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Structural change describes long-term changes in the 
sectoral composition of the economy and employment. 
This process is inherent in economic growth and is trig-
gered by a variety of factors (Herrendorf et al., 2014). In 
Europe, structural change has been strongly influenced 
by the deepening of the Single Market and EU trade poli-
cy, which altered the international division of labour within 
Europe as well as vis-à-vis global competitors (Draghi, 
2024). Between 1995 and 2023, the share of manufac-
turing in gross value added fell on average in the EU, as 
well as in the USA and the UK (Figure 1). This decline was 
particularly pronounced prior to the 2009 financial crisis. 
Since then, the manufacturing sector’s share of gross val-
ue added has stagnated for several European countries. 
In 2021, the EU average was 16%, while in the USA it was 
only 11%. Absolute real value added in the manufacturing 
sector is nonetheless increasing in most countries, just 
not as strongly as services value added.

Sectoral shifts in value added influence overall econom-
ic productivity growth, which is a decisive factor for the 
long-term economic development and prosperity of an 
economy (German Council of Economic Experts [GCEE], 
2023). It makes it possible to produce more goods and 
services with the same input of resources, which leads to 
rising incomes, a higher standard of living and improved 
competitiveness. Historically, productivity growth in the 
manufacturing sector tends to be higher than in the ser-
vice sector. This is partly due to the fact that industrial 
production is often characterised by a higher degree of 
automation, technological progress and economies of 
scale. In the course of structural change, traditionally 
high-productivity manufacturing industries are shrinking 
relative to services. The shift of economic activity to the 
service sector, where productivity gains are often more 
difficult to achieve, therefore leads to a slowdown in over-
all economic productivity growth, which in turn affects the 
long-term growth momentum of the economy as a whole. 
This challenge is acute throughout Europe, where lagging 
service-sector productivity and insufficient diffusion of 
digital technologies have been identified as key bottle-
necks to competitiveness (Draghi, 2024).

This article focuses on Germany since the country’s struc-
tural trajectory has a disproportionate impact on EU-wide 
growth and competitiveness. The country’s strong indus-
trial base makes it an important benchmark for assess-
ing how structural change influences productivity across 
Europe. In Germany, the manufacturing sector’s share of 
gross value added was exceptionally stable in internation-
al comparison at around 22% between 1995 and 2017, 
and most recently at 20% in 2023. This contributed to the 
fact that sectoral composition effects slowed productivity 
growth less than in other countries. Nevertheless, overall 
economic productivity growth has been slowing down for 
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Figure 1
An international comparison of structural change

Notes: 1 According to NACE Rev. 2. 2 For the USA: change in 2021 vs. 
1997. 3 Business service activities: professional, scientific and technical 
activities, administrative and support service activities. 4 Public adminis-
tration, defence, education, human health and social work activities, en-
tertainment and recreation, other service activities, private households, 
extraterritorial organisations and bodies.

Source: Eurostat; authors’ calculations.

years. According to a study by Duernecker and Sanchez-
Martinez (2023), sectoral change has reduced productiv-
ity growth in the EU by around 0.4 percentage points per 
year since 1970. The spring report of the GCEE (2025) es-
timates this contribution for Germany at 0.25 percentage 
points (Figure 2).

Future structural change will have a sizeable impact on 
productivity for Germany. Duernecker and Sanchez-Mar-
tinez (2023) estimate that future productivity slowdown 
in Germany will be driven by a shift in economic activity 
towards service industries with stagnant productivity – 
showing zero growth – especially in business services.

Indeed, value added shares and total employment in the 
manufacturing sector reached their recent peak in 2019 
and have been declining since then, despite ongoing la-
bour productivity gains. Employment in business services 
has grown strongly over the past 30 years, while labour 
productivity has been declining for many years, and 
growth rates remain persistently low (Figure 3). Employ-
ment in public administration, health and social services 
in Germany has been growing, with the strongest growth 
coming from human health services.

In view of the increasing importance of services and the 
challenges posed by new technologies, the question 
arises as to how structural change can be influenced to 
promote growth and how productivity growth rates in ser-
vices can be increased. Productivity growth during struc-
tural change depends largely on whether new technolo-
gies – especially artificial intelligence (AI) – are used to 
increase productivity in the service sector. This is an issue 
at the European level, since scaling the adoption of AI and 
digital technologies should be based on cross-border in-
vestments.

Developments in knowledge-intensive industries and 
tertiarisation

A central aspect of the current structural change is the 
growing importance of knowledge-intensive industries 
and the trend towards tertiarisation, which manifests itself 
in an increase in the share of services in value creation 
and employment in the secondary sector (Vandermerwe 
& Rada, 1988; Baines et al., 2009; Khanra et al., 2021; 
Lehmann et al., 2025). Knowledge-intensive industries 
are characterised by the fact that a comparatively high 
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Productivity growth in Germany: Contribution of 
structural change between the sectors
Growth rate of labour productivity

Note: Values smoothed using a polynomial.

Sources: Bontadini et al. (2023); EUKLEMS; authors’ calculations.
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proportion of employees in these sectors has a tertiary 
education, i.e. a university degree or comparable quali-
fication. These sectors include, for example, the finance 
and insurance industry, information and communication 
technology (ICT), the pharmaceutical and chemical indus-
tries, management consultancy, research and develop-
ment and other knowledge-based services.

These industries play a crucial role in innovation, produc-
tivity growth and the international competitiveness of an 
economy. They are often pioneers in the development 
and application of new technologies, attract highly quali-
fied workers, contribute to the creation of high-quality 
jobs and frequently generate a high level of value added. 

In recent decades, the share of knowledge-intensive ser-
vices in the economy has grown, particularly due to ar-
eas such as financial services, ICT and business-related 
services (Figure 4). While these services have expanded 
markedly in many advanced economies, growth in Ger-
many has been comparatively subdued. In Germany the 
share of knowledge-intensive services rose by just 5.5 
percentage points to 31% between 1995 and 2021, while 
in the USA the share rose by 10 percentage points to 42% 
over the same period (see Figure 4). Moreover, in some 
of these industries productivity growth is low in Germany 
(Kritikos et al., 2022; Duernecker & Sanchez-Martinez, 

2023), which underlines the need for targeted measures 
to increase efficiency and innovative strength.

At the same time, an increasing tertiarisation can be seen 
within manufacturing industries. Tertiarisation describes 
the increase in the share of services in value added and 
employment, not only in the service sector itself, but also 
within the manufacturing sector. Services such as main-
tenance, research and development, and logistics are 
increasingly seen as an integral part of industrial value 
creation. Indeed, the share of services in industrial val-
ue added in Europe increased by around 10 percentage 
points between 1995 and 2011 (Stehrer et al., 2015).

This development makes the traditional distinction be-
tween the manufacturing industry and the service sector 
more difficult, as many companies are increasingly car-
rying out both production and service activities. It is also 
changing labour demand in the manufacturing sector, as 
service skills such as communication skills, customer ori-
entation and problem-solving skills are increasingly in de-
mand alongside traditional production skills.

In particular, the complementary use of ICT and knowl-
edge-intensive services is crucial for productivity gains 
(van Ark et al., 2008; Bloom et al., 2012). Since the mid-
1990s, the US has outperformed Germany and the euro-

Figure 3
Employment and labour productivity by economic sector

Notes: According to the Classification of Economic Activities (WZ, 2008). 1 Gross domestic product per hours worked by persons in employment.

Source: Federal Statistical Office; authors’ calculations.
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zone in productivity growth (Lopez-Garcia & Szörfi, 2021; 
Bergeaud, 2024), partly due to more effective adoption of 
ICT (van Ark et al., 2008; Gordon & Sayed, 2020). US pro-
ductivity gains have been driven by digital infrastructure 
investment and labour reallocation (Dao & Platzer, 2024). 
In Europe instead, ICT uptake has been hindered by re-
source constraints and weaker management capabilities 
(Bloom et al., 2012; Hsieh et al., 2019).

Four future key drivers of structural change, produc-
tivity and growth

Many of the megatrends described above influence pro-
ductivity growth not only indirectly, via structural change, 
but also directly.

International trade

Globalisation and international trade have significantly im-
pacted structural change in Germany in recent decades. 
The international division of labour has supported pro-
ductivity growth through specialisation effects and econ-
omies of scale. In the past, Germany benefited greatly 
from the export of high-value capital goods, particularly in 
mechanical engineering and the automotive sector. This 
slowed the pace of structural change compared to other 
industrialised economies.

The technological catch-up process observed in Asia 
(Hsieh & Ossa, 2016; Mao et al., 2021), and particularly 
in China (Bickenbach et al., 2024), is calling traditional 
export strengths into question. Germany has lost market 

shares for its 500 most important products, ranked by ex-
port value, in almost all world regions, whereas China has 
gained market shares in the respective products over the 
period of 2017 to 2022.1

Should this shift in comparative advantages continue 
at the disadvantage of German companies, structural 
change will accelerate and specifically affect industries 
with high productivity. This in turn might reduce innova-
tion efforts and R&D spending (e.g. Aghion et al., 2005; 
Sacco & Schmutzler, 2011; Aghion et al., 2006). To main-
tain Germany’s comparative advantage in key industries, 
it is essential that firms in these sectors strengthen their 
innovation capacity and enhance productivity growth.

Digitalisation and AI

Digitalisation influences productivity through various 
channels: direct efficiency gains, new business models 
and automation. Studies show that companies with a 
high level of digitalisation achieve above-average pro-
ductivity growth (Brynjolfsson et al., 2018; McElheran et 
al., 2024). Germany has some catching up to do here: AI 
adoption among German companies remains limited de-
spite growing interest. Depending on the source, usage 
rates range from 12% (Rammer et al., 2024) to 20% (Fed-
eral Statistical Office, 2024) and up to 27% (ifo Institute, 
2024). According to van Ark et al. (2008), US companies 
use digital technologies more efficiently, which, between 
1995 and 2006, contributed significantly to their produc-

1	 See Chart 79 in German Council of Economic Experts (2025).

Figure 4
Value-added components of knowledge-intensive economic sectors (share of gross value added)

Notes: According to NACE Rev. 2. The shares of the respective economic sectors in all economic sectors except sections L, O, P, Q, T and U are shown. 
1 Information and communication, financial and insurance services as well as business services. 2 Mining, manufacture of coke and refined petroleum 
products, chemical and pharmaceutical industry, manufacture of electrical and optical equipment, mechanical engineering and vehicle construction.

Sources: Bontadini et al. (2023); EUKLEMS; authors’ calculations.
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tivity advantage. AI offers new opportunities for produc-
tivity leaps, particularly in knowledge-intensive services 
and research and development. However, there are con-
siderable regional and sectoral differences in the speed 
of implementation. The approach of Webb (2020), who 
uses job descriptions and AI patent data to assess au-
tomation potential for the German labour market, shows 
the highest substitution potential in manufacturing and 
ICT occupations, but much lower potential in commerce, 
healthcare and social work (Fregin et al., 2023) (see Fig-
ure 5). Bridging gaps in AI adoption will be key to ensure 
that digitalisation drives broad-based and sustainable 
productivity growth.

Decarbonisation

The transition to a climate-neutral economy as a sig-
nificant driver of structural change also places high de-
mands on innovation and efficiency improvements. It re-
quires far-reaching changes in energy production, indus-
try, transportation and other sectors. In the short term, 
rising energy costs and investments in low-emission 
technologies could have a negative impact on productiv-
ity, especially given that similar cost increases are not an-
ticipated in non-European countries with more lenient cli-
mate policies. Even with a globally uniform carbon pricing 
system, Germany would face a cost disadvantage due to 
its relatively lower renewable energy potential (Verpoort 
et al., 2024). This could lead to the relocation of particu-
larly emissions-intensive production abroad (see Figure 
6). Given the higher emissions intensity of manufactur-
ing compared to services, structural shifts towards the 

service sector are likely to accelerate. In the long term, 
however, innovation boosts in areas such as the green hy-
drogen economy, energy storage and sustainable mobil-
ity offer significant productivity potential.

Demographic change and skill mismatches

Demographic change, in particular the ageing of the pop-
ulation and the decline in the birth rate, represents a sig-
nificant challenge for the German labour market. Accord-
ing to forecasts, the German workforce could shrink by 
up to 20% by 2040 (Kubis & Schneider, 2024), leading to a 
marked decline in labour supply. This demographic con-
traction is expected to exacerbate existing shortages of 
skilled workers and weigh directly on the country’s long-
term growth prospects. At the same time, skill mismatch-
es are emerging, i.e. a discrepancy between the qualifica-
tions of the workforce and the requirements of the labour 
market, as structural change is reshaping the landscape 
of occupations.

While the importance of industrial manufacturing occupa-
tions is declining, demand is rising for service-oriented 

Figure 5
Automation potential through AI by sector

Notes: The automation potentials are a transfer of Webb's classification 
(2020) to the German occupational classification. The indicator measures 
the correspondence between the job descriptions of individual occupa-
tions and fields of application of AI from patent texts on a scale of 1 to 
100. According to the Classification of Economic Activities (WZ, 2008). 
Calculated for the average employment structure for the years 2012 to 
2019 using the Integrated Employment Biographies sample. 1 Wholesale 
and retail trade; repair of motor vehicles and motorcycles.

Source: Institute for Employment Research (IAB) of the German Federal 
Employment Agency (BA).

Figure 6
Average CO₂ avoidance costs and  emissions by 
economic sectors
Average values for 2017-2020

Notes: The CO₂ emissions are approximated on the basis of the energy 
sources in individual companies (with more than 20 employees) contained 
in the official company data for Germany. Non-energy-related emissions 
for economic sectors "Manufacture of chemical products", "Manufacture 
of non-metallic mineral products", "Manufacture of basic metals" are 
added on a flat rate basis. Industry specific values from the literature are 
assumed for CO₂ emissions costs. Avoidance cost of 50 euros per tonne 
were assumed for the economic sectors with missing values. Economic 
sectors according to the Classification of Economic Activities (WZ, 2008).

Sources: RDC of the Federal Statistical Office and the Statistical Offices 
of the Länder, DOI 10.21242/42.111.2021.00.01.1.1.0 and 10.21242/43.531.
2021.00.03.1.1.0; authors’ calculations.
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roles and higher-skilled workers (Boddin & Kroeger, 2022). 
Structural change is altering qualification requirements 
faster than education and training systems can react. 
Adão et al. (2024), for example, show that labour markets 
with greater skills flexibility are better able to cope with 
structural change in a way that increases productivity.

Options for action: Targeted promotion of growth 
dynamics and productivity

To shape structural change in a way that boosts growth 
and productivity, an economic policy strategy must be 
pursued that takes into account both sectoral and re-
gional differences and shapes forward-looking industrial 
and structural policy. An active innovation and infrastruc-
ture policy, combined with a horizontal strengthening 
of knowledge-intensive economic sectors is essential 
to shape the transformation dynamics in a way that in-
creases productivity. These measures must be aimed at 
the effective promotion of innovation in all economic sec-
tors, the sustainable increase in productivity, the timely 
adaptation of qualification profiles of the workforce to the 
changing requirements of the labour market, and the de-
sign of a supportive regulatory framework that does not 
hinder change, but rather actively supports and shapes it.

Fostering conditions that actively promote innovation, 
investment and competition is of central importance. In-
struments such as reliable CO2 pricing stimulate produc-
tivity growth through efficiency incentives, while innova-
tion-oriented funding programmes and tax incentives for 
research can encourage investment in new technologies. 

Targeted support for research and development in compa-
nies, particularly for new technologies and climate-friend-
ly production processes, plays a key role in strengthening 
the innovative power of the German economy and laying 
the foundations for future productivity growth. Encourag-
ing researchers to engage in entrepreneurship and sup-
porting knowledge transfer mechanisms can strengthen 
the link between scientific research and industrial innova-
tion. Setting-up regional innovation clusters can generate 
spillover effects and accelerate the diffusion of new tech-
nologies. These clusters should be focused on priority 
topics with an emphasis on applied research. Germany 
should further push for the establishment of counterparts 
to the American Advanced Research Projects Agency 
(ARPA) to drive breakthrough innovation in critical fields 
such as the energy transition, defence and AI, and health-
care at the European level. Such a programme could start 
as a joint Franco-German initiative, with all EU countries – 
and the UK – invited to participate (Franco-German Coun-
cil of Economic Experts [FGCEE], 2025).

To take a leading role in the development of AI, signifi-
cant investment in physical and digital infrastructure is 
required, particularly in structurally weak regions, to bet-
ter connect them to the supra-regional centres of growth. 
The expansion of broadband networks and 5G infrastruc-
ture remains slow and should be prioritised, accompa-
nied by programmes that actively support digitalisation in 
companies of all sizes.

Although the EU is well positioned in AI research, it lags 
behind the US in the development and commercialisation 
of AI. There is not only a lack of cloud computing infra-
structure, but also a lack of a dynamic ecosystem and 
receptive sales markets. Various proposals to promote 
investment and innovation in AI are being discussed, in-
cluding the creation of a European organisation for AI, an 
IT mission as part of Horizon Europe or the introduction of 
a European fund for digital infrastructure. Given the high 
fixed costs involved, no individual European country can 
achieve the required scale on its own. Building AI giga-
factories can close the gap with global competitors. This 
again can be done as a joint initiative between interested 
European countries (FGCEE, 2025).

Start-ups are important drivers of innovation in AI. In or-
der to strengthen the AI scene in Europe, the availability of 
private capital is of central importance in addition to the 
coordination of public investment, as discussed above. 
Currently, a large proportion of venture capital for AI flows 
to the US, while the EU is lagging far behind. Without a 
strengthening of the European capital markets and the 
activation of private investors, the European AI scene will 
not be able to catch up. A broader application of AI and 
ICT in small and medium-sized enterprises can be stimu-
lated by sufficient cloud infrastructure, and technology 
pilots could help to convey best practice examples from 
large companies.

The labour market requires an offensive for further training 
and qualifications that offers low-threshold access and 
specifically promotes skills that are necessary for digitali-
sation and decarbonisation. This includes, in particular, 
programmes for on-the-job training and the systematic 
integration of future skills into school and vocational train-
ing curricula. Moreover, improving access to innovation 
careers through targeted education and outreach pro-
grammes in disadvantaged areas can help increase and 
diversify the innovator pool (Bell et al., 2019; Breda et al., 
2023; FGCEE, 2025).

In view of the increasing interdependence of European 
economies, close coordination of economic policy meas-
ures at the EU level is essential to avoid inefficiencies, 
strengthen Europe’s overall competitiveness and tackle 
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the challenges of structural change together. Finally, also 
from a long-term perspective, the trade policy framework 
must be modernised in order to secure open markets and 
better protect European companies against geo-eco-
nomic risks. Diversifying export markets and strategically 
securing critical supply chains are essential for this. Addi-
tional measures may be necessary to mitigate short-term 
disruptions (see Bouët et al., 2025).
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