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ABSTRACT
The regional variety of actors is considered a key determinant in the last decade's rich literature on the geography of eco‐
innovation and green regional development. However, little is known about the extent to which regions differ in their
specialization in new and established eco‐innovation actors. In this article, we propose a regional typology based on green
specializations concerning both incumbents and start‐ups in the German transport sector. While many regions show green
specializations in either start‐ups or incumbents, only some regions manage to specialize in both. We find that the above‐average
regional specialization in eco‐innovation does not seem to be primarily a phenomenon of urban areas, but rather depends on
regions' human capital endowments and technological capabilities. The observed heterogeneity in eco‐innovation specializa-
tions, both in innovation centers and lagging regions, calls for regional policies that are more sensitive to these differences.

1 | Introduction

The greening of the economy is decisive to achieve trans-
formative change toward environmental sustainability. The
transport sector is under particular pressure to transform; be-
sides negative environmental impacts resulting from land seal-
ing, local pollution and microplastic waste (Baensch‐Baltruschat
et al. 2020), it is largely based on fossil fuels, accounting for
approximately one quarter of energy‐related and 15% of global
greenhouse gas (GHG) emissions (IPCC 2022). As more goods
and passengers are transported by road, rail, air and water,
sector emissions in countries of the Global North are even
higher (20%–30%), with no significant decline observed in recent
years (ClimateWatch 2022; Fransen et al. 2019).

Countries and regions differ not only in terms of causing global
environmental challenges, but also in addressing and solving

them. The latter is the focus of research on the geography of eco‐
innovation and sustainability transitions that has emerged in the
past decade (Hansen and Coenen 2015; Hansmeier and
Kroll 2024; Losacker et al. 2023), pointing to the importance of
place‐specific and regional factors for eco‐innovation processes.
Geographical and related forms of proximity facilitate the emer-
gence, diffusion and application of knowledge and innovation
through access to networks and resources. As analyzed by pre-
vious work, the place‐specific nature of green technology, in-
dustry and regional development is mainly due to (in‐) formal
institutions including policies (e.g., Bækkelund 2022; Bugge,
Andersen, and Steen 2022), technological capabilities (e.g., Cor-
radini 2019; Santoalha and Boschma 2021) as well as local actors
(e.g., Binz, Truffer, and Coenen 2016; MacKinnon et al. 2019).

In the literature, numerous studies focus on the specific roles
of different groups of regional eco‐innovators as regional
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conditions for eco‐innovation development. These include pri-
marily actors from industry, politics and academia, but also
intermediaries and societal actors (e.g., Gibbs and Jensen 2022;
Trippl et al. 2020). However, the relationship between estab-
lished and new actors is also crucial to increase our under-
standing of regional sources of transformative change (van den
Berge, Weterings, and Alkemade 2020). Although innovation
studies have analyzed the influence of regional contexts on the
emergence of eco‐innovations in incumbent firms (e.g., Horbach
and Rammer 2018; Klitkou and Coenen 2013) as well as in
green start‐ups (e.g., Abdesselam, Kedjar, and Renou‐Mais-
sant 2024; Corradini 2019), both aspects have hardly been
considered together in order to better grasp the regionally
prevalent balance of different eco‐innovation actors. On the
other hand, transition studies' interest in stability and change is
reflected both in the focus on the forces of inertia and in novel
developments depending on experimental alignment (Boschma
et al. 2017; Gibbs and Jensen 2022). While overarching studies
on different combinations of regional actors are missing, recent
studies argue, however, that incumbents operate quite hetero-
geneously and do not only preserve the status quo, as often
assumed. Accordingly, change can emerge from both in-
cumbents and new entrants (Steen and Weaver 2017; Strambach
and Pflitsch 2020; Turnheim and Sovacool 2020).

The aim of this paper is to gain a better understanding of re-
gions' green specialization, that is the degree to which innova-
tion activities in the transport sector have become greened in
the domains of (economic) incumbents and start‐ups. Eco‐
innovative activities in the German transport sector are of
crucial importance not only from an ecological point of view,
but also from an economic one. The automotive industry alone
comprises around 1000 companies (manufacturers and sup-
pliers) with around 830,000 employees, with medium‐sized to
large companies dominating (Destatis 2023). Transport‐related
industries are of considerable economic importance across re-
gions, which makes the sector an ideal subject for investigation,
given that this study focuses on regional particularities of eco‐
innovation emergence.

Following Hockerts and Wüstenhagen (2010), we conceive
green incumbents as organizations, usually firms, that are well
established and engage in eco‐innovation activities, while green
start‐ups are recently founded companies with an innovative
and environmentally friendly business model or product. By
focusing on regional specializations, we intentionally focus less
on how the joint existence of established and newly founded
companies develops (which would be a biased comparison), but
rather on the extent to which the two types of actors in a region
contribute to the process of greening. In addition to the general
question of how regions differ in terms of relative actor spe-
cializations, we are particularly seeking to analyze the joint
regional specialization of green transport incumbents and start‐
ups. Finally, we test which regional conditions explain the
observed spatial patterns.

Empirically, we estimate the greening of incumbents based on
environmentally oriented patents, which are almost exclusively
filed by large firms in the transport sector (Eurostat 2014), and
green start‐ups based on data from the Mannheim Enterprise
Panel (MUP) for the period 2009–2018 in the 96 labor market

regions in Germany. As we analyze not only technological
change via patents but also business model or service in-
novations, the combined analysis allows us to examine the
broader eco‐innovative change necessary for sustainability
transitions in the transport sector (Tödtling, Trippl, and
Desch 2022).

The outline of this paper is as follows. The next section presents
the theoretical and empirical status quo of geographical
research on eco‐innovators with a particular focus on the
transport sector. Based on this, research questions are derived.
Subsequent sections describe the data and methods of this study
before we present key findings. This is followed by a discussion
of the results and a conclusion, pointing to further research
possibilities and policy implications.

2 | Regional Perspectives on Eco‐Innovation
Incumbents and Start‐Ups in the Transport Sector

Innovations are the result of new combinations of goods, skills,
knowledge, techniques and resources. This implies the need for
collaborating and interactive relations, which led to the systemic
understanding, that is sectoral, technological, regional/national,
of innovation emergence and application. From the perspective
of geographical research on eco‐innovations and sustainability
transitions, questions arise not only about spatial differences in
technology and industrial development (Capasso et al. 2019;
Tödtling, Trippl, and Frangenheim 2020), but also about the
relevant actors. More precisely, whether, according to the
Schumpeterian dichotomy, the necessary change is primarily
carried out by established actors or whether new entrants are
required and how regions differ in this respect (Trippl
et al. 2020; Turnheim and Geels 2019).

2.1 | The Role of Incumbents in Eco‐Innovation
Activities

Given the heterogeneity of actors that constitute complex
innovation and socio‐technical systems, a multiplicity of in-
cumbents can be identified. Hence, incumbents exist and act to
varying degrees at different (spatial) levels and social spheres,
with incumbent behavior particularly visible among powerful
firms and government actors (Ansari and Krop 2012; Turnheim
and Geels 2019). Incumbent actors are closely linked to the
regime concept of transitions research, according to which
routine agency of established actors reproduces (in‐)formal in-
stitutions and rules, which in turn stabilize socio‐technical
systems that lead to path dependencies and incremental
changes (Miörner and Binz 2021). These path‐dependent de-
velopments are the result, for example, of incumbent firms
predominantly adhering to existing and potentially successful
business logics, which slows down or prevents transitions to-
ward sustainability (Bohnsack, Pinkse, and Kolk 2014; Steen
and Weaver 2017).

With regard to the transport sector, these patterns are particu-
larly evident for the globally dominant automotive regime
that has evolved for more than a century, leading to stable
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production and consumption practices (Sengers and Ra-
ven 2015). This regime has been manifested through technical,
institutional and social adaptations with little system‐changing
innovation activities over the last decades (Sovacool, Noel, and
Orsato 2017). Although established firms are active in regional
and national research efforts and production, they are also
strongly integrated into international markets and collabora-
tions, promoting similar transport modes around the world
(Nilsson, Hillman, and Magnusson 2012).

Despite these characteristics, however, innovation and transi-
tion studies point to a more diverse picture of incumbents (e.g.,
Ansari and Krop 2012; Steen and Weaver 2017) and pluralizing
perspectives on incumbencies across regions and sectors
(Turnheim and Sovacool 2020). These views are based on the
findings that established firms and other incumbents may pur-
sue eco‐innovation development. Although incumbent firms
seem less likely to be initial leaders of environmentally oriented
innovation, differences emerge depending on the industry
environment and firm properties, the mode of innovation, as
well as challenges from new entrants (Ansari and Krop 2012;
Tsouri, Hanson, and Normann 2021; Turnheim and Sova-
cool 2020). In addition, there are varying institutional field
logics, such as differences in standardization (Dewald and
Achternbosch 2016), which are likely to translate into spatial
differences (Miörner and Binz 2021). For the transport sector,
incumbents are significantly involved in the development of
environmentally friendly transport technologies and business
models in regions, for example, shared or autonomous mobility
(Bohnsack, Pinkse, and Kolk 2014; Meelen, Frenken, and
Hobrink 2019; Nilsson and Nykvist 2016). At the same time, it
was found that incumbents can also influence the institutional
framework in a way that promotes transforming the transport
sector at the regional level (Bugge, Andersen, and Steen 2022;
Miörner and Trippl 2019).

Against this background, the geography of eco‐innovation has
received increasing scientific attention over the past decade
(Hansmeier and Kroll 2024; Losacker et al. 2023). While the
complexity of green transitions and transformative change is
characterized by multi‐scalar interdependencies in innovation
processes, networks of actors and knowledge dynamics (Capa-
sso et al. 2019; MacKinnon et al. 2019; Tsouri, Hanson, and
Normann 2021), numerous geographical studies point to the
importance of diversified capabilities and knowledge bases at
the regional level. In the latter case, the relatedness to pre‐
existing capabilities is of particular relevance for green
regional diversification (Montresor and Quatraro 2020; San-
toalha and Boschma 2021). As such, a narrow regional
specialization seems insufficient (Coenen 2015). Since the green
transition will affect the transport sector in particular, regions
with incumbent structures will be called upon to address change
processes at an early stage and to develop alternative diversifi-
cation pathways. Otherwise, these regions will be confronted
with particularly negative developments (Rodríguez‐Pose and
Bartalucci 2023). In this context, Miörner and Trippl (2019)
point to the importance of establishing new networks with
transport stakeholders to ensure access to and co‐create
knowledge about more sustainable transport solutions in the
future. Although green innovation activities of firms in urban
environments are not necessarily influenced by spatial

externalities (Galliano, Nadel, and Triboulet 2023), agglomera-
tion effects, clustering, co‐location, infrastructure density and
linkages between different actors, which are fundamental to
many urban areas, are found to positively impact overall eco‐
innovation output (Del Río, Peñasco, and Romero‐Jor-
dán 2016; Grillitsch and Hansen 2019; Horbach 2020) and green
innovation activities in the transport sector in particular (Car-
valho, Mingardo, and van Haaren 2012; Krauss, Krail, and
Axhausen 2022). This is in line with the frequently confirmed
finding that innovation activities are concentrated in more
densely populated regions (e.g., Balland et al. 2020; Mewes and
Broekel 2022).

2.2 | The Role of Start‐Ups in Eco‐Innovation
Activities

Eco‐innovative start‐ups are crucial in transforming production
and consumption patterns, both within and beyond the region.
They introduce environmentally friendly product innovations
and green technologies, but also new business models and ser-
vices (Abdesselam, Kedjar, and Renou‐Maissant 2024; Colom-
belli and Quatraro 2019). New entrants seem to be particularly
influential in the early stages of an industry transformation
(Hockerts and Wüstenhagen 2010), as they bundle new products
and services in a unique way or generate new knowledge and
capabilities that notably deviate from previous knowledge bases.
Start‐ups can therefore boost eco‐innovation activities and in-
fluence established players (Bohnsack, Pinkse, and Kolk 2014;
Dewald and Achternbosch 2016; Nilsson and Nykvist 2016).
This is also true for the transport sector, in which start‐ups play
a leading role in the development of eco‐innovation despite the
above‐mentioned strong regime structures. In the case of elec-
tric mobility, for example, start‐ups seem to have developed new
products and business models around the same time as in-
cumbents (Bohnsack, Pinkse, and Kolk 2014; Sovacool, Noel,
and Orsato 2017; Tödtling, Trippl, and Desch 2022).

Against this background, conceptual and empirical research on
knowledge spillovers shows that start‐ups benefit greatly from
unused and non‐commercialized ideas, knowledge and network
resources of established actors (e.g., Cojoianu et al. 2020;
Colombelli and Quatraro 2019; Doblinger, Surana, and Ana-
don 2019; Klitkou and Coenen 2013). As such, both extra‐ and
intra‐regional linkages are seen to positively affect green start‐
up emergence. Although the importance of existing structures
varies greatly between sectors (Dewald and Achternbosch 2016),
geographers in the field of regional studies and transitions
research argue that entrepreneurial activities of start‐ups and
spin‐offs are an essential mechanism of regional branching into
related and new industries (Boschma et al. 2017; MacKinnon
et al. 2019). Green industrial development in particular benefits
from emerging innovation actors, as they are especially capable
of developing skills and knowledge combinations beyond
region‐internal path dependencies. The process of green path
creation is therefore more likely to occur in regions where the
support structures and the existing skill base are well‐developed
(Gibbs and Jensen 2022; Tödtling, Trippl, and Frangen-
heim 2020; Trippl et al. 2020). Based on the above, we derive the
first research question as follows:
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RQ1: Are those regions that display a specialization in green
start‐ups also more specialized in green incumbents?

Start‐ups are particularly dependent on the external availability
of knowledge and networks, not only due to the greater
complexity of environmental innovations but also because of
limited internal resources (Horbach 2020). Against this back-
ground, a large number of recent studies have examined
regional determinants of green start‐up emergence. First, it has
been shown that the knowledge accumulated in a region is
positively associated with the emergence of green start‐ups (e.g.,
Coll‐Martínez, Malia, and Renou‐Maissant 2022b; Colombelli
and Quatraro 2019; Horbach 2020). As new actors extensively
build on pre‐existing structures, a differentiated but comple-
mentary knowledge pool is particularly crucial (Giudici, Gue-
rini, and Rossi‐Lamastra 2019; Vedula, York, and Corbett 2019).
Likewise, Cojoianu et al. (2020) and Coll‐Martínez, Jové‐Llopis,
and Teruel (2022a, 2022b) report a positive correlation between
regional human capital endowment as well as the presence of
research institutions and the emergence of new eco‐innovation
entrants. Looking at the technological dimension, it is inter-
esting to note that spillovers from both green and non‐green
knowledge creation seem to influence green regional start‐up
activities (Cojoianu et al. 2020; Colombelli and Quatraro 2019).

In addition to skills and technological capabilities, regulation
and (regional) policies influence green start‐up activities. For
example, by directly promoting eco‐innovative and environ-
mentally friendly start‐ups, negatively impacting non‐green
start‐ups or creating demand incentives, thereby strengthening
market certainty for green start‐ups (Giudici, Guerini, and
Rossi‐Lamastra 2019; Hoogendoorn, van der Zwan, and
Thurik 2020; Horbach 2020). In line with these findings, Bioret,
Dechezleprêtre, and Fadic (2021) show that the majority of
venture capital has been invested in green transport start‐ups in
recent years. Moreover, numerous studies show that regions'
informal institutional framework conditions are crucial. As
such, social norms, shared meanings, behavioral patterns and
environmental awareness influence firm formations and green
entrepreneurship at the regional level. On the one hand, these
can lend additional legitimacy to environmentally friendly
technologies and practices, and on the other hand, they can
simplify opportunity recognition. Both factors increase regional
eco‐innovative firm entry (e.g., Cojoianu et al. 2020; Tödtling,
Trippl, and Frangenheim 2020; Vedula, York, and Cor-
bett 2019). Given the variety of regional and sectoral specificities
that influence eco‐innovation activities, we formulate the sec-
ond research question as follows:

RQ2: Which external determinants help to explain (different
types of) regional specializations in green incumbents and green
start‐ups?

3 | Methodology

To identify and explain activities of eco‐innovation incumbents
and start‐ups at the regional level, we use two different data
sources. We use patent data to proxy eco‐innovation activities
of incumbents. Of the company‐related patents filed at the

European Patent Office (EPO), the majority are held by large
corporate entities; in the field of transport even more than 95%
(Eurostat 2014). Accordingly, we can use patent applications as
a very direct proxy of inventive activities driven by incumbents.
In contrast, activities of new entrepreneurial market entrants
can be measured directly by the number of start‐ups. Given the
novelty of activities in the domain of green transport, a large
share of new firms' activities can thus be considered innovative
(e.g., Cojoianu et al. 2020; Vedula, York, and Corbett 2019).
Using both regionalized patent and start‐up data, we then derive
methodological approaches to analyze the regional prevalence
of green incumbents and green start‐ups.

3.1 | Patent Data

Patents are a key measure in innovation research and related
fields to study the emergence and diffusion of knowledge and
technological inventions. The use of patent data is accompanied
by limitations, such as the prevailing focus on technologies, the
low informative value with regard to the quality and impact of
inventions and the possible non‐patentability thereof. However,
patents are particularly valuable for geographical analyses
because they allow to trace the production of (technological)
knowledge in a comprehensive and spatially nuanced way
(Griliches 1990; van den Berge, Weterings, and Alkemade 2020).

This study draws on the PATSTAT database of the European
Patent Office (EPO). In a first step, we collect all patent appli-
cations with priority dates from 2009 to 2018 and assign them
regionally using the inventors' addresses. Like van den Berge,
Weterings, and Alkemade (2020), we use whole counts in the
case of multiple inventors, hence we consider knowledge to be a
non‐divisible good. Since an overly small‐scale approach would
risk that many regions have no or only a small volume of pat-
ents, we resort to the 96 German labor market regions. These
represent functional territorial units1 and are generally
composed of several districts (“Kreise”/NUTS3 regions). At the
same time, this regional setting allows annual socioeconomic
data to be aggregated from the municipal or district level,
whereas for smaller territorial units this data is often missing,
particularly sectoral information to adequately estimate inno-
vation activities.

In a second step, we aim to identify all patents from the trans-
port sector as well as those classified as green transport tech-
nologies. For the former, we draw on the WIPO technology
concordance, which links codes of the International Patent
Classification (IPC) to technology fields (Schmoch 2008). To
identify green transport technologies, we rely on the Y02 class of
the Cooperative Patent Classification (CPC), an extension of the
IPC (see Table A1 for a detailed overview of data sources and
search strategies). The subgroup Y02 T contains patents related
to climate change mitigation technologies in the transport
sector, covering road, rail, air and maritime/waterways trans-
port technologies as well as enabling technologies such as
charging of electric vehicles, and fuel cells (Coll‐Martínez,
Malia, and Renou‐Maissant 2022b; Haščič and Migotto 2015;
van den Berge, Weterings, and Alkemade 2020). Thus, for the
10‐year observation period, we identified 46,228 patents in the

4 of 15 Growth and Change, 2025

 14682257, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/grow

.70025 by Fraunhofer ISI, W
iley O

nline L
ibrary on [13/03/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



technology field of transport and around 15,000 patents are
classified as green transport technologies.

3.2 | Start‐Up Data

The data to identify (green) start‐up are taken from the Man-
nheim Enterprise Panel (MUP) which is generated by the ZEW–
Center for European Economic Research since 1992. By coop-
erating with the largest German credit rating agency “Cred-
itreform e.V.,” which contributes data twice a year on the total
German corporate landscape, the MUP provides a comprehen-
sive micro database on legally independent companies. As a
result, parent companies and subsidiaries are reported sepa-
rately. In total, it contains detailed information on around 9
million economically active and closed companies (Bersch
et al. 2014).

Unlike research that identifies and examines green start‐up
activities via survey data (e.g., Hoogendoorn, van der Zwan,
and Thurik 2020; Horbach 2020), the MUP, with a coverage of
about 90% of the full stock of firms,2 allows for more repre-
sentative studies of business dynamics over longer observation
periods and small‐scale disaggregation (Bersch et al. 2014).
Although the mere number of start‐ups does not necessarily
reflect their quality or impact (Cojoianu et al. 2020), the mea-
sure in fact offers a suitable way of covering entrepreneurship
activities of a wide range of economic actors at the regional
level.

Of particular importance for the analyses in this paper is the
information on the company address for the spatial allocation,
the date of the foundation for the temporal limitation, and the
classification of economic activities (NACE Rev. 2). The latter is
used to exclude service‐oriented and predominantly non‐
innovative sectors and to delineate the transport sector (see
Table A1). Again, we use the years 2009–2018 as the observation
period and the 96 German labor market regions as the units of
analysis (cf. chapter 3.1).

Green start‐ups in the transport sector cannot be identified by
sector assignments. Instead, we screen the company de-
scriptions contained in the MUP using a keyword‐based search
strategy, following previous studies with a similar approach
(Hansmeier and Losacker 2024; Shapira et al. 2014). In order to
limit the bias in the identification of start‐ups, which is also due
to the fact that many newly born (micro) enterprises and start‐
ups have imprecise company descriptions, we follow a broad
search approach. We derive the technology and sector‐specific
search terms for green transport start‐ups from various data-
bases and sources: the Y02 T patent class, transport start‐ups
listed in the “StartGreen” network3 and the work by Cojoianu
et al. (2020) (Table A 1). To check the validity of the identified
companies, we screened their brief description and conducted
internet searches where necessary. This step eliminated those
that are not applicable (e.g., companies primarily active in the
energy sector). On the other hand, we add those green transport
related start‐ups that were not initially found, but appear in the
“StartGreen” network or received funding by the German

Federal Environmental Foundation (DBU).4 Overall, of the
42,000 start‐ups related to the transport sector, about 900 can be
classified as eco‐innovative.

3.3 | Regional Patent and Start‐Up Specializations

Comparing regions according to their relative progress in green
incumbents and green start‐ups is the main objective of this
paper. Technically, however, pure shares are often difficult to
compare as their averages and variance differ between domains.
It will also be important for the analysis to determine whether
eco‐innovation activities of incumbents and start‐ups in regions
are above or below the national average. An established and
common practice in (economic) geography research to achieve
this double objective is to measure specialization based on the
location quotient (LQ). The LQ allows to determine whether a
region is technologically or economically specialized compared
to all other regions over a given period of time. Usually, LQ > 1
indicates above‐average specialization, LQ = 1 average special-
ization and LQ < 1 below average specialization. To minimize
distortions by outliers, we normalize the specialization in-
dicators by means of a log transformation between þ100 and
−100, with positive values indicating above‐average regional
specializations (Losacker and Liefner 2020). Similar to the
seminal work of Balland and Rigby (2017) who draw on relative
technology advantage measures, we will refer to the normalized
LQs as the relative patent advantage (RPA) and relative start‐up
advantage (RSA) (see Equations 1a and 1b). For each region r in
the green transport domain g the indicators are given by:

RPArg = 100 × tanh ln [
prg/∑rpg
prt/∑rpt

] (1a)

RSArg = 100 × tanh ln [
srg/∑rsg
srt/∑rst

] (1b)

Both specialization measures are calculated as the relation of
green transport activities to patent p or start‐up activities s in the
transport sector t. This allows to control for appropriate base-
lines, as regional specializations in environmentally friendly
innovation activities might depend on strong activities in the
overarching transport sector.

4 | Regional Specializations in Green Transport
Incumbents and Start‐Ups

Against the background of this paper's core empirical prospect,
we are interested in identifying regional specializations in novel
and established eco‐innovators. Irrespective of the absolute
innovation capacity, we seek to determine whether the current
share of green actor activity in a region's transport sector is
above or below national average. By analyzing this situation
separately for both incumbents and start‐ups, it is possible to
distinguish between different types of regional eco‐innovation
actor specializations.
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4.1 | Typology of Regions

The comparison of the relative patent and start‐up advantage
enables us to create a typology of the 96 German spatial plan-
ning regions. The RPA and RSA are determined for each region
for the entire period from 2009 to 2018, allowing to depict four
different types of regional eco‐innovation actor specialization in
the transport sector (Figure 1).

1. Hotspot: Region with both above‐average green start‐up
and incumbent specialization.

2. Start‐up‐driven: Region with above‐average green start‐up
specialization but below‐average green incumbent
specialization.

3. Incumbent‐driven: Region with above‐average green
incumbent specialization but below‐average green start‐up
specialization.

4. Laggard: Region with both below‐average green start‐up
and incumbent specialization.

When looking at the distribution of regions by type, it is
noticeable that 35 of the 96 regions have neither a start‐up nor
an incumbent specialization. These so‐called laggard regions
represent the largest share (approximately 37%), followed by 29
regions in which the greening in the transport sector is driven to
an above‐average extent by start‐ups but less by established
actors. Conversely, 18 regions are incumbent‐driven and at the
same time have a below‐average green start‐up specialization.
Only 14 regions, that is a minority of roughly 15%, can be
categorized as green transport hotspots, featuring specialization
in both green start‐ups and green incumbents.

Overall, this typology reveals a relatively heterogeneous and
ambiguous picture of regional eco‐innovation actor specializa-
tions in the transport sector in Germany. Answering research
question 1, this initial finding is remarkable in that it neither
suggests that green transport start‐ups and incumbents mainly
emerge in spatial proximity due to the importance of knowledge
spillovers and technological specialization, nor does it seem to
support that eco‐innovations primarily emerge outside estab-
lished structures, as conceptualized in transition studies. In the

FIGURE 1 | Regional typology according to eco‐innovation actor specializations in the transport sector in Germany (2009–2018).

6 of 15 Growth and Change, 2025

 14682257, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/grow

.70025 by Fraunhofer ISI, W
iley O

nline L
ibrary on [13/03/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



latter case, we would expect a more negative correlation between
incumbent and start‐up specialization, while a co‐occurrence of
start‐ups and incumbents would show a positive correlation be-
tween RPA and RSA, that is that regions fall primarily into either
the laggard or the hotspot category. Rather, our descriptive results
corroborate the findings of recent work. Not only does the
importance of specific eco‐innovators vary between regions (e.g.,
Bugge, Andersen, and Steen 2022; Trippl et al. 2020), but it is also
evident that start‐up and incumbent activities take place where
the respective other is less dominant, indicating the influence of
other/non‐green regional determinants (e.g., Colombelli and
Quatraro 2019; van den Berge, Weterings, and Alkemade 2020).
We do not observe that green transport start‐ups are more likely to
emerge in regions that are also specialized in eco‐innovation
transport incumbents. Only a few regions feature a specializa-
tion in both green incumbents and green start‐ups.

Furthermore, Figure 2 shows that the different regional spe-
cializations of eco‐innovation actors can be found across Ger-
many. At the same time, our results indicate that certain spatial
clusters of the specific types of regions emerge. Green transport
hotspots and start‐up‐driven regions predominate in the
southern and eastern parts of the country. Consistently, lagging
regions cluster in the center and (north) west of Germany, while
incumbent‐driven regions seem to be evenly distributed. Inter-
estingly, important locations of the automotive industry, such as
Wolfsburg, Munich, Ingolstadt or Stuttgart, are mainly start‐up
driven or even regional hotspots of eco‐innovative transport
activities. This finding suggests that sectoral greening is also

taking place in those regions that are characterized by strong
industrial regime structures. The fact that hotspots rarely appear
in isolation from start‐up or incumbent regions could also
indicate inter‐regional spillover effects (Guo et al. 2020).
Although some sparsely populated regions are considered actor
hotspots, the geographical distribution seems to correlate with
the population density in general. Accordingly, none of the
depicted large cities has a below‐average specialization with
both groups of actors.

In order to better compare the regions, Table 1 provides
descriptive statistics for several socio‐economic indicators. In
line with previous studies, we refer to key regional factors that
have been shown to influence (green) innovation activities,
particularly in the transport sector. These include, for example,
the capital stock (GDP per capita), the population density to
measure agglomeration externalities and the availability of high‐
skilled individuals measured as the share of employees with an
academic background, that is tertiary education (e.g. Cojoianu
et al. 2020; Coll‐Martínez, Malia, and Renou‐Maissant 2022b;
Corradini 2019). As a sector variable, we also consider the
regional motorization rate, which is calculated from the number
of cars per 1000 inhabitants.

In fact, the aforementioned finding seems to be confirmed, ac-
cording to which regional hotspots of eco‐innovators related to
transport tend to be more urban, that is have on average a
higher population density. Moreover, these regions have the
comparatively highest GDP per capita, the largest share of

FIGURE 2 | Region types of eco‐innovation actor specializations in the transport sector in Germany (2009–2018).
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highly qualified people and the fewest cars per inhabitant. These
correlations are almost consistent across the different types of
regions, with the exception of start‐up driven regions that have
on average fewer highly qualified people than incumbent re-
gions and both the lowest GDP per capita and population
density. While these findings differ to some extent from previ-
ous studies in which start‐ups appear to be particularly depen-
dent on qualified personnel and profit from agglomeration
effects (e.g. Giudici, Guerini, and Rossi‐Lamastra 2019; Hoo-
gendoorn, van der Zwan, and Thurik 2020; Horbach 2020), it
should be noted that in this study we consider all firm births as
start‐ups without explicitly controlling for their innovativeness.

4.2 | Explanation of Regional Differences

To validate the descriptive results and address our second
research question, we make use of econometric models. To this
end, we predict the regional classification into the proposed
typology (see Figure 1). In a first step, the focus is on estimating
the probability that a region is an eco‐innovation hotspot in the
transport sector. For this objective, a logistic regression model
with robust standard errors by regions is estimated, where the
dependent variable is dichotomous and takes the value 1 if a
region is specialized into both eco‐innovation incumbents and
start‐ups (RPA & RSA > 0), otherwise it takes the value 0. In
order to avoid biases driven by little innovation activities and
outliers, we have summed the start‐up and patent counts for the
corresponding year with the two previous years (moving win-
dow), resulting in a panel data set for the dependent variable
covering the period 2011–2018. In addition, we use a one‐year
time lag5 for the independent variables, which thus cover the
years 2010–2017. The logistic regression model is given by:

logit(Typer,t) = α + β1Population densityr,t−1

+ β2 GDP per capitar,t−1

+ β3 High ‐ skilled individualsr,t−1

+ β4 Car industry siter,t−1

+ β5 Large enterprisesr,t−1

+ β6 R&D ‐ intensive industriesr,t−1

+ β7 Public transportr,2020

+ β8Green votesr,t−1 + θt + εr

(2)

where the subscripts r and t denote the region and time period,
θt is the dummy variable for each time window (time fixed

effect) and ε is the error term. We include a number of common
regional‐level factors (see also Table 1): population density, GDP
per capita and share of high‐skilled individuals. Moreover, we
include a region's share of large enterprises to proxy the influ-
ence of multi‐national companies and a dummy variable indi-
cating main locations of the automotive industry (headquarter
of car manufacturers with more than 10,000 employees). The
regional share of employees in research‐intensive industries
reflects technological capabilities, while a further dummy vari-
able indicates whether the distance to the nearest public
transport stop is above or below German average (values for
2020). The regional shares of votes for the political party “the
Greens” in the 2009, 2013 and 2017 federal elections serve as a
proxy for ecological ideals and lifestyles (e.g. Coll‐Martínez,
Malia, and Renou‐Maissant 2022b; Horbach 2020).6 The
detailed descriptions of the variables are included in the annex
(Table A2).

In a second step, we employ a multinomial logit model,
considering all four types of regions in the dependent variable.
That is, the multinomial model uses the group of laggard re-
gions as a baseline and estimates the probability that a region
falls in one of the other groups as opposed to the reference
group. This regression model takes a similar form as the logistic
model described above, except that the probability distribution
of the outcome variable is multinomial not binomial.

Table 2 presents the regression results, where model (1) is the
binomial logistic model and models (2), (3) and (4) belong to the
multinomial logistic regression. Likelihood ratio tests indicate
that all models are significantly better at explaining differences
among the groups than intercept‐only models. The models do
not suffer from multicollinearity as indicated by correlations
(see Table A2) and variance inflation factors (< 5). We are aware
that there might be minor problems with endogeneity for some
variables, which are addressed by the use of time‐lags and the
implemented panel structure. However, despite their robustness
to the use of different time lags, the regression results cannot be
seen as reflecting causality in the strict sense. In terms of the
research question, however, they can be seen as contributions
and explanations rather than mere correlations. In doing so, we
follow the common practice in the geographical literature of
using analytical statistics to partially explain effects that may be
complex and difficult to disentangle (see e.g. Horbach, Oltra,
and Belin 2013). The main results presented below are robust to
several changes in the econometric strategy. That is, results hold
when using subsets of the original data set (e.g. excluding years/

TABLE 1 | Mean values of socio‐economic and sectoral characteristics by type of region.

Type of region N
Population
per km2

GDP per
capita (EUR)

High‐skilled
individuals (%)

Cars per 1000
inhabitants

Hotspot 14 325 37,941 17.2 496

Start‐up‐driven 18 180 32,146 11.5 543

Incumbent‐
driven

29 285 35,194 13.5 514

Laggard 35 201 33,467 11.0 551

Total 96 228 34,510 13.0 529
Source: Calculations based on data provided by Federal Institute for Research on Building, Urban Affairs and Spatial Development (2022).
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observations), when using other econometric specifications (e.g.
probit models, regional fixed effects models without time‐
invariant variables) and when using other thresholds for the
dependent variables (e.g. normalized LQs > 10). We also
checked for spatial autocorrelation of the independent variables
in all models, which is not an issue in our empirical setting
(Moran's I, p > 0.05).

In the binary logistic model (1), we find several statistically
significant effects explaining that a region belongs to the group
of eco‐innovation transportation hotspots rather than belonging
to another type of actor specialization. For instance, the regional
human capital endowment affects the simultaneous regional
specialization in eco‐innovation incumbents and start‐ups. For a
1% increase in the share of highly skilled individuals in a region,
the change in the odds of a region being a hotspot in green
transport innovations compared to not being a hotspot is 1.355
(e0.30, p < 0.01). This finding is also supported by the positive
and significant effect of the share of employees working in
knowledge and research‐intensive industries (1.124, e0.12,
p < 0.01). Furthermore, we find that regions where important
industry sites of big car manufacturers are located are more
likely to be a hotspot for green transport innovations. The re-
sults show that the odds of being a regional green transport
hotspot are 1.976 (e0.68, p < 0.1) times higher for regions that
host large car manufacturers compared to those regions where
the car industry is less active. This is remarkable, as regions
characterized by strong related regime structures (automotive
industry) may well be considered green hotspots, underlining
the diverse influences of incumbent industrial structures. We
also observe a negative effect of the regional GDP per capita on
the likelihood that a region shows above average green start‐up
and green patenting activities in the transport sector. However,
this effect is negligible. While this seems surprising, the effect

might be driven by the fact that some hotspot regions are
located in eastern Germany, which is generally lagging behind
in economic performance. In that regard, it is important to bear
in mind that our regional typology reflects specialization pat-
terns, not total regional innovation capacity. As for the
remaining variables, the results point to the fact that the odds of
being a green transport hotspot compared to not being a hotspot
are equal.

In the multinomial model, we predict the probability that a
region is a hotspot (2), incumbent‐driven (3) and start‐up‐driven
(4), compared to laggard. The main results for the importance of
regional human capital and technological capabilities remain in
line with the binary model. However, there are some peculiar-
ities for eco‐innovation hotspots and incumbent specializations
as compared to model (1), where all other types are the refer-
ence category. That is, regions are likely to be a green transport
hotspot or incumbent‐driven as a function of population den-
sity. This means that urban regions are more likely to specialize
in green transport incumbents or both types of actors than
laggard regions, supporting general theories on agglomeration
effects. At the same time, this does not necessarily mean that
these urban regions also host an above‐average number of green
start‐ups in the transport sector. Although this may seem
counterintuitive, it should be recalled that this study follows a
broader start‐up definition (see Section 3.2), which may mod-
erate the results. Another interesting finding relates to the share
of large enterprises in a region. Our results point to the fact that
an increase in the share of large enterprises in a given region
decreases the odds of being a hotspot for green innovation ac-
tivities in the transport sector or green incumbent‐driven region.
Our results indicate that the share of large enterprises (in-
cumbents) of all economic actors should not be too high in order
to induce green innovation activities. Put simply, we find that

TABLE 2 | Results of the regression analyses.

Logistic regression Multinomial logistic regression (reference category: Laggard)
Hotspot Hotspot Incumbent‐driven Start‐up‐driven

(1) (2) (3) (4)
Population density 0.0004 (0.0003) 0.002*** (0.001) 0.002*** (0.001) −0.001 (0.001)

GDP per capita −0.0001* (0.00004) −0.0001*** (0.0001) −0.0001*** (0.00004) −0.00002 (0.00005)

High‐skilled individuals 0.304*** (0.070) 0.456*** (0.087) 0.262*** (0.076) 0.141*** (0.057)

Car industry site 0.681* (0.381) 0.285 (0.540) −0.572 (0.744) −0.332 (0.516)

Large enterprises −3.527 (3.247) −7.332*** (3.693) −5.304*** (2.439) −2.156 (2.749)

R&D‐intensive industries 0.116*** (0.033) 0.184*** (0.049) 0.072*** (0.046) 0.066*** (0.030)

Public transport 0.118 (0.603) −0.421 (0.686) −0.733** (0.473) −0.382 (0.397)

Green votes 0.067 (0.077) 0.056 (0.103) −0.038 (0.088) 0.012 (0.075)

Constant −4.048*** (0.978) −3.001*** (1.100) −0.509 (1.094) −0.678 (0.872)

Observations 768 768

Time fixed effects Yes Yes

Pseudo R2 (McFadden) 0.200 0.121

Log likelihood −266.45 −904.558

AIC 564.89 1905.16

LR test 132.81*** (df = 16) 249.590*** (df = 48)
Note: Robust clustered standard errors in parentheses (clustering at the regional level).
*p < 0.1; **p < 0.05; ***p < 0.01

9 of 15

 14682257, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/grow

.70025 by Fraunhofer ISI, W
iley O

nline L
ibrary on [13/03/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



regional eco‐innovative change driven by incumbents is possible
if the regional regime structures are weak, that is if large en-
terprises do not dominate the regional economy. We do not find
such effects for regional specializations in green start‐ups.

In sum, it is interesting to note that many regional factors which
are commonly studied in quantitative research on eco‐innova-
tion (e.g. green votes) do not seem to help us understand why
some regions are characterized by either green start‐ups, green
incumbents, both or none. While our research clearly demon-
strates that regions differ with respect to which actors drive eco‐
innovations and sustainable change, it is less helpful for un-
derstanding why they differ. This means that the different
composition of eco‐innovation transport actors in regions de-
pends on other factors that we do not consider in our model.
These may include further regional factors such as (in)formal
institutions, but also extra‐regional factors and forces on other
spatial scales, that is multi‐scalar interdependencies. In any
case, our findings suggest that the specialization patterns of
different actors are based on complex and latent interrelations
that require in‐depth analyses.

5 | Discussion

Previous studies which have analyzed eco‐innovation activities
and green technology development at the regional level have
consistently found that technological capabilities and the local
knowledge pool, institutional framework conditions as well as
market characteristics explain uneven spatial patterns of eco‐
innovation developments. While the regional determinants of
eco‐innovation emergence have thus been extensively studied
(Losacker et al. 2023), the present study was designed to deter-
mine differences in regional specialization with eco‐innovators in
the transport sector. By distinguishing between incumbents and
newcomers (start‐ups), we show that regions differ strongly in
terms of the drivers of eco‐innovation in the transport sector.

On a more descriptive level, the relative majority of German
regions have both a below‐average incumbent and start‐up
specialization in green transport activities (laggard), while
roughly 15% can be considered eco‐innovation transport hot-
spots. At the same time, about half of the regions are dominated
by either incumbents or start‐ups. The regional specificity of
actor specializations supports recent research findings that point
to the importance of both incumbents and start‐ups and their
simultaneous presence in eco‐innovation development and
regional transitions. This is consistent with the finding that
regions characterized by incumbent firms in the automotive
industry are more likely to be a green transport hotspot.

At the same time, the spatial heterogeneity observed in our
study highlights that theoretical assumptions about knowledge
spillovers and the local emergence of novelty should not be
generalized and require region‐specific analyses. Both the
descriptive and regression analyses suggest that eco‐innovation
actor hotspots in the transport sector are more urban, support-
ing previous studies on green innovation (e.g., Giudici, Guerini,
and Rossi‐Lamastra 2019; Grillitsch and Hansen 2019; Guo
et al. 2020). However, this study finds no positive correlation

with regional population density for green start‐up specializa-
tions alone. In other words, it should not be assumed that eco‐
innovation in the transport sector is only an urban phenomenon
and/or a phenomenon that an urban context alone can induce.
Although we cannot control for country‐specific effects, this
seems to suggest that rural regions, which typically show a poor
endowment of assets (Tödtling, Trippl, and Frangenheim 2020),
may have specific chances to create eco‐innovation activities
and deviate from dominant regime pressures elsewhere. For
future analysis, this suggests that we have to avoid an “urban
bias” in the perception of which regions give impetus to sus-
tainability transitions in the transport sector (see also Cattani,
Montresor, and Vezzani 2023; Galliano, Nadel, and Tribou-
let 2023). In other words, it seems quite likely that the shift in
mobility and transport towards sustainable solutions will also be
driven to a large extent by green start‐ups and innovative ac-
tivities by incumbents from rural areas.

Another important finding is that the share of high‐skilled in-
dividuals is a strong predictor of the regional actor specialization.
As the share of human capital endowment increases, the likeli-
hood of regions specializing in either one or both types of actors
increases as compared to laggard regions. These results indicate
that eco‐innovations in the transport domain, including techno-
logical, service‐related and business model types of innovation,
strongly depend on engaged (economic) actors. The same is
evident from the positive correlation between the regional share
of employees in knowledge‐intensive industries and eco‐
innovation actor specializations. This is in line with recent
geographical research that stresses the importance of firm‐level
agency for green regional path development (e.g., Bække-
lund 2022; Trippl et al. 2020). Accordingly, start‐ups and incum-
bent firms can be key agents of change by modifying assets and
thus contributing to path renewal and path diversification. As this
usually requires favorable organizational support conditions and
a strong regional knowledge base, high‐skilled individuals are
expected to significantly contribute to eco‐innovation (Capasso
et al. 2019; Coll‐Martínez, Jové‐Llopis, and Teruel 2022a).

By focusing on the transport sector, this paper departs from
previous studies that either look at the entire green economy
(Montresor and Quatraro 2020; Santoalha and Boschma 2021)
or focus on selected industries or technologies (Bugge, Ander-
sen, and Steen 2022; Gibbs and Jensen 2022). First, we feel that
an explicit sectoral perspective is missing in most quantitative
studies on eco‐innovation, although there is a risk that de-
velopments in subsectors may become blurred and not be fully
captured. In this context, Boschma et al. (2017) point out that
different regime structures prevail in different types of regions,
thereby creating region‐specific opportunities for innovation
and transition processes. Yet, our approach provides a useful
possibility to map and explain actor specializations across
different spatial contexts. Second, the comparison of in-
cumbents and new entrants seems useful, as they are influenced
by different logics and regional factors. At the same time, this
approach also includes the possibility of considering actors
outside the economic sphere, such as social or political actors. If
the data allows, it is also conceivable to differentiate regionally
according to the characteristics of the actors, the radicality of
eco‐innovations and by whom these particularly influential eco‐
innovations have been created. Here we should refer to studies
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that have already pursued promising approaches by, for
example, including the amount of venture capital financing
(Abdesselam, Kedjar, and Renou‐Maissant 2024; Cojoianu
et al. 2020; Vedula, York, and Corbett 2019). Third, despite the
panel structure, the presented topology and analyses are rather
static. A temporal perspective would additionally contribute to a
better understanding of the links between the joint appearance
of incumbents and start‐ups. This would also clarify in which
regions start‐ups contribute to the realignment of established
actors or, conversely, start‐ups benefit from the greening of in-
cumbents (Hansmeier and Losacker 2024). Fourth, we rely on
variables that reflect and explain the eco‐innovation actor spe-
cializations with certain limitations. Given the complexity of
systemic factors influencing regional innovation and transition
activities, there is still room for further progress in determining
the causes of spatial differences. This also includes de-
velopments within regions (Coll‐Martínez, Jové‐Llopis, and
Teruel 2022a) and beyond (Tsouri, Hanson, and Nor-
mann 2021), especially since global dynamics play a central role
in the transport sector and mobility systems are usually inte-
grated across regions (Tödtling, Trippl, and Desch 2022).

6 | Conclusion

The present paper set out to analyze the regional specialization
of eco‐innovation actors in the German transport sector,
focusing on differences between new actors (start‐ups) and
established actors (incumbent firms). Against this background,
we have developed a regional typology, which categorizes re-
gions according to their degree of specialization. The typology
distinguishes regions that specialize neither in green start‐ups
nor in green incumbents (laggard), that specialize in one of
the two actor groups (start‐up‐driven, incumbent‐driven), or
that have a comparative advantage in both actor groups (hot-
spot). In a second step, we aimed at explaining regional differ-
ences in eco‐innovation actor specializations through regression
analyses by including a variety of regional determinants.

Our study provides two major contributions to the literature on
eco‐innovation and sustainability transitions in regional studies
and economic geography. On the one hand, we demonstrate
that regions are very heterogeneous in terms of their composi-
tion of relevant eco‐innovators in the transport sector and that it
is rather exceptional for a region to be equipped with both a
green start‐up ecosystem and innovative green incumbents.
Unfortunately, these regional nuances are often neglected in the
academic literature, which mostly focuses on general innovation
capacities. On the other hand, our article supports previous
findings that the human capital endowment and technological
capabilities significantly affect eco‐innovation activities. While
this seems also very relevant for the regions' specializations in
eco‐innovation actors in the transport sector, agglomeration
effects can hardly be detected. Rather, it is critical that the
appropriate (related) capabilities are available.

What remains challenging, however, is to explain the patterns in
more detail, for which further research is needed. To develop a
more comprehensive picture of actor‐specializations beyond the
transport sector, additional studies should be undertaken to

investigate technology and industry specificities of regions and
countries. This also concerns questions of green technology
entry, relatedness and knowledge complexity within and across
sectors, especially from a long‐term perspective. Additionally,
considerably more work needs to be done to examine the extent
to which start‐ups and incumbents influence each other—also
between regions to detect spillover effects—how this relation-
ship develops over time and what influence they have on
broader transformational processes. For this purpose, future
research should use available micro data to better detect, for
example, spin‐off activities, or to estimate the impact of the
respective eco‐innovation pathways. To better capture complex
spatial patterns, the use of more fine‐grained data reflecting
regional eco‐innovation activities is required, such as sectoral
R&D expenditures on green technologies. At the same time,
other research methods, especially of a qualitative nature, could
help to uncover underlying causes.

This would also bear practical implications in that an improved
understanding of actor specializations could contribute to more
adequate policies. These are necessary for eco‐innovative and
transformative changes in and across regions. One of the main
policy priorities should be to go beyond the technological and
industrial specialization of regions and better account for the
regional variety in actor prevalence. In the European context, for
example, existing Smart Specialization policies could be com-
plemented by a sensitivity to region‐specific actor specializations.
Instead of focusing on absolute innovation and transformation
activities, as has been the case in the past, it is becoming apparent
that regions, regardless of their economic prosperity or centrality,
have relative strengths and weaknesses in terms of eco‐
innovators. These need to be addressed by (regional) policy
measures accordingly. Against this background, it seems
reasonable that start‐up‐driven regions require different mea-
sures than incumbent‐driven regions, with actor‐specific policy
interventions deserving more attention. Laggard regions should
implement tailored policy instruments and consider which actors
to promote in order to generate eco‐innovations. Hotspot regions,
on the other hand, which already offer good conditions, should
aim to strengthen markets for their eco‐innovations in other re-
gions and promote synergies between start‐ups and incumbents.
Our typology is thus a promising first step that helps regions
understand how they compare to other regions and which local
actors are particularly influential in driving eco‐innovation
needed for sustainability transitions.
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study. Data are available from the author(s) with the permission of ZEW
‐ Leibniz Centre for European Economic Research.

Endnotes
1 Empirical analyses of regional innovation activities often use admin-
istrative territories, such as the NUTS regions in European countries
(Corradini 2019; Montresor and Quatraro 2020; Santoalha and
Boschma 2021). Functionally delineated regions, however, have the
advantage of reflecting economic linkages (e.g., via commuter link-
ages) and, hence, minimising distortions due to possible differences of
the inventor and applicant location in patent documents.

2 Very small firms, such as freelancers, which do not always appear in
commercial registers, are missing from the dataset (Bersch et al. 2014).
However, it can be assumed that their absence does not bias the pre-
sent analyses.

3 “StartGreen” is a digital information and networking portal for sus-
tainability oriented start‐ups in Germany and is operated by the Bor-
derstep Institute for Innovation and Sustainability (https://start‐green.
net/netzwerk/).

4 As a foundation of the Federal Republic of Germany, the DBU sup-
ports projects which protect the environment, particularly focusing on
small and medium‐sized enterprises.

5 The results are also robust when the explanatory variables are lagged
by two or 3 years.

6 Initially, we also controlled for the unemployment rate, median age,
car density and public R&D expenditures. The variables, however,
correlate strongly with GDP per capita, population density or high‐
skilled individuals.
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Appendix A

TABLE A1 | Overview of data sources and search strategies.

Incumbents: PATSTAT database (EPO) Start‐ups: Mannheim enterprise panel (MUP)

Transport IPC and Technology Concordance Table (Schmoch 2008) Industry sector codes (NACE Rev. 2)

B60 vehicles in general 29 manufacture of motor vehicles, trailers and semi‐trailers

B61 railways 30 manufacture of other transport equipment

B62 land vehicles for traveling otherwise than on rails 49 land transport and transport via pipelines

B63 ships or other waterborne vessels; related equipment 50 water transport

B64 aircraft; aviation; cosmonautics 51 air transport

Green
transport

Corporate Patent Classification (CPC) Keyword‐based search strategy (search terms derived from
several sources: CPC Y02 T class; Cojoianu et al. (2020);

“StartGreen” ‐ information and networking portal for the green
start‐up scene in Germany)

Y02T climate change mitigation technologies related to
transportation

e.g., *sustainable mobility; mobility transition; climate‐neutral/
low‐emission/emission‐free transport; electromobility; electric/
hybrid ship; fuel cell; micro mobility; charging infrastructure;

e‐fuel; light vehicle; bicycle trailer; e‐bike; car sharing;
ridesharing; last mile; fleet management; green logistics

Y02T 10/00 road transport of goods or passengers

Y02T 30/00 transportation of goods or passengers via railways

Y02T 50/00 aeronautics or air transport *Translated into German.

Y02T 70/00 maritime or waterways transport

Y02T 90/00 enabling technologies or technologies with a potential
or indirect contribution to GHG emissions mitigation

14 of 15 Growth and Change, 2025

 14682257, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/grow

.70025 by Fraunhofer ISI, W
iley O

nline L
ibrary on [13/03/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1080/00343404.2020.1744122
https://doi.org/10.1016/j.eist.2014.12.003
https://doi.org/10.1016/j.eist.2014.12.003
https://doi.org/10.1016/j.techfore.2013.10.023
https://doi.org/10.1016/j.techfore.2017.05.037
https://doi.org/10.1016/j.techfore.2017.05.037
https://doi.org/10.1016/j.respol.2017.04.001
https://doi.org/10.1016/j.respol.2020.104006
https://doi.org/10.1016/j.respol.2020.104006
https://doi.org/10.1080/09654313.2021.1951177
https://doi.org/10.1080/09654313.2021.1951177
https://doi.org/10.1093/scipol/scaa051
https://doi.org/10.1093/scipol/scaa051
https://doi.org/10.1016/j.geoforum.2020.02.016
https://doi.org/10.1016/J.RESPOL.2021.104227
https://doi.org/10.1016/j.respol.2019.02.002
https://doi.org/10.1016/j.respol.2019.02.002
https://doi.org/10.1016/j.eist.2019.10.012
https://doi.org/10.1016/j.eist.2019.10.012
https://doi.org/10.1016/j.eist.2019.10.002
https://doi.org/10.1111/joms.12400
https://doi.org/10.1111/joms.12400


TABLE A2 | Descriptive statistics and correlations of variables.

Variable Description Mean SD Min. Max. 1 2 3 4 5 6 7 8

1 Population
density

Population per km2 329 502 42 4055 1

2 GDP per
capita

Gross domestic product (GDP)
per capita (in EUR)

32,676 8220 17,935 66,429 0.35*** 1

3 High‐
skilled

individuals

Share of employees with an
academic degree

11.3 3.8 5.0 28.3 0.49*** 0.56*** 1

4 Car
industry

site

Location of a car manufacturer
with more than 10,000

employees (1 if yes)

0.1 0 1 0.10*** 0.37*** 0.31*** 1

5 Large
enterprises

Share of companies with more
than 250 employees

0.3 0.1 0.1 0.6 0.32*** 0.55*** 0.35*** 0.15*** 1

6 R&D‐
intensive
industries

Share of employees working in
knowledge‐ or research‐

intensive industries

10.2 5.5 0.8 28.3 −0.11*** 0.43*** −0.06** 0.25*** 0.23*** 1

7 Public
transport

Distance to the nearest public
transport stop with at least 20
departures per day in 2020 (1 if

below median value)

0.5 0 1 0.40*** 0.32*** 0.53*** 0.24*** 0.38*** 0.10*** 1

8 Green
votes

Share of votes for “the greens”
in the 2009, 2013, 2017 federal

elections

8.4 3.1 2.8 17.4 0.38*** 0.49*** 0.31*** 0.19*** 0.16*** 0.25*** 0.37*** 1

**p < 0.05; ***p < 0.01.
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