICT-intensive
sectors are the more digitalized ones. The existence of this pattern may come from the fact that
some sectors’ productive processes are more difficult to digitalize than others, and this may be a
reality everywhere. Countries must find policies that are able to accelerate the digitalization of the
sectors “left behind”. The relevant point here is that Portugal positions itself at the level of the
OECD countries in what concerns the technological component of digitalization, relatively
speaking.
Another important aspect that can be taken from Table 1 is the fact that most of the sectors
are heterogeneous in what concerns digitalization (i.e. they do not fall in the same quartile for all
indicators). This means that different sectors digitalize in different ways, and hence need different
policies. Depending on the productive process used, a sector will digitalize in a specific-manner.
For example, “Mining” is digitalizing itself through the purchase of ICT Goods, such as computers,
tablets, etc. But, “Health and social work” opts to invest more in software. This, in the long-run,
will have, most probably, a big influence in the level and type of digitalization of each sector.
Moreover, knowing that firms invest to become more competitive, maybe in agriculture it is not,
at the moment, necessary to increase efficiency to face competition, for instance. This
heterogeneity in the path chosen to “become digital” among sectors must be taken into account by
policy makers. Maybe, it would be more efficient to make sector-specific policies.
One last important point, which is worth mentioning, is related to the fact that some of the
indicators do not show the level of digital intensity in the sectors (i.e. “stock” of digitalization in a
sense), since we are using investment variables, which are flow variables. We are assuming that
digitalization is a dynamic process in time. For instance, it does not seem normal that the financial
sector positions itself in the lowest quartile in the purchases of ICT Goods dimension. However,
one can imagine that maybe this sector had already bought the technological goods it required

before this time period. Or, a more credible possibility, is that this new digital era of bank’s
branches only started to become a reality after 2014.
Table 1: Sectoral taxonomy of digital intensity, by indicator, 2010 – 2014

Sector
Software Investment
Agriculture, forestry and fishing
Mining and quarrying
Food products, beverages and tobacco
Textiles & apparel
Wood and paper products
Coke and refined petroleum products
Chemicals and chemical products
Rubber and plastics products
Basic metals and fabricated metal products
Electrical and optical equipment
Machinery and equipment n.e.c.
Transport equipment
Other manufacturing
Electricity, gas and water supply
Construction
Wholesale and retrail trade
Transportation and storage
Accomodation and food services
Publishing, audiovisual and broadcasting activities
Telecommunications
IT
Financial and insurance
Real estate
Scientific research
Public administration and defence
Education
Health and social work
Arts, entertainment and recreation

ICT Investment

Purch. ICT Goods

Purch. ICT Services

5. Conclusion and Policy Implications
This paper made an analysis of the extent to which sectors have gone digital, looking into
multiple dimensions and passing through the difficulties of selecting the proper data. It considered
how each sector of the Portuguese economy digitalized itself during the period of 2010-2014. For
each of the dimensions considered, the study discussed its rationale and the constraints found.
Far from providing a full picture of such a complex phenomenon this study pretends to be
the beginning of creation of an operational tool to assess how sectors with different digital
intensities are moving into this new technological era and how the Portuguese government can
better tailor its public policies to become more efficient.
Some measures and initiatives that must continue to be implemented and others that could
be put into effect will now be discussed. Regarding the financing of digitalization, three ideas are

relevant. One needs to make more money available to firms aiming to pursue digitalization, by
increasing the share of the State Budget devoted to this purpose; make eligibility criteria to access
loans more biased towards digitalization; and continue to create specific credit lines to support
digital initiatives. Moreover, since there is a clear heterogeneity in the path chosen to digitalize in
each sector, it is very important that policy makers are able to deliver specific policies to each
sector, but also to create knowledge spillovers. In order to make this possible, promotion activities
(regional and sectorial specific programs) and business fairs could be implemented by the
Government and sectorial associations, thereby creating knowledge spillovers, sharing best
practices, and improving the communication between firms and policy makers. Finally, even if the
human resource part of digitalization is not present in our analysis, it is important to tackle some
of the problems related to it. Digitalization must not only regard machines, it must also take labor
into account, since one can only increase productivity by adapting its labor force to these new
technologies. In that sense, Portugal must continue to incentivize the use of ICT from a young age,
but also continue to implement training programs in ICT related subjects to “digitalize” the
Portuguese labor force.
In conclusion, some more general success factors for the future will be presented. First of
all, Portugal must maintain a clear, long-term vision of digitalization in each sector. Moreover, it
must ensure leadership and commitment of the most important stakeholders (Government, firms,
etc). Regarding the efficient financing of digitalization, Portugal must ensure an efficient
allocation of European Funds, but also secure a good allocation and efficiency of investment
support in general. And finally, it must certify that skills of workers follow the digitalization trend,
in order to efficiently incorporate ICT in productive processes.
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