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Abstract

Overcoming conceptual and institutional barriers demands interdisciplinary collaboration,
improved governance, and stronger stakeholder engagement to promote sustainable urban
planning and enhance ecosystem resilience. In the transition toward resilient cities, the
concept of ecosystem services serves as a critical interface between science, planning, and
governance, fostering stakeholder engagement and translating the complex ecosystem
functions into indicators for urban planning. This study aims to assess existing knowledge
on Urban Ecosystem Services (UESs) and their implications for urban green infrastructure
planning across Central and Eastern Europe. A comprehensive, qualitative and quantitative
review of the peer-reviewed literature retrieved from Web of Science and SCOPUS, was
conducted for 11 former socialist countries that joined the European Union after 2004. The
results reveal major barriers to UES integration, including inconsistent terminology, institu-
tional inertia, fragmented governance, and limited stakeholder participation. Although
research interest in UESs is increasing, research remains geographically concentrated in
a few cities, mainly capitals, thereby constraining the understanding of spatial patterns
and drivers of UES supply and demand across the region. Moreover, production services
and ecological processes sustaining urban systems are largely underexplored. The study
concludes that advancing UES research and practice requires a holistic, multi-scale, and
standardized approach that identifies key stressors and context-specific impacts. Overcom-
ing conceptual and institutional barriers demands interdisciplinary collaboration, improved
governance, and enhanced stakeholder engagement to promote sustainable urban planning
and enhance ecosystem resilience.

Keywords: urban; ecosystem services; Central Eastern Europe; planning; management

1. Introduction

In the European Union (EU), urban areas are home to 80% of the population, highlight-
ing the pressing need to address climate change and urban sustainability [1]. The economic
activities and well-being of urban residents rely heavily on the myriad benefits provided
by nature, known as ecosystem services (ESs) [2]. These services encompass both direct
and indirect contributions from functioning ecosystems, which support human well-being
and are valued by society [3].

Within urban environments, the ESs are termed urban ecosystem services (UESs)
and are generated by the interplay between ecological processes, built infrastructure, and
human activities [1,4]. Green infrastructure (GI), comprising natural and semi-natural
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areas strategically planned and managed, plays a pivotal role in delivering a wide range of
UESs [5]. It can offer integrated, cost-effective, and long-lasting solutions to develop more
sustainable and resilient cities [6,7]. GI can reduce air pollution, noise, and the impacts
of extreme weather; can provide food, refuge, habitats for species; contribute pollination
and seed dispersal services, recreation services, cognitive development, improved physical
and mental health; and increase the attractiveness of residential areas [4,8]. Despite their
importance, the true value of these services often goes unrecognized, and urban expansion
poses significant threats to GI and the ESs it provides.

International commitments to creating inclusive, resilient, and sustainable cities em-
phasize the potential of the ES concept to inform urban planning and governance (UPG)
strategies [5,9]. By recognizing and integrating the benefits of urban ecosystems into
decision-making processes, cities can develop policies that support the long-term provision
of ESs, fostering biodiversity conservation, and enhancing environmental quality. This
necessitates aligning sectoral policies and regulations to support the sustainable manage-
ment of natural resources and promote the delivery of ESs across various urban functions.
Informed by an understanding of UESs, UPG strategies facilitate interdisciplinary collabo-
ration among urban planners, policymakers, scientists, and community stakeholders to
co-design and implement nature-based solutions that leverage UESs to address urban chal-
lenges effectively. By valuing and investing in UESs, cities build adaptive capacity, reduce
vulnerability, and enhance social cohesion, well-being, and resilience to environmental and
socio-economic shifts while promoting sustainable development. Moreover, promoting eg-
uitable access to UESs contributes to social justice and inclusive urban development. While
the significance of ESs in urban planning is increasingly recognized, their incorporation
into UPG remains a significant challenge for decision-makers and practitioners [10-12].

Central and Eastern European (CEE) countries have unique social, cultural, and
economic characteristics stemming from their historical transition from centralized (top-
down) to decentralized and frequently incoherent urban planning models that followed
the political changes in the late 1980s [13,14]. This transition has resulted in a decreased
surface area of green spaces [15-20] and limited access to nature for residents [21-25], in
contrast to trends observed in Western Europe (e.g., increasing connectivity of UGI and its
accessibility to citizens, or designation of urban protected areas) [20,22].

Over the past two decades, research on UESs has evolved into a central framework for
understanding the interactions between nature and urban systems. Globally, studies em-
phasize the crucial role of GBI in providing a wide range of ecosystem services that enhance
urban resilience, climate regulation, and human well-being [25,26]. Systematic reviews
show that most research focuses on regulating and cultural services, such as temperature
regulation, biodiversity enhancement, recreation, and aesthetic value, largely influenced
by spatial scale, vegetation structure, and accessibility. These findings highlight the need
for multi-level, design-sensitive approaches to improve UES delivery across diverse urban
contexts. At the same time, scholars call for a more integrated understanding that also
accounts for ecosystem disservices, recognizing that urban ecosystems can produce nega-
tive effects such as allergens, pests, or safety risks [27]. This perspective underscores the
importance of developing quantitative, evidence-based assessment methods that capture
both benefits and drawbacks while incorporating socio-cultural dimensions and the needs
of vulnerable groups.

Effective integration of the ES concept into policy and planning requires a comprehen-
sive understanding of ES flows (including those less visible, yet critically important) [7,9,11].
Contextual factors such as cultural identity, local knowledge, and institutional perceptions
shape stakeholder values, influence the evaluation of synergies and trade-offs, and ulti-
mately affect decision-making [28]. The cities’ inherent biophysical and cultural uniqueness
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limit the transferability of knowledge to other cities, calling for context-specific, tailor-made
solutions [7,10].

Although significant progress has been achieved globally [10], research on ES inte-
gration remains spatially biased, with limited attention given to CEE countries [29]. To
date, no systematic review has specifically addressed UES research within the CEE context,
despite the region’s distinct ecological, socio-economic, and governance characteristics.
Addressing this gap is essential for advancing a more inclusive understanding of how
urban ecosystem services can inform sustainable planning and policy in post-socialist and
transitional urban environments.

This study represents the first comprehensive analysis of the peer-reviewed literature
on UESs in CEE countries. We aim to (1) elucidate current understanding, emerging trends,
and research gaps related to UESs, and (2) identify barriers and challenges hindering their
effective integration into UPG. By outlining research priorities and challenges, our review
seeks to contribute to guide future research efforts and informs research agendas to address
knowledge deficiencies in the field. It provides policymakers and UPG practitioners with
insights into the barriers and challenges hindering the effective integration of UESs into
planning processes, informing the development of UPG system infrastructure and more
effective policies for sustainable urban development.

2. Materials and Methods

The methodological design of this review followed a structured, multi-stage approach
aimed at ensuring transparency, reproducibility, and comprehensiveness in the synthesis
of existing research on UESs in CEE. The process began with the formulation of research
questions and inclusion criteria, followed by a systematic search of the peer-reviewed
literature in the Web of Science and Scopus databases (June 2024). It includes 11 former
socialist countries that joined the EU after 2004, now termed as post-socialist or post-
transitioning countries [19,30]: Bulgaria, Croatia, the Czech Republic, Estonia, Hungary,
Latvia, Lithuania, Poland, Romania, Slovenia, and Slovakia (Figure 1).

293 articles
Scopus
1st screening ond
(e, Article screening.
data _» selection (98 _ Data
collection, articles) extraction
328 articles results)
Web of
Science

Figure 1. Steps of the literature selection and review.

Articles written in English were retrieved from Web of Science and SCOPUS using
the query: “urban” AND “South-Eastern Europe” OR “Central Europe” OR “Bulgaria”
OR “Croatia” OR “The Czech Republic” OR “Estonia” OR “Hungary” OR “Latvia” OR
“Lithuania” OR “Poland” OR “Romania” OR “Slovenia” OR “Slovakia” AND “ecosystem
services” OR “provisioning services” OR “regulating services” OR “supporting services”
OR “cultural services” OR “maintenance services” AND “assessment” OR “ valuation” OR
“policy” OR “planning” OR “governance” OR “stakeholders”.

We identified 293 articles on Scopus and 328 articles on Web of Science, all published
before June 2024.
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Following the papers’ methods chapter screening (Figure 1), we selected only the
papers that focus on urban areas in one or more countries in the CEE and conduct area-
explicit case studies (e.g., the geographic area of focus is clearly defined and identified
within this study). Then, we screened the papers and kept for the analysis those that
either assessed UES (meaning that ES or ES-related keywords—e.g., types or categories of
ESs—occurred in the result section and not only in the introduction or discussions sections
of the respective article) or evaluated the institutional, governance, or legislative context
for integrating ESs in UPG.

A total of 98 papers meeting the criteria were included for analysis (Supplementary
Materials, Table S1).

2.1. The Coding Process

The qualitative analysis was conducted using MAXQDA Analytics Pro 24, a software
package specifically designed for mixed-methods research. MAXQDA enables the system-
atic organization, coding, and interpretation of qualitative and quantitative data, including
text, tables, and graphical content. In this review, MAXQDA was used to code and cate-
gorize information extracted from the selected articles, enabling transparent comparison
of methodological approaches, geographical distribution, and governance-related aspects.
This process focused on key elements related to the research context, UES evaluation,
usefulness of UESs for informing and guiding UPG, barriers faced by UPG in integrating
UESs in decision, and stakeholder involvement (Table 1). Such a methodology allowed us
for the extraction and analysis of both quantitative and qualitative elements inherent in the
research (Supplementary Materials, Tables S1 and S2).

Table 1. Framework for coding key elements in selected articles.

Coding Framework Criteria Response
Selection Qf Papers and Cont'ams area-explicit case Yes/No
Data Scoping studies
ES-related keywords are
present in the results section Yes/No
Includes a dedicated section
on ES Yes/No
Assesses the institutional,
governance, or legislative
context for integrating ESs in Yes/No
UPG
Research Context Location Country and City of Case Study
Scale of Study Local/Regional /Cross-Region Comparisons
Publication Year Year

Funding Sources National/EU/Other International
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Table 1. Cont.

Coding Framework

Criteria

Response

UES Evaluation

Ecosystem Services

-Provisioning: food production, water provisioning,
abiotic renewable energy, and abiotic and biotic
materials.

-Regulation and Maintenance: air purification, noise
attenuation, regulation of river and water flows and
extreme events, runoff mitigation, moderation of
climate extremes, pollination, seed dispersal, disease
control, soil regeneration, water purification,
regulation of urban temperature.

-Cultural: physical activities, recreation, animal
watching, social interactions, social inclusion,
cognitive development, aesthetic experiences,
spiritual and psychological benefits, sense of identity,
sense of place and place attachment, biodiversity, and
habitat.

Use of ES Cascade Model

Yes/No

Biophysical structures
addressed

Coastal areas, Wetlands, Lakes, Rivers, Forests,
Meadows, Parks, Gardens, Natural Reserves, Green
Roofs, Farmed Areas, Street Trees, Street Verges,
Vacant Lots, Abandoned Industrial Sites, Water
Channels, Water Reservoir Edges, Street Greenery,
Rail Tracks, Cemeteries, or general terms such as
Green Areas, Green Zones, Green Spaces, Green Land,
Greeneries, Urban Amenities.

Assessment Methods

Biophysical, Mapping-Modeling, Land-Use Scoring,
Participatory Mapping, Socio-Cultural, Monetary,
Combined Methods

Assessment Perspectives

Ecological, Social, Economic, Methodology,
Governance, Urban Planning

Assist decision-making

Scientific findings on UESs

General Recommendations, Detailed Context-Based
Recommendations, Results Communication to

and UPG to integrate UES inform UPG Stakeholders, Integration into Local Plans and
knowledge .
Strategies
Establish Goals for Urban Planners, Suggest Actions
Scientific findings on UESs aid or Alternative Solgtlons, Analyze In.stltut.lonal
UPG Infrastructure, Socio-Cultural and Financial Aspects,
Analyze Plans, Strategies, Policies, Reports,
Regulations, and Institutional Architecture
Barriers in implementing ES Yes/No, Examples
Stakeholders Stakeholder Involvement Yes/No

Categories of stakeholders

Civil Servants, Residents, NGOs, Tourists,
Firms/Companies, Members of the Government,
Local Administration, Scientists/Experts

Purpose of stakeholder

Data Collection, Methodology Design, Understanding

involvement and Debating the Relevance of ES Concept

Methods of stakeholder Intel:‘v.lews, Quest.lo.nnaues, .Focus Groups, .

) Participatory Decision-Making Processes, Co-Design
involvement

Workshops, Collaborative Governance Approaches

ESs = ecosystem services, UPG = urban planning and governance, EU = European Union, NGOs = nongovern-
mental organizations.
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We conducted inter-coder reliability checks by independently coding a subset of
articles. Any discrepancies were thoroughly discussed and resolved through consensus-
building between the researchers involved. To maintain accuracy and minimize bias, the
coding process was initially performed by D.B. and meticulously reviewed by G.R.

2.2. Content Analysis

All mentioned UESs in the reviewed literature were compiled and classified into
three categories: provisioning, regulation and maintenance, and cultural service. We also
identify the various elements of the “ES cascade” model, central in the debate around the
ES concept [31], and compiled the biophysical structures approached in the case studies
(Table 1). When authors used various terms to refer to biophysical structures analyzed
in their case studies, such as “green space”, “urban green land”, “greeneries”, “urban
amenities”, or “urban biodiversity”, we coded them more generally as “green spaces”. For
a comprehensive understanding of the complex inter-linkages between the ecosystems
and human well-being benefits [32,33], we considered six categories of ES assessment
methods [34] and six research perspectives [6] (Table 1). The ecological perspective analyzes
biophysical processes sustaining services, while the social and economic perspectives
address societal values and monetary valuation. The governance perspective focuses on
institutions and stakeholder engagement, and the urban planning perspective applies
ecosystem service knowledge to spatial decision-making. The methodological perspective
provides the overarching conceptual, analytical, and integrative framework guiding how
ecosystem services are identified, classified, and assessed across disciplines. It determines
how knowledge from other perspectives is structured and combined, rather than focusing
solely on which techniques or data are applied [6]. We aimed to determine how existing
knowledge on UESs can assist urban planners in strengthening problem-solving capacity
and sustainable management of cities, as well as to identify the barriers and challenges—
outlined in the revised literature—of integrating UESs into practice. For this purpose, we
analyzed whether each reviewed case study establishes goals for urban planning, defines
actions and alternative options for urban development, identifies conditions and means of
implementation, and analyzes the urban planning and accountability system. Considering
stakeholder involvement as a cross-cutting issue, we examined the extent of stakeholder
engagement, types of stakeholders, and engagement purposes and methods.

3. Results

More than half of the articles (60.2%) analyze case studies from single cities. Addition-
ally, 9.2% develop comparative case studies between two or more cities within the same
CEE country, and 9.2% provide analyses at the national level. About a quarter (21.4%)
of the articles are international comparative analyses, including cities from Central and
Eastern Europe (CEE) (Figure 2). Notably, 38% of the articles focus on capital cities. A total
of 60 studies (61.2%) acknowledge financial support from either the EU (n = 20) or other
international research funding institutions (n = 40).

The first study emerged in 2013, with more than 85% (n = 84) published after 2016
(Figure 3). Of the 98 studies reviewed, 83 assess ESs and 15 focus on the legislative,
planning, institutional, or participative context of the ES implementation.
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Figure 3. Distribution over time of the number of reviewed papers, including the main assessment
perspective of UESs.

3.1. Current Understanding of UESs: Existing Knowledge, Emerging Trends, and Areas with Gaps
or Limitations

All three categories of ESs are addressed, though most studies focus on a single
category of services (n = 47). Cultural services are examined in the majority of cases
(n = 63), followed by regulating services (n = 45), and provisioning services (n = 18). Recre-
ation, air purification, and aesthetic services are the most frequently analyzed (Figure 4).
Notably, provisioning services, which include fundamental resources like food and water,
receive less attention in the literature, underscoring a potential oversight in UPG frame-
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works, where the inclusion of such services is vital for ensuring the long-term well-being
and resilience of urban communities [35].

Recreation 40
Aesthetic 21
Cognitive development 16
Spiritual and psychological |je———————— 9

Cultural

Physical activities |— 9

Localidentity —|je— 7
Biodiversity | 3
Air purification 22
Habitat 15
Microclimate regulation  (e——— 13

Carbon sequestration (e————— 9

Temperature regulation 9

Runoff mitigation —|e— §

Water purification | 6

Noise attenuation |je— 5

Regulation and Support

Polination | 5

Soil regulation s 3
Flood control s 3

Food j—— 1]

Materials |j————— 9

Water | 4

Provision

Energy |mm 2

0 5 10 15 20 25 30 35 40 45

Number of articles
Figure 4. UESs analyzed in the reviewed literature.

Our review reveals a prevailing reliance on simplified models, typically focusing
on one component, instead of the ecosystem services cascade model, assumed in only
three case studies [36-38]. This trend underscores the need for more comprehensive
approaches aiming to assess, map, and value UESs while considering the interconnections
between biophysical structures, processes, services, benefits, and values for the benefit of the
UPG system.

While parks, urban forests, and trees are extensively studied [39-47], other biophysical
structures, such as coastal areas, natural reserves, farmed areas, informal green spaces,
and abandoned industrial sites, are underrepresented (Figure 5), despite their potential
contributions to consumer goods and biodiversity maintenance [35,48-50]. Many case
studies (n = 41, 42%) take a broad approach, focusing on urban green spaces, GI, or urban
greenery, which refer to managed and unmanaged green areas and vegetation in cities
rather than specific biophysical structures [51-55]. While such studies make an important
contribution to the knowledge of ESs, the scope of UES assessment in the CEE region must
be broadened to include the full range and diversity of biophysical structures that support
urban ecosystems. Understanding the unique characteristics of each structure is crucial for
assessing ES provisioning, and this knowledge should be considered by decision-makers
and recognized by citizens [56-58].

Socio-cultural methods (alone n = 21 or combined with other assessment methods
n = 12) are the most frequently employed in the CEE area (Figure 6), emphasizing the
significance of understanding local socio-cultural contexts and citizen participation in UES
assessment processes [59,60]. Among the socio-cultural methods, surveys and interviews
are the most common. Monetary models, participatory mapping, and land use scoring
methods occurred less frequently (Figure 6). Integrated approaches (n = 31, 31.6%) that
combine multiple assessment methods have proven effective in capturing synergies and
trade-offs between cultural (invisible) and regulation (visible) services, providing valuable
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insights for local planners and decision-makers in UPG [41,59,61-65]. These findings under-
score the critical importance of incorporating socio-cultural considerations and meaningful
stakeholder engagement for goal-setting in the UPG process to ensure more inclusive and
sustainable urban development [62]. The dominance of social (n = 33) and methodological
(n = 31) perspectives in UES studies (Figure 7) also supports the growing trend towards
integrating socio-cultural considerations into valuation methods and advancing social
issues in UES assessments.

Number of articles

Figure 5. Biophysical structures analyzed in the case studies considered in this review.
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Figure 6. Methods used in the analyzed literature.
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The reviewed literature highlights the need for UPG frameworks to incorporate social
justice principles and ensure fair access to ESs provided by urban ecosystems, based on
citizens’ social and economic status [66-70]. By acknowledging individual preferences and
the needs of a more diverse urban population [36,59,71,72] and fostering place attachment
through accessible and attractive urban GI, UPG can support the creation of more equitable
and resilient cities in the face of urbanization challenges [73]. These spaces also serve as critical
alternatives for recreation during periods of social isolation or crises (e.g., COVID-19) [74-76].

While half of the reviewed studies (49%) involved stakeholders, primarily as data providers
for UES assessment, only 10 articles focused on assessing stakeholders’ perceptions of the ES
concept, its relevance for UPG, or the design of UES assessment methodologies [77-82]. Only a
single case study [83] utilized a “learning lab” approach to engage stakeholders. Among the
stakeholders involved, residents, visitors, and scientists were most frequently engaged, with
questionnaires being the most common method (Figure 8). These findings indicate a need for
more innovative methods to involve diverse categories of stakeholders in the UES assessment,
ensuring a comprehensive understanding of urban ecosystems and their services, ultimately
leading to better integration into UPG frameworks [84].

mSurvey minterviwes mLearningLab mPPGIS mFocus-groups m Photo -based analysis

Retired adults
Students
Homeless
Workers

Business comurity
NGOs

Owners

Utban plamers
Experts

Officials

Visitors

Inhabitants

25

Number of articles

Figure 8. Categories of stakeholders and means of involvement.
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3.2. Barriers and Challenges for the Effective Integration of Ecosystems and Their Services into UPG

The reviewed literature reveals a notable emphasis on defining actions and alternative
solutions (n = 50). Fewer studies address conditions and means for implementing the
concept of UESs within UPG frameworks (n = 28) or assist urban planners in setting
priority goals for UPG (n = 24) (Table S2). Additionally, only generic suggestions are
provided to urban planners, exacerbating this knowledge gap and posing a significant
challenge in effectively planning, allocating resources, and formulating strategies to achieve
urban sustainability and resilience objectives [16].

Authors of the reviewed papers provide methodological frameworks, guidelines, and
regulations (n = 21) to aid urban planners in defining specific actions and alternative options
for implementing the UES concept, underscoring the importance of ecosystem-sensitive
conceptualization and the assessment of the bundle of urban ESs in UPG processes [85-88].
Additionally, context-based solutions for mitigating effects such as urban sprawl, micro-
climate changes, stormwater runoff, and flooding are offered, along with indicators and
thresholds to measure progress toward identified goals (n = 10).

Practical solutions, such as greening initiatives along children’s school routes, planning
UGI considering its multifunctional role, expanding park sizes or collective gardens, and
considering user needs, are suggested to enhance the accessibility, quality and connectivity
of urban parks, and biodiversity conservation [36,37,67,89,90] (Table S2). Despite these
solutions, various barriers impede their practical implementation and hinder the fulfillment
of national and EU goals regarding the integration of the ES concept into urban plans and
development strategies in the region. Critical challenges include building trust, strengthen-
ing local capacity, activating and training stakeholders, raising awareness, mobilizing data,
and utilizing objective environmental data for UES assessment (Table S2).

Few studies (n = 10) analyze the institutional infrastructure and the presence of ESs
in urban planning, public policy, and development strategies, highlighting the need to
harmonize sectorial policies, build stakeholder networks, and utilize NGOs to educate
about the importance of UGI [16,83,91]. Additionally, criteria for urban planning and
designing local adaptation strategies are identified [80,92,93] alongside the recognition of
nature-based solutions and their influence on economic development potential [69,94-96].

Across the region, inadequate institutional infrastructure, lack of awareness, funding,
and social support, and limited mobilization of different actors are common issues hinder-
ing effective integration of UESs into UPG [19,91,97-99]. These challenges are exacerbated
by factors such as insufficient access to existing data, the inadequate legal status of urban
green spaces (e.g., the informal green areas), limited recognition in the legislation of services
provided by ecosystems, limited cooperation between institutions, and conflicts between
sectoral urban policies [16,19,94,99,100]. Without proper data, clear legislative support, and
cooperation between different institutions and sectors, UPG efforts may lack coherence and
effectiveness. Moreover, conflicts between local and central urban policies are associated
with low environmental awareness, unconsidered sustainable development principles, and
limited stakeholder involvement [16,97] (Table S2). These conflicts can lead to disjointed
and inconsistent approaches to urban planning, hindering progress toward sustainable and
resilient urban development goals.

The involvement of stakeholders yielded valuable insights. For example, ref. [19]
uncovered institutional and social empowerment failures in Polish cities with over
100,000 inhabitants. Similarly, ref. [36] demonstrated similarities and mismatches in park
users’ needs for cultural UESs across Salzburg, Bucharest, and Poznan, underscoring the
importance of considering diverse stakeholder perspectives and the local socio-cultural
and environmental context in UPG processes. Implementing the SE concept is impossible
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without the involvement of all stakeholders, which is a true democratization of nature and
access to nature [98].

The reviewed literature identifies multiple barriers hindering the implementation of
the UES concept in UPG across CEE (Table 2). These barriers reveal persistent conceptual,
methodological, institutional, and regulatory limitations. The UES framework remains
difficult for local practitioners to interpret and apply, while trade-offs between services and
standardized evaluation methods are rarely considered. Institutional inertia, weak inter-
agency coordination, poor data accessibility, limited funding, and low awareness among
decision-makers further constrain implementation. In addition, urban green spaces often
lack clear legal recognition, and planning regulations remain fragmented and inconsistent.
Limited public engagement, insufficient collaboration between research and practice, and
frequent political shifts also disrupt policy continuity. Overall, these findings point to
structural and cognitive gaps that continue to impede the integration of UESs into urban
planning in the CEE region (Table 2).

Table 2. Barriers for the implementation of UES concept in UPG revealed by the reviewed literature

in Central and Eastern European countries in relation with four clusters of issues.

A. Establish goals for urban planners

B. Define actions and alternative options

-The concept of UES is abstract and difficult to understand by
local actors and practitioners [80,99,101].
-Poor understanding of the ES concept [19,80,97]

-Insufficient discussion about trade-offs between UES [97]
-Lack of consideration of trade-offs in urban GI [102]

- Lack of evidence including case studies, standardized methods,
and criteria to evaluate nature and its benefits [80].

C. Conditions and means of implementations

D. Planning and accountability

-Institutional inertia; lack of horizontal integration between
local and central agencies [98].

-Lack of proper data regarding UGS and improper access to
those existing, lack of communication strategies, lack of proper

evaluation methodologies to promote the ES concept [19,80,98].

-Lack or insufficient funding [19]

-Failure to include the benefits of trees in economic analysis [19]
- Insufficient social support for the existence of UGS [19,97]
-Lack of awareness of the significance of trees and greeneries
among decision makers and of UESs among local public
servants [19,80].

-Traditional way of working, resistance of decision-makers to
improve their planning procedures, institutional
inertia—reluctance toward new ideas and practices,
appreciation of the trees’ value [80,98,99,101].

-Poor legal status of UGS in the city regulations (i.e., brown land
and informal green); low recognition of the allotment gardens as
nature-based solutions in plans and legislations, unprofessional
or lack of spatial management plans; low level of inclusion and
recognition of UGS in the strategic documents and landscape
planning tools; contradictory urban planning regulation
[16,19,69,80,97].

-Lack or limited mobilization of community/society; lack of
cooperation between authorities and NGOs, between research
and practical institutions, lack of bottom-up approaches in
nature protection [19,101,103]

-Often changes in political representation in the city which has
different priorities [80]

-Less or even no consideration of NbS in construction and
transportation sectors and for supporting the citizens” health;
the economic potential of NbS is disregarded [94].
-Inappropriate planning, design and management of UGS
towards building and strengthen social cohesion [16,19,80].

- Post-socialist urban plans do not efficiently consider cultural
ecosystem services [91].

-Contradictions between sectors; limited inter- and
intra-institutional cooperation [16,19]

-A gap between the scientific literature and urban actors
concerning the development and importance of urban
ecological structures; limited capacity and reluctance to apply
ESs in planning practice [19,60]. A lack of regulation services
(pollination, pest control, and disease from the planning) [101].

NbS = Nature-based solutions; ESs = ecosystem services; UGS = urban green space, GI = green infrastruc-
ture, NGOs = non-governmental organizations, UESs = urban ecosystem services, UPG = urban planning
and governance.
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4. Discussion

Our study is the first to synthesize existing knowledge about UESs in the CEE region
and to examine the key challenges for their integration into UPG. Through a literature
review, we identify the main barriers preventing effective UES integration and assess
the extent to which stakeholder participation is considered in the ES assessment process.
We find that while there is a growing interest in UESs in the region, several conceptual,
methodological, and institutional challenges persist that hinder the practical application of
ecosystem services in urban planning. We present key findings, interpret their implications,
and suggest directions for future research and policy action.

4.1. UES Assessment: Despite Growing Interest, Significant Knowledge Gaps Remain Regarding
the Provision and Distribution of UESs in CEE

The interest in ESs, the knowledge base, and the experience in mainstreaming ecosys-
tems and their services in decision-making is rapidly developing worldwide. However,
while each ecosystem or region necessitates tailored solutions due to its unique social,
economic, and cultural context [7], except for the USA and China, most of the research
in this domain originates from Western Europe [28,80,104,105]. Our review underscores
a recent surge of interest in the CEE region regarding the study of UESs and a transition
from single-service assessments under local conditions to exploring multiple services, con-
texts, scales, methods, and stakeholder profiles and behavior [33,36,37,70,73,102,106-111].
Generally, it was catalyzed by EU strategies on biodiversity and green infrastructure [1]
alongside participation in regional or EU-financed initiatives and research projects [112].

Nevertheless, research efforts in the CEE region remain unevenly distributed, and
despite recent progress, the understanding of UESs and their distribution remains limited,
with substantial gaps both across and within countries. Of a total of 22 UESs identified in
the revised literature, over half of the studies (n =59, 60.2%) were conducted in a small
number of cities (ranging from one to seven, excluding [8]) (Figure 2), with a clear focus
on capital cities (38%), highlighting the need for broader exploration. The small number
of cities studied in the revised literature, combined with the predominance of single-city
study approaches (frequently justified by the unique historical and geographical contexts)
and short time frames, poses challenges in comprehending the overarching drivers con-
trolling UESs across the region (e.g., typologies) and local patterns in UES supply and
demand [22,72,113]. It also means that much of the variation in UES provisioning in the
region remains unexplored. Addressing these gaps entails scaling research efforts beyond
individual cities, replicating studies in diverse urban settings, and conducting compara-
tive analyses across different scales and levels of decision-making. Despite the inherent
complexities, such endeavors present invaluable opportunities to advance knowledge and
validate the applicability of results in various local contexts.

In the Western literature, there is a strong emphasis on designing urban landscapes
that support ecological principles to address various urban challenges, including food
security and poverty alleviation [21,114]. However, in CEE countries, there is a notable
lack of attention to production services in urban landscapes and the fundamental ecolog-
ical processes that underpin them. The ecosystem processes and functions that describe
biophysical relationships that exist, regardless of whether humans benefit, also remain
largely unstudied. This knowledge gap extends to understanding how UESs respond
to different environmental conditions and stressors, highlighting the need for further
empirical research.

To address these research gaps, future investigations should prioritize comprehensive
assessments of the bundle of UESs across urban landscapes. This entails identifying key
stressors affecting their provisioning, highlighting the threshold for each stressor, and
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simulating their context-specific potential impacts under different scenarios. Moreover,
changes in the probabilities of desirable UES conditions relative to the status should be
examined. These efforts are crucial for informing evidence-based urban planning strategies
aimed at enhancing ecosystem resilience and mitigating the impacts of climate change.

4.2. Conceptual Challenges and General Recommendations for UPG

Although the concept of ESs holds promise as a common language for researchers and
practitioners in urban planning [31], our review findings indicate that in the CEE region,
it is considered too abstract and difficult to understand by local actors and practition-
ers [19,99] (Table 2). Furthermore, we observed that the concept of ESs and its associated
terminology still lacks a common consensus. In our review, most studies did not focus on a
specific biophysical structure. Instead, generic terms such as green space, urban green land,
greenery, urban amenities, or urban biodiversity were often used interchangeably with the
well-defined concept of GL.

Except for [115-117] in other articles that conduct monetary and valuation assessments,
the concept of UESs is rarely used. Notably, no case study addressed the economic or
monetary value of UESs in the region. Instead, assessments focused on the value of “nature,”
“green spaces,” or “green amenities.” This issue is widespread in the ES literature [20,118].

As noted by [80], promoting concepts such as Gl or nature-based solutions may
resonate better with stakeholders. Seeking linkages and synergies between terms and
concepts could prove more valuable than dedicating excessive effort to single-concept
approaches in urban planning. However, from a planning perspective, such conceptual
mismatches can have serious consequences. They obscure the complexity of interactions,
trade-offs, and synergies among individual biophysical structures and UESs (Table 2).
Additionally, they can lead to confusion and situations where the development of such
important urban features is seen as unnecessary investment or where “revitalization”
efforts in central urban areas involve tree removal and concrete paving without public
opposition [19,85].

Further research is warranted to identify terms that are most effective in specific
contexts and to support planning for sustainability transitions within and beyond cities.
Addressing these challenges will require interdisciplinary collaboration, stakeholder en-
gagement, and a concerted effort to develop standardized methodologies and terminology
that resonate with local contexts and priorities.

While researchers acknowledge the potential relevance of UES findings for UPG, their
recommendations often remain too general, offering broad guidance rather than concrete
or detailed advice. This limits their direct applicability to urban planning contexts. This
gap presents opportunities for scientific advancement through the replication of studies
conducted elsewhere, facilitating methodological refinement and contextual adaptation to
better align with local imperatives [77].

4.3. Challenges in Translating ES Research into UPG

The identified barriers (Table 2) illustrate that integrating UESs into CEE urban plan-
ning remains constrained by interconnected institutional, cognitive, and regulatory chal-
lenges. The legacy of centralized governance, limited stakeholder participation, and frag-
mented institutional structures continues to hinder systemic adoption of ecosystem-based
approaches. The inherent heterogeneity of methodologies, spatial scales, and contextual
factors complicates the interpretation and application of UES assessment outcomes in a
sound and replicable way within local decision-making frameworks [80]. Although CEE
countries demonstrate an increasing trend toward adopting multiple research perspectives
and assessment methods, the region still lacks standardized metrics and tools (for differ-
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ent problems, scales, and contexts) accessible to stakeholders, thereby impeding effective
decision-making processes [80]. This challenge is further exacerbated by a lack of a priori
identification and definition of the UES beneficiaries.

Socio-ecological processes are highly context-dependent. Effective management inter-
ventions aimed at enhancing the supply and flow of UESs are feasible at local and mesoscale
levels and require robust knowledge frameworks and spatially explicit models of service
provision in addition to institutionalized mechanisms for collective decision-making and
action ([19,113,119-121]). While the number of reviewed papers exploring the challenges
hindering the mainstreaming of ESs into UPG in CEE countries is limited, our analysis
reveals several key insights.

In CEE countries, the implementation of the ES concept in urban planning is notably
influenced by historical factors such as the legacy of centralized economies and entrenched
top-down policy traditions and varying degrees of market-led, neo-performative (with
limited emphasis on social and environmental considerations in planning decisions) and
confirmative (seeking to balance environmental protection with socio-economic develop-
ment objectives) spatial governance and planning systems [122]. Despite nuanced spatial
governance approaches, reflecting each country’s unique context and evolving challenges
in urban development, similarities could be identified.

Our review highlights that in the region, UES governance encounters barriers arising
from institutional failures, bureaucratic hurdles, a lack of spatial plans, and institutionalized
mechanisms for collective decision-making, compounded by inadequate funding and
limited engagement of stakeholders (Table 2). The transition from hierarchical to multilevel
governance structures resulted in institutional inertia, overlapping responsibilities, limited
cooperation both within and between institutions, a lack of horizontal integration between
local and central agencies, contradictions between sectors, and, generally, a governance
system that remains not yet adapted to the contemporary realities [16,19,91,94,101,123]
(Table 2). These barriers pose significant obstacles to the practical implementation of the
ecosystem concept in UPG.

Moreover, the traditional way of working, resistance to change among decision-
makers, their reluctance toward new ideas and practices, inadequate social support, and
traditional modes of operation make the process even more difficult in the region (Ta-
ble 2). A couple of sine qua non conditions that are not fulfilled in the region (e.g.,
bottom-up approach, flexible institutional environment, funding, legislation, public aware-
ness) demonstrate serious limitations for the practical implementation of the ES approach
and its operationalization (Tables 2 and S2). To overcome such barriers, the authors call
for institutional reform of the governance and planning system, entailing strong reg-
ulations, integration of public participation, and investments in the cities” governance
process [16,19,66,79]. These initiatives can foster co-benefits, cost-effective solutions,
and limited or no urban sprawl, akin to successful case studies outside the CEE region,
e.g., [10,23]. Our results confirm previous statements in the literature, according to which
reworking the institutions of central planning into structures appropriate for addressing
the needs of multilevel governance is a slow, complex, and dynamic process that requires
evolution, co-adaptation, and learning [124].

4.4. Stakeholders” Perceptions and Views Are Not Fully Recognized in the Decision-Making Process

The UESs are co-produced by nature and communities in a socio-ecological syn-
ergy [125]. Learning how users relate to a specific ES is vital for planners and decision-
makers to effectively manage GI and prevent potential conflicts that may arise from dis-
satisfied stakeholders [126]. Moreover, recognizing the benefits derived from an ecosys-
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tem can foster a sense of responsibility among individuals towards supporting its good
ecological conditions.

While the global literature emphasizes stakeholders’ integration as an integral part
of environmental policy development and decision-making, the CEE context often adopts
top-down approaches, primarily viewing stakeholders as data providers for ES assessment
rather than active contributors to methodological development and public agenda [127].
This approach toward stakeholders as a data reservoir tends to prioritize ES assessment over
the formulation of strategies to support decision-making processes, a trend also observed
in the broader ES literature [28]. However, different ways to engage stakeholders could
provide different values for UGI. The situation will unlikely improve without improved
engagement and coordination at the municipal and regional levels.

To enhance UPG effective communication and knowledge sharing among various
actors, encompassing local planners, decision-makers, environmental groups, and citizens,
is paramount. Communication facilitates negotiation, co-creation, and refinement of urban
plans, which is pivotal in successful planning endeavors [12]. In the CEE, there is a
discernible shift towards broadening the scope of participation, embracing new engagement
strategies, stakeholder categories, methods, and research topics, mirroring developments
in the Western literature [114,128].

Fostering trust among different levels, sectors, and actors, coupled with raising aware-
ness about UES provisioning patterns and facilitating the co-creation of nature-based
solutions, emerges as a critical priority in the region. Drawing upon Western experiences,
CEE countries can leverage a diverse array of tools to improve information exchange and
communication in urban planning processes, including civic initiatives and e-governance
platforms [83,100-102,111,129-131]. Embracing citizen science and enhancing interactions
with the public can enrich the urban agenda with novel perspectives and approaches that
capture the multifaceted benefits of urban ecosystems. Nonetheless, further research is
needed to assess the level of stakeholders” awareness regarding the ES concept and their
engagement in decision-making processes.

5. Conclusions

This study synthesizes existing knowledge on UESs and their implications for UGI
planning in the CEE region. Despite growing interest, driven by EU strategies, research
remains uneven across and within countries, hindering decision-making and delaying UES
integration. The scarcity of spatially explicit data and standardized tools risks assumptions
of uniformity across scales, from site-specific biophysical structures to municipalities and
larger regional systems, thereby limiting progress toward sustainable urban governance.
Persistent conceptual misunderstandings, inconsistent terminology, the absence of stan-
dardized assessment tools, and insufficient stakeholder engagement further hinder UES
implementation within CEE cities and reflect challenges encountered globally. These is-
sues are compounded by institutional inertia, fragmented governance, and limited public
participation. The weak legal status of green spaces, insufficient inclusion of nature-based
solutions in policy frameworks, and the gap between science and practice are challenges
shared by many urban contexts beyond the region. Thus, the findings from CEE cities offer
valuable insights into common governance and implementation barriers that can inform
international efforts to mainstream UESs.

Overcoming these challenges requires stronger governance frameworks, inclusive and
participatory planning, and interdisciplinary collaboration supported by reliable data and
standardized assessment approaches. The issues identified in CEE cities (e.g., conceptual
ambiguity, weak legal recognition of green spaces, gaps between science and practice, and
the involvement of stockholders mainly as data providers) mirror global difficulties in



Environments 2025, 12, 469

17 of 23

translating ecosystem knowledge into actionable planning tools. Consequently, the findings
from this study offer insights relevant beyond the CEE context, contributing to international
discussions on mainstreaming UESs and advancing ecosystem-based urban transformation.
Ultimately, improving stakeholder engagement, coordination, and institutional capacity at
municipal and regional levels is essential to harness the full potential of UESs for resilient
and sustainable cities.

6. Study Limits

The authors adopted a rigorous and selective approach, with a focus on the peer-
reviewed literature, and did not aim for exhaustiveness. Specialized reports, the literature
in the languages of the analyzed countries, or legislative and popularization materials
were excluded. The study articles were selected exclusively from two major bibliographic
databases: Scopus and Web of Science. This decision was made to ensure the inclusion
of high-quality, peer-reviewed sources, as both databases index only articles of proven
academic rigor and validity.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/environments12120469 /s1. Table S1. The reviewed literature
included in the analysis, including authors, year of publication, analysis perspective, biophysical
structure analyzed (G.S), ecosystem services (ESs: P = provisioning, R = regulation and maintenance,
C = cultural services), method used, connection with policy systems (PSs), and stakeholder involve-
ment (SH), Y—Yes, N—No. Table S2. Solutions and recommendations for the implementation of
the urban ecosystem services concept in urban planning and governance revealed by the reviewed
literature in central and Eastern European countries, grouped in four clusters of issues: A = establish
goals for urban planners; B = define actions and alternative options (trade-offs); C = conditions and
means of implementations; D = planning and accountability.

Author Contributions: G.R.: conceptualization, formal analysis, methodology, supervision, valida-
tion, writing draft. D.B.: conceptualization, formal analysis, methodology, data curation, writing
draft. All authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by the University of Bucharest through a doctoral grant awarded
to DB.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conlflicts of Interest: The authors declare that they do not have any competing financial interest or
personal relationship that could have appeared to influence the work reported in this paper.

Abbreviations

The following abbreviations are used in this manuscript:

ESs Ecosystem Services

UESs  Urban ecosystem services

UGI  Urban green infrastructure

UPG  Urban planning and governance
EU European Union

GI Green Infrastructure

CEE  Central and Eastern Europe


https://www.mdpi.com/article/10.3390/environments12120469/s1
https://www.mdpi.com/article/10.3390/environments12120469/s1

Environments 2025, 12, 469 18 of 23

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Maes, J.; Zulian, G.; Thijssen, M.; Castell, C.; Baro, E; Ferreira, A.M.; Melo, ].; Garrett, C.P,; David, N.; Alzetta, C.; et al. Mapping
and Assessment of Ecosystems and Their Services: Urban Ecosystems; Publications office of the European Union: Luxembourg, 2016;
ISBN 9789279585159.

Costanza, R.; Sutton, P.C.; Costanza, R.; Arge, R.; De Groot, R.; Farber, S.; Grasso, M.; Hannon, B. The Value of the World’s
Ecosystem Services and Natural Capital The Value of the World’s Ecosystem Services and Natural Capital. Nature 1997,
387, 235-260. [CrossRef]

Haines-Young, R.; Potschin, M. The Links between Biodiversity, Ecosystem Services and Human Well—Being. In Ecosystem
Ecology: A New Synthesis; Raffaelli, D.G., Frid, C.L.]., Eds.; Cambridge University Press: Cambridge, UK, 2010; pp. 110-139,
ISBN 9780511750458.

Goémez-Baggethun, E.; Barton, D.N. Classifying and Valuing Ecosystem Services for Urban Planning. Ecol. Econ. 2013, 86, 235-245.
[CrossRef]

European Commission. Enhancing Europe’s Natural Capital; European Commission: Bruxelles, Belgium, 2013.

Hubacek, K.; Kronenberg, J. Synthesizing Different Perspectives on the Value of Urban Ecosystem Services. Landsc. Urban Plan.
2013, 109, 1-6. [CrossRef]

Keesstra, S.; Nunes, J.; Novara, A.; Finger, D.; Avelar, D.; Kalantari, Z.; Cerda, A. The Superior Effect of Nature Based Solutions in
Land Management for Enhancing Ecosystem Services. Sci. Total Environ. 2018, 610611, 997-1009. [CrossRef]

Lowicki, D. Landscape Pattern as an Indicator of Urban Air Pollution of Particulate Matter in Poland. Ecol. Indic. 2019, 97, 17-24.
[CrossRef]

European Commission; EU. Guidance on Integrating Ecosystems and Their Services into Decision-Making; European Commission:
Bruxelles, Belgium, 2019.

Ahern, ].; Cilliers, S.; Niemeld, J. The Concept of Ecosystem Services in Adaptive Urban Planning and Design: A Framework for
Supporting Innovation. Landsc. Urban Plan. 2014, 125, 254-259. [CrossRef]

Hersperger, A.M.; Biirgi, M.; Wende, W.; Bacau, S.; Gradinaru, S.R.; Federal, S.; Change, L. Does Landscape Play a Role in
Strategic Spatial Planning of European Urban Regions? Landsc. Urban Plan. 2020, 194, 103702. [CrossRef]

Wende, W.; Walz, U.; Stein, C. Evaluating Municipal Landscape Plans and Their in F1 Uence on Selected Aspects of Landscape
Development—An Empirical Study from Germany. Land Use Policy 2020, 99, 104855. [CrossRef]

Daskalova, D.; Slaev, A.D. Diversity in the Suburbs: Socio-Spatial Segregation and Mix in Post-Socialist Sofia. Habitat Int. 2015,
50, 42-50. [CrossRef]

Ianos, I.; Sorensen, A.; Merciu, C. Incoherence of Urban Planning Policy in Bucharest: Its Potential for Land Use Conflict. Land
Use Policy 2017, 60, 101-112. [CrossRef]

Badiu, D.L.; Ioja, C.I.; Patroescu, M.; Breuste, J.; Artmann, M.; Nitd, M.R ; GrAdinaruy, S.R.; Hossu, C.A.; Onose, D.A. Is Urban
Green Space per Capita a Valuable Target to Achieve Cities’ Sustainability Goals? Romania as a Case Study. Ecol. Indic. 2016,
70, 53-66. [CrossRef]

Bezék, P.; Mederly, P,; Izakovitovd, Z.; épulerové, J.; Schleyer, C. Divergence and Conflicts in Landscape Planning across Spatial
Scales in Slovakia: An Opportunity for an Ecosystem Services-Based Approach? Int. ]. Biodivers. Sci. Ecosyst. Serv. Manag. 2017,
13, 119-135. [CrossRef]

Halbac-Cotoara-Zamfir, R.; Ferreira, C.S.S.; Salvati, L. Long-Term Urbanization Dynamics and the Evolution of Green/Blue Areas
in Eastern Europe: Insights from Romania. Sustainability 2021, 13, 14068. [CrossRef]

Izakovicova, Z.; Mederly, P. Long-Term Land Use Changes Driven by Urbanisation and Their Environmental Effects (Example of
Trnava City, Slovakia). Sustainability 2017, 9, 1553. [CrossRef]

Kronenberg, J. Why Not to Green a City? Institutional Barriers to Preserving Urban Ecosystem Services. Ecosyst. Serv. 2015,
12,218-227. [CrossRef]

Kabisch, N.; Haase, D. Green Spaces of European Cities Revisited for 1990-2006. Landsc. Urban Plan. 2013, 110, 113-122. [CrossRef]
Haase, D.; Kabisch, S.; Haase, A.; Andersson, E.; Banzhaf, E.; Brenck, M.; Fischer, L.K.; Frantzeskaki, N.; Bar, E; Kabisch, N.;
et al. Greening Cities—To Be Socially Inclusive? About the Alleged Paradox of Society and Ecology in Cities. Habitat Int. 2017,
64, 41-48. [CrossRef]

Kabisch, N.; Strohbach, M.; Haase, D.; Kronenberg, J. Urban Green Space Availability in European Cities. Ecol. Indic. 2016,
70, 586-596. [CrossRef]

Lowicki, D.; Walz, U. Gradient of Land Cover and Ecosystem Service Supply Capacities- A Comparison of Suburban and Rural
Fringes of Towns Dresden (Germany) and Poznan (Poland). Procedia Earth Plan. Sci. 2015, 15, 495-501. [CrossRef]

Badiu, D.L.; Onose, D.A.; Nitd, M.R,; Lafortezza, R. From “Red” to Green ? A Look into the Evolution of Green Spaces in a Post-
Socialist City. Landsc. Urban Plan. 2019, 187, 156-164. [CrossRef]

Yao, Y.; Zheng, H.; Ouyang, Z.; Gong, C.; Zhang, |.; Ying, L.; Wen, Z. Impact of Urban Green Infrastructure on Ecosystem Services:
A Systematic Review. Ecol. Indic. 2025, 178, 113885. [CrossRef]


https://doi.org/10.1038/387253a0
https://doi.org/10.1016/j.ecolecon.2012.08.019
https://doi.org/10.1016/j.landurbplan.2012.10.010
https://doi.org/10.1016/j.scitotenv.2017.08.077
https://doi.org/10.1016/j.ecolind.2018.09.050
https://doi.org/10.1016/j.landurbplan.2014.01.020
https://doi.org/10.1016/j.landurbplan.2019.103702
https://doi.org/10.1016/j.landusepol.2020.104855
https://doi.org/10.1016/j.habitatint.2015.07.007
https://doi.org/10.1016/j.landusepol.2016.10.030
https://doi.org/10.1016/j.ecolind.2016.05.044
https://doi.org/10.1080/21513732.2017.1305992
https://doi.org/10.3390/su132414068
https://doi.org/10.3390/su9091553
https://doi.org/10.1016/j.ecoser.2014.07.002
https://doi.org/10.1016/j.landurbplan.2012.10.017
https://doi.org/10.1016/j.habitatint.2017.04.005
https://doi.org/10.1016/j.ecolind.2016.02.029
https://doi.org/10.1016/j.proeps.2015.08.057
https://doi.org/10.1016/j.landurbplan.2018.07.015
https://doi.org/10.1016/j.ecolind.2025.113885

Environments 2025, 12, 469 19 of 23

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Wang, X.; Hu, Q.; Zhang, R.; Sun, C.; Wang, M. Ecosystem Services in Urban Blue-Green Infrastructure: A Bibliometric Review.
Water 2025, 17, 2273. [CrossRef]

Veibiakkim, R.; Shkaruba, A.; Sepp, K. A Systematic Review of Urban Ecosystem Disservices and Its Evaluation: Key Findings
and Implications. Environ. Sustain. Indic. 2025, 26, 100612. [CrossRef]

Luederitz, C.; Brink, E.; Gralla, F; Hermelingmeier, V.; Meyer, M.; Niven, L.; Panzer, L.; Partelow, S.; Rau, A.L.; Sasaki, R.; et al. A
Review of Urban Ecosystem Services: Six Key Challenges for Future Research. Ecosyst. Serv. 2015, 14, 98-112. [CrossRef]
Chatzimentor, A.; Apostolopoulou, E.; Mazaris, A.D. A Review of Green Infrastructure Research in Europe: Challenges and
Opportunities. Landsc. Urban Plan. 2020, 198, 103775. [CrossRef]

Kronenberg, J.; Haase, A.; Laszkiewicz, E.; Antal, A ; Baravikova, A.; Biernacka, M.; Dushkova, D.; Fil¢ak, R.; Haase, D.; Ignatieva,
M.; et al. Environmental Justice in the Context of Urban Green Space Availability, Accessibility, and Attractiveness in Postsocialist
Cities. Cities 2020, 106, 102862. [CrossRef]

Haines-Young, R.; Potschin-Young, M.B. Revision of the Common International Classification for Ecosystem Services (CICES
V5.1): A Policy Brief. One Ecosystem 2018, 3, €27108. [CrossRef]

Costanza, R.; de Groot, R.; Braat, L.; Kubiszewski, I.; Fioramonti, L.; Sutton, P; Farber, S.; Grasso, M. Twenty Years of Ecosystem
Services: How Far Have We Come and How Far Do We Still Need to Go? Ecosyst. Serv. 2017, 28, 1-16. [CrossRef]
Czembrowski, P.; Kronenberg, J. Hedonic Pricing and Different Urban Green Space Types and Sizes: Insights into the Discussion
on Valuing Ecosystem Services. Landsc. Urban Plan. 2016, 146, 11-19. [CrossRef]

Dunford, R.; Harrison, P.; Smith, A.; Dick, J.; Barton, D.N.; Martin-Lopez, B.; Kelemen, E.; Jacobs, S.; Saarikoski, H.; Turkelboom,
F; et al. Integrating Methods for Ecosystem Service Assessment: Experiences from Real World Situations. Ecosyst. Serv. 2018,
29,499-514. [CrossRef]

Speak, A.; Mizgajski, A.; Borysiak, J. The Spontaneous Floral Diversity of Allotment Gardens. Acta Hortic. 2017, 1189, 389-394.
[CrossRef]

Zwierzchowska, I.; Hof, A.; Ioja, C.I.; Mueller, C.; Ponizy, L.; Breuste, J.; Mizgajski, A. Multi-Scale Assessment of Cultural
Eco-system Services of Parks in Central European Cities. Urban For. Urban Green. 2017, 30, 84-97. [CrossRef]

Tandari¢, N.; Watkins, C.; Ives, C.D. “In the Garden, I Make up for What I Can’t in the Park”: Reconnecting Retired Adults with
Nature through Cultural Ecosystem Services from Urban Gardens. Urban For. Urban Green. 2022, 77, 127736. [CrossRef]

Grzyb, T. Mapping Cultural Ecosystem Services of the Urban Riverscapes: The Case of the Vistula River in Warsaw, Poland.
Ecosyst. Serv. 2024, 65, 101584. [CrossRef]

Stepniewska, M. The Capacity of Urban Parks for Providing Regulating and Cultural Ecosystem Services versus Their Social
Perception. Land Use Policy 2021, 111, 105778. [CrossRef]

Kermavnar, J.; Vilhar, U. Canopy Precipitation Interception in Urban Forests in Relation to Stand Structure. Urban Ecosyst. 2017,
20,1373-1387. [CrossRef]

Kalinauskas, M.; Miksa, K.; Indcio, M.; Gomes, E.; Pereira, P. Mapping and Assessment of Landscape Aesthetic Quality in
Lithuania. J. Environ. Manage. 2021, 286, 112239. [CrossRef]

Murtinov4, V.; Gallay, L; Olah, B. Mitigating Effect of Urban Green Spaces on Surface Urban Heat Island during Summer Period
on an Example of a Medium Size Town of Zvolen, Slovakia. Remote Sens. 2022, 14, 4492. [CrossRef]

Nedekov, S.; Zhiyanski, M.; Borisova, B.; Nikolova, M.; Doncheva, B.B.; Semerdzhieva, L.; Ihtimanski, I.; Nikolov, P.; Aidarova, Z.
A Geospatial Approach to Mapping and Assessment of Urban Ecosystem Services in Bulgaria. Eur. ]. Geogr. 2018, 9, 34-50.
Nedkov, S.; Zhiyanski, M.; Dimitrov, S.; Borisova, B.; Popov, A. Mapping and Assessment of Urban Ecosystem Condition and
Services Using Integrated Index of Spatial Structure. One Ecosyst. 2017, 2, €14499. [CrossRef]

Deutscher, J.; Kupec, P.; Kucera, A.; Urban, J.; Ledesma, ].L.J.; Futter, M. Ecohydrological Consequences of Tree Removal in
an Urban Park Evaluated Using Open Data, Free Software and a Minimalist Measuring Campaign. Sci. Total Environ. 2019,
655, 1495-1504. [CrossRef]

Szkop, Z. An Evaluation of the Ecosystem Services Provided by Urban Trees: The Role of Krasiriski Gardens in Air Quality and
Human Health in Warsaw (Poland). Environ. Socio-Econ. Stud. 2016, 4, 41-50. [CrossRef]

Cwik, A.; Tomasz, W.; Ziaja, M.; Magdalena, W.; Kluska, K.; Kasprzyk, I. Ecosystem Services and Disservices of Vegetation in
Recreational Urban Blue-Green Spaces—Some Recommendations for Greenery Shaping. Forests 2021, 12, 1077. [CrossRef]
Sikorska, D.; Sikorski, P.; Hopkins, R.J. High Biodiversity of Green Infrastructure Does Not Contribute to Recreational Ecosystem
Services. Sustainability 2017, 9, 334. [CrossRef]

Sokét, M.; Laska, G. Biodiversity and Ecosystem Services: Complementary Approach for Catchment Protection and Land Use in
Northeastern Poland. Ecol. Indic. 2024, 159, 111649. [CrossRef]

Straupe, I.; Liepa, L. The Relation of Green Infrastructure and Tourism in Urban Ecosystem. Fore. Wood Process. 2018, 1, 111-116.
[CrossRef]

Kopeckd, M.; Szatmari, D.; Rosina, K. Analysis of Urban Green Spaces Based on Sentinel-2A: Case Studies from Slovakia. Land
2017, 6, 25. [CrossRef]


https://doi.org/10.3390/w17152273
https://doi.org/10.1016/j.indic.2025.100612
https://doi.org/10.1016/j.ecoser.2015.05.001
https://doi.org/10.1016/j.landurbplan.2020.103775
https://doi.org/10.1016/j.cities.2020.102862
https://doi.org/10.3897/oneeco.3.e27108
https://doi.org/10.1016/j.ecoser.2017.09.008
https://doi.org/10.1016/j.landurbplan.2015.10.005
https://doi.org/10.1016/j.ecoser.2017.10.014
https://doi.org/10.17660/ActaHortic.2017.1189.74
https://doi.org/10.1016/j.ufug.2017.12.017
https://doi.org/10.1016/j.ufug.2022.127736
https://doi.org/10.1016/j.ecoser.2023.101584
https://doi.org/10.1016/j.landusepol.2021.105778
https://doi.org/10.1007/s11252-017-0689-7
https://doi.org/10.1016/j.jenvman.2021.112239
https://doi.org/10.3390/rs14184492
https://doi.org/10.3897/oneeco.2.e14499
https://doi.org/10.1016/j.scitotenv.2018.11.277
https://doi.org/10.1515/environ-2016-0023
https://doi.org/10.3390/f12081077
https://doi.org/10.3390/su9030334
https://doi.org/10.1016/j.ecolind.2024.111649
https://doi.org/10.22616/rrd.24.2018.017
https://doi.org/10.3390/land6020025

Environments 2025, 12, 469 20 of 23

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Kothencz, G.; Blaschke, T. Urban Parks: Visitors’ Perceptions versus Spatial Indicators. Land Use Policy 2017, 64, 233-244.
[CrossRef]

Ostoi¢, S.K.; Marin, A.M.; Ki¢i¢, M.; Vuleti¢, D. Qualitative Exploration of Perception and Use of Cultural Ecosystem Services
from Tree-Based Urban Green Space in the City of Zagreb (Croatia). Forests 2020, 11, 876. [CrossRef]

Sylla, M.; Lasota, T.; Szewraniski, S. Valuing Environmental Amenities in Peri-Urban Areas: Evidence from Poland. Sustainability
2019, 11, 570. [CrossRef]

Giedych, R.; Maksymiuk, G. Specific Features of Parks and Their Impact on Regulation and Cultural Ecosystem Services Provision
in Warsaw, Poland. Sustainability 2017, 9, 792. [CrossRef]

Spyra, M.; Inostroza, L.; Hamerla, A.; Bondaruk, J. Ecosystem Services Deficits in Cross-Boundary Landscapes: Spatial Mismatches
between Green and Grey Systems. Urban Ecosyst. 2018, 22, 37-47. [CrossRef]

Gawryszewska, B.].; Myszka, I.; Banaszek, M.; Schwerk, A. Periurban Streetscape—Vernacular Front Gardens and Their Potential
to Provide Ecosystem Services: A Case Study of Warsaw, Poland. Sustainability 2023, 15, 2450. [CrossRef]

Bylak, A.; Kukuta, K.; Ortyl, B.; Haton, E.; Demczyk, A.; Janora-Hotyszko, K.; Maternia, J.; Szczurowski, L.; Ziobro, J. Small
Stream Catchments in a Developing City Context: The Importance of Land Cover Changes on the Ecological Status of Streams
and the Possibilities for Providing Ecosystem Services. Sci. Total Environ. 2022, 815, 151974. [CrossRef]

Kothencz, G.; Kolcsér, R.; Cabrera-Barona, P; Szilassi, P. Urban Green Space Perception and Its Contribution to Well-Being. Int. .
Environ. Res. Public Health 2017, 14, 101524. [CrossRef]

Marin, A.M.; Ki¢i¢, M.; Vuleti¢, D.; Ostoi¢, S.K. Perception and Attitudes of Residents Towards Green Spaces in Croatia—An
Exploratory Study. South-East. Eur. For. 2021, 12, 123-134. [CrossRef]

Stepniewska, M.; Sobczak, U. Assessing the Synergies and Trade-Offs between Ecosystem Services Provided by Urban Floodplains:
The Case of the Warta River Valley in Poznan, Poland. Land Use Policy 2017, 69, 238-246. [CrossRef]

Zieba-Kulawik, K.; Hawrylo, P.; Wezyk, P.; Matczak, P.; Przewozna, P.; Inglot, A.; Maczka, K. Improving Methods to Calculate
the Loss of Ecosystem Services Provided by Urban Trees Using LiDAR and Aerial Orthophotos. Urban For. Urban Green. 2021,
63, 127195. [CrossRef]

Pinto, L.V.; Indcio, M.; Bogdzevi¢, K.; Kalinauskas, M.; Gomes, E.; Pereira, P. Factors Affecting Cultural Ecosystem Services Use in
Vilnius (Lithuania): A Participatory Mapping Survey Approach. Heliyon 2023, 9, e15384. [CrossRef]

Hosu, A.C.; Ioja, I.-C.; Andreea, D.; Rdzvan, M.; Popa, A.-M.; Talaba, O.; Inostroza, L. Ecosystem Services Appreciation of Urban
Lakes in Romania. Synergies and Trade-Offs between Multiple Users. Ecosyst. Serv. 2019, 37, 100937. [CrossRef]
Zwierzchowska, I. Urban Ecosystem Services—Assessment of Potential at the Different Spatial Scale: An Example of Poznan. Econ.
Environ. 2017, 60, 19.

Koprowska, K.; Kronenberg, J.; Kuzma, I.B.; Edyta, L. Condemned to Green ? Accessibility and Attractiveness of Urban Green
Spaces to People Experiencing Homelessness. Geoforum 2020, 113, 1-13. [CrossRef]

Laszkiewicz, E.; Sikorska, D. Children’s Green Walk to School: An Evaluation of Welfare-Related Disparities in the Visibility of
Greenery among Children. Environ. Sci. Policy 2020, 110, 1-13. [CrossRef]

Laszkiewicz, E.; Kronenberg, J.; Marcificzak, S. Attached to or Bound to a Place? The Impact of Green Space Availability on
Residential Duration: The Environmental Justice Perspective. Ecosyst. Serv. 2018, 30, 309-317. [CrossRef]

Sowinska-Swierkosz, B.; Michalik-Sniezek, M.; Bieske-Matejak, A. Can Allotment Gardens (AGs) Be Considered an Example of
Nature-Based Solutions (NBS) Based on the Use of Historical Green Infrastructure? Sustainability 2021, 13, 835. [CrossRef]
Stoia, N.L.; Nitd, M.R.; Popa, A.M; Ioja, I.C. The Green Walk—An Analysis for Evaluating the Accessibility of Urban Green
Spaces. Urban For. Urban Green. 2022, 75, 127685. [CrossRef]

Gavrilidis, A.A.; Zakerhaghighi, K.; Popa, A.M.; Akbarian, S.Z.; Onose, D.A.; Gradinaru, S.R.; Slave, R.A. Perceptions of Cultural
Ecosystem Services Provision by Small Public Urban Green Spaces: Perspectives from Different Cultural Backgrounds. Urban
Ecosyst. 2024, 27, 699-716. [CrossRef]

Fischer, L.K.; Delshammar, T.; Elands, B.; Haase, D.; Kabisch, N.; Karle, S.J.; Lafortezza, R.; Nastran, M.; Nielsen, A.B.; Jagt, A.P.
Van Der Recreational Ecosystem Services in European Cities: Sociocultural and Geographical Contexts Matter for Park Use.
Ecosyst. Serv. 2018, 31, 455-467. [CrossRef]

Sikorska, D.; Edyta, L.; Krauze, K.; Sikorski, P. The Role of Informal Green Spaces in Reducing Inequalities in Urban Green Space
Availability to Children and Seniors. Environ. Sci. Policy J. 2020, 108, 144-154. [CrossRef]

Noszczyk, T.; Gorzelany, J.; Kukulska-Koziet, A.; Hernik, J. The Impact of the COVID-19 Pandemic on the Importance of Urban
Green Spaces to the Public. Land Use Policy 2022, 113, 105925. [CrossRef]

Bamwesigye, D.; Fialov4, J.; Kupec, P.; Lukaszkiewicz, ].; Fortuna-Antoszkiewicz, B. Forest Recreational Services in the Face of
COVID-19 Pandemic Stress. Land 2021, 10, 1347. [CrossRef]

Ugolini, F.; Massetti, L.; Calaza-Martinez, P.; Carifianos, P.; Dobbs, C.; Ostoic, S.K.; Marin, A.M.; Pearlmutter, D.; Saaroni, H.;
Sauliené, L; et al. Effects of the COVID-19 Pandemic on the Use and Perceptions of Urban Green Space: An International
Exploratory Study. Urban For. Urban Green. 2020, 56, 126888. [CrossRef] [PubMed]


https://doi.org/10.1016/j.landusepol.2017.02.012
https://doi.org/10.3390/f11080876
https://doi.org/10.3390/su11030570
https://doi.org/10.3390/su9050792
https://doi.org/10.1007/s11252-018-0740-3
https://doi.org/10.3390/su15032450
https://doi.org/10.1016/j.scitotenv.2021.151974
https://doi.org/10.3390/ijerph14070766
https://doi.org/10.15177/seefor.21-12
https://doi.org/10.1016/j.landusepol.2017.09.026
https://doi.org/10.1016/j.ufug.2021.127195
https://doi.org/10.1016/j.heliyon.2023.e15384
https://doi.org/10.1016/j.ecoser.2019.100937
https://doi.org/10.1016/j.geoforum.2020.04.017
https://doi.org/10.1016/j.envsci.2020.05.009
https://doi.org/10.1016/j.ecoser.2017.10.002
https://doi.org/10.3390/su13020835
https://doi.org/10.1016/j.ufug.2022.127685
https://doi.org/10.1007/s11252-023-01480-3
https://doi.org/10.1016/j.ecoser.2018.01.015
https://doi.org/10.1016/j.envsci.2020.03.007
https://doi.org/10.1016/j.landusepol.2021.105925
https://doi.org/10.3390/land10121347
https://doi.org/10.1016/j.ufug.2020.126888
https://www.ncbi.nlm.nih.gov/pubmed/33100944

Environments 2025, 12, 469 21 of 23

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Ugolini, F; Massetti, L.; Calaza-Martinez, P.; Carifianos, P.; Dobbs, C.; Krajter Ostoi¢, S.; Marin, A.M.; Pearlmutter, D.; Saaroni, H.;
Sauliene, I; et al. Understanding the Benefits of Public Urban Green Space: How Do Perceptions Vary between Professionals and
Users? Landsc. Urban Plan. 2022, 228, 104575. [CrossRef]

Inécio, M.; Gomes, E.; Bogdzevi¢, K.; Kalinauskas, M.; Zhao, W.; Pereira, P. Mapping and Assessing Coastal Recreation Cultural
Ecosystem Services Supply, Flow, and Demand in Lithuania. J. Environ. Manage. 2022, 323, 116175. [CrossRef]

Dltugorniski, A.; Dushkova, D.; Haase, D. Urban Cemeteries—Places of Multiple Diversity and Challenges. A Case Study from
L6dz (Poland) and Leipzig (Germany). Land 2022, 11, 677. [CrossRef]

Grunewald, K.; Bastian, O.; Louda, J.; Arcidiacono, A.; Brzoska, P.; Bue, M.; Cetin, N.I.; Dworczyk, C.; Dubova, L.; Fitch, A,;
et al. Lessons Learned from Implementing the Ecosystem Services Concept in Urban Planning. Ecosyst. Serv. 2021, 49, 101273.
[CrossRef]

Pukowiec-Kurda, K. The Urban Ecosystem Services Index as a New Indicator for Sustainable Urban Planning and Human
Well-Being in Cities. Ecol. Indic. 2022, 144, 109532. [CrossRef]

Szumacher, I.; Pabjanek, P. Temporal Changes in Ecosystem Services in European Cities in the Continental Biogeographical
Region in the Period from 1990-2012. Sustainability 2017, 9, 665. [CrossRef]

Van Der Jagt, A.PN.; Smith, M.; Ambrose-oji, B.; Konijnendijk, C.C.; Giannico, V.; Haase, D.; Lafortezza, R.; Nastran, M.; Pintar,
M.; Zeleznikar, S.; et al. Co-Creating Urban Green Infrastructure Connecting People and Nature: A Guiding Framework and
Approach. . Environ. Manage. 2019, 233, 757-767. [CrossRef]

Mouttaki, I.; Bagdanavi¢iate, I.; Maanan, M.; Erraiss, M.; Rhinane, H.; Maanan, M. Classifying and Mapping Cultural Ecosystem
Services Using Artificial Intelligence and Social Media Data. Wetlands 2022, 42, 86. [CrossRef]

Gavrilidis, A.A.; Nita, M.R.; Onose, D.A.; Badiu, D.L.; Nastase, L1. Methodological Framework for Urban Sprawl Control through
Sustainable Planning of Urban Green Infrastructure. Ecol. Indic. 2019, 96, 67-78. [CrossRef]

Vasilescu, A.G.; Nita, M.R.; Patru-Stupariu, I. Methods for Identifying the Benefits Associated With Urban Green Infrastructure
At Different Urban Scales. Carpathian J. Earth Environ. Sci. 2022, 17, 69-80. [CrossRef]

Petrova, S. Algorithm for Assessment and Modeling of Some Ecosystem Services in Urban Areas (Plovdiv, Bulgaria). Ecol. Balk.
2023, 15, 222-229.

Larondelle, N.; Haase, D.; Kabisch, N. Mapping the Diversity of Regulating Ecosystem Services in European Cities. Global Environ.
Change 2014, 26, 119-129. [CrossRef]

Csom6s, G.; Farkas, ].Z.; Szab6, B.; Bertus, Z.; Kovécs, Z. Exploring the Use and Perceptions of Inner-City Small Urban Parks: A
Case Study of Budapest, Hungary. Urban For. Urban Green. 2023, 86, 128003. [CrossRef]

Sobol, A.; Skubala, P.; Sobol, A. Students’ Perceptions and Their Derived Satisfaction of Urban Forests in the Most Industrial-ised
Region of Poland. Econ. Environ. 2021, 77, 126-143. [CrossRef] [PubMed]

Tandari¢, N.; Ives, C.D.; Watkins, C. From City in the Park to “Greenery in Plant Pots”: The Influence of Socialist and Post-Socialist
Planning on Opportunities for Cultural Ecosystem Services. Land Use Policy 2022, 120, 106309. [CrossRef]

Gavrilidis, A.-A.; Popa, A.; Nita, M.; Onose, D.; Badiu, D. Planning the “Unknown “: Perception of Urban Green Infrastructure
Concept in Romania. Urban For. Urban Green. 2020, 51, 126649. [CrossRef]

Vranic, P.; Zhiyanski, M.; Milutinovic, S. A Conceptual Framework for Linking Urban Green Lands Ecosystem Services with
Planning and Design Tools for Amelioration of Micro-Climate. J. Integr. Environ. Sci. 2016, 13, 129-143. [CrossRef]
Zwierzchowska, I.; Fagiewicz, K.; Poni, L.; Lupa, P.; Mizgajski, A. Introducing Nature-Based Solutions into Urban Policy—Facts
and Gaps. Case Study of Poznan. Land Use Policy 2019, 85, 161-175. [CrossRef]

Kasprzyk, M.; Szpakowski, W.; Poznariska, E.; Boogaard, F.C.; Bobkowska, K.; Gajewska, M. Technical Solutions and Benefits of
Introducing Rain Gardens—Gdarisk Case Study. Sci. Total Environ. 2022, 835, 155487. [CrossRef]

Wajchman—éwitalska, S.; Zajadacz, A.; Wozniak, M.; Jaszczak, R.; Beker, C. Recreational Evaluation of Forests in Urban En-
vironments: Methodological and Practical Aspects. Sustainability 2022, 14, 5177. [CrossRef]

Piwowarczyk, J.; Kronenberg, J.; Dereniowska, M.A. Marine Ecosystem Services in Urban Areas: Do the Strategic Documents of
Polish Coastal Municipalities Reflect Their Importance? Landsc. Urban Plan. 2013, 109, 85-93. [CrossRef]

Dick, J.; Turkelboom, E.; Woods, H.; Iniesta-Arandia, I.; Primmer, E.; Saarela, S.R.; Bezdk, P.; Mederly, P.; Leone, M.; Verheyden,
W.; et al. Stakeholders’ Perspectives on the Operationalisation of the Ecosystem Service Concept: Results from 27 Case Studies.
Ecosyst. Serv. 2017, 29, 552-565. [CrossRef]

Saarikoski, H.; Primmer, E.; Saarela, S.R.; Antunes, P.; Aszal6s, R.; Bar6, E; Berry, P.; Blanko, G.G.; Goméz-Baggethun, E.; Carvalho,
L.; et al. Institutional Challenges in Putting Ecosystem Service Knowledge in Practice. Ecosyst. Serv. 2018, 29, 579-598. [CrossRef]
Wriodarczyk-Marciniak, R.; Sikorska, D.; Krauze, K. Residents” Awareness of the Role of Informal Green Spaces in a Post-Industrial
City, with a Focus on Regulating Services and Urban Adaptation Potential. Sustain. Cities. Soc. 2020, 59, 102236. [CrossRef]
Schneider, J.; Kubitkova, H. The State of the Art of Use of the Concept of Ecosystem Services within Spatial Plans in the Czech
Republic. Sustainability 2020, 12, 9000. [CrossRef]


https://doi.org/10.1016/j.landurbplan.2022.104575
https://doi.org/10.1016/j.jenvman.2022.116175
https://doi.org/10.3390/land11050677
https://doi.org/10.1016/j.ecoser.2021.101273
https://doi.org/10.1016/j.ecolind.2022.109532
https://doi.org/10.3390/su9040665
https://doi.org/10.1016/j.jenvman.2018.09.083
https://doi.org/10.1007/s13157-022-01616-9
https://doi.org/10.1016/j.ecolind.2017.10.054
https://doi.org/10.26471/cjees/2022/017/201
https://doi.org/10.1016/j.gloenvcha.2014.04.008
https://doi.org/10.1016/j.ufug.2023.128003
https://doi.org/10.34659/2021/2/16
https://www.ncbi.nlm.nih.gov/pubmed/34765246
https://doi.org/10.1016/j.landusepol.2022.106309
https://doi.org/10.1016/j.ufug.2020.126649
https://doi.org/10.1080/1943815X.2016.1201516
https://doi.org/10.1016/j.landusepol.2019.03.025
https://doi.org/10.1016/j.scitotenv.2022.155487
https://doi.org/10.3390/su142215177
https://doi.org/10.1016/j.landurbplan.2012.10.009
https://doi.org/10.1016/j.ecoser.2017.09.015
https://doi.org/10.1016/j.ecoser.2017.07.019
https://doi.org/10.1016/j.scs.2020.102236
https://doi.org/10.3390/su12219000

Environments 2025, 12, 469 22 of 23

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Abramowicz, D.; Stepniewska, M. Public Investment Policy as a Driver of Change in the Ecosystem Services Delivery by an
Urban Green Infrastructure. Quaest. Geogr. 2020, 39, 5-18. [CrossRef]

Liepa, L.; Rendenieks, Z.; Jansons, A.; Miezite, O.; Dubrovskis, E. Mapping Forest Ecosystem Service Supply in Two Case Studies
in Latvia. App. Geogr. 2023, 155, 102969. [CrossRef]

Haase, D.; Larondelle, N.; Andersson, E.; Artmann, M.; Gomez-baggethun, E.; Hansen, R.; Kabisch, N.; Kremer, P.; Langemeyer,
J.; Rall, E.L.; et al. A Quantitative Review of Urban Ecosystem Service Assessments: Concepts, Models, and Implementation.
AMBIO 2014, 43, 413-433. [CrossRef]

Pereira, P.; Indcio, M.; Pinto, L.; Kalinauskas, M.; Bogdzevic, K.; Zhao, W. Mapping Ecosystem Services in Urban and Peri-urban
Areas. A Systematic Review. Geogr. Sustain. 2024, 5, 491-509. [CrossRef]

Bezak, P.; Bezakova, M. Landscape Capacity for Ecosystem Services Provision Based on Expert Knowledge and Public Perception
(Case Study from the North- West Slovakia). Ekol. Bratisl. 2014, 33, 344-353. [CrossRef]

Takdcs, A.; Kiss, M.; Hof, A.; Tandcs, E.; Gulyés, A. Microclimate Modification by Urban Shade Trees—An Integrated Approach to
Aid Ecosystem Service Based Decision-Making. Procedia Environ. Sci. 2016, 32, 97-109. [CrossRef]

Misiune, L; Julian, ].P,; Veteikis, D. Pull and Push Factors for Use of Urban Green Spaces and Priorities for Their Ecosystem
Services: Case Study of Vilnius, Lithuania. Urban For. Urban Green. 2021, 58, 126899. [CrossRef]

Speak, A.F.; Mizgajski, A.; Borysiak, J. Allotment Gardens and Parks: Provision of Ecosystem Services with an Emphasis on
Biodiversity. Urban For. Urban Green. 2015, 14, 772-781. [CrossRef]

Artmann, M.; Chen, X,; Ioja, C.; Hof, A.; Onose, D.; Ponizy, L.; Lamovsek, A.Z.; Breuste, ]. The Role of Urban Green Spaces in
Care Facilities for Elderly People across European Cities. Urban For. Urban Green. 2017, 27, 203-213. [CrossRef]

Kulezyk, S.; Grzyb, T.; WozZniak, E.; Derek, M. Nature in Urban Green Spaces: Main Attractor or Nice Background? Drivers and
Dynamics of Cultural Ecosystem Services Provision. Urban For. Urban Green. 2024, 96, 128328. [CrossRef]

Stepniewska, M.; Lupa, P.; Mizgajski, A. Drivers of the Ecosystem Services Approach in Poland and Perception by Practitioners.
Ecosyst. Serv. 2018, 33, 59—67. [CrossRef]

Kremer, P.; Hamstead, Z.A.; McPhearson, T. The Value of Urban Ecosystem Services in New York City: A Spatially Explicit
Multicriteria Analysis of Landscape Scale Valuation Scenarios. Environ. Sci. Policy 2016, 62, 57-68. [CrossRef]

Sdumel, I.; Reddy, S.E.; Wachtel, T. Edible City Solutions—One Step Further to Foster Social Resilience through Enhanced
Socio-Cultural Ecosystem Services in Cities. Sustainability 2019, 11, 972. [CrossRef]

Horvathova, E.; Badura, T.; Duchkovéd, H. The Value of the Shading Function of Urban Trees: A Replacement Cost Approach.
Urban For. Urban Green. 2021, 62, 127166. [CrossRef]

Suchocka, M.; Heciak, J.; Blaszczyk, M.; Adamczyk, J.; Gaworski, M.; Gawlowska, A.; Mojski, J.; Kalaji, H.M.; Kais, K.; Kosno-
Joriczy, ].; et al. Comparison of Ecosystem Services and Replacement Value Calculations Performed for Urban Trees. Ecosyst. Serv.
2023, 63, 101553. [CrossRef]

Hekrle, M.; Machég, J.; Dubovd, L. Evaluating Importance of Community Gardens in Times of Calm and Crisis: From Relaxation
to Food Self-Provisioning. Resources 2023, 12, 118. [CrossRef]

La Notte, A.; Maes, J.; Dalmazzone, S.; Crossman, N.D.; Grizzetti, B.; Bidoglio, G. Physical and Monetary Ecosystem Service
Accounts for Europe: A Case Study for in-Stream Nitrogen Retention. Ecosyst. Serv. 2017, 23, 18-29. [CrossRef] [PubMed]
Maseyk, EJ.F.; Mackay, A.D.; Possingham, H.P.; Dominati, E.J.; Buckley, Y.M. Managing Natural Capital Stocks for the Provision of
Ecosystem Services Managing Natural Capital Stocks for the Provision of Ecosystem. Conserv. Lett. 2016, 10, 211-220. [CrossRef]
Spake, R.; Bellamy, C.; Graham, L.J.; Watts, K.; Wilson, T.; Norton, L.R.; Wood, C.M.; Schmucki, R.; Bullock, ].M.; Eigenbrod, F. An
Analytical Framework for Spatially Targeted Management of Natural Capital. Nat. Sustain. 2019, 2, 90-97. [CrossRef]

Metzger, PJ.; Pedro, F,; Claudia, S.; Barbara, S.; Maron, M.; Eigenbrod, F. Connecting Governance Interventions to Ecosystem
Services Provision: A Social—Ecological Network Approach. People Nat. 2020, 46, 1-15. [CrossRef]

Berisha, E.; Cotella, G.; Janin Rivolin, U.; Solly, A. Spatial Governance and Planning Systems in the Public Control of Spatial
Development: A European Typology. Eur. Plan. Stud. 2021, 29, 181-200. [CrossRef]

Slaev, A.D.; Alexander, E.R.; Zdravkov, Z.; Ivanov, V.; Georgieva, S. Market Tools for the Provision of Urban Green Spaces in
Post-Socialist Sofia. Land Use Policy 2022, 122, 106377. [CrossRef]

Kais, K.; Gotas, M.; Suchocka, M. Awareness of Air Pollution and Ecosystem Services Provided by Trees: The Case Study of
Warsaw City. Sustainability 2021, 13, 10611. [CrossRef]

Kremer, P.; Andersson, E.; McPhearson, T.; Elmqvist, T. Advancing the Frontier of Urban Ecosystem Services Research. Ecosyst.
Serv. 2015, 12, 149-151. [CrossRef]

Buchel, S.; Frantzeskaki, N. Citizens” Voice: A Case Study about Perceived Ecosystem Services by Urban Park Users in Rotterdam,
the Netherlands. Ecosyst. Serv. 2015, 12, 169-177. [CrossRef]

Fish, R.; Church, A.; Winter, M. Conceptualising Cultural Ecosystem Services: A Novel Framework for Research and Critical
Engagement. Ecosyst. Serv. 2016, 21, 208-217. [CrossRef]


https://doi.org/10.2478/quageo-2020-0001
https://doi.org/10.1016/j.apgeog.2023.102969
https://doi.org/10.1007/s13280-014-0504-0
https://doi.org/10.1016/j.geosus.2024.06.002
https://doi.org/10.2478/eko-2014-0031
https://doi.org/10.1016/j.proenv.2016.03.015
https://doi.org/10.1016/j.ufug.2020.126899
https://doi.org/10.1016/j.ufug.2015.07.007
https://doi.org/10.1016/j.ufug.2017.08.007
https://doi.org/10.1016/j.ufug.2024.128328
https://doi.org/10.1016/j.ecoser.2018.08.010
https://doi.org/10.1016/j.envsci.2016.04.012
https://doi.org/10.3390/su11040972
https://doi.org/10.1016/j.ufug.2021.127166
https://doi.org/10.1016/j.ecoser.2023.101553
https://doi.org/10.3390/resources12100118
https://doi.org/10.1016/j.ecoser.2016.11.002
https://www.ncbi.nlm.nih.gov/pubmed/28344928
https://doi.org/10.1111/conl.12242
https://doi.org/10.1038/s41893-019-0223-4
https://doi.org/10.1002/pan3.10172
https://doi.org/10.1080/09654313.2020.1726295
https://doi.org/10.1016/j.landusepol.2022.106377
https://doi.org/10.3390/su131910611
https://doi.org/10.1016/j.ecoser.2015.01.008
https://doi.org/10.1016/j.ecoser.2014.11.014
https://doi.org/10.1016/j.ecoser.2016.09.002

Environments 2025, 12, 469 23 of 23

128.

129.

130.

131.

Brown, G.; Kyttd, M. Key Issues and Research Priorities for Public Participation GIS (PPGIS): A Synthesis Based on Empirical
Research. Appl. Geogr. 2014, 46, 122-136. [CrossRef]

Grzyb, T.; Kulczyk, S.; Derek, M.; Wozniak, E. Using Social Media to Assess Recreation across Urban Green Spaces in Times of
Abrupt Change. Ecosyst. Serv. 2021, 49, 101297. [CrossRef]

Sikorski, P.; Gawryszewska, B.; Sikorska, D.; Chormariski, J.; Schwerk, A ; Jojczyk, A.; Ciezkowski, W.; Archiciriski, P.; Lepkowski,
M.; Dymitryszyn, I.; et al. The Value of Doing Nothing—How Informal Green Spaces Can Provide Comparable Ecosystem
Services to Cultivated Urban Parks. Ecosyst. Serv. 2021, 50, 101339. [CrossRef]

Nowak-Olejnik, A.; Dzialek, J.; Hibner, J.; Liro, J.; Madej, R.; Sudmanns, M.; Haase, D. The Benefits and Disbenefits Associated
with Cultural Ecosystem Services of Urban Green Spaces. Sci. Total Environ. 2024, 926, 172092. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.apgeog.2013.11.004
https://doi.org/10.1016/j.ecoser.2021.101297
https://doi.org/10.1016/j.ecoser.2021.101339
https://doi.org/10.1016/j.scitotenv.2024.172092

	Introduction 
	Materials and Methods 
	The Coding Process 
	Content Analysis 

	Results 
	Current Understanding of UESs: Existing Knowledge, Emerging Trends, and Areas with Gaps or Limitations 
	Barriers and Challenges for the Effective Integration of Ecosystems and Their Services into UPG 

	Discussion 
	UES Assessment: Despite Growing Interest, Significant Knowledge Gaps Remain Regarding the Provision and Distribution of UESs in CEE 
	Conceptual Challenges and General Recommendations for UPG 
	Challenges in Translating ES Research into UPG 
	Stakeholders’ Perceptions and Views Are Not Fully Recognized in the Decision-Making Process 

	Conclusions 
	Study Limits 
	References

