R

SLU

The role of citizen science in

urban biodiversity governance

A comparative study of German and Swedish
cities

Alina Strangfeld

Independent project « 30 credits
Swedish University of Agricultural Sciences, SLU

Faculty of Natural Resources and Agricultural Sciences ¢ Department of Landscape Architec-
ture, Planning and Management

Environmental Science - Soil, Water and Biodiversity (EnvEuro)
Uppsala 2026




The role of citizen science in urban biodiversity governance.
A comparative study of German and Swedish cities

Alina Strangfeld

Supervisor:
Assistant supervisor:

Examiner:

Credits:

Level:

Course title:

Course code:
Programme/education:

Course coordinating dept:

Place of publication:
Year of publication:
Copyright:

Keywords:

Christine Haaland, SLU, Department of Landscape Archi-
tecture, Planning and Management

Claudia Bieling, UHOH (University of Hohenheim),
Institute of Social Sciences in Agriculture

Karl Lundén, SLU,
Department of Aquatic Sciences and Assessment

30

Advanced (A2E)

Master thesis in Environmental science
EX0897

Master of Science Environmental Science
Soil, Water and Biodiversity (EnvEuro)

Department of Landscape Architecture, Planning and
Management

Uppsala
2026

All featured images and data are used with permission from
the copyright owner.

citizen science, biodiversity monitoring, urban biodiversity,
municipal biodiversity management, Sweden, Germany

Swedish University of Agricultural Sciences

Faculty of Natural Resources and Agricultural Sciences

Department of Landscape Architecture, Planning and Management



Abstract

Biodiversity forms the foundation of resilient ecosystems, a stable climate and human well-being.
With ongoing urbanization, protecting biodiversity in cities has become increasingly important. Ef-
fective monitoring is essential to understand dynamics and the condition of the environment, and to
enable informed conservation measures. In this context, citizen science (CS) can provide valuable
additional data through observations collected by the public. However, despite its growing popular-
ity and the increasing availability of data, it remains unclear to what extent CS data is actually used
by city authorities. This study explores whether and how CS data is used in municipal biodiversity
management and how it is translated into practical measures. It compares approaches in Sweden and
Germany following a comparative qualitative research design. The four selected cities Stockholm,
Uppsala, Cologne and Bielefeld were analysed using a document research and semi-structured in-
terviews with city representatives. CS is used in all cities for conservation measures, planning deci-
sions and raising environmental awareness. In Sweden, CS is strongly institutionalized and inte-
grated into everyday practice through the centralized platform Artportalen. By contrast, the CS plat-
form landscape in Germany is more fragmented and used in project-based, species-specific contexts
often with a stronger emphasis on awareness-raising. Overall, the study suggests, that CS is becom-
ing an increasingly important resource for biodiversity governance. At the same time, it remains a
complementary data source alongside professional monitoring and always requires careful interpre-
tation.

Keywords: citizen science, biodiversity monitoring, urban biodiversity, municipal biodiversity
management, comparison, Sweden, Germany, interviews, document analysis
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1. Introduction

Biodiversity is of fundamental importance for human health and well-being, as it is
essential for functioning ecosystems (Dasgupta 2021). These provide a wide range
of essential ecosystem services (ES), meaning the “benefits people obtain from eco-
systems” (Millennium Ecosystem Assessment 2005, p. 1) and can be classified as
provisioning, regulating, supporting and cultural services (Millennium Ecosystem
Assessment 2005; Mu et al. 2025). They include food production, clean air and
water, carbon storage, protection against natural hazards, climate regulation, soil
formation and nutrient cycling, as well as recreational values.

The capacity of ecosystems to deliver ES depends strongly on biological diversity
(IPBES 2024; Dasgupta 2021; Hussein 2021). Biodiversity refers to the variability
within species, between species and of ecosystems (Secretariat for the Convention
on Biological Diversity 2011). It supports ecosystem functioning, both directly
through pollination or carbon sequestration, and indirectly by supporting ecological
interactions that enhance system stability. Diverse ecosystems are generally more
resilient to changing environmental conditions and disturbances, allowing them to
maintain ES over time (Hussein 2021).

However, biodiversity is increasingly under pressure from multiple anthropogenic
drivers. Land-use change, pollution, climate change and the spread of invasive spe-
cies are among others the main factors driving biodiversity loss (Christian 2023).
Recent global assessments indicate a decline by approximately 2 — 6 % per decade
over the past 30 to 50 years (IPBES 2024). Although biodiversity loss is a global
problem, it becomes particularly pressing in urban areas. With 68% of the growing
global population expected to live in cities by 2050, urban expansion intensifies the
environmental pressure through land sealing, habitat fragmentation, increased
emissions and pollution (Keinath et al. 2025; Soni et al. 2025). At the same time,
biodiversity and well-functioning green and blue infrastructure are essential com-
ponents in urban areas to mitigate impacts of heat waves and flooding as well as to
improve air and water quality (Uppsala kommun 2021; Kowarik et al. 2025).

To understand current environmental conditions, track species trends and evaluate
the conservation efforts, systematic biodiversity monitoring is essential (Johnston
et al. 2023; Della Rocca et al. 2024). However, research conducted by Affinito et
al. (2024) indicates that the implementation of comprehensive monitoring remains
challenging. Key constraints include limited funding as well as the labour intensive
and time consuming methodology, resulting in data gaps. As a result, complemen-
tary approaches are needed to support traditional monitoring. Against that



background, increasingly popular citizen science (CS) can be a promising tool
(Habel et al. 2025).

CS refers to the voluntary participation of non-professional citizens in scientific
research and knowledge production, particularly through data collection to support
professional scientific research in fields such as environmental and biodiversity
monitoring (Somerwill & Wehn, 2022). While structured surveys of plants, butter-
flies, birds and many other taxa have existed for decades, less structured projects
without fixed protocols or long-term commitment have recently expanded rapidly.
This expansion of CS data has the potential to strengthen biodiversity monitoring
by filling temporal and spatial data gaps, thereby providing essential evidence for
decision making (Johnston et al. 2023). Beyond its scientific contribution, CS offers
a range of social and educational benefits. It supports a greater environmental

awareness, empowers participants and cultivates a sense of community (Fraisl et al.
2022).

The United Nations (UN) have increasingly recognized this potential and encour-
age the use of CS and other emerging technologies, such as remote sensing, along-
side traditional monitoring methods (UNEP 2021). Despite some constraints, such
as variable data quality, biases in participant distribution, uneven coverage of geo-
graphic areas or species, CS already contributes to a significant share of biodiver-
sity data. Fraisl et al. (2022) found that CS projects, focusing on species monitoring,
contribute at least 50% of the observations in global databases. Additionally, CS
has proven its potential in providing reliable data for scientific research (Mason et
al. 2025). However, little research has been done about how cities use CS to support
urban biodiversity and adjust their municipal biodiversity planning.

The goal of this study is to examine the role of CS in urban biodiversity manage-
ment, focusing on how citizen-generated data are integrated into municipal plan-
ning and decision-making processes. Specifically, the study investigates the extent
to which CS data is used in urban biodiversity planning, how they contribute to the
implementation of concrete conservation measures and how they are incorporated
into policy frameworks. To explore the use of CS across different national contexts,
the study compares cities in Sweden and Germany. The comparison aims to identify
differences, challenges and opportunities, allowing to learn from each other’s ex-
perience, exchange ideas and discover possible improvements (OECD 2020).
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To achieve these objectives, three central research questions are addressed:

1) To what extent is citizen science used in the urban context to support biodi-
versity management?

2) In what ways is citizen science embedded in municipal biodiversity govern-
ance structures and policy documents?

3) What differences can be observed between Swedish and German cities?

The thesis first provides a conceptional background on CS and biodiversity govern-
ance, before outlining the methodological approach, including the case selection,
data collection and analysis. It then presents and discusses the findings from docu-
ment analysis and interviews, focusing on the institutionalization of CS, the selec-
tive nature, biases and limitations, as well as its potential for supporting biodiversity
conservation. Finally, it reflects on constraints, offers suggestions for future re-
search and concludes the key findings.
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2. Conceptual Background

2.1 Citizen Science

CS refers to the involvement of non-professional participants in scientific research
(Feldman et al. 2021). Although it has a long history, its popularity significantly
increased since the 1990s (Vohland et al. 2021). This growth has been especially
facilitated by technological advancements such as the internet and smartphones,
that make participation easier and more accessible (Roy et al. 2018; Lotfian et al.
2022; Meeus et al. 2023). CS is used in a wide range of disciplines, including as-
tronomy, meteorology, history, medicine, but predominantly in biology, especially
for biodiversity monitoring (Strasser et al. 2018; Finger et al. 2023). Within the
latter field participants contribute in various ways, including classifying images,
recording environmental data and especially collecting biodiversity observations
(Strasser et al. 2018; 2023a). However, CS initiatives vary in their design and level
of engagement. They range from open projects, recording opportunistic observa-
tions, to structured monitoring programs, where volunteers follow standardized
protocols (Kelling et al. 2019; Binley et al. 2023). By involving a large number of
volunteers, CS generates a large-scale dataset across space and time in a very cost-
effective way, making it a valuable complement to traditional monitoring (Rega-
Brodsky et al. 2022a; Binley et al. 2023; Backstrom et al. 2024). Well-designed CS
projects can be very accurate and even comparable with professional surveys (Bon-
ney 2021). Beyond data collection, CS also plays an important role in education
and public engagement and strengthens people’s connection with their environment
(McKinley et al. 2017; Anhalt-Depies et al. 2019; Kelling et al. 2019; Lopez et al.
2020; Cappa et al. 2022). However, the reliability of CS is limited due to uneven
spatial and temporal coverage, observer biases and misidentifications. So, careful
filtering and verification is required (Johnston et al. 2023). Artificial intelligence
(AI) tools can further improve data quality by supporting species identification and
validating observation (Lotfian et al. 2022). Despite its limitations, CS data im-
proves knowledge of species abundance and distributions, especially in areas and
for taxa that are otherwise undersampled (Callaghan et al. 2020b). Therefore, CS
can support biodiversity monitoring and research, conservation planning, habitat
protection and restoration, detect invasive species, inform decision-makers and
raise awareness (Chandler et al. 2017; Bonney 2021; Quinn 2021; Fontaine et al.
2022; Fraisl et al. 2022; Kc & Sapkota 2024).
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2.2 Biodiversity governance

Currently, biodiversity is declining at unprecedented rates and is further reinforced
by urban expansion, which is projected to cause habitat loss of 26-39% and signif-
icant species richness and abundance reduction by the end of the century (Li et al.
2022; Simkin et al. 2022). To address this crisis, strong international cooperation,
long-term commitment and shared governance are needed (JOhannsdottir et al.
2010, Secretariat of the Convention on Biological Diversity 2020). Biodiversity
governance refers to the system of rules, institutions and decision-making processes
that shape how biodiversity is managed (Sampford 2002; UNDP 2011). Many in-
ternational laws and policy frameworks have been developed in recent decades to
coordinate action and strengthen global efforts to protect biodiversity (BISE n.d. a).

The Convention on Biological Diversity (CBD), established in 1993, is the most
important global framework and has been ratified by 196 nations. It focuses on
conserving biodiversity, using natural resources sustainably and requires countries
to develop a national biodiversity strategy. Under the CBD, parties meet regularly
to review progress and set new goals. Examples include the Aichi Targets
(Visseren-Hamakers & Kok 2022, European Commission 2025) and more recently,
the Kunming-Montreal Global Biodiversity Framework (GBF). This sets long term
targets for 2050 and includes the 30*30 target, which aims to protect 30 % of land
and oceans and restore 30 % of degraded ecosystems by 2030 (CBD 2022, Euro-
pean Commission 2025). Beyond that, biodiversity is also integrated within the
UNs Sustainable Development Goals (SDG), especially SDG 11 (Sustainable Cit-
ies and Communities), 14 (Life Below Water) and 15 (Life On Land) support bio-
diversity protection (Somerwill & Wehn 2022; Keinath et al. 2025; UN 2015).

In the European Union (EU) the European Green Deal serves as an overarching
framework for all environmental actions. It aims to make the EU climate neutral
and resource efficient, while protecting biodiversity and ecosystems (European
Commission n.d.). It is supported by the EU Biodiversity Strategy for 2030. Its key
objectives include expanding protected areas, restoring degraded ecosystems and
integrating biodiversity considerations into agriculture, forestry, fisheries and urban
planning. The EU Nature Restoration Law focuses on restoring degraded ecosys-
tems. It aims to restore 20 % of land and sea in Europe by 2030, and all areas by
2050. In cities, preserving green spaces and tree cover (European Commission
2020a). Furthermore, endangered animals, plants and habitats are protected through
the Birds and Habitats Directive. To track dynamics and ensure compliance, mem-
ber states are obligated to report on species and habitats status every six years (Eu-
ropean Environment Agency 2024). The EU also addresses the threat of invasive
alien species (IAS) for local ecosystems with the IAS Regulation. It provides in-
structions for prevention, early detection, rapid eradication, and management of
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IAS. Member states have to report on the status of species every six years (BISE
n.d. b). Countries adopt national biodiversity strategies to implement international
and EU goals, which are then carried out at regional, state and local levels.

Despite these frameworks, many targets are not being met and biodiversity contin-
ues to decline (European Commission 2020b, IPBES 2019; Rega-Brodsky et al.
2022b). Because of this, Hermoso et al. (2022) argues that biodiversity needs a
stronger integration into other sectors, especially agriculture and economy, to
strengthen its implementation and enforcement. The Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem Services (IPBES) helps linking sci-
ence and policy by providing information on biodiversity through reports and com-
munication (Diaz et al. 2015). At the same time, biodiversity monitoring faces ma-
jor challenges, including insufficient and fragmented data, limited spatial and tem-
poral coverage, lack of long-term monitoring and shortages of financial, technical
and human resources. These weaknesses make it difficult for countries to meet re-
porting obligations (Moersberger et al. 2024). To address this, stronger coordina-
tion and collaboration are needed, along with standardized data collection and shar-
ing. In that regard, CS can play an important role by making data collection and
analysis more cost-efficient and enabling coverage on a larger scale (Santana et al.
2025).
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3. Methods

3.1 Study design

This study follows a comparative qualitative research design to explore how CS
supports urban biodiversity management in two Swedish and two German cities.
Comparing municipalities from two different countries made it possible to identify
both similarities and differences in the way CS is applied (Lim 2006; Rihoux 2006).
In a document analysis official strategies, policies and existing CS projects were
reviewed, before semi-structured interviews with city representatives were con-
ducted to gain more detailed insights into municipal practices, specific measures
and challenges (Young et al. 2018). The collected data was analyzed using reflexive
thematic analysis to find patterns and themes across the cities (Braun & Clarke
2006; Bowen 2009). Based on these findings, the role of CS in supporting urban
biodiversity governance across different cities were compared.

3.2 Case selection

Sweden and Germany are both members of the European Union and follow EU
policy frameworks, including the biodiversity strategy (European Commission.
2020a), making them suitable for comparison. At the same time, the two countries
differ in their governance structures. Sweden has a unitary system, where regional
authorities mainly have administrative responsibilities, while Germany has a more
decentralized federal system (Government Offices of Sweden n.d.; The federal
Government n.d.). Also they were chosen because the author has done her univer-
sity education in both these countries.

As case studies, the cities of Stockholm, Uppsala, Cologne and Bielefeld were se-
lected (overview see Appendix Table 4). This was mainly based on population size
and includes both metropolitan areas and medium sized cities. Stockholm and Co-
logne represent large urban centres with around one million inhabitants and greater
administrative capacities than the medium sized cities of Uppsala and Bielefeld
(Statistisches Bundesamt 2026, Statistika centralbyran 2026, OECD & European
Commission 2020). All four cities have a strong commitment to environmental pro-
tection and biodiversity conservation. This can be seen in measures such as green
space preservation, species protection and sustainable city planning (see 3.3).
Another similarity is that all four are university cities. Therefore, they have rela-
tively young populations and share a comparable demographic profile (Revington
et al. 2023; OECD 2025). Universities also play an important role in CS, for exam-
ple by initiating projects and connecting researchers, local authorities and the public
(Rossoni et al. 2024). A further reason for selecting these cities is their participation
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in the annual City Nature Challenge (CNC), also known as BioBlitz. During this
global event, residents document local biodiversity over a four-day period. Cities
compete to record as many species as possible, which raises awareness of urban
biodiversity and simultaneously contributes to scientific data collection (Callaghan
et al. 2020a; Meeus et al. 2023).

3.3 City profiles
3.3.1 Stockholm

Sweden’s capital city Stockholm, home to almost one million inhabitants, is located
in the southeast of the country (Statistika centralbyran 2026). The city is strongly
defined by its green and blue infrastructure, as it is built on an archipelago of 14
islands (Euro Cities n.d. b). Of its total area, around 13% is water and 59% are green
spaces (Stockholms stad 2019), including ecologically valuable habitats such as
coniferous forests, wetlands, meadows and century old oaks (Stockholms stad n.d.
a, 2024). Approximately one fifth of the area is protected nature, containing eleven
nature reserves, one cultural reserve and a national city park (Stockholms stad
2025). The urban area is expanding continuously due to population growth and in-
creasing housing demand, resulting in land-use change, making preserving biodi-
versity increasingly challenging (Adem Esmail et al. 2022, Statistika centralbyran
2026). Drawing on their strong ecological foundation, Stockholm has high ambi-
tions to maintain viable ecosystems and a large diversity of species (Stockholms
stad 2024b). Additionally, the city is working towards becoming climate positive
by 2030 and fossil-free by 2040 (Stockholms stad 2025). These goals are supported
by investments in sustainable waste and water management, wastewater treatment
and low emission transportation. Stockholm’s role as a leading example is widely
recognized and the city was the first to be named a European Union Green Capital,
highlighting its commitment to environmental protection and sustainability (Bibri
& Krogstie 2020). Additionally, the city is a leading academic centre, with five
universities and a wide range of research institutes, shaping Stockholm’s profile in
science, innovation and sustainability (Stockholm university n.d., Adem Esmail et
al. 2022).

3.3.2 Uppsala

Uppsala as one of Sweden’s oldest cities is located around 60 km north of the cap-
ital. With 230,000 residents Uppsala is the fourth largest and one of the fastest
growing cities in Sweden (Statistika centralbyrdn 2026). By 2050, a population in-
crease of approximately 100,000 inhabitants is expected. Despite the high rate of
construction to accommodate its growing population, the city places strong
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emphasis on sustainable development and preservation of the natural environment
(Uppsala kommun 2021). The municipality is characterized by a mixture of parks,
forests, meadows, watercourses and agriculture, accounting for approximately 56
% (Husqvarna n.d.; Uppsala kommun 2026a). Biodiversity protection is promoted
by measures such as the selection of pollinator friendly plants, the creation of di-
verse microhabitats in green spaces and extensive management practices (Uppsala
kommun n.d. a, b). Additionally, the municipality is working to strengthen wildlife
corridors, increase the tree cover and expand nature protection. Currently, about
21% of the city’s area is covered by nature reserves, with more than 50 areas in
total (Uppsala kommun 2021, 2026a).

Uppsala was repeatedly awarded as Sweden’s Climate City and acknowledged as
World Climate City by the World Wide Fund for Nature in 2018 (Uppsala kommun
2021). Uppsala is influenced by its two universities, Uppsala University (UU), Swe-
den’s oldest university, and the Swedish University of Agricultural Sciences (SLU),
which are both known for their focus on life and environmental sciences (SLU n.d.,
UU n.d.) and for their links to knowledge-intensive industries (Uppsala kommun
2021, Euro Cities n.d. ¢).

3.3.3 Cologne

With around one million residents, Cologne is the fourth-largest city in Germany
and is located in the federal state of North Rhine-Westfalia (Statistisches Bun-
desamt 2026). The city has a highly diverse urban landscape. Roughly half of the
municipal area is built-up, while forests cover around 18 % and agricultural land
accounts for 16 %. Parks and other green spaces make up about 10 % and lakes
together with the Rhine River represent approximately 5 % (Statista 2026). In ad-
dition, Cologne contains 22 designated nature reserves, which account for 8.4 % of
the city’s territory (LANUK 2025). At the same time, Cologne faces challenges that
are typical for many growing cities. The increasing demand for housing has inten-
sified land-use competition, making it more challenging to balance urban develop-
ment with environmental protection (City of Cologne 2023). In response, the city
increasingly focuses on sustainability and climate adaptation, particularly in areas
such as urban planning, mobility and energy. Goals include climate neutrality by
2035 and strengthening urban biodiversity through measures such as creating wild-
flower meadows, expanding green spaces, planting additional city trees and im-
proving ecological connectivity across the city (City of Cologne 2020, 2023).

Cologne also has been awarded the gold status of the “StadtGriin naturnah!” label,
which recognizes municipalities for environmentally friendly green space manage-
ment (Kommunen fiir biologische Vielfalt n.d. a). Beyond its environmental

! eng.: nature-oriented urban green spaces

17



initiatives, Cologne is also one of Germany’s major university cities. Around
100.000 students are enrolled across 31 universities and research institutions, con-
tributing to a strong academic and innovation landscape (City of Cologne n.d.). As
a result, Cologne has become an important centre for research and international
exchange (K6In Business n.d., Euro Cities n.d. a).

3.3.4 Bielefeld

Bielefeld is a medium-sized city in North Rhine-Westfalia with around 330.000
inhabitants (Statistisches Bundesamt 2026). The city is characterized by a relatively
high share of green spaces. Around 45 % of city’s area consists of urban infrastruc-
ture, while more than half is vegetated area (Stadt Bielefeld 2022). The Teutoburg
Forest, which accounts for approximately 20 %, stretches through the city and plays
a central role in both recreation and biodiversity conservation (Stadt Bielefeld n.d.
a). The city contains 39 nature reserves, covering around 8 % of its territory (Stadt
Bielefeld n.d. b). Even though Bielefeld is facing ongoing population growth and
housing demand (IT.NRW 2024), the city aims to become climate neutral by 2030.
Current measures focus on green mobility, renewable energy, heating and the pro-
tection and restoration of local ecosystems and biodiversity (Stadt Bielefeld 2021,
2024). For measures like using native plants, adjusting mowing cycles or reduced
herbicide use, Bielefeld is also awarded the golden status of the “StadtGriin natur-
nah” label (Kommunen fiir biologische Vielfalt n.d. b).

Beyond its environmental profile, Bielefeld is also an important university city.
Several higher education institutions with strong interdisciplinary research are
strengthening Bielefeld’s role as a regional academic centre (Bielefeld University
n.d., Stadt Bielefeld ¢ n.d.).

3.4 Document analysis

To gain a comprehensive overview of how the selected cities use CS data and to
provide a foundation for further evaluation, a document analysis was performed
(Bowen 2009). Therefore, an online research to identify local CS projects related
to urban biodiversity monitoring and conservation was conducted. This was based
on city websites, policy documents, institutional reports, university websites and
other associated media sources (Chand 2025). An overview of the policy documents
is provided (see Appendix Table 5). The search was conducted from January to
April 2026 using Google Scholar and the Google search engine, complemented by
targeted searches on municipal and institutional websites (Stansfield et al. 2016).
Keywords such as citizen science, public engagement, biodiversity, biological di-
versity, sustainability and participation were used in English, as well as retrospec-
tively in Swedish and German to discover further relevant information (MacDonald
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et al. 2024). On city websites all search results per keyword were screened and
additional relevant references were identified through snowballing (Wohlin 2014).
In this study, CS projects are understood as initiatives that involve active participa-
tion by the public in the collection of biodiversity data. Projects were considered
relevant if they provide accessible data and are potentially useful for municipalities.
Whereas purely educational initiatives without a data collection component, as well
as phenological and other ecological projects not directly related to biodiversity
were excluded to maintain a clear focus on biodiversity monitoring.

To complement the analysis of local projects, additional online research was carried
out to identify relevant CS platforms and initiatives at the international and national
scale. Using the keywords CS landscape, infrastructure, database, projects, initia-
tives, platforms, portals connected to biodiversity monitoring and global, Sweden
or Germany. The search process was iterative, moving from one website to another,
where relevant platforms and references were followed. Only those initiatives were
considered, that collect or aggregate species observations with the help of citizens
and are currently operating. Considering these levels is particularly important, as
municipalities often rely not only on data generated through local projects, but also
on observations that are provided by more established national and international
open access biodiversity platforms (Liu et al. 2021). This broader perspective helps
to capture the full range of CS data available beyond the local level, as well as to
better understand how CS is organised within the two countries (Haklay 2015).
This approach provides only limited insights in how CS data is actually applied by
municipalities in practice. To address these constraints and gain a deeper under-
standing, interviews were conducted (Tisdell et al. 2025). Using multiple methods
to examine the same phenomenon from different perspectives, a so-called triangu-
lation approach, helps to provide a more comprehensive overview of how CS is
used (Bans-Akutey & Tiimub 2021; Morgan 2022).

3.5 Interviews

To complement the findings of the document analysis and to increase validity (No-
ble & Heale 2019), interviews were conducted. They are an effective tool for ac-
cessing information that would otherwise been hidden (Belina 2023). For this study,
semi-structured interviews were chosen, as they combine structure and flexibility
(Young et al. 2018). An interview guide with open-ended questions was developed
to structure the conversation and ensure comparability across all conversations. It
was based on the research questions, conceptual background and insights from the
document analysis, including city-specific projects and strategies. Priority ques-
tions were identified in case of time constraints. The guide was developed in an
iterative way and revised throughout the research process and particularly after the
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first interview (Kallio et al. 2016; Abraham & Padmakumari 2026). The final ver-
sion included sections on (1) background of the interviewee, followed by (2)
broader questions on the use of CS in the city, including purpose, prioritization,
challenges and potential, before going further into detail on (3) city-specific ap-
proaches (see Appendix 9.1). The semi-structured format allows follow up ques-
tions to clarify responses and to discuss emerging topics, supporting a natural con-
versation flow (Mueller & Segal 2015; Ruslin et al. 2022). Given the diverse ap-
proaches, practices and projects related to the use of CS for biodiversity conserva-
tion across the cities, this flexibility was essential for capturing differences.

The interview partners were municipal representatives with expertise in biodiver-
sity strategies and experience in the implementation and coordination of CS. Poten-
tial participants were identified through city websites and contacted via email. In
most cases, the head of the environmental department was approached and asked
to nominate the most suitable person for the interview. In other cases, individuals
who were publicly listed as person in charge of specific CS projects were contacted
directly. This approach ensured that interviewees had relevant knowledge and prac-
tical experience in that field. All interviews were conducted with consent and per-
sonal data was anonymized throughout interview notes, transcripts and the final
work. In the Swedish cities, the interviews were conducted in English, while those
in Cologne and Bielefeld were carried out in German.

The interviews were conducted in late March and early April of 2026 either via
video conference or by telephone and had a duration ranging from 35 to 70 minutes
(see Table 1). To ensure a comprehensive and accurate analysis all interviews were
recorded with the participants” consent and transcribed into written text manually.

Table 1. Summary of conducted interviews by city, including the interviewees role, date,
communication channel and duration.

City Interviewee roles Date Communica- Duration
tion channel [min]
Stockholm  Environmental and 27.03.2026 Zoom 50
health administration,
ecologist
Uppsala Forest and nature con-  26.03.2026 MS Teams 35
servation

Cologne Species conservation, 08.04.2026 Telephone 70
biologist
Bielefeld Species conservation 02.04.2026 Telephone 40
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3.6 Reflexive Thematic Analysis

Building on the gathered interview data, the material was systematically analysed
using reflexive thematic analysis developed by Braun and Clark (2006). It is a wide-
spread qualitative research method to identify, analyse and report patterns within
data. This approach is particularly suitable given the explanatory nature of the re-
search study, offering a high degree of flexibility and adaption (Braun & Clarke
2023). The analysis follows six phases in an iterative process (see Table 2). First,
the researcher familiarised themselves with the data by repeated listening to the
recordings and active reading of the transcripts. Second, initial codes are generated,
before they are summarized in themes related to the research question, which are
“patterned response[s] or meaning within a dataset” (Braun & Clarke 2006). In the
fourth step these themes are reviewed, afterwards defined and named. The last step
is the production of the report, in this case the thesis. This process is iterative, in-
volving continuous changes between codes and themes (Braun & Clarke 2006). An
example of the coding process is provided (see Appendix Table 6).

Table 2. Procedure for reflexive thematic analysis according to Braun and Clark (2006).

Step 1 Familiarization

Step 2 Coding

Step 3 Generation of themes

Step 4 Reviewing themes

Step 5 Defining and naming themes
Step 6 Report writing

For this study, a primarily deductive approach with inductive, data-driven elements
was applied. The analysis was guided by the main topics of the questionnaire, which
directed attention to certain areas of interest. Additionally, the coding process re-
mained flexible, allowing for the identification of unexpected patterns and insights,
emerging from the data. This hybrid approach made it possible to capture context
specific municipal perspectives while keeping the analysis focused on the predeter-
mined topics of the questionnaire and aligned with the research questions (Fereday
& Muir-Cochrane 2006; Proudfoot 2023). At the same time, this approach acknowl-
edges that the researcher plays a crucial role in the analysis by actively creating
themes based on their personal assumptions and perspectives. As preconceptions
can never be avoided completely, strong emphasis is placed on personal reflection.
Because of this subjectivity, Braun and Clark (2019) emphasize the researchers re-
flexivity and critical engagement throughout the analysis process.
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4. Results

A selection of global, European and country-level CS initiatives are presented to
provide a context of the CS landscape. Additionally, the analysis of the documents
and semi-structured interviews has revealed a number of themes, including institu-
tionalization, selective nature, biases and potential of CS.

4.1 Global, European and country-level citizen science
projects

This overview contains a selection of examples and does not claim to be exhaustive.
The CS landscape is illustrated below (see Figure 1).
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Figure 1. Overview of the CS platform landscape in the biodiversity context across global,
European and country scales, highlighting key platforms and data infrastructures as well
as the differences between the centralized Swedish and fragmented German systems.
Source: Al generated on the basis of the descriptions above.
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At the global level, several CS biodiversity platforms play a crucial role in data
collection. Platforms such as iNaturalist or observation.org are designed to record
a wide range of species, whereas eBird is specialized on birds (Della Rocca et al.
2024). The collected observations are additionally increasingly aggregated in global
biodiversity databases, making observations openly and easily accessible for re-
search and management. For instance, the Global Biodiversity Information Facility
(GBIF) provides comprehensive biodiversity data from multiple sources, uniting
the scattered biodiversity data landscape. Established in 2001, it is the largest inter-
national data infrastructure (Garcia-Rosello et al. 2023) and includes around 3.6
billion data references (accessed in March 2026, GBIF 2026 a, n.d. b). GBIF com-
bines biodiversity data from research institutions, museums, monitoring programs
and CS data. The latter already accounts for approximately half of the records
(GBIF n.d. a). Additionally, the European Citizen Science Association (ECSA)
launched the European citizen science platform (ecs) in 2020 to promote connec-
tivity and collaboration within the CS community across Europe. The platform
gathers educational materials and publications, gives information about ongoing
multidisciplinary projects and provides discussion forums for exchange. Overall, it
aims to strengthen and expand the use of CS, while raising awareness and support-
ing its wider adoption (esc n.d.).

In Sweden, the CS landscape is characterized by a highly centralized system, with
Artportalen functioning as the main platform for biodiversity data reporting. Oper-
ating since 2000 (SLU 2025a), it is the national species observation system and one
of the largest national CS platforms worldwide, containing more than 118 million
observations of plants, animals and fungi. The contribution of researchers and pro-
fessionals accounts for approximately 5% of the data, while the vast majority is
generated by the public (SBDI 2023, Jonsson et al. 2024). The operator SLU states
that Artportalen is widely used by governmental agencies and is of great importance
for environmental monitoring, planning and informed decision-making (SLU
2025b, Kasperowski & Hagen 2022). Other biodiversity related CS initiatives exist,
such as the Swedish bird survey or butterfly monitoring programs, but are also in-
tegrated into Artportalen (Lunds Universitet n.d., BirdLife Sweden n.d.). Further-
more, these datasets are included in the Swedish Biodiversity Data Infrastructure
(SBDI), established in 2021. Alongside CS data, SBDI includes datasets from uni-
versities, research institutes, museums and government agencies. Combining these
divers sources provides a comprehensive and open accessible overview of the bio-
diversity patterns and changes, enabling informed environmental planning and sup-
porting conservation efforts (GBIF n.d. ¢).

In contrast to the Swedish system, Germany’s CS landscape for biodiversity is very
fragmented. Numerous platforms exist, including larger, widely used ones such as
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Artenfinder, Flora Incognita, mit:forschen.de and naturgucker.de, alongside spe-
cific programs for fish, beetles, butterflies, mosquitos, grasshoppers, arachnids or
soil organisms and especially birds (e.g. ornitho.de, NABU Stunde der Garten-
vogel/Wintervogel, DDA Rebhuhnmonitoring, etc.) (Engel u. a. 2024, GBIF n.d.
d). While the platform NDFI4Biodiversity aims to unite them, challenges remain
because many CS initiatives are developed for specific purposes, using different
methods and maintaining separate databases. These inconsistent standards make it
difficult to harmonize data (Hartl et al. 2021; NFDI4 Biodiversity n.d.; Weber et al.
2021).

4.2 Themes

4.2.1 Institutionalization of CS

All four selected cities use CS (see Table 3).

In the Swedish cities?, CS is deeply embedded in biodiversity governance and func-
tions as a knowledge infrastructure. In particular, the platform Artportalen plays a
central role as an open access database for species observations and is described by
Uppsala as its “main source” of biodiversity data. After filtering and validating,
authorities use it on a daily basis to assess species occurrences, support planning
procedures and management decisions and identify conservation priorities. A sim-
ilar picture can be observed in Stockholm. Since the 1990s, the city has run its own
local biodiversity database, Artarken, which initially focused on red-listed species
but was gradually expanded to include more species as the need for a broader un-
derstanding of urban biodiversity grew. When Artportalen developed into a national
platform, data from Artarken was integrated into Artportalen. Nowadays, Stock-
holm uses Artportalen as its primary data source and as a result, the local infrastruc-
ture will be taken down soon. Nevertheless, both systems serve as important
knowledge infrastructures and are a “well used tool” (Stockholm representative) to
support decision making and long term biodiversity management in Stockholm.
Additionally, ecologists conducting professional monitoring across the city are en-
couraged to upload their observations to Artportalen, ensuring open access to bio-
diversity data.

Swedish cities do not only rely on CS data but on a combination of CS data with
professional monitoring. While CS provides a broad spatial and temporal database,
it is not considered sufficient for decision making, especially in the legal context.
Instead, it serves as an entry point and is complemented and verified by expert field
inventories. In this sense, Artportalen often functions as a source of clues, while
professional monitoring provides the formal proof required for decision making.

2 “Swedish cities/municipalities” or “Sweden” specifically refers to Stockholm and Uppsala. Likewise, “Ger-
man cities/municipalities” or “Germany” specifically refers to Cologne and Bielefeld.
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This hybrid approach is also evident in Uppsala’s conservation planning. The city
is home to Swedens biggest population of the threatened cinnabar beetle (Uppsala
kommun 2024) and therefore carries a significant conservation responsibility.
Sightings of the beetle in Artportalen are being verified by experts in order to iden-
tify suitable habitats that require further protection. The same applies to Uppsalas
compensation practice, which requires a net biodiversity gain of 10 % following
land-use changes affecting natural areas (Uppsala kommun 2026b). While expert
inventories remain mandatory in the legal context, CS provides valuable long-term
observations that help to track the development. It contributes to an extended spatial
and temporal data collection, using the “power of many observers” (Stockholm rep-
resentative). In Stockholm, CS data complement professional inventories, where a
city-wide frog monitoring is combined with CS observations as it is impossible to
examine “every square meter of a city”, making each additional observation valua-
ble for a more comprehensive understanding of urban biodiversity. Both Swedish
interviewees emphasize, that “no organization [...] has the power and resources to
inventory so much as Artportalen offers” (Stockholm representative).

Whereas CS is deeply rooted in Sweden, in Germany it is less systematically inte-
grated in biodiversity governance and remains more species-specific, project-based
and historically grown. In Bielefeld, CS activities mainly focus on amphibians and
building-nesting birds. During the spring migration, trained volunteers install tem-
porary fences along roads and carry frogs and other species safely across the street.
In that process, data on species, sex and number of individuals is collected, allowing
long-term monitoring of population trends. These observations provide important
insights for local planning and conservation measures, for example, by identifying
specific locations where permanent constructions like wildlife tunnels would be
needed. Also, a sudden drop of the population size can further indicate that the
condition or even existence of spawning grounds has declined. This triggers further
investigations and actions to restore these habitats. Furthermore, highly trusted part-
ners such as the Nature and Biodiversity Conservation Union (NABU) are involved
in species monitoring. In Bielefeld, volunteers collect data on bats and house mar-
tins, which become relevant, when a building is scheduled for demolition. The Bi-
ostation Paderborn-Senne also operates its own reporting platform, where observa-
tions are manually reviewed before publication, increasing data reliability (Biolo-
gische Station Kreis Paderborn — Senne 2026). According to the interviewee it de-
livers especially valuable data for groups such as “dragonflies and butterflies.” All
observations, generated by these trusted networks, are incorporated into the munic-
ipal mapping systems and used for official decisions and statements whereas obser-
vations from public CS platforms are only used occasionally. Ornitho.de is mainly
considered to gather indications on building-nesting birds, for example by tracking
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their return in spring. However, the observations are usually opportunistic sight-
ings. Since Bielefeld works on the breeding ground level, the data is of limited use
for this purpose.

In Cologne, several projects are carried out with the help of citizen scientists. Citi-
zens are encouraged to report fireflies, sparrowhawks, swallows, swifts and other
building-nesting species through species-specific reporting forms on the website.
The collected observations are integrated in mapping tools (Stadt Koln n.d. a, b),
which are accessible on the city’s website and function as hints for conservation
measures. For example swallow observations are used to identify suitable locations
for nesting aids. The nature conservation association also coordinates a reptile mon-
itoring via the platform naturgucker.de, contributing to a inventory of local occur-
rences. Through this initiative, a ruin lizard was recorded for the first time in the
region (NABU Stadtverband Koln 2025). Many of these projects also aim to raise
awareness for urban biodiversity, the ecological importance of insects and the im-
pacts of light pollution. Fireflies were used as flagship species as their charismatic
nature makes them particularly well suited to engage public interest. CS observa-
tions also become relevant in planning and permitting procedures. Reports of spe-
cies such as swallows or bats may influence demolition or renovation approvals,
requiring mitigation or compensation measures to maintain the ecological func-
tions. Nevertheless, interviewees of all cities repeatedly stressed that CS data “can-
not replace formal ecological inventories” (Uppsala representative). Instead, it pro-
vides useful hints that guide further expert assessment, highlighting the hybrid char-
acter.

The differences between Sweden and Germany are also visible in relation to the
30*30 conservation target. Sweden uses CS data to identify biodiversity hotspots
and to support the designation of protected areas. In Germany, the approach is more
strongly based on long established landscape plans and existing municipal
knowledge. Since many green areas have been managed consistently over time,
there is generally less perceived need for additional CS data.

Despite its strong practical integration into daily administrative practice in Sweden,
CS remains absent from formal policy documents. Only Stockholm’s biodiversity
strategy explicitly emphasizes collaboration with the public and the use of innova-
tive methods, which include CS approaches (Stockholms stad 2024b). Interviewees
from both Swedish cities described CS as tool embedded within broader govern-
ance processes and therefore not explicitly mentioned in frameworks. At the same
time, they argue that CS “should be acknowledged more,” (Stockholm representa-
tive) not only to recognize its contributions but also serving as kind of promotion,
encouraging even greater public engagement, which could further improve data
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quality and coverage. In Germany, biodiversity strategies are currently still in the
developing process. While Bielefeld’s work is still at an early stage, Cologne ex-
pects participatory approaches to play a stronger role in the future, especially with
a focus on environmental education and improving cooperation with private land-
owners to promote conservation activities on a small scale.

Another interesting aspect is the role of BioBlitz events. Even though all four cities
participate in this challenge, the interviews indicate that these events currently only
play a limited role in all four cities. Since BioBlitz events take place over a short
period of time, the collected data are generally not used systematically for direct
monitoring of urban biodiversity. However, unexpected or unusual sighting will be
investigated further. Instead, BioBlitzes are primarily valued for their educational
and awareness raising function. They encourage citizens to discover species to-
gether and promote a greater appreciation for biodiversity with the broader goal to
indirectly foster more environmentally conscious behaviour. At the same time, in-
terviewees emphasize that data collection during these events can become highly
valuable in the long term, particularly for tracking changes in species distribution
and abundance related to climate change. Generally, these events become increas-
ingly popular as the rising numbers of participants over the years show. The events
are usually organized by local natural history museums, environmental organiza-
tions or civil actors rather than by the municipalities. The role of local authorities
is therefore often limited to promotion.

Table 3. Overview of CS initiatives in Stockholm, Uppsala, Cologne and Bielefeld. A
short description and the data use and derived measures are included.

City Description Data use, derived measures

Stockholm

Artarken and Artpor- Local and national Both used as starting points for plan-

talen species observation ning (permit procedure) and ecological

database conservation, triggers professional in-

ventories; complements city wide
(frog) monitoring; identification of pos-
sible nature reserves

Uppsala

Artportalen National species ob-  Starting point for planning (permit pro-

servation database
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Cologne

Local reporting projects

on website

NABU reptile monitor-

ing

Bielefeld

Amphibian monitoring

Neobiota platform

NABU bat and house
martins monitoring
Biostation Paderborn-

Senne
Ornitho.de

All
Email, phone, website
reportings

Participatory species
reporting with focus
on fireflies, sparrow-
hawk, swallows,
swift, sparrows and
bats

Citizens report rep-
tiles on naturgucker

platform

Data collection in
spring migration

Database of invasive
species (federal state)

Data collection with
the help of citizens
Local CS platform

Bird reporting plat-

form

Hint on species oc-

currénces

4 2.2 Selective nature of CS data

Not all species groups, conservation statuses or invasive species are receiving equal
attention by the municipalities.

compensation measures; identification

of possible nature reserves

Overview about populations and abun-
dance; primarily raising awareness;
conservation measures, supports place-
ment of nesting aids, informs the permit
procedure for demolition/renovation

Comprehensive data, no measures

Track population dynamics, identifies
locations for wildlife tunnels and road
crossings and habitat restoration, if
needed

Removing of individuals, where eradi-
cation is possible or a safety hazard is
evident

Hint in planning processes, informs
permits for demolitions

Complement data set

Hints for return of swallows etc.

Triggers measures against invasive spe-
cies and protection measures for endan-

gered species, complementary data

Across all interviewed cities, there is a clear focus on endangered and legally pro-

tected species. At the same time, cities also include species that are not formally
red-listed but are still considered “worthy of protection” (Stockholm representative)
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due to their ecological importance. For example, the sparrow hawk in Stockholm is
treated as species with special interest. Additionally, Stockholm includes all red
listed species in their local database Artarken, but places particular emphasize on
20 species for which detailed fact sheets are available to support citizens in identi-
fying them more easily. This list also includes species that are not threatened such
as the crested tit, which serves as indicator species for fragmented coniferous for-
ests (Stockholms stad n.d. b). In Uppsala, attention is strongly focused on the cin-
nabar beetle (Uppsala kommun 2024), while in Cologne and Bielefeld, the priority
species include more charismatic ones, such as fireflies, like amphibians, building-
nesting birds (house sparrow, jackdaw, common swift, swallow) and bats, which
are historically grown or planning relevant species.

While all municipalities place strong emphasis on endangered and legally protected
species, invasive species receive comparatively less attention. However, a change
can be observed. Both Swedish cities report an increased use of Artportalen to mon-
itor invasive species based on citizen generated data over the last few years. The
two German cities rely on a more diverse mix of data sources, including emails,
phone calls and personal communication invasive species reporting. In addition,
Bielefeld works with the Neobiota Platform provided by the environmental agency
of North Rhine-Westfalia to track observations (LANUK n.d.). These observations
are actively followed up by the authorities, who assess each case and initiate appro-
priate measures. Where feasible, eradication is carried out either by the municipal-
ity or designated personnel, particularly for species listed under Article 16 of the
EU Invasive Alien Species Regulation. However, for species that are already
widely established, management efforts focus on preventing further spread and
minimizing additional negative impacts.

CS platforms are generally designed as open access infrastructures, allowing both
authorities and the public to access biodiversity data. However, not all species ob-
servations are shown openly. In Artportalen, the public only has access to a re-
stricted dataset, containing around 93% of all observations. The hidden data con-
tains sensitive species, including those at high risk of exploitation or poaching, such
as birds of prey or orchids. Access to those observations is therefore limited and
requires special permission (GBIF 2026b). In Stockholm three employes within the
municipality have access to these sensitive data, whereas no such access exists in
Uppsala. Also, CS platforms used by the German cities apply similar data protec-
tion measures for sensitive species to reduce the risk of disturbances and threats.
For example, on iNaturalist and ornitho.de, locations of vulnerable species are not
publicly visible and only accessible for users with extended rights (iNaturalist 2026,
ornitho n.d.). In the way, the Biostation Paderborn-Senne conceals certain locations
on the website (Biologische Station Kreis Paderborn — Senne 2026), while still
providing full data to the municipality.
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4.2.3 CS biases

While CS provides valuable data for biodiversity governance, several biases were
highlighted by all interviewed municipalities. First, there is spatial bias. Observa-
tions are concentrated in easily accessible areas, such as hiking trails, parking lots
and nature reserves. Consequently, large parts of the landscape remain underrepre-
sented. Second, a taxonomic bias is evident. Certain species groups, especially birds
and plants, are well documented, whereas others such as insects or fungi are often
underrepresented. Third, most platforms work in an unsystematic and opportunistic
way and therefore are highly influenced by personal interest and expertise as well
as by the local focus and activities of NGOs. Enthusiasts or NGOs focusing on
specific taxa can create local concentrations of data, while other groups remain un-
derrepresented. Beyond that, all interviewed cities point out general limitations of
CS, such as the species misidentification, inaccurate localization or the lack of ab-
sence data. The latter is especially considered problematic, as all of the platforms
only collect presence data. Consequently, the absence of observations does not nec-
essarily indicate that a species is not existent in an area, but rather that “it has not
been observed or looked for” (Stockholm representative).

4.2.4 Perceived value and potential

All interviewed city representatives acknowledge that CS is not free from biases
and are aware of its limitations. Nevertheless, they see strong potential in the use
of CS, particularly because of its ability to generate large biodiversity datasets
across broad spatial and temporal scales in a cost efficient way. Both Swedish cities
emphasize that “no organization has the resources and capacity to collect as many
observations as platforms such as Artportalen” (Uppsala representative) are able to
provide. The German cities also observed a growing public interest in CS, with
steadily increasing participation. As a result, they expect these datasets “to become
more relevant in the future” (Cologne representative), especially as indicator tool
for invasive species and climate change, since they can support early detection of
shifts in species distribution and phenological changes. At the same time, all inter-
viewees stressed that CS data needs to be interpreted carefully. Ecological expertise
is needed to evaluate the observations and detect possible misidentifications. As a
result CS is mainly used as complementary data source and “cannot replace profes-
sional field inventories” (Stockholm representative), especially when legal require-
ments or formal planning decisions are involved.
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5. Discussion

In the following the main findings are discussed in relation to the research ques-
tions. It first explores the institutionalization and selective nature of CS, before ad-
dressing biases and limitations as well as the perceived value and potential. This is
followed by the study's contribution, methodological limitations and suggestions
for future research before concluding the thesis.

5.1 Institutionalization of CS

All four case study cities use CS in biodiversity management, although the degree
and form of integration into municipal structures and everyday practice differs. The
strongest contrast can be observed between Sweden and Germany, while cities
within each country show relatively similar patterns.

Overall, CS primarily supports biodiversity monitoring, environmental awareness
raising, conservation and urban planning. In particular, municipalities use CS gen-
erated observations to map the local occurrences of endangered and protected spe-
cies, detect invasive alien species, monitor population trends and support planning
decisions. The results support previous studies, that suggest that CS has the poten-
tial to contribute to local biodiversity knowledge and to strengthen administrative
work (Callaghan et al. 2020b; Cappa et al. 2022).

The findings suggest that CS is more embedded in biodiversity governance in Swe-
den than it is in Germany. Sweden integrates CS systematically in everyday prac-
tices, supported by the centralized platform Artportalen, which enables easy access
to biodiversity data in one place. The integration of professionally collected data
further strengthens the role of the platform as a routine administrative tool and high-
lights its standing in Sweden. In contrast, Germany’s CS landscape is highly frag-
mented with data distributed across multiple platforms and projects. While this
fragmentation can also have advantages, such as generating more specialized and
potentially robust data for particular species groups, it also complicates data acces-
sibility and integration into administrative work (Johnston et al. 2023). As a result,
CS is used more selectively, often within city-specific or project-based contexts and
mostly in cooperation with highly trusted partners.

Although centralized infrastructures such as GBIF or the NDFI4Biodiversity al-
ready improve access to biodiversity data, their use in governance is still limited.
One reason is the difficulty of harmonizing data in Germany in particular, due to
the large number of different projects and inconsistent data standardization (Hartl
et al. 2021; Engel et al. 2024; Weber et al. 2021). As a result, the database does not
include the full range of data yet. Additionally, German authorities remain skeptical
about using CS data because of concerns about data quality, representativeness and
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legal accountability (Jackel et al. 2023). Nevertheless, centralized databases have
the potential to become an useful tool to have all the data aggregated in one place
and make CS a valuable complementary data source (Engel et al. 2024). Developing
clearer guidelines for how CS data should be formally integrated into decision-
making could further support the integration of CS data and increasing its trustwor-
thiness (Hecker et al. 2018; Turbé et al. 2020; Voigt-Heucke et al. 2023). To further
realize this potential especially in Germany, future efforts should focus on improv-
ing data standardization and strengthening quality assurance. In addition, awareness
of existing databases needs to be increased as many authorities are still unfamiliar
with the available infrastructures and their potential applications (Bowser et al.
2020).

At the same time, CS is not used as a replacement for professional ecological mon-
itoring, but rather as a complementary approach. In practice, CS data often serves
as an entry point or hint, to identify potentially relevant areas or species, while pro-
fessional surveys remain mandatory for legal obligations and formal planning pro-
cedures. The potential of this hybrid approach is well discussed in the literature.
Combining both data sources therefore provides the best of both worlds. CS deliv-
ers a broad spatial and temporal coverage as well as large volumes of data, whereas
expert monitoring ensures reliability (Cuervo-Robayo et al. 2026). Together, they
enable more complete datasets and support real-time monitoring of rapidly chang-
ing environments (Callaghan et al. 2020b; Feldman et al. 2021; Fraisl et al. 2022;
Habel et al. 2025; Cuervo-Robayo et al. 2026).

Overall, this demonstrates that CS is deeply integrated into biodiversity govern-
ance, particularly in Swedish municipalities, while its role in Germany remains
more limited. Despite its growing importance as supplementary data, the risk of
overreliance must be considered. Given that a large share of global biodiversity data
is already collected by volunteers (Kelling et al. 2019) and as the reliability in-
creases while being a cost free tool (Machado Toffolo et al. 2026), the temptation
to rely more heavily on CS is likely to grow. Nevertheless, CS data cannot replace
expert data and should remain in an advisory and complementary role, rather than
serving as primary data source for decision making (Konig et al. 2021), which is
repeatedly stressed by all municipalities participating in the study. In the cases of
Uppsala, Stockholm, Bielefeld and Cologne, the risk of overreliance on CS data
cannot be observed as all cities, critically assess it, only use it as hints and remain
very aware of its limitations. Maintaining professional monitoring and not stepping
back from legal reporting obligations will therefore remain crucial in the future.
Interestingly, despite the practical integration in both countries, CS remains rela-
tively invisible in formal policy documents. The Swedish municipalities perceive
CS as a routine tool within monitoring and planning processes, rather than as an
explicit objective. This suggests that CS may already be seen as part of the daily
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business of biodiversity governance. Therefore, it has an essential role, but is not
highlighted in policy frameworks.

While cities in Sweden place strong trust in an environmentally conscious public
and the well established Artportalen infrastructure (Kasperowski & Hagen 2022),
German cities tend to emphasize the value of CS as a tool for raising awareness
about biodiversity. The city of Cologne aims to collect biodiversity observations
not only from public areas but also from private spaces such as gardens. This ena-
bles the collection of data from locations that would otherwise be difficult or im-
possible to access. This is especially relevant because urban private gardens form
an essential part of urban green infrastructure and contribute to ecological connec-
tivity in cities as stepping stones (De Martino et al. 2023). Additionally, this allows
a better understanding of the role of private spaces for urban biodiversity (Calla-
ghan et al. 2020b). However, the ecological value strongly depends on garden size,
design and management. Beyond that, it creates the opportunity to indirectly influ-
ence homeowners by encouraging more environmentally conscious behaviour and
promote biodiversity-friendly gardening practices, which ultimately benefits both
ecosystems and residents (Persson et al. 2023; Palma et al. 2024; Stanford et al.
2024). Whether and how effective such indirect influence really is, remains to be
researched further (Hanson et al. 2021; Elizalde & Lambertucci 2022).

This awareness raising effect of CS is also reflected in the BioBlitz events. Alt-
hough the collected observations are currently only of limited importance in urban
planning, they play a highly valuable role in encouraging public participation. The
short-term commitment and gamified character of BioBlitzes lower the threshold
in engaging in biodiversity monitoring and make participation more accessible and
enjoyable (Meeus et al. 2023; Hoskins et al. 2026). These events often spark curi-
osity and can motivate participants to continue recording observations. In fact, the
recording activity remains at a higher level than prior to a BioBlitz (Meeus et al.
2023; Palma et al. 2024). A significant contribution can be attributed to the gamifi-
cation, as the “thrill of discovery” (Kc & Sapkota 2024, p. 11) motivates people to
expand their species list and generally encourages interest in biodiversity. Research
shows that participation in CS concerning biodiversity often resulted in increased
awareness of species, diversity and threats in the region, which is leading to a
change in behaviour or attitude in participants. They often started to share their
experiences, encourage family and friends and adopt more environmentally and bi-
odiversity supporting practices in their gardens (Parker et al. 2018; Peter et al. 2019;
2021). Therefore, CS can have a big impact on the public and be a substantial key
factor in protecting biodiversity.
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5.2 Selective nature of CS data

Every day, thousands of new observations are reported through CS platforms.
Given this large amount of data, municipalities cannot consider all species equally
in planning and conservation processes. Therefore, all interviewed cities mainly
focus on endangered and legally protected species. This prioritization is important
because biodiversity is fundamental for ecosystem functionality and resilience. The
loss of threatened species can disrupt ecological interactions and weakens ecosys-
tem stability, making their protection especially urgent (Hooper et al. 2012; Hong
et al. 2022). At the same time, with currently more than 10.000 species red listed in
Europe (European Commission 2026), municipalities must make practical deci-
sions as their resources are limited. As a result, authorities put special emphasize
on species that are legally protected under the Habitats Directive (European Com-
mission 1992) as well as species that are of local relevance and of historically grown
importance.

Although conservation efforts mainly target endangered species, CS data can also
be a highly valuable tool for detecting newly arriving alien species early, which is
critical for effective control or eradication and the protection of native ecosystems.
Because large numbers of citizens continuously collect observations across wide
areas, newly spreading species are often spotted earlier than through professional
monitoring (Mata et al. 2021; Baudino et al. 2026). This broad and close to real
time coverage not only enables faster responses by authorities to implement appro-
priate measures but also for evaluating the success of IAS management (Pocock et
al. 2024). In this way, CS directly supports compliance with the EU Regulation
1143/2014, which requires member states to take action at an early stage when
eradication is still possible (EU Parliament and Council 2014). As the spread of
IAS accelerates due to a highly connected world and further reinforced by climate
change, the need for large scale, affordable monitoring systems becomes evident
with CS offering the potential to address this challenge (PySek et al. 2020; Monta-
gnani et al. 2026). Integrating fact sheets on IAS, including their characteristics and
explanations of why reporting and removing them is important, can strengthen the
municipalities management. In New Zealand, a campaign tested the use of fact
sheets to support IAS reporting and raise public awareness. It increased surveillance
capacity and led to more observations, thereby strengthening IAS management (Po-
cock et al. 2024). This example shows how simple tools can improve the impact of
CS. Building on this, similar approaches could be implemented in other countries
or integrated in CS platforms. One possible way would be to send notifications that
encourage users to watch out for certain species. However, for these measures to be
effective, clear priorities are essential. The main focus should be on acute cases,
such as species that pose a safety hazard to people or newly arriving species, where
an early detection still allows effective eradication.
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The Neobiota platform on the level of the federal state of North Rhine-Westfalia
is again an example of the fragmentation in Germany. A nation-wide, more central-
ized platform could help address the issue of invasive species on a broader scale
and raise greater awareness (Johnson et al. 2020).

The handling of sensitive species in CS platforms reflects tensions between trans-
parency and protection (De Sherbinin et al. 2021; Quinn 2021). While restricting
species locations limits public access, it is essential for safeguarding sensitive spe-
cies from disturbance and poaching (Pernat et al. 2024). At the same time, full data
access is crucial for authorities to properly evaluate biodiversity and implement ef-
fective conservation measures (Kindsvater et al. 2018). Therefore, it is beneficial
that each municipality has at least one person with access to sensitive species data
to have access to additional, complementary data.

Overall, this suggests that CS is not a neutral representation of the ecological real-
ity and does not provide a complete species list of an area.

5.3 CS biases

CS offers valuable data for informed decision making (Deacon et al. 2023), but
several important limitations are acknowledged by all of the interviewed cities. A
major issue is the observer related bias, as observations strongly depend on interest,
motivation and skill of the participants. Highly active observers can influence local
datasets heavily, which makes it difficult to determine whether increased reportings
correlate with actual ecological trends in an area (Johnston et al. 2023). Another
factor, that neither of the interviewees mentioned, is the unequal participation in CS
projects. Participants are often male, middle-aged or older, from higher income
households and have a scientific background (Pateman et al. 2021; Strasser et al.
2023b). To ensure broader societal representation, efforts are needed to recruit un-
derrepresented groups, particularly younger generations. For example through tar-
geted social media campaigns and introducing CS in school. In this way, participa-
tion becomes more accessible and can support more environmentally conscious cit-
izens (Herodotou et al. 2022).

The unstructured nature of most CS platforms results in uneven samplings. CS
shows higher activity on weekends and during favourable weather conditions
(Rosario et al. 2025). At the same time, observations are typically concentrated
around easily accessible areas, especially urban environments and trails (Binley et
al. 2023; Rocchini et al. 2023). This spatial imbalance limits the representativeness
of CS data at larger scales, but can be highly valuable for urban biodiversity moni-
toring and therefore highly beneficial as complementary information for
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municipalities(Voigt-Heucke et al. 2023). Beyond that, taxonomic biases also oc-
cur. Participants tend to focus on species that are easy to detect and identify (Tiago
et al. 2017; Di Cecco et al. 2021). Additionally, strong preferences for charismatic
species have been observed (McKinley et al. 2017; Callaghan et al. 2020b). This
can be particularly helpful for cities, as municipalities can use CS data to monitor
specific species more closely and even develop targeted projects around them,
which can be seen in both Cologne and Bielefeld. In this way it helps to raise aware-
ness and public engagement.

Generally, citizen scientists provide reliable data for many taxa. Nevertheless, mis-
identifications cannot always be prohibited, especially when species are similar
looking (Callaghan et al. 2017). Therefore, observations should be critically evalu-
ated (Di Cecco et al. 2021; Gorleri & Areta 2022). In Germany, authorities collab-
orate with trusted partners and often request photographic evidence to support ob-
servations. Similarly, Sweden pays particular attention to unusual sightings, such
as a toad that is not common in the specific region. To be able to evaluate CS data
properly, strong ecological knowledge is required (Baker et al. 2021).

Overall, CS is shaped by human activity, knowledge and interest. As a result, CS
data are affected by the observer, spatial and taxonomic bias and must therefore be
critically interpreted. The selected cities are well aware of the limitations of CS data
and mainly use them as hints or starting points for further investigations, rather than
as proof. Authorities therefore remain cautious when working with CS data and
treat it as complementary information that supports professional monitoring.

5.4 Perceived value and potential

Despite its limitations, CS is perceived as a valuable tool for biodiversity monitor-
ing by all interviewees, which is in line with the literature (Callaghan et al. 2019;
Fraisl et al. 2022). Through large numbers of participants, CS enables the collection
of observations across unmatched broad spatial and temporal scales (Callaghan et
al. 2020b), resulting in significant contributions to biodiversity monitoring. CS is
accounting for more than half of the data collected in GBIF (Chandler et al. 2017;
Cappa et al. 2022), for some taxonomic groups it is the biggest data source (Rosério
et al. 2025) and has the capacity to generate as much data in two years as profes-
sionals over a decade (Troudet et al. 2017). The gamification of biodiversity data
collection even further increases public engagement. Integrated leaderboards, a spe-
cies of the day and species lists, which function as a catalogue of recorded species,
are features that encourage citizens to contribute more actively (Callaghan et al.
2019). At the same time, technological developments further increase the potential
and accessibility of CS. Growing digitalization enables easy reporting and quick
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identification, lowering the threshold for public participation (Fraisl et al. 2022).
Especially advances in artificial intelligence (Al) simplifies species identification
and supports the validation of observations. Al-supported tools may further im-
prove the accuracy of reports (Abdul-Rahman et al. 2025), potentially increasing
the trustworthiness and practical relevance of CS data for cities, which might en-
courages especially the Germany cities to adopt CS more into their daily work. Be-
yond these applications, Al can also be used internally by authorities to support the
identification of relevant observations. It can detect patterns, identify outliers or
particularly important observations, and highlight contributors with higher levels
of reliability (McClure et al. 2020). For such tasks, Al is more efficient and accurate
than humans (Auger et al. 2021; Sandfort et al. 2023), which makes it easier to gain
an overview of large and complex datasets. As a result, CS may become even more
valuable for urban biodiversity monitoring in the future.

5.5 Significance and contribution of the study

Earlier studies show that CS can play a valuable role in urban biodiversity monitor-
ing by increasing the amount of available species data (Li et al. 2019). It helps to
close taxonomical, spatial and temporal gaps and can support urban planning, green
space management and the monitoring of invasive or endangered species (Calla-
ghan et al. 2020a; Palma et al. 2024). However, it remained unclear how munici-
palities actually use CS data in decision-making and how they are translated into
conservation measures.

This study explored CS approaches in four cities in Sweden and Germany and
shows that CS data are already integrated into local biodiversity governance. In all
cases, authorities use CS data to support concrete measures, including invasive spe-
cies control and urban planning procedures, demonstrating that CS directly informs
practical management decisions. The study therefore provides new insights into
how cities integrate CS into biodiversity governance. It also improves the under-
standing of how CS can support urban biodiversity and better-informed decision-
making, while creating the opportunity for cities to share and adapt effective prac-
tices from one another.

5.6 Constraints

Despite careful methodological considerations of the study design, several con-
straints should be acknowledged. The desk research was based on the review of city
websites and related links with a set of key words. As some projects may not be
publicly available, it cannot be ensured that all projects and relevant information
were found. Additionally, translation inaccuracies of Swedish sources may have
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caused incomplete results. While interviews with city representatives were con-
ducted to complement the desk research and to gain further insights into the use of
CS for biodiversity monitoring, this approach also contains limitations. The quality
of the interview data can be influenced by the interviewers” skill and experience
(Demirci 2024). In this study, limited interviewing experience may have affected
the outcome. For the interviews conducted in Sweden, neither the interviewer nor
the interviewee were using their native language, which potentially resulted in chal-
lenges in expressing and interpretation and may impacted the interviews” depth and
clarity (Young et al. 2018). Furthermore, the interview partners” involvement in CS
projects, their length of employment and willingness to share internal information
varied, influencing the level of detail in the responses.

The most important constraint is the limited number of observed cities, so that the
study might not be representative. Additionally, five other cities in Germany were
contacted. However, no interviews were conducted because CS is currently not part
of their practice, highlighting the skepticism towards CS in Germany. Therefore,
Bielefeld and Cologne do not represent all German municipalities and are positive
examples. Further research is needed to gain a more comprehensive understanding.

5.7 Suggestions for future research

Building on this study, future research could include more cities of different sizes
and more countries, to better understand how local priorities, capacities and na-
tional frameworks influence the CS use. Beyond that, it would also be interesting,
whether and how CS actually improves urban biodiversity management. Also, iden-
tifying best practices, that can be adopted in other cities would be highly beneficial.
Data quality is another important aspect. Future work should focus on reducing bias
and improving reliability. Possible starting points might be validation systems and
exploring the potential of Al to support analysis and trust in CS data. Moreover,
there is also a need for clear guidelines for the CS integration in cities. Although,
organizations like the UN support CS integration (UNEP 2021; Hecker et al. 2018),
there is no framework for cities to follow. Creating such guidance could make adop-
tion easier and encourage more cities to integrate CS into their daily work, espe-
cially in Germany. Transnational networks such as Eurocities, C40 Cities: Climate
Leadership Group or United Cities and Local Governments (Frantzeskaki et al.
2019) could support this process by sharing practical experiences und successful
approaches. Finally, more attention should be placed on participants. Research
should explore, who takes part, what motivates them and how participation influ-
ences their environmental awareness. This could help to engage citizens of all ages,
genders and social backgrounds and make CS projects more inclusive and effective.
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5.8 Conclusion

The study examined the role of CS in urban biodiversity management, focusing on
how citizen-generated data are integrated into municipal planning and decision-
making processes in Stockholm, Uppsala, Cologne and Bielefeld.

Across all cities, CS is used as a complementary data source for biodiversity mon-
itoring, conservation planning, invasive species detection and raising awareness. In
Sweden, CS is strongly institutionalized and systematically integrated into every-
day governance through the centralized platform Artportalen. Whereas in Germany,
CS platforms are more fragmented, often species-specific and project based, and
mainly used in collaboration with trusted partners, with a strong connection to
awareness raising. In none of the cities CS is embedded in formal policy frame-
works, although all see clear potential for its use, especially in addressing invasive
species and climate change impacts.

However, CS data always requires careful interpretation. The integration of Al of-
fers promising potential to improve data quality and reduce bias. Paired with clear
guidelines for data collection and use, this could significantly strengthen trust in CS
data, particularly in Germany, where transparency and reliability are central to pub-
lic and institutional acceptance.

Overall, the study suggests, that CS is becoming an increasingly valuable resource
for urban biodiversity governance, that combines large-scale data collection with
public engagement. Used alongside professional monitoring and with awareness of
its limitations, it can support better-informed decisions and contribute to more sus-
tainable and resilient cities, that support the long-term provision of ES and human
well-being.
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7. Al Statement

In this thesis I used generative Al (OpenAl, GPT 5.4) for text refinements, to im-
prove the grammar and help with sentence structure. I did not use the outputs di-
rectly, but carefully reviewed them and edited these suggestions to improve the
flow of the text. All ideas are my own. In figure 1, I used Al to generate the figure
based on the written text of chapter 4.1 with the following prompt: Generate a
graphic, showing the CS landscape on a global, European and national scale. Use
this as the foundation (see chapter 4.1). After that minor adjustments were made.
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9.1

)

2)

Appendix

Interview guide

General questions about the interviewee

- What educational background or degree forms the basis of your cur-
rent position?

- How long have you been working in the city administration?

- Could you briefly describe your current tasks related to biodiversity?

- Since when has citizen science been part of your area of responsibil-
ity?

- What role does citizen science play in your daily work?

Questions on citizen science in the field of biodiversity
Is citizen science used in your city in the field of biodiversity?

Since when?

Does your city run any own projects? What kind of projects are these? How
many? Are they short-term or long-term initiatives?

Are you taking public CS platforms into account?

For what purposes are citizen science data used (e.g. planning and manage-
ment, establishing conservation measures (for specific species), raising pub-
lic awareness, etc.)?

Sweden: In the biodiversity strategy, CS is not mentioned as a source of
biodiversity data. What is the reason for that? Germany: You are currently
working on a biodiversity strategy. Could you give me insights into whether
and how CS will be integrated into this strategy, and what role it could play
in the future?

Which actors primarily initiate citizen science projects (city, universities,
NGOs, private individuals, or joint initiatives)?

What challenges or limitations exist (e.g. staff, funding, technical infrastruc-
ture, data quality and quantity, biases)?

Are there species (groups) you prioritize?

Are CS data used in the context of the EU Regulation No. 1143/2014 on
invasive alien species or the Habitats Directive?

Do you think that citizen science is gaining importance for achieving biodi-
versity goals?

60



- Do such projects increase public awareness? Does participation lead to fur-
ther engagement in environmental protection?

3) If projects already exist

What are the main objectives?

How long has the project been running?

What is the level of participation? How many citizens are involved?
Who participates (e.g. private individuals, students, retirees)? How fre-
quently?

Are participants trained or provided with detailed guidelines?

How are the data collected and documented (e.g. website, app, email)?
How reliable are the data? How are they verified?

Are direct conservation measures derived from the collected data?
How are the projects promoted to the public?

What impact have the collected data had on research, policy, or man-
agement decisions?

9.2 City overview

Table 4. Overview of the case study cities, including population size, key land-use char-
acteristics, nature protection area, main sustainability and biodiversity goals and aca-
demic context.

Nature
Protec-
tion Main Sustainability
Popula- Key land-
City .opu . ey land share of and Biodiversity Academic Context
tion use .
city Goals
area
[%0]
Climate positive by
28 9 . .
. 8 % urban 2030 and fossil-free by Internationally rec-
infrastruc- . .
Stock- ture. 59 % 2040; protection of ognized research
1 Million ’ 20 % ecosystem services; and innovation hub
holm green . . o
sustainable water, with five universi-
spaces and waste and transport ties
13 % water p
systems
30 % urban Sustainable urban . .
. . Leading universi-
infrastruc- growth; pollinator- . .
ture, 56 % friendly planting, habi- ties with strong ex-
Uppsala 230,000 ’ 21 % . . pertise in life and
green and tat creation, ecological . .
. . . environmental sci-
blue infra- corridors, increased ences
structure tree cover
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Nature

Protec-
tion Main Sustainability
City :’iggula- llfseey land- share of and Biodiversity Academic Context
city Goals
area
[Y0]
Climate neutrality by
0,
isr?ﬁ:)s'lﬁll:in 2035; promotion of ~ Major research and
ture. 44 % sustainable mobility,  university city with
, 0
Cologne 1 Million vegetated 8.4 % energy and urban plan- 100.000 students
arca. S % ' ning; expansion of and 31 higher edu-
blue’ i fr(:l— green spaces and urban cation and research
structure trees, strengthening institutions
ecological connectivity
Climate neutrality by
0,
?rfﬁfs;rul::an 2030; promotion of re- Regional university
Biclefeld 330.000 ture. 54 % 8 % newable energy and  center with strong
’ ve e,:tate d green mobility; ecosys- interdisciplinary re-
arega tem restoration and bi- search

odiversity conservation

9.3 Policy documents

Table 5. Overview of evaluated online resources and policy documents, including city
websites, biodiversity, climate, sustainability or/and city development strategies as well
as reports.

Websites

Stockholm  https://start.stockholm/
https://www.miljodatastockholm.se/
Uppsala https://www.uppsala.se/
Cologne https://www.stadt-koeln.de/
https://www klimaschutz-monitoring.koeln/
Bielefeld https://www.bielefeld.de/
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Strategies

Stockholm

Uppsala

Cologne

Bielefeld

Stockholms stad. (2021). Handlingsplan for klimatanpassning
2022-2025. https://start.stockholm/globalassets/start/om-stock-
holms-stad/politik-och-demokrati/styrdokument/handlingsplan-
for-klimatanpassning-2022-2025 ta.pdf.

Stockholms stad. (2024a). Climate Action Plan 2030 A just tran-
sition for a Stockholm with no global carbon footprint.
https://start.stockholm/globalassets/start/om-stockholms-
stad/politik-och-demokrati/styrdokument/climate-action-plan-

2030.pdf

Stockholms stad (2024b). Environment Programme 2030. envi-
ronment-programme-2030.pdf (accessed April 05, 2026).

Stockholms stad. (n.d. ¢). Handlingsplan for biologisk mangfald i
Stockholm stad. https://meetingspublic.stockholm.se/welcome-

sv/namnder-styrelser/ostermalms-stadsdelsnamnd/mote-2020-
09-24/protocol/bilaga-handlingsplan-for-biologisk-mangfald-i-

stockholmpdf?downloadMode=open.

Uppsala kommun. (2025). Environmental and Climate Pro-
gramme. https://www.uppsala.se/conten-
tassets/5d36faebce83404888c3a4677bad5584/environment-and-
climate-programme.pdf.

Uppsala kommun. (2026a). Gronblda Gron- och strukturplan
blastrukturplan Del av dversiktsplanen- del av dversiktsplanerin-
gen. https://www.uppsala.se/conten-
tassets/9ebb930e26364751bd9b298c5d6b9725/antagandehan-
dling-gron--och-blastrukturplan.pdf.

City of Cologne (2020): Stadtstrategie 2.0 — Kolner Perspektiven
2030+. https://www.stadt-koeln.de/mediaasset/con-
tent/pdf15/kp2030/stadtstrategie.pdf.

Stadt Bielefeld. (2021). Nachhaltigkeitsstrategie der Stadt Biele-
feld (NHS).
https://www.bielefeld.de/sites/default/files/datei/2021/NHS.pdf.
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Reports

Stockholm

Uppsala

Cologne

Bielefeld

Stockholms stad (2025). Haéllbarhetsrapport 2025.
https://start.stockholm/om-stockholms-stad/utredningar-statistik-

och-fakta/utredningar-och-rapporter/hallbarhet/ (accessed April
05, 2026).

Stockholms stad. (2024c). Uppfoljning av Stockholms stads
miljoprogram och klimatbudget 2023. https://start.stock-
holm/globalassets/start/om-stockholms-stad/utredningar-statis-
tik-och-fakta/utredningar-och-rapporter/hallbarhet/klimat-och-

miljo/uppfoljning-av-stockholms-stads-miljoprogram-och-
klimatbudget-2023.pdf.

Uppsala kommun. (2021). Uppsala and Agenda 2030: Voluntary
Local Review 2021. Uppsala Municipality. https://www.upp-
sala.se/contentassets/cfd3db5376084b168bce67e57ce73dcc/upp-
sala_and_agenda 2030 _vlr-rapport 2021.pdf.

City of Cologne. (2022) Nachhaltigkeitsbericht der Stadt Koln
2022 nach dem Berichtsrahmen Nachhaltige Kommune (BNK)
im Kontext der Agenda 2030. https://www.stadt-ko-
eln.de/artikel/72093/index.html (accessed April 12, 2026).

City of Cologne. (2023). Voluntary local review 2023 Kdéln: Im-
plementing the 2030 Agenda and the Sustainable Development
Goals at  the local level. https://www.stadt-ko-
eln.de/artikel/72093/index.html (accessed April 12, 2026).

Stadt Bielefeld. (2024). Nachhaltigkeitsbericht der Stadt Biele-
feld: Agenda 2030 auf lokaler Ebene. https://www.biele-
feld.de/sites/default/files/datei/2024/Nachhaltigkeitsbericht-der-
Stadt-Bielefeld-Marz-2024 0.pdf.
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9.4 Coding example

Table 6. Coding example based on an excerpt from the interview with the city representa-
tive of Uppsala. The left column presents the original interview passage, while the right
column contains some comments. Institutionalization is marked bold, biases and limita-

tions in red and potential in green.

For species specifically, I think,
Artportalen is the main resource
for us and for everyone else manag-
ing forests. But of course, if you want
to make a real management plan and
say we decided that this piece of for-
est is going to have a nature conserva-
tion purpose, then we have to com-
plement this with actual profes-
sional field inventories from profes-
sionals. Often the species observa-
tions in Artportalen

, but there also quite few exam-
ples that it is wrong. Either the species
is wrongly identified or on the wrong
spot. So, you have to maintain an
awareness if this is likely to be cor-
rectly inventoried or is it long time
ago.

Integrated into municipal work for
species monitoring

Artportalen as primary source of in-
formation, established and wide used
tool

Hybrid approach, need for expert
validation for law related topics

But also data inaccuracies, error poten-
tial (species misidentification, spatial
inaccuracies)

—> critical evaluation of data, expert
judgement required, data validation
processes
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Popular science summary

Today, collecting species is a bit like catching Pokémon, just in real life. With a
smartphone in hand, we are now recording plants, birds, insects and other animals
around us, playfully contributing to science, simply by taking a photo or uploading
an observation. Yet, the more we look, the more we notice, what is disappearing.
Healthy ecosystems are essential for human health and well-being, providing clean
air and water, food, recreational values and climate regulation. Biodiversity is the
foundation of these ecosystem services. However, biodiversity is currently declin-
ing at an unprecedented rate due to urban growth, habitat loss and climate change.
To understand and protect it, we need reliable data about where species are found
and how their populations are changing over time. While professional monitoring
is often costly and time-consuming, citizen science offers a useful complement.
Through apps and online platforms, thousands of people document the species they
encounter in parks, gardens, forests and even on city streets, creating a large dataset
across space and time. Although these datasets can be uneven or contain errors,
they still provide highly valuable information for research and conservation.

This thesis examined how citizen-generated observations are actually used by city
authorities, focusing on Stockholm, Uppsala, Cologne and Bielefeld. The results
show that citizen science is no longer just a hobby activity. It is directly used to
support biodiversity monitoring, track species distributions and inform urban plan-
ning and conservation decisions. In Sweden, a national platform called Artportalen
makes it easy for municipalities and researchers to access and use citizen observa-
tions in a structured way. In Germany, the situation is more fragmented, with many
different local initiatives that are often species-specific or project-based, making
integration more dependent on local networks and resources.

Importantly, citizen science is not replacing professional science. Experts still play
a key role in verifying data and conducting detailed ecological surveys, while citi-
zen observations help fill in gaps across space and time. Together, they create a
more complete and dynamic picture of urban nature. The integration of Al offers
further potential to improve data quality and reduce bias, though careful interpreta-
tion of citizen science data always remains essential. Clear guidelines for data col-
lection and use could significantly strengthen trust in this data source, particularly
in Germany, where transparency and reliability are central to public and institu-
tional acceptance.

Ultimately, citizen science shows how environmental knowledge is becoming
something more shared and participatory. It connects everyday life with scientific
research and turns simple encounters with nature into valuable information. By en-
gaging with the species around them, citizens can make a meaningful contribution
to the environments they live in, not only for today, but for future generations. In a
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time when biodiversity is under pressure, this combination of public involvement
and scientific expertise may become an increasingly important part of how cities
understand and protect nature around them.
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