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Executive Summary 

This report addresses the challenge of creating a robust set of comparable city-level 
Science, Technology, and Innovation (STI) indicators for the European Union (EU). 
While the EU's Regional Innovation Scoreboard (RIS)1 provides regional-level data; 
city-level data is scarce and difficult to collect. The report's primary objective is to 
explore available STI information at the city level in the EU27 and identify how this 
data could be complementary to the RIS framework.  

The report identifies several key challenges in developing city-level STI indicators. 
One major issue is the statistical definition of cities. The analysis examines two main 
definitions: Local Administrative Units (LAUs) and Functional Urban Areas (FUAs). 
The FUA, developed by the OECD and Eurostat, is a harmonised definition that 
includes a city and its surrounding commuting zones, better reflecting the economic 
geography of where people live and work. Another challenge is the lack of 
standardised, harmonised, and accessible data. Many traditional STI indicators are 
only collected at the national or regional level, making disaggregation to the city level 
difficult. Furthermore, existing city-level data may use different methodologies and 
formats, hindering direct comparisons across countries. 

The study uses RIS as a starting point to ‘downscale’ STI indicators to the city level. 
It introduces a system of nine Technical Readiness Levels (TRLs) to assess the 
developmental status of potential city-level indicators. A preliminary list of indicators 
with a TRL of 4 or higher is presented, covering human resources, science & 
technology, and innovation. 

The case study in this report presents the application of a TRL-8 indicator: city-level 
research publication output data. Using data from the publication years 2015-2024, 
across of set of 69 large European cities, the findings illustrate many of the conceptual 
and technical complexities involved. The publication counts were computed at three 
territorial levels: city, FUA, and NUTS-3 region. The results show varying degrees of 
congruence between these territorial levels, with some cities having significantly 
different outputs depending on the delineation of the territory. We find that Europe 
has many large FUAs in which a small, but significant share of the research activity 
occurs outside the territory of the FUA's main city. In some FUA, such as Brussels 
(BE) and Germany's Ruhrgebiet, the cities do not adequately reflect the research 
activity in the entire area. 

This case study underscores the critical importance of a consistent and appropriate 
spatial definition for cities in order to measure their STI performance accurately. This 
is a key condition to develop actionable, high-quality indicators that offer relevant in-
depth comparative information on the STI performance of European cities, urban 
areas and their regions, which may add significant value for evidence-informed 
European STI policy. 

The report recommends the development of a pathway to address those challenges 
and help overcome conceptual, methodological and technical hurdles. The proposed 
two phases in this pathway, aimed at the systematic development of city-level STI 

 

1 The Regional Innovation Scoreboard is available using the following link https://research-and-

innovation.ec.europa.eu/statistics/performance-indicators/regional-innovation-scoreboard_en (last 
retrieved on 08 October 2025). 

https://research-and-innovation.ec.europa.eu/statistics/performance-indicators/regional-innovation-scoreboard_en
https://research-and-innovation.ec.europa.eu/statistics/performance-indicators/regional-innovation-scoreboard_en
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indicators, are: (1) targeted pilot testing, with a focus on spatial patterns and 
dynamics; (2) strategic scaling through advanced analytics and targeted 
collaboration. This approach comprises an iterative development process, where 
empirical findings from testing will continuously inform and refine data collection 
strategies and indicator design. The report concludes that developing city-level STI 
indicators for European cities is technically feasible but requires further testing of the 
proposed indicators as part of a concerted collaborative effort involving several 
European agencies and information sources to address the fundamental challenges 
of data availability, harmonisation, and definitional consistency. 
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1. Introduction 

1.1. Cities and their science, technology and 
innovation (STI) performance 

European cities and metropolitan regions are seen as both the source of and 
solution to today's economic, environmental and social challenges. Europe’s urban 
areas are home to over two-thirds of the European Union’s (EU) population - they 
account for about 80% of energy use and generate up to 85% of Europe's Gross 
Domestic Product (European Commission, 2025). These urban areas are the engines 
of the European economy, acting as catalysts for creativity and innovation throughout 
Europe and the EU. They may play a leading role in innovation and socio-economic 
development, both locally and regionally, as well as (inter)nationally. Studies indicate 
that local and regional inequalities within Europe are a significant concern that 
warrants policy attention (Barca et al., 2012; Hudecz et al., 2020). What makes these 
urban areas so special? The answer is complex and shaped by history, geographical 
location, wealth, as well as a range of societal, economic, and cultural factors. A city's 
population size and level of economic development are usually also dominant 
enabling factors. 

Understanding the science, technology, and innovation (STI) performance of 
(large) European cities, through robust comparative statistics and selected indicators, 
is critical for evidence-based policymaking and strategic urban development. Cities 
are increasingly recognised as pivotal nodes within regional and national innovation 
ecosystems, concentrating talent, capital, and infrastructure. However, their diverse 
historical trajectories, governance structures, and economic specialisations lead to 
heterogeneous STI landscapes. The literature consistently highlights persistent 
disparities in STI performance between specific types of cities. These gaps are 
evident between provincial capital cities and other cities within urban agglomerations, 
where national capitals often play a leading but polarising role, attracting talent and 
resources from surrounding areas.  

Comparative statistics enable the identification of best practices and areas for 
improvement by benchmarking cities against their peers. Such data facilitates the 
design and assessment of policy interventions aimed at fostering research 
excellence, supporting entrepreneurial ventures, attracting foreign direct investment 
in high-tech sectors, and promoting the diffusion of recent technologies. Furthermore, 
by disaggregating regional and national STI figures, city-level data reveal granular 
insights into localised strengths and weaknesses, informing targeted resource 
allocation and specialised policy design. This comparative lens is essential for 
promoting smart specialisation strategies, enhancing urban competitiveness, and 
ultimately contributing to Europe's overall innovation capacity and global standing. 

1.2. Comparing cities: EU STI databases and 
information infrastructures 

Since 2001, the European Commission has provided the European Innovation 
Scoreboard (EIS) to monitor the innovation performance of EU Member States and 
neighbouring countries. The EIS collects comparable statistics in some aspects of STI 
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performance. Over the last two decades, the EIS has evolved to include newly 
available data. The 2025 edition covers 32 indicators organised into four main activity 
categories: (a) Framework conditions, (b) Investments, (c) Innovation activities, and 
(d) Impacts. 

The Regional Innovation Scoreboard (RIS) follows the EIS every two years, 
providing a subnational perspective (mostly NUTS-2, with some regions covered at 
the NUTS-1 level). Despite statistical constraints limiting the RIS to 23 of the 32 EIS 
indicators, RIS has received major attention for its improved granularity and the 
possibility to benchmark EU regions (European Commission, DG for Research and 
Innovation, 2025). The 2025 edition of the RIS notes persistent differences between 
Northern and Western Europe (which tend to be innovation leaders) and Central, 
Eastern, and Southern Europe (which are catching up but still lag). At a broader level, 
remote regions in Europe continue to lag metropolitan regions in terms of GDP per 
capita and growth, indicating a geographical concentration of innovation capacity and 
investment in urban centres. 

1.3. Research objectives 

Much STI data is collected at national or, at best, regional (e.g., state/province) levels, 
making true city-level data difficult to collect and therefore scarce. This pilot study 
explores available STI information, data and statistics at the level of EU27 cities 
with the aim of identifying potential integrations into the existing EIS information at the 
level of EU27 member states.2, and RIS information (within-country regions), 
particularly with regard to the opportunities for fine-grained interpretation of EIS and 
RIS statistics. While not always directly at the city-level administrative boundary, the 
NUTS-2 and NUTS-3 levels are often sufficiently granular to capture the general 
patterns and dynamics of city-level STI, especially in regions where a single city 
dominates. 

The exploration is guided and driven by three main questions: 

1. which STI information and metrics are currently available at the level of 
cities and metropolitan regions, as well as their associated regions and EU27 
nations? 

2. which information sources, databases and/or analytical platforms would – in 
principle – enable the production of new or improved EIS/RIS-compatible 
statistics at the lower aggregate levels of cities and metropolitan regions? 
Which investments and actions are needed to enable regular production of 
such statistics? 

3. to which degree do different definitions of cities, and their surrounding 
geographic areas affect data availability. 

The mapping addresses the following technical and analytical challenges: 

 

2 Austria (AT), Belgium (BE), Bulgaria (BG), Croatia (HR), Cyprus (CY), Czechia (CZ), Denmark (DK), 

Estonia (EE), Finland (FI), France (FR), Germany (DE), Greece (EL), Hungary (HU), Ireland (IE), Italy 
(IT), Latvia (LV), Lithuania (LT), Luxembourg (LU), Malta (MT), Netherlands (NL), Poland (PL), 
Portugal (PT), Romania (RO), Slovakia (SK), Slovenia (SI), Spain (ES), and Sweden (SE). 
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a. Statistical definition of cities and sub-regional units. Several statistical 
definitions exist to gather statistics at the city/subregional level, such as 
NUTS-3 regions and FUAs, as developed by Eurostat.  

b. Availability and collection of city-level STI metrics and indicators. An 
increasing number of STI indicators at the city level are becoming available 
from sources like Eurostat and the OECD. These statistics often capture STI 
outputs, such as patents and scientific publications, whereas the availability 
of input-related statistics, such as R&D expenditures and investments, 
seems more limited. The objective is to map the availability of STI-related 
data at the city level, evaluating how the different definitions of cities affect 
data availability.  

c. Time and spatial coverage of available data. Ensuring the consistency and 
availability of data across the EU and over time is critical for monitoring the 
evolution of STI performance at the city level.  

2. Conceptual and methodological frameworks 

2.1. Definition of cities and sub-regional units  

To evaluate how different definitions of cities and urban areas may affect data 
availability and city-level STI statistics, we apply the following two basic types of 
territorial definitions of EU27 cities: Local Administrative Unit (LAU) and Functional 
Urban Area (FUA). The EU’s system of ‘Local Administrative Units’ (LAUs) refers 
to municipalities or other small spatial units (Eurostat, 2025a). Since 2017, there has 
been only one LAU level. These LAUs are: 

a. administrative units to help ensure that data is readily available, and policies 
can be implemented effectively using these units. 

b. subdivision of the administrative ‘NUTS-3’ regions covering the EU's whole 
economic territory (Eurostat, 2025b). 

EU countries must send lists of their LAUs to Eurostat once a year. Since there are 
frequent changes to the LAUs, Eurostat publishes an updated list or correspondence 
table towards the end of each year. These concordance tables map the NUTS regions 
on the distinct levels of the classification with the administrative and non-
administrative territorial units in the countries (Eurostat, 2025c). The NUTS 
classification system of 1 January 2024 lists 92 regions at NUTS-1, 244 regions at the 
NUTS-2 and 1,165 regions at the NUTS-3 level. 

As the statistical methods used for defining cities differ across countries or regions, 
and because in some regions, adjacent cities or regions have close social, economic, 
and especially academic connections and form a metropolitan hub, this study also 
defines the cities within the framework of Functional Urban Areas (FUAs) developed 
by the OECD and Eurostat. The FUA represents an OECD/Eurostat attempt at a 
harmonised definition of the metropolitan area and surrounding areas, which may or 
may not be exclusively urban – it captures meaningful connections between cities and 
their surrounding geographical areas. A FUA zone is a contiguous area of spatial units 
that have at least 15% of their employed residents working in the city. Urban centres 
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within the same FUA are not necessarily 'contiguous municipalities' (contiguous 
considering grid data at 1 km2). For non-contiguous cores, the criteria for assigning 
them to the same FUA are that more than 15% of the population of one core 
commutes to work to the other centre.3. Using the area's degree of urbanisation 
provides a FUA-defined spatial area comprised of one or more cities based on 
population density and cell contiguity (see Figure 1).  

 

 

Figure 1. OECD/Eurostat methodology to define Functional Urban Areas (FUAs) 

 

The FUA then consists of one or more densely populated municipalities (‘urban 
centres’) that are aggregated into one or more ‘cities’ of at least 50,000 inhabitants 
plus their surrounding commuting zones based on travel-to-work flows. FUA 
areas can therefore extend across administrative boundaries (either LAU or NUTS), 
reflecting the 'greater city' economic geography of where people live and work. To 
ensure good data availability, Eurostat adjusts the FUA boundaries to administrative 
boundaries that approximate the functional urban area. Depending on the EU Member 
States, most or all FUAs fall within a NUTS-3 area. Note that the NUTS-3 region can 
contain more than one city and/or more than one FUA. For example, the Czech region 
of Ústecký kraj has three of each (Chomutov-Jirkov, Most and Ústí nad Labem). At 
the same time, the same is true for the Spanish region of A Coruña (A Coruña, Ferrol 

 

3 The commuting distance is not fixed (for instance, 50 km) but defined by commuting patterns and a 

lower threshold of commuter flows. The commuting zone comprises the surrounding LAUs that are 
economically integrated with the FUA’s central city. The key criterion for inclusion in the commuting 
zone is that at least 15% of the employed residents living in a particular LAU must commute to work 
in the central city (or cities, if multiple cities form a single FUA). 



 

10 

and Santiago de Compostela). Each FUA with more than 250,000 inhabitants needs 
to be captured by a metropolitan region composed of one or more NUTS-3 regions. 

FUAs can and often do overlap, particularly in dense urbanised regions or along major 
transportation corridors.4. The commuter belt is defined by a significant share of its 
residents commuting to the central city for work. However, the FUA may contain 
multiple hubs, and people do not always commute to just one central city within the 
FUA. In areas with several large cities close to each other, a municipality might have 
a substantial portion of its residents commuting to City A, and another substantial 
portion commuting to City B. This municipality would then be considered part of the 
commuter belt of both City A and City B, leading to an overlap of their respective 
FUAs. Furthermore, some regions are inherently polycentric, meaning they have 
multiple important centres rather than a single dominant one. In such cases, the 
functional relationships between these centres and their surrounding areas may lead 
to overlapping FUAs.5 The Rhine-Ruhr area in Germany or parts of the ‘Randstad’ 
region in the Netherlands are examples of polycentric regions where FUA overlaps 
can be extensive. Moreover, A town between city X and city Y might have commuters 
going in both directions, making it part of two FUAs.6 

The relationships between a city, its FUAs and surrounding NUTS regions may differ 
within and between EU27 member states. Figure 2 maps an illustrative example for 
the case of the Bulgarian capital, Sophia. Figure 3 displays the more complex case of 
Brussels and Belgium, where the FUA of Brussels extends well into parts of the 
neighbouring Flemish and Walloon regions of the country. The FUA encompasses 
more than 3 million people and well over 100 municipalities. 

 

 

4 The specific methodology used to define FUAs (e.g., the minimum percentage of residents 
commuting to the core, or the size thresholds for the core city) can influence the extent of overlap. 
Different methodologies (e.g., OECD/EU definition, national definitions) might yield slightly different 
results. 
5 While the official Eurostat and OECD methodology strives for a clear delineation to avoid overlaps 

between FUAs, in some cases the commuting zones may overlap. 
6 Consider a small town located equidistant from two major cities, A and B. If 30% of its working 
population commutes to City A and 25% commutes to City B, and the FUA definition applies the 15% 
commuting threshold, then this town would fall into the commuter belt of both FUA(A) and FUA(B), 
resulting in an overlap. 
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Figure 2. City, commuting zones and NUTS areas: Sofia (Bulgaria). Source: Eurostat 
webpage “Territorial typologies manual - cities, commuting zones and functional urban 
areas” (Map 1) 
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Figure 3. Functional Urban Areas in Belgium (Source: OECD, 2022) 

2.2. Analytical challenges and problems 

Cities themselves usually lack integrated data systems that can pull comparative 
information from various sources to create a comprehensive STI picture. Smaller 
cities or those in developing regions might lack technical expertise and infrastructure 
(e.g., data scientists, powerful computing resources) to collect, process, and analyse 
complex STI data at the urban level.  

Currently, many STI indicators are collected at national or regional levels (e.g., NUTS-
2 or NUTS-3 in Europe), rendering it difficult to disaggregate at the city level. Data 
on R&D expenditure, patent applications, scientific publications, and high-tech 
employment are often aggregated, not city specific. Moreover, relevant data might be 
held by different municipal departments, research institutions, private companies, or 
non-governmental organisations, making it challenging to access and integrate. 
Establishing common definitions and classifications across different cities and 
countries is essential. 

Even when city-level data exists, the data collection methodologies and definitions 
used by different cities or national statistical offices may vary significantly. Different 
data sources may use different formats (e.g., CSV, JSON, proprietary databases), 
requiring significant effort in data cleaning, transformation, and harmonisation. 
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The lack of standardised data formats can make direct comparisons unreliable and 
problematic.  

One of the main challenges is ensuring a sufficient degree of comparability, i.e. that 
data and indicators are useful and comparable across diverse cities, while accounting 
for differences in size, economic structure, governance, and institutional frameworks. 
Regional or local authorities may collect relevant STI data; however, comparability 
cannot be guaranteed. Consequently, the use of different definitions does not allow 
meaningful, in-depth comparisons. 

Missing data is a widespread problem in urban datasets. Developing robust 
imputation methods or strategies for handling gaps in data is crucial. To enhance 
comparison, one may employ statistical techniques and methods to normalise data, 
to account for outliers, and to perform meaningful comparative analysis. 

Creating composite indices (e.g., a 'City STI Index') is often used to present complex 
STI data in an intuitive and understandable way for policymakers, businesses, and 
the public, utilising interactive dashboards, maps, and infographics. Such indices 
often involve subjective decisions about which indicators to include and how to weigh 
them. Different weighting schemes can lead to vastly different rankings, potentially 
undermining reliability. Any methodology for combining indicators should be 
transparent and easily understandable to avoid creating a ‘black box’ where the 
rationale behind the rankings is unclear. When applying such composite indices, 
users should recognise that robust performance in one area may not fully compensate 
for mediocre performance in another.  

Designing indicators and visualisations that minimise the risk of misinterpretation 
or misuse of data, especially in policy contexts or city rankings. Effective visualisations 
should integrate spatial data to understand the geographical distribution of STI 
activities within cities, urban areas and nations. The sheer volume and variety of data 
required for producing a suitably comprehensive range of STI indicators will 
necessitate the development and application of robust ‘big data’ analytics platforms 
and tools.  

3. Developing STI indicators for European 
cities 

3.1. Availability of information sources 

STI data on European cities or FUAs is a very scarce commodity, especially high-
quality comparative data on cities across all EU27 Member States. The best place of 
start looking for ‘micro-level’ STI data within the publicly available sources and 
databases produced by various European organisations such as Eurostat; 
European Patent Office (EPO) and European Union Intellectual Property Office 
(EUIPO) and EU instruments such as the European Innovation Scoreboard (EIS); 
Regional Innovation Scoreboard (RIS); Regional Competitiveness Index (RCI), 
European Higher Education Sector Observatory (EHESO) and its European Tertiary 
Education Register (ETER).  
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Eurostat offers several Research and Development (R&D) statistics at the regional 
level (either NUTS-1 or NUTS-2), as well as a wide range of general statistics at the 
city-level, but no R&D statistics or STI statistics on cities.7 EPO includes information 
on the geographic origin of patents and inventors, while EUIPO provides such 
information on trademarks and designs, enabling city-level data collection in both 
cases. Digging deeper geographically, RCI measures major factors of (economic) 
competitiveness and innovation across the EU at the level of NUTS-2 regions, while 
most of the RIS data also focus on the NUTS-2 level. None of these sources offer 
access to underpinning city-level data, assuming such data is even available. EHESO 
and ETER do provide microdata, at the level of individual Higher Education Institutions 
(HEIs), thereby offering some information on HEI-related aspects of scientific 
research capacity in cities where those HEIs are based. Europe-wide surveys, 
especially the ‘Community Innovation Survey’ (CIS), collect interesting micro-level 
data on enterprises; however, this information is not readily available at the city level. 
Concluding, most of these European sources do not offer readily available STI 
statistics across a wide range of EU Member States and European cities.  

Several international or global information providers offer databases and user 
interfaces that enable the extraction of micro-level information, which can be linked to 
individual cities. These commercial sources usually cover 'Science' by way of 
information on research publications (databases such as Web of Science, Scopus or 
OpenAlex) or on ‘Technology and Innovation’ in the business sector domain (e.g., 
Dealroom, Crunchbase, Pitchbook, Orbis). 

Given this current situation, assembling STI data at the level of European cities or 
FUAs, and developing a measurement model with a range of measures to collect such 
data (metrics), requires an appropriate analytical framework to set out on assembling 
a feasible and carefully curated set of City STI indicators. 

3.2. Regional Innovation Scoreboard  

The European ‘Regional Innovation Scoreboard’ (RIS) is the most promising 
source of information to start building a set of city-level STI indicators. It is the regional 
extension of the European innovation scoreboard (EIS), assessing the STI 
performance of European regions on a limited number of indicators. The RIS 2025 
edition provides a comparative assessment of the performance of innovation systems 
across 241 NUTS regions of 22 EU countries, Norway, Serbia, Switzerland, and the 
United Kingdom (European Commission, 2025). Five of the smaller EU27 Member 
States (Cyprus, Estonia, Latvia, Luxembourg and Malta) are included at the country 
level. The regions according to NUTS classification system (46 NUTS-1 regions and 
195 NUTS-2 regions) may not perfectly align with administrative city boundaries and 
FUAs. However, it offers the best available consistent geographical units for a broad 
range of indicators across EU member states. While its scope is regional, the data 
may highlight urban clusters, hubs, and hotspots of STI activity.  

Our analytical point of departure is the latest version of the RIS. More specifically, the 
list of RIS-covered indicators. Our aim is to 'downscale' as many of these indicators 
to the city level, while maintaining a sufficient level of conceptual relevance and 
statistical robustness. The city-level indicators are either disaggregated versions of 

 

7 Eurostat provides a range of statistical data on the EU’s (greater) cities, including statistics on the 
labour market, the economy and finance (Eurostat, 2025d).  
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the RIS 2025 indicators or 'proxy' indicators that relate to a RIS indicator but are based 
on a slightly different analytical perspective, information source, or computational 
method. Table 1 presents the full list of those indicators, alongside an overview of 
their 'feasible' city-level counterparts that can be produced with the currently available 
information sources. The three indicator categories in this table are simplified 
aggregations of the categories listed in RIS 2025. The various indicators are ordered 
differently compared to RIS 2025. 

 

Table 1. Overview of RIS indicators and availability of city-level counterparts 

Indicator 
category 

RIS indicator 
(2025 edition) 

Feasible city-
level counterpart 

Human 
resources  

Population aged 25-34 having completed 
tertiary education  

 

 Population aged 25-64 participating in 
lifelong learning  

 

 Employed IT specialists   

Science and 
Technology 

R&D expenditures in the public sector   

 R&D expenditures in the business sector  

 Top 10% most-cited scientific 
publications  

Top 10% most-
cited scientific 
publications 

 International scientific co-publications  International 
scientific co-
publications 

 Public-private co-publications  Public-private co-
publications 

 PCT patent applications PCT patent 
applications 

Innovation Non-R&D innovation expenditures   

 Innovation expenditures per person 
employed 

 

 Trademark applications  Trademark 
applications 

 Design applications Design 
applications 

 SMEs with product innovations   

 SMEs with business process innovations   
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Indicator 
category 

RIS indicator 
(2025 edition) 

Feasible city-
level counterpart 

 Innovative SMEs collaborating with 
others  

 

Economy Labour productivity  

 Employment in innovative enterprises  

 Sales of new-to-market and new-to-
enterprise product innovations 

 

 Exports of medium and high-technology 
products 

 

Environment 
and 
digitalisation 

Air emissions in fine particulates   

 Households with broadband access  

 Cloud computing in enterprises  

 

3.3. Expanding on the RIS indicators 

In most cases, there is no city-level counterpart available for an RIS indicator. That 
does not mean that it is impossible - given sufficient time and resources - to develop 
such an indicator. Fed by quantitative research on urban issues and the development 
of statistical databases, several relevant information sources or underdeveloped 
metrics or prototype indicators have emerged in recent years. Some potentially 
relevant STI indicators may warrant further examination and upgrading for large-
scale, comparative applications across all EU Member States as a certified city-level 
STI indicator. The degree of development is expressed as the Technical Readiness 
Level (TRL) of the indicator.  
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Table 2. Technical Readiness Levels (TRLs) 

Level General description 

TRL 1 Basic principles are observed (R&D notes, technical report);  

TRL 2 Indicator concepts are formulated (R&D notes, technical report);  

TRL 3 Experimental, empirical proof of concept (technical report);  

TRL 4 Indicator is validated in controlled ‘lab’ circumstances (technical 
report);  

TRL 5 Indicator is validated in a relevant practical environment (technical 
report). 

TRL 6 Indicator is demonstrated in a relevant practical environment 
(technical report). 

TRL 7 Indicator is demonstrated in an operational environment (technical 
report, published in peer-reviewed scientific/technical literature);  

TRL 8 Indicator is completed and qualified for external applications at the 
city level (published in peer-reviewed scientific/technical literature or 
included in EU STI indicator Reports at the national or regional 
levels); 

TRL 9 Indicator is proven and implemented at city-level applications 
(included in European Commission statistics or Eurostat 
databases). 

 
Table 2 introduces a system of nine TRLs specifically designed for this application, 
with a general description and associated R&D publications.8. We limit our list of 
potential indicators to those that may fit within the general analytical framework of 
EU27-oriented studies and Eurostat statistics (see section 3.1). This restriction 
therefore discards indicators, information platforms, analytical approaches and 
applications that are currently made available by private sector ‘City Ranking’ 
providers or other non-EU sources of city-level STI data9. In most of these cases, the 
information sources are proprietary and non-accessible for third parties, while 
definitions of STI indicators are not sufficiently transparent. These TRL levels and 
definitions comprise four general stages: 1-3 early development; 4-5 pre-testing and 
validation; 6-7 testing and demonstration of applicability; 8 real-life applications at the 
regional level; 9 real-life applications at the sub-regional or city level.  

 

8 This particular TRL scale is a customised version of the nine-level scale applied in the EU’s Horizon 

Europe program (see European Commission Decision C(2025) 2779 of 14 May 2025, Horizon Europe 
Work Programme 2025, 14. General Annexes). 
9 These sources include: 2THINKNOW's Innovation Cities Index, Mori Institute's Global Power City 
Index, Nature's Science Cities Index, HSE's Global Cities Innovation Index, the World Intellectual 
Property Organisation's Global Innovation Index - Science and Technology Clusters, and the OECD's 
Regions and Cities Atlas. 
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By way of a first and preliminary overview, primarily meant for internal discussion and 
general assessment, Table 3 displays a selected list of possible city-level indicators. 
The list is restricted to indicators with an indicative and estimated TRL level of 4 or 

more.10. Several of the proposed indicators refer to the Web of Science database, as 

hosted by CWTS (Leiden University), with known potential for developing these 
indicators. The developmental potential of alternative databases, especially Scopus 
and OpenAlex (both sources are available at CWTS), is subject to further 
investigation. In some cases, highlighted with a question mark, the TRL is unclear 
owing to a lack of information on the information source's ability to provide relevant, 
city-level data. The tabular overview includes information on the data availability and 
data granularity level of each listed indicator. In many cases, the data stretch back to 
the year 2000 (or earlier), and data can be computed for each of the three spatial 
levels of interest (LUA, FUA and NUTS-3). 

Focussing on these indicators, while assuming the availability of at least one 
accessible and suitable source with city-comparable information, the following data 
availability problems and issues should be addressed in TRL assessment and 
upgrading: 

 Presence of city name information (or city codes) in the database 

 Presence of relevant city-level STI information in the database, timeliness of 
data, city comparability challenges, limited overall data coverage and partial 
data coverage, missing data or questionable estimates 

 Choice of database (in case of competing or comparable options); availability 
of metadata, costs and conditions of accessing a database 

 Added value of a new or revised STI indicator, in comparison to a related RIS 
indicator and/or another city-level indicator (also in terms of cost-effectiveness, 
timeliness, and dealing with missing data). 

Assuming the availability of city-level STI information, stored within an externally 
accessible sources, a range of R&D issues should be addressed and resolved to 
significantly upgrade an indicator’s TRL to level 9, such as: 

 User access to city name information for (large-scale) processing and 
(external) storage 

 Lack of standardised data formats, unification and standardisation of city 
names (English vs. local language variants, misspellings) 

 Data harmonisation: unification and standardisation of names of individuals 
(name variants, English vs. local language variants, misspellings, etc.) 

 Inconsistent time-series and missing data, completeness of information on the 
names of individuals 

 Definition of research fields or R&D areas 

 Data harmonisation: definition and operationalisation of the concept 'business 
sector' or 'industry' 

 

10 During this study, we have collected TRL1-3 indicators; however, this inventory remains 
underdeveloped. It requires further conceptualisation (what is a relevant indicator?) and information 
gathering to reach an acceptable level of completeness and representativeness. 
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 Identification of company names 

 Data harmonisation: classification of companies and company names 
(including the definition and identification of an 'SME' subcategory of firms) 

 Transforming qualitative information into quantitative data. 
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Table 3. City-level indicators and their technical specifications 

City-level indicators 
TRL 

estimate 
Data source(s) 

Data availability 

(database years*) 
Data granularity 

(spatial area**) 

Human resources 

Population of all actively publishing 
researchers 

6-7 
Web of Science database or 

alternative source** 
2000 - present 

LAU, FUA, 
NUTS-3 

Population of publishing 
researchers in digital and IT 
relevant areas 

6-7 
Web of Science database or 

alternative source** 
2000 - present 

LAU, FUA, 
NUTS-3 

Migration of domestic researchers 
to local university/ies 

4-5 
Web of Science database or 

alternative source** 
2000 - present 

LAU, FUA, 
NUTS-3 

Migration of international 
researchers to local university/ies 

4-5 
Web of Science database or 

alternative source** 
2000 - present 

LAU, FUA, 
NUTS-3 

Population of inventors listed in 
PCT patents 

4-5 PATSTAT 2000 - present 
LAU, FUA, 

NUTS-3 

Science & Technology 

Most-cited scientific publications 8 
Web of Science database or 

alternative source** 

2000 - present LAU, FUA, 
NUTS-3 

International scientific co-
publications 

8 
Web of Science database or 

alternative source** 

2000 - present LAU, FUA, 
NUTS-3 
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City-level indicators 
TRL 

estimate 
Data source(s) 

Data availability 

(database years*) 
Data granularity 

(spatial area**) 

Public-private co-publications 8 
Web of Science database or 

alternative source** 

2000 - present LAU, FUA, 
NUTS-3 

PCT patent applications 8 PATSTAT 
2000 - present LAU, FUA, 

NUTS-3 

Total research publication output - 
all public sector and business 
sector organisations 

6-7 
Web of Science database or 

alternative source** 

2000 - present 
LAU, FUA, 

NUTS-3 

Total research publication output – 
Higher Education Institutes (HEIs) 

6-7 
Web of Science database or 

alternative source** 

2000 - present LAU, FUA, 
NUTS-3 

Number of research-active HEIs 6-7 
ETER database; Web of 

Science database or 
alternative source** 

2000 - present 
LAU, FUA, 

NUTS-3 

Within-city scientific co-publications 6-7 
Web of Science database or 

alternative source** 

2000 - present LAU, FUA, 
NUTS-3 

Public-private co-publications with 
within-city business partners 

6-7 
Web of Science database or 

alternative source** 

2000 - present LAU, FUA, 
NUTS-3 

Public-private co-publications with 
business partners within a 'local' 
distance range 

6-7 
Web of Science database or 

alternative source** 
2000 - present 

LAU, FUA, 
NUTS-3 

Number of research publications 
with public sector funders 

4-5 
Web of Science database or 

alternative source** 
2000 - present 

LAU, FUA, 
NUTS-3 
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City-level indicators 
TRL 

estimate 
Data source(s) 

Data availability 

(database years*) 
Data granularity 

(spatial area**) 

Number of research publications 
with business sector funders 

4-5 
Web of Science database or 

alternative source** 
2000 - present 

LAU, FUA, 
NUTS-3 

Public-private co-publications with 
within-city SME partners 

4-5 
Web of Science database or 

alternative source** 
2000 - present 

LAU, FUA, 
NUTS-3 

PCT patents with within-city co-
applicants 

6-7 PATSTAT 2000 - present 
LAU, FUA, 

NUTS-3 

Innovation 

Trademark applications  6-7 EUIPO 2000 - present to be determined 

Design applications 6-7 EUIPO 2000 - present to be determined 

Start-up companies and scale-up 
companies 

4-5 
Dealroom, Crunchbase, 

Pitchbook, Orbis 

Dealroom 
(2013/2017?) 

Crunchbase 
(2008/2009?) 

Pitchbook (2014?) 

Orbis (mid-2000s ?) 

to be determined 
*** 
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City-level indicators 
TRL 

estimate 
Data source(s) 

Data availability 

(database years*) 
Data granularity 

(spatial area**) 

Venture capital funding raised by 
companies 

4-5 
Dealroom, Crunchbase, 
Pitchbook, Orbis M&A 

Dealroom 
(2013/2017?) 

Crunchbase 
(2008/2009?) 

Pitchbook (2014?) 

Orbis M&A (early 
2000s ?) 

to be determined 
*** 

 

* Earliest available year in the database, from 2000 onwards, with a sufficiently large data coverage of European cities. 

** Alternative international databases on research publications, especially Scopus and OpenAlex. Both sources are available at CWTS 
(Leiden University). Further empirical studies and tests are needed to establish the technical suitability and affordability of such sources for 
producing high-quality, city-level data across all major European cities. 

*** Pilot studies and comparative tests should be carried out to establish their suitability and affordability for large-scale data collection 
and developing city-level STI indicators.  
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4. Case study: research publication output of EU27 cities 

4.1. Background and R&D objective  

Which STI indicators are most likely to deliver valuable policy-relevant information? The answer will, of 
course, depend on the policy issue in question (information need) as well as the rational and relevance of 
the indicator itself (information supply). The information value of each indicator will have to be assessed 
according to technical parameters (such as validity and reliability), but also its added value compared to 
other, related indicators. Such an assessment requires in-depth 'real-life' case studies to test and examine 
informational/analytical strengths and weaknesses of each indicator. 

The case study in this section looks more closely at one of the available 'TRL 6-7' indicators, an indicator 
capturing the size of the 'science' component of a city's STI profile: ‘Total research publication output - all 
public sector and private sector organisations’. The indicator is not included in the RIS 2025 but would 
require little upgrading or R&D to meet TRL 8.  

The indicator reflects the size of a city’s local research ecosystem, more specifically, the research output 
generated by the local research-active higher education institutions (HEIs) and their research partners. Some 
of those institutional partners are in the same city or surrounding urban areas or local region. These local 
partners could include government research institutes, hospitals or medical clinics, as well as civic 
organisations or R&D-active companies. However, in many cities, a significant share of the research partners 
will be in other regions of the countries or across the national border. It is technically feasible to develop a 
sophisticated indicator that makes a distinction between local partners and those located elsewhere. 

This indicator consists of several measures (metrics), each covering a different aspect of a city's research 
output profile. The publication output counts are computed at three territorial levels: (1) city, (2) Functional 
Urban Area, (3) NUTS-3 region. The results will show how the output at these levels compares to each other, 
and more specifically, the degree to which city-level output deviates from FUA and NUTS-3 levels.  

The study’s European scope is limited to two categories of EU27 cities: (1) national capital cities; (2) other 
large cities with more than 500,000 inhabitants. The data on the city's number of inhabitants originated from 
either Eurostat, the National Statistical Office, or the online source 'City Population' (CityPopulation.de, 
2025)11In order to capture as many cities as possible that are currently likely to have at least 500,000 
inhabitants, the selection also includes three cities with a population size in the range of 480,000 to 499,000 
inhabitants in 2021 or 2022: Nantes (France), Duisburg (Germany), and Gdańsk (Poland). 

The Appendix presents the technical specifications of the databases (Web of Science, FUA system) used in 
this case study, as well as computational details regarding the in-house bibliometric data gathering conducted 
by CWTS (Leiden University, The Netherlands). 

4.2. Main empirical results  

Table 4 presents the information profiles of 69 cities in the EU27: in addition to the 27 national capitals, 
the list includes another 42 large or very large cities. The data in the table display general patterns and trends 
in each city's total research publication output in the period 2015-2024. Column 4 in the table lists the 'whole 
counts' frequency of these publications, a proxy of the city's research activity volume. 

These publication counts were computed at three geographical levels: (1) 'city' (core urban centre within a 
FUA); (2) 'FUA'(the entire functional urban area); (c) NUTS-3 region. As indicated in the Table 4's column 3, 
the counts may be similar or differ (significantly) depending on the city's territorial configuration. In 24 cases, 
the counts at the FUA level and NUTS-3 are identical. In three cases, the city-level count is equal to the 
NUTS-3 count, and in two cases, all three levels generate the same publication output count. The counts in 
other cities vary, sometimes very significantly (indicated in this column with an '>' or '<' sign). For example, 
in the case of Brussels, the city-level output is considerably less than the FUA-level output (see Figure 2 for 
a map of the geographical situation). Copenhagen is a special case, where the city-level output is also slightly 
less than the FUA level, but more than the NUTS-3 level. In some cases, the city-level output is much higher 
than the NUTS-3 level output: Paris, Vilnius, The Hague ('s Gravenhage) and Rotterdam. These large urban 

 

11 These sources were accessed by way of a stepwise decision rule: step 1) select Eurostat data if available for 2021 or a more 

recent year; if not available, then step 2: select data from the National Statistical Office of the individual Member State; if not 
available, then step 3) select the most recent data from the website CityPopulation.de. 
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centres within FUAs draw in research publication output from science-active local municipalities, in the case 
of The Hague and Rotterdam, the nearby cities of Delft and Leiden with their universities.  

The ‘city-level concentration of research activity’ indicator, i.e. the difference in size between city-level 
output and FUA-level output, is listed in column 5. While most cities score between 95-100% on this 'city/FUA 
concentration' score, three of Germany's larger cities (Essen, Dortmund and Duisburg) show extremely low 
scores on this indicator, owing to the spatial scatter of research output in the large, overarching 'Rurhrgebiet' 
FUA to which both cities belong. We also find that the city of Brussels scores only 42%, while Copenhagen 
sits at 89%. These two capital cities are exceptional cases in the way their administrative borders are defined.  

Overall, Europe has many large FUAs where a small, but significant fraction of the research activity occurs 
outside the territory of the FUA’s main city. The reasons for these concentration effects may vary—for 
instance, the distribution of university campuses over neighbouring cities or towns within the same FUA.12 
Or the existence of non-university research labs and research institutes in the local FUA. One may assume 
that FUAs with lower concentration levels (of, say, less than 90%) are more likely to contain a geographically 
dispersed research system. No less than 15 of the 69 cities have scores less than 90%, which then raises 
questions as to the logic of restricting the analytical scope to the level of ‘city proper’ when comparing urban 
areas in the EU27, rather than opting for the more appropriate level of FUAs. 

The right-hand column captures the general trend in city-level publication output between 2015 and 2024. 
By subtracting the compound annual growth rate (CAGR) at the FUA level from the CAGR at the city level, 
a positive differential (expressed as a %-point) highlights cities where the publication output growth within 
the city outpaced that of the entire FUA. The negative scores on this indicator signify a growth rate within the 
entire FUA that outpaces within-city growth. This process seems to be happening in several large European 
cities, notably in Luxembourg, Dortmund and Stuttgart, which merits in-depth studies to assess the nature 
and dynamics of these local STI systems. 

 

 

12 The geographical location of each separate university campus – or for that matter, the branch of any kind of main organisation 

- is the leading analytical parameter. If a campus/branch is located in another city, then the publication output of that organisational 
unit is assigned to the respective city. 
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Table 4. Data overview: research publication output indicator 

City name 
(country code) 

Population* 

Territorial congruence: 

degree of similarity  
between publication output per 

spatial area** 

City research 
activity: 

publication 
output** 

(2015-2024) 

City spatial 
concentration: 

% city output  
of FUA output** 

City growth rate 
differential: 

(CAGR city - 
CAGR FUA)** 

Amsterdam (NL) 1 020 998 City ≠ FUA ≠ NUTS-3.  
City > NUTS-3 

324 335 96,4% 0,0% 

Antwerpen (BE) 544 759 City ≠ FUA ≠ NUTS-3 72 551 98,3% 0,1% 

Athina (EL) 3 146 164 City ≠ FUA ≠ NUTS-3 202 430 99,5% 0,0% 

Barcelona (ES) 3 720 333 City ≠ FUA ≠ NUTS-3 559 756 99,4% 0,0% 

Berlin (DE) 3 677 472 City ≠ FUA ≠ NUTS-3.  
City < FUA 

388 205 85,2% 0,2% 

Bilbao (ES) 787 516 City ≠ FUA ≠ NUTS-3. 
City < NUTS-3 

66 718 89,4% 0,0% 

Bordeaux (FR) 762 898 Identical FUA and NUTS-3 100 758 97,8% 0,0% 

Bratislava (SK) 478 040 Identical FUA and NUTS-3 61 903 99,7% 0,0% 

Bremen (DE) 563 290 Identical FUA and NUTS-3 42 656 98,9% -0,1% 

Bruxelles/Brussel 
(BE) 

1 228 655 Identical FUA and NUTS-3.  
City << FUA 

163 632 42,4% 0,0% 
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City name 
(country code) 

Population* 

Territorial congruence: 

degree of similarity  
between publication output per 

spatial area** 

City research 
activity: 

publication 
output** 

(2015-2024) 

City spatial 
concentration: 

% city output  
of FUA output** 

City growth rate 
differential: 

(CAGR city - 
CAGR FUA)** 

Bucuresti (RO) 1 716 961 Identical FUA and NUTS-3 146 866 93,5% 0,0% 

Budapest (HU) 1 706 851 Identical FUA and NUTS-3 142 646 95,1% -0,1% 

Dortmund (DE) 586 852 Identical FUA and NUTS-3.  
City << FUA 

27 048 15,5% -0,9% 

Dresden (DE) 555 351 Identical FUA and NUTS-3 119 811 98,2% 0,0% 

Dublin (IE) 1 263 219 Identical FUA and NUTS-3 199 453 94,8% 0,0% 

Duisburg (DE) 495 152 City ≠ FUA ≠ NUTS-3. 
City << FUA 

15 670 9,0% -0.9% 

Düsseldorf (DE) 619 477 Identical FUA and NUTS-3 58 352 92,2% 0,3% 

Essen (DE) 579 432 Identical FUA and NUTS-3. 
City << FUA 

58 226 33,3% 0,6% 

Frankfurt am Main 
(DE) 

759 224 Identical FUA and NUTS-3.  
City < FUA 

100 151 83,6% 0,4% 

Gdańsk (PL) 486 271 City ≠ FUA ≠ NUTS-3.  
City < FUA 

50 366 87,3% 0.4% 

Genova (IT) 561 203 Identical FUA and NUTS-3 104 725 99,9% 0,0% 
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City name 
(country code) 

Population* 

Territorial congruence: 

degree of similarity  
between publication output per 

spatial area** 

City research 
activity: 

publication 
output** 

(2015-2024) 

City spatial 
concentration: 

% city output  
of FUA output** 

City growth rate 
differential: 

(CAGR city - 
CAGR FUA)** 

Göteborg (SE) 697 020 City ≠ FUA ≠ NUTS-3.  
City < NUTS-3 

127 001 92,6% 0,3% 

‘s Gravenhage 
(NL) 

791 589 City ≠ FUA ≠ NUTS-3.  
City >> NUTS-3 

95 404 99,1% 0,0% 

Hamburg (DE) 1 853 935 Identical FUA and NUTS-3 156 334 90,4% 0,1% 

Hannover (DE) 535 932 City ≠ FUA ≠ NUTS-3 96 491 98,7% 0,0% 

Helsinki (FI) 685 095 City ≠ FUA ≠ NUTS-3.  
City < NUTS-3; City < FUA 

167 182 82,3% 0,3% 

København (DK) 1 363 296 City ≠ FUA ≠ NUTS-3.  
City > NUTS-3; City < FUA 

319 336 89,5% 0,1% 

Köln (DE) 1 073 096 Identical FUA and NUTS-3 104 646 91,8% 0,2% 

Kraków (PL) 802 583 Identical FUA and NUTS-3 141 447 99,8% 0,0% 

Leipzig (DE) 601 866 Identical FUA and NUTS-3 90 314 99,5% 0,0% 

Lille (FR) 962 193 City ≠ FUA ≠ NUTS-3. 
City < NUTS-3 

92 646 99,2% 0,0% 

Lisboa (PT) 1 880 613 City ≠ FUA ≠ NUTS-3.  
City > NUTS-3 

234 287 99,9% 0,0% 
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City name 
(country code) 

Population* 

Territorial congruence: 

degree of similarity  
between publication output per 

spatial area** 

City research 
activity: 

publication 
output** 

(2015-2024) 

City spatial 
concentration: 

% city output  
of FUA output** 

City growth rate 
differential: 

(CAGR city - 
CAGR FUA)** 

Ljubljana (SI) 293 218 Identical FUA and NUTS-3 85 622 99,7% 0,0% 

Łódź (PL) 664 860 Identical FUA and NUTS-3 55 328 99,7% 0,0% 

Luxembourg (LU) 210 561 City ≠ FUA ≠ NUTS-3 15 211 51,6% -5,2% 

Lyon (FR) 128 8061 City ≠ FUA ≠ NUTS-3 176 343 97,2% 0,0% 

Madrid (ES) 5 030 132 City ≠ FUA ≠ NUTS-3 594 445 97,4% -0,2% 

Málaga (ES) 579 076 City ≠ FUA ≠ NUTS-3 44 859 99,8% 0,0% 

Marseille (FR) 971 607 City ≠ FUA ≠ NUTS-3.  
City < NUTS-3; City < FUA 

111 350 84,8% 0,1% 

Milano (IT) 3565691 City ≠ FUA ≠ NUTS-3 484 244 97,7% -0,1% 

München (DE) 1487708 City ≠ FUA ≠ NUTS-3.  
City < FUA 

271 195 83,0% 0,4% 

Nantes (FR) 496 452 City ≠ FUA ≠ NUTS-3.  
FUA >> NUTS-3 

64 520 95,9% 0,1% 

Napoli (IT) 2 816 448 City ≠ FUA ≠ NUTS-3 196 304 99,5% 0,0% 
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City name 
(country code) 

Population* 

Territorial congruence: 

degree of similarity  
between publication output per 

spatial area** 

City research 
activity: 

publication 
output** 

(2015-2024) 

City spatial 
concentration: 

% city output  
of FUA output** 

City growth rate 
differential: 

(CAGR city - 
CAGR FUA)** 

Nicosia (CY) 350 035 Identical City, FUA and NUTS-3 36 546 100,0% 0,0% 

Nürnberg (DE) 510 632 Identical FUA and NUTS-3.  
City < FUA 

14 484 88,3% -0,2% 

Palermo (IT) 635 439 Identical FUA and NUTS-3 58 768 99,7% 0,0% 

Paris (FR) 10 306 512 City ≠ FUA ≠ NUTS-3.  
City > NUTS-3 

1 070 046 99,0% 0,0% 

Porto (PT) 978 877 City ≠ FUA ≠ NUTS-3 168 126 97,6% -0,2% 

Poznań (PL) 545 073 Identical FUA and NUTS-3 82 488 98,9% 0,0% 

Praha (CZ) 1 397 880 Identical FUA and NUTS-3 208 595 94,2% -0,2% 

Rīga (LV) 605 802 City ≠ FUA ≠ NUTS-3 31 798 97,1% 0,1% 

Roma (IT) 2 749 031 City ≠ FUA ≠ NUTS-3 472457 96,5% 0,0% 

Rotterdam (NL) 1 249 955 City ≠ FUA ≠ NUTS-3.  
City > NUTS-3 

131 254 99,4% 0,0% 

Sevilla (ES) 876 754 Identical FUA and NUTS-3 95 197 99,7% -0,1% 
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City name 
(country code) 

Population* 

Territorial congruence: 

degree of similarity  
between publication output per 

spatial area** 

City research 
activity: 

publication 
output** 

(2015-2024) 

City spatial 
concentration: 

% city output  
of FUA output** 

City growth rate 
differential: 

(CAGR city - 
CAGR FUA)** 

Sofia (BG) 1 221 172 Identical City and NUTS-3 65 288 99,8% 0,0% 

Stockholm (SE) 1 592 734 Identical FUA and NUTS-3 300 295 99,3% 0,0% 

Stuttgart (DE) 626 275 Identical City and NUTS-3 64 801 86,7% -0,4% 

Tallinn (EE) 240 084 Identical FUA and NUTS-3 21 889 99,8% 0,0% 

Thessaloniki (EL) 802 392 Identical City, FUA and NUTS-3 80 349 100,0% 0,0% 

Torino (IT) 848 748 City ≠ FUA ≠ NUTS-3.  
City < NUTS-3 

150 979 91,5% 0,1% 

Toulouse (FR) 762 751 City ≠ FUA ≠ NUTS-3 13 3885 95,2% 0,1% 

Valencia (ES) 1 414 213 City = FUA ≠ NUTS-3 170 429 100,0% 0,0% 

Valletta (MT) 5 201 City ≠ FUA ≠ NUTS-3 12 557 97,6% 0,0% 

Vilnius (LT) 592 156 City = FUA ≠ NUTS-3.  
City > NUTS-3 

41 618 100,0% 0,0% 

Warszawa (PL) 1 863 056 Identical City and NUTS-3 218 519 97,0% 0,0% 
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City name 
(country code) 

Population* 

Territorial congruence: 

degree of similarity  
between publication output per 

spatial area** 

City research 
activity: 

publication 
output** 

(2015-2024) 

City spatial 
concentration: 

% city output  
of FUA output** 

City growth rate 
differential: 

(CAGR city - 
CAGR FUA)** 

Wien (AT) 2 028 289 City ≠ FUA ≠ NUTS-3 263 412 94,8% 0,0% 

Wrocław (PL) 674 312 Identical FUA and NUTS-3 82 973 99,9% 0,0% 

Zagreb (HR) 764 286 Identical FUA and NUTS-3 92 396 99,0% 0,0% 

Zaragoza (ES) 673 010 Identical FUA and NUTS-3 65 951 99,7% 0,0% 

 

* Most recently available data (either 'city proper' or 'greater city') from one of the three selected information sources; 2021 or a more recent 
year. 

** Based on whole counts of research publication output. 

 

 



 

 

5. General discussion and recommendations 

5.1. Two-phase approach for follow-up 

The strategic importance of developing robust, city-level STI indicators for evidence-
based policymaking in Europe cannot be overstated. Many large cities in Europe are 
dynamic hubs of innovation and economic growth, and a precise understanding of 
their STI performance is critical for targeted policy interventions and fostering 
Europe’s overall competitiveness.  

This study’s comprehensive data mapping and analysis of available STI data sources 
demonstrates that leveraging the diverse data streams, coupled with a rigorous 
methodological framework that accounts for the inherent spatial complexities of urban 
innovation ecosystems, is crucial for designing high-quality, comparative STI 
indicators at the city-level. 

The small pilot study focused on the first phase of data mapping and TRL assessment. 
The findings have unearthed significant challenges related to data granularity, 
harmonisation, and the complex statistical definitions of urban areas. A subsequent 
two-phase approach offers a feasible and systematic pathway to address those 
challenges and help overcome conceptual, methodological and technical hurdles: 

1. targeted pilot testing with a focus on spatial patterns and dynamics 
2. strategic scaling through advanced analytics and collaboration.  

This phased approach entails an iterative development process, where empirical 
findings from testing will continuously inform and refine data collection strategies and 
indicator design. The underpinning iterative mindset is vital for navigating the inherent 
complexities of urban STI data, ensuring that the R&D process remains adaptive and 
responsive to emerging challenges and opportunities.  

The next two subsections elaborate on both phases and propose recommendations 
for next steps in the process of developing city-level STI indicators. 

5.2. Phase 1: targeted testing and case studies 

Our in-depth analysis of one of the feasible indicators (count of research publication 
output) already provides some interesting insights into similarities and differences 
between cities and their FUAs. However, the findings displayed in Table 4 critically 
depend on several measurement parameters, especially the counting scheme. In this 
table, they are based on a counting scheme of publication, where each publication is 
assigned to a city or FUA irrespective of the number of occurrences of that city in the 
publication's author affiliate addresses. Ascertaining the statistical robustness of the 
presented data requires further comparative studies. Notably, by computing a city's 
publication output data based on fractional counts. But also, by introducing another 
time-period, rather than the 2015-2024 period applied in Table 4, to monitor temporal 
developments and compound annual growth rates. Sensitivity studies can generate 
information on the robustness of indicator values and help introduce statistical 
confidence intervals to help interpret the observed results. This will underpin the 
analytical relevance of indicators and strengthen the applicability. 
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Technical recommendation 1  

Conduct a sensitivity study of the indicator "Total research 

publication output - all public sector and private sector 

organisations" across all large and mid-sized cities in Europe, 

with a range of time-periods and different counting schemes. 

Each city presents a unique spatial territory, as are their FUAs and NUTS-3 areas. 
Comparing unique entities may therefore seem pointless, but they do have features 
in common that make them comparable. Moreover, identifying and emphasising their 
differences helps to explain reasons for their unique characteristics. Either way, it is 
crucial to compare as fairly, objectively and as accurately as possible. It can 
make a significant difference how the city’s spatial area is defined and territorially 
demarcated. This is why definitions of cities and geographical demarcations of 
territories become so paramount in large-scale and in-depth statistical comparisons 
across cities in Europe.  

The results of the pilot study, covering 69 of the largest cities in the EU, highlight the 
difficulties encountered when embarking on comparative studies: in four cases, the 
city's scientific research size is identical to the FUA. In another 23 cases, it is almost 
the same (>99% share of the research publication output). On the other side of the 
spectrum, percentage levels drop to less than 90% in 13 cities. And four cities are 
quite different from their FUA with a research output size that is less than 50%.  

Selecting the most appropriate geographical unit is therefore probably the biggest 
challenge in any EU27-wide comparative study. Should one opt for cities, FUAs, or a 
mix of both, depending on data availability? Irrespective of the choice, the nature of 
the analytical unit needs to be made explicit, and comparisons between units need to 
be as consistent as possible. If territorial representativeness is the key selection 
criterion for comparative analysis, it seems better to select the city’s FUA (or 
metropolitan region) rather than opting for the restricted definition of ‘city proper’. 
However, the results of this pilot study presented in this report clearly indicate that 
opting for FUAs introduces major biases in some cases, such as Brussels, which 
undermine straightforward and fair comparisons across major cities in Europe. 

Either options entail information loss on the area’s science performance. If one opts 
for the more narrowly defined ‘city’ territory, information is lost on the degree of spatial 
dispersion, whereas opting for the FUA-level representation discards information of 
the degree of spatial concentration. Combining both options would therefore be the 
best solution. Ideally, each indicator-based STI statistic – either city-based or FUA-
based - should then be accompanied by a within-FUA spatial 
dispersion/concentration measure that offers data and insights from both 
geographic perspectives. 

At the aggregate level of the EU27 in its entirety, the observed overall patterns and 
trends may also change when a larger number of smaller EU27 cities are included 
in the comparative analysis. The population size and economic development of such 
cities are correlated with lower levels of STI activity and economic dynamics. Size 
may also influence the geographical relationships between the city, FUA and NUTS-
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3 region. Ideally, all EU27 cities with at least 100,000 inhabitants should be included 
in an expanded version of this case study to assess the role and relevance of city or 
FUA size. 

Technical recommendation 2 

Conduct a validity study of the indicator “Total research 

publication output - all public sector and private sector 

organisations’, in which city level data and associated FUA-level 

data are correlated with other available data (socio-economic, 

demographic or otherwise) at the level of cities, metropolitan 

areas and NUTS-3 regions, to identify and assess the possible 

biases and limitations of the city-level comparative analysis 

across the EU27 member states. 

Note that other or additional general typologies may prove valuable when comparing 
cities in more detail. More specifically, the categorisation into first, second and third-
tier cities. While densely populated national capitals tend to define the first tier, 
second-tier cities could be defined as cities whose STI performance is also sufficiently 
important to affect the performance of the entire domestic economy. Sometimes they 
are large regional capitals, and sometimes they are the country's second-largest city. 
Many will house one or more research-intensive universities or large R&D-active 
firms. Being second does not imply that these cities are less important than the capital 
cities, nor that they are second-class in terms of performance. While they differ in 
many respects, second-tier cities can play comparable roles in national STI systems. 
Third-tier cities are likely to be smaller than first-tier or second-tier cities but may still 
play a vital role in regional STI systems, especially with one or more universities in 
the area. 

Even among this small and relative homogeneous subset of cities – either tier 1, 2 or 
3 - the networked and spatial nature of city-level STI ecosystems may differ 
significantly. The more data and indicators one can collect, the more such differences 
can be described, interpreted and explained. Developing such ‘City STI profiles’ and 
comparing them across cities and FUAs require a broad range of relevant information 
and a varied set of STI performance indicators. 

Selecting such a set of indicators requires a more comprehensive level of data 
mapping and in-depth feasibility assessment. This should include detailed 
timelines, resource allocation (personnel, budget, technical infrastructure), and clear 
milestones, leveraging the TRL framework to guide the selection and further 
development of each designated ‘key performance indicator’. 
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General recommendation 

Develop and test a classification system of European cities 

based on tiers related to their regional and national socio-

economic relevance. Incorporate statistical information at the 

NUTS-2 and NUTS-3 level. The 69 cities selected for the case 

study in this report could serve as a starting point. 

Conduct a follow-up pilot study, by applying a stepwise 'top down' 

selection (starting with TRL 8 indicators), to map and assess the 

technical difficulties and information value of all individual STI 

indicators listed in Table 3. Special attention should be given to 

the group of 'Innovation' indicators, more specifically, the access 

costs and available data in the commercial databases (Orbis, 

Dealroom, Crunchbase, Pitchbook).  

The assessment of the information value should include an 

analysis of differences and similarities between cities and/or their 

FUAs – both across all three tiers as well as within tiers 1 to 3 

(see general recommendation 1). The assessment should also 

capture the added value of city-level or FUA-level data compared 

to available NUTS-3 level data.  

5.3. Phase 2: upscaling and collaboration for advanced analytics 

Depending on if and how the proposed two-phase study is executed, the final phase 
should involve scaling up the applied methodologies and information sources for a 
more comprehensive comparative study across the EU27 cities and their associated 
FUAs. To handle the data requirements, it is imperative to develop robust big data 
analytics platforms and tools. The sheer volume and variety of data needed for a 
comprehensive range of STI indicators will necessitate the application of such 
platforms. This includes investing in or developing capabilities for efficient data 
ingestion, cleaning, transformation, storage, and advanced analytical processing. 
Exploring platform-based solutions and scalable architectures will be vital to support 
the analysis of data from a wide range of cities. 

Fostering collaboration with institutional partners and key stakeholders in Europe is 
paramount for further information gathering (e.g. on extending the current inventory 
of TRL1-3 indicators), establishing joint data validation processes, and securing data 
platform alignments. Within phase 2 of this extensive R&D process, or partially in 
parallel to phase 1, further engagements with other European stakeholders and 
data providers (such as Eurostat) should be initiated or strengthened. Extensive 
engagements are needed to leverage their data accessibility, data science expertise, 
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and information supplier networks to establish generally acceptable and high-quality 
city-level STI indicators.  

It will also be crucial to explore specific data access protocols, harmonisation 
possibilities, and potential for sustained data exchange for city-level information. Data 
harmonisation should be a research and development (R&D) priority, specifically 
focused on developing data harmonisation protocols. This includes developing robust 
methodologies for standardising city names and linking them consistently to 
LAU/FUA/NUTS-3 codes across all databases, as well as addressing institutional and 
individual name disambiguation. This foundational work is a prerequisite for all 
subsequent comparative analyses and will significantly enhance the reliability and 
comparability of the final STI indicators. 

For those indicators that lend themselves to becoming part of composite indices (e.g., 
a City STI Index), experimentation with different weighting schemes (e.g., equal 
weighting, expert-based weighting, statistical weighting) is crucial. Different weighting 
schemes can lead to vastly different rankings, potentially undermining reliability and 
legitimacy of the index. This implies that the choice of weighting is not just a statistical 
decision, but a policy decision that implicitly prioritises certain aspects of STI (e.g., 
R&D input versus patent output). 

Future applications of well-designed indicator-based comparisons can help to group 
EU27 cities into the above-mentioned tiers, each with comparable roles in national 
or regional STI systems. Establishing these tiers, supported by data based on robust 
STI indicators, creates an opportunity for tiered policy interventions and more 
sophisticated STI monitoring frameworks. Instead of a uniform policy, the EU could 
design tailored strategies aimed at more effective and equitable STI development 
across Europe, which leverage the specific strengths of first-tier capitals, support the 
growth potential of second-tier regional hubs, and enhance the specialised roles of 
third-tier cities. 
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Appendix: technical specifications of the case study 

Analytical units:  

• selected ‘city’ (FUA urban core). 

• associated FUA of city. 

• associated NUTS-3 region of city. 

Measures:  

• total number of research publications per selected analytical unit (City, FUA, 
NUTS-3) for the period 2015-2024. 

• ‘compound annual growth rate’ (CAGR) of total number of research 
publications per selected analytical unit (City, FUA, NUTS-3) across the 
years from 2015 to 2024. 

Databases:  

• Clarivate Web of Science database (CWTS in-house version; entire 
database). 

• OECD FUA classification database, version 2021 (see 
https://www.oecd.org/en/data/datasets/oecd-definition-of-cities-and-
functional-urban-areas.html). 

• Eurostat NUTS classification database, version 2024 (including 2025 
updates).  

Computational details Web of Science (WoS): 

• WoS document types: all types. 

• Assignment to city: geographical information mentioned in the author affiliate 
addresses (a research publication can be assigned to multiple cities). 

• Counting schemes: There are two schemes:  
a. ‘whole counting’ where each publication – irrespective of the level of 

contribution of authors to those publications – is assigned in full to 
the city (and associated FUA or region). This scheme ignores 
multiple entities located within the same city. The whole counting 
scheme is designed to measure the city’s ‘research activity level’,  

b. ‘fractional counting’ where each publication is assigned 
proportionally to the city (and associated FUA or region) according 
to the share of the city in all author affiliate addresses. The 
fractionated counting scheme is designed to measure the city’s 
‘research contribution level’. City-assigned publications do not 
include other towns located within the same FUA. 

• Other computational specifics:  
a. WoS-indexed publications: all document types;  
b. publication years for analysis and statistics, from 2015 to 2024 
c. selection criterion of ‘cities’ (villages, towns and cities - incl. name 

variants): a minimum of 1,000 publication counts (whole counting) 
across the entire WoS database (from earliest database year 
onwards. 

https://www.oecd.org/en/data/datasets/oecd-definition-of-cities-and-functional-urban-areas.html
https://www.oecd.org/en/data/datasets/oecd-definition-of-cities-and-functional-urban-areas.html


 

 
 

 

 

GETTING IN TOUCH WITH THE EU 

In person 
All over the European Union there are hundreds of Europe Direct centres. You can find the address of the centre nearest you online 
(european-union.europa.eu/contact-eu/meet-us_en). 
 

On the phone or in writing 
Europe Direct is a service that answers your questions about the European Union. 
You can contact this service: 

 by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls), 

 at the following standard number: +32 22999696,  

 via the following form: european-union.europa.eu/contact-eu/write-us_en. 
 

FINDING INFORMATION ABOUT THE EU 

Online 
Information about the European Union in all the official languages of the EU is available on the Europa website (european-
union.europa.eu). 
 

EU publications 
You can view or order EU publications at op.europa.eu/en/publications. Multiple copies of free publications can be obtained 
by contacting Europe Direct or your local documentation centre (european-union.europa.eu/contact-eu/meet-us_en). 
 

EU law and related documents 
For access to legal information from the EU, including all EU law since 1951 in all the official language versions, go to EUR-Lex (eur-
lex.europa.eu). 
 

EU open data 
The portal data.europa.eu provides access to open datasets from the EU institutions, bodies and agencies. These can be 
downloaded and reused for free, for both commercial and non-commercial purposes. The portal also provides access to a wealth of 
datasets from European countries. 

https://european-union.europa.eu/contact-eu/meet-us_en
https://european-union.europa.eu/contact-eu/write-us_en
https://european-union.europa.eu/index_en
https://european-union.europa.eu/index_en
https://op.europa.eu/en/publications
https://european-union.europa.eu/contact-eu/meet-us_en
https://eur-lex.europa.eu/
https://eur-lex.europa.eu/
https://data.europa.eu/en


 

 

This report explores the development of Science, Technology, and 
Innovation (STI) indicators for comparing European cities, 
addressing challenges such as data scarcity and the need for 
consistent spatial definitions like Local Administrative Units (LAUs) 
and Functional Urban Areas (FUAs). It uses the Regional 
Innovation Scoreboard (RIS) as a foundation, introducing a system 
of nine Technical Readiness Levels (TRLs) to assess potential city-
level indicators, and presents a case study on research publication 
output across 69 large European cities. The study recommends a 
two-phase approach for further development, involving targeted 
pilot testing and strategic scaling through advanced analytics and 
collaboration to enhance data harmonization and support 
comprehensive STI indicator development 
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