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Abstract

Urban greenery represents a crucial component of green infrastructure, influencing eco-
logical stability, aesthetic quality, and the quality of life of urban residents. The aim of this
study was to characterise the functional-spatial structure of urban greenery in the city of
Nitra and to quantify the effects of selected urban, vegetation, and management factors
on its aesthetic appearance and health status using an integrated statistical approach. The
analysis was conducted on green spaces covering a total area of 1116.5 hectares, classified
into 20 functional categories. The most dominant categories were residential greenery
(31.47%), greenery at healthcare facilities (19.25%), and greenery at recreational facilities
(15.72%). To identify the factors influencing greenery quality, statistical models were ap-
plied to assess the determinants of vegetation aesthetics and health status. The result
demonstrated that maintenance intensity is one of the most significant determinants of
greenery quality. An increase in maintenance level by one unit increased the probability
of achieving a higher aesthetic rating by 112% and improved health status by 161%. The
strongest positive effect on aesthetic evaluation was observed for the proportion of conif-
erous trees. Conifers species increased the likelihood of achieving a higher aesthetic rating
by 3.7 times, while a positive effect was also observed for greater woody vegetation cov-
erage. In contrast, the total area of green spaces did not represent a significant predictor
of their quality. These findings confirm that the quality of urban greenery is determined
primarily by vegetation structure and management intensity rather than by total green
space area. They also highlight the need to move toward more targeted and scientifically
based maintenance strategies consistent with nature-based solutions principles, integrat-
ing the ecological, aesthetic, and social functions of urban greenery. This study provides
an empirical basis for more effective planning and management of urban greenery aimed
at enhancing ecological functionality, aesthetic value, and climate change adaptability.

Keywords: urban landscape; urban greenery; quality of greenery; determinants of quality;
municipal government
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1. Introduction

Urban greenery represents a multifunctional component of the urban environment
that provides environmental, social, and economic benefits [1]. It contributes to ecological
stability, enhances the aesthetic quality of the urban landscapes, and improves the quality
of life of urban residents [2,3]. The importance of urban vegetation is increasingly recog-
nised in relation to ecosystem service provision, biodiversity conservation, climate change
mitigation, and the psychological well-being of city dwellers [4].

In addition to these functional benefits, considerable research has focused on the aes-
thetic aspects of urban greenery. The visual quality of urban green spaces has become an
important research topic in landscape architecture, urban ecology, and environmental
planning.

Contemporary studies emphasise that the quality and aesthetic value of urban green-
ery result from the interaction of urban factors (functional spatial structure), ecological
factors (species composition, woody vegetation cover, and stand maturity), and manage-
ment factors (maintenance intensity). Together, these factors influence not only the visual
appearance of urban environments but also their ecological functions and residents” qual-
ity of life [5-7]. Accordingly, modern approaches to urban green space planning and man-
agement seek to integrate aesthetic, ecological, and social objectives to create sustainable,
multifunctional, and visually attractive urban environments [8,9]. Within the broader con-
text of sustainable urban development, urban greenery has become an essential compo-
nent of discussions on the sustainability of urban structures. Boutreux et al. [10] describe
the so-called “sustainable urbanism paradox,” which reflects the conflict between increas-
ing urban density and the simultaneous need to preserve and expand green infrastructure.
The authors identify critical “tipping points” at which substantial changes in urban envi-
ronmental quality occur and emphasise the importance of integrated planning that com-
bines built-up areas with green and blue infrastructure. Similarly, Rui et al. [11] based on
fine-scale monitoring of urban green spaces, demonstrated that urban greenery provides
multiple synergistic ecosystem services, particularly in environmental regulation and bi-
odiversity conservation. Their findings further indicate that trade-offs among individual
ecosystem services are relatively limited, highlighting the importance of integrated urban
green space management by local government for simultaneously achieving ecological
and social objectives.

Modern technologies, including GIS-based analysis, remote sensing, ecosystem ser-
vice assessment, and artificial intelligence (Al)-based applications for monitoring biodi-
versity and vegetation quality, play an increasingly important role in assessing the struc-
ture of urban greenery. These approaches enable more comprehensive evaluation of ur-
ban green infrastructure and support more effective planning and management of urban
green spaces [12]. Sentinel-2 satellites provide detailed information on the spatial struc-
ture of urban greenery and have become an important tool for urban planning and green
space management [13]. Current developments also increasingly emphasise the digitali-
zation of urban green space management. The use of smart technologies and Internet of
Things (IoT) systems allows vegetation maintenance to be optimised in real time, thereby
reducing operational costs while improving the quality of urban green spaces [14].

Increasing the proportion of green spaces has a positive effect on urban environment
quality [15]. However, the structure of urban greenery, which is closely related to urban
form and the degree of vegetation fragmentation, also plays a crucial role [16]. In residen-
tial areas, urban greenery is particularly important for mitigating the urban heat island
effect and improving residential quality, with evenly distributed vegetation and a higher
proportion of tree cover providing the greatest benefits [17]. Multilayered vegetation com-
posed of diverse woody and herbaceous species creates environments that are both eco-
logically more stable and aesthetically more valuable. Greater tree cover and higher pro-
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portion of natural vegetation positively influence biodiversity, carbon sequestration, tem-
perature regulation, and air quality, while also enhancing residents’ perception of the ur-
ban environment [18,19]. Improving the quality and functionality of urban greenery fur-
ther enhances ecological well-being [20]. In addition, appropriately designed plantings
increase the ecological functionality of urban parks, support biodiversity, improve micro-
climatic conditions, and contribute to higher visitor numbers and more positive percep-
tion of public spaces [21]. Species composition is another important determinant of urban
green space quality. Greater plant species diversity positively influences aesthetic evalu-
ation, psychological restoration, and biodiversity conservation [4]. These authors further
argue that urban natural areas with higher biodiversity provide a broader range of eco-
system services while increasing the attractiveness of public space. Tree cover is a key
determinant of urban environmental quality because its extent and spatial configuration
significantly influence microclimatic conditions, aesthetic perception, and the ecological
stability of urban areas [22,23]. Other important factors influencing urban greenery qual-
ity are functional spatial structure and vegetation cover within urban environments.
Hanna et al. [24] demonstrated that the ecological and aesthetic value of urban green in-
frastructure depends on vegetation naturalness, functional land use, and the proportion
of impervious surfaces. A greater proportion of vegetation improves ecological stability
and microclimatic conditions while simultaneously enhancing the visual quality of urban
space. Seasonal stability represents another important factor affecting the aesthetic value
of urban greenery and is largely associated with the presence of coniferous trees. These
species ensure year-round visual continuity and contribute to structural and colour diver-
sity during periods when deciduous vegetation is less visually attractive. The combination
of deciduous and coniferous trees also improves the compositional quality of urban land-
scapes while supporting the stability of ecosystem functions [18,24]. Greater structural,
species, and colour diversity positively influence both the aesthetic value and restorative
potential of urban green spaces, with more complex vegetation structures increasing us-
ers’ satisfaction [25]. Urban vegetation also contributes to shaping local identity, recrea-
tional potential, and the perceptual quality of the urban environment [26]. Furthermore,
qualitative characteristics of urban greenery, including vegetation structure, spatial legi-
bility, and aesthetic organisation, may be just as important as species diversity in shaping
positive perceptions of the urban environments [27]. Moreover, the aesthetic perception
of vegetation varies throughout the year, with seasonal diversity in vegetation forms and
colours enhancing both visual attractiveness and public acceptance [28].

Recent research highlights the importance of the structure and connectivity of urban
greenery. Higher levels of green connectivity increase its multifunctionality, particularly
in relation to climate regulation, biodiversity conservation, and recreational ecosystem
services [29]. The importance of linear habitat elements has also been demonstrated, as
they significantly influence biodiversity and cultural ecosystem services while directly af-
fecting the aesthetic perception of urban spaces [30]. Within a comprehensive understand-
ing of green infrastructure, increasing attention is being devoted to the concept of blue-
green infrastructure, which integrates vegetation and water elements within urban envi-
ronments. This integrated “biodiversity-inclusive” approach supports ecological connec-
tivity, species diversity, and ecosystem functionality while simultaneously enhancing the
aesthetic quality and climate resilience of the urban areas [31]. Song et al. [32] further con-
tribute to this perspective by proposing a comprehensive framework for assessing the
ecological health of blue-green infrastructure, integrating landscape structure, ecological
process, and functional linkages. Their findings demonstrate that maintaining a balance
among these components is crucial for the stability and sustainability of urban ecosys-
tems. Consequently, recent studies have increasingly focused on the integration of blue-
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green infrastructure, particularly urban water elements, which represent an important
component of nature-based solutions in urbanised environments [33].

Maintenance intensity represents another significant factor affecting the aesthetic
quality and health condition of urban greenery. The intensity of maintenance and the
quality of governance are among the key determinants influencing the functionality of
urban green spaces [8,34]. While excessive maintenance practices may reduce biodiver-
sity, integrated management approaches based on nature-based solutions and green in-
frastructure principles can enhance ecological stability and support the long-term sustain-
ability of urban ecosystems [34]. Conversely, differentiated management approaches and
reduced maintenance intensity can promote greater biodiversity and a more natural ap-
pearance of vegetation, which may also increase aesthetic value [8]. Even less intensively
managed areas with wildflower plantings can provide substantial ecological benefits, par-
ticularly by supporting pollinators and enhancing biodiversity in urban environments
[35]. Moreover, vertical greenery has the potential to significantly increase pollinator di-
versity in highly urbanised areas and partially compensate for the limited availability of
horizontal green spaces [36]. However, the implementation of biodiversity-oriented man-
agement measures is often constrained by limited municipal capacities, particularly finan-
cial and human resources, resulting in considerable differences in the quality and func-
tionality of urban greenery among settlements [37]. Vogt [38] further develops this per-
spective through the concept of “refined wilding,” which integrates spontaneous vegeta-
tion into the urban landscapes while maintaining a balance between functional biodiver-
sity and socially accepted aesthetic standards. More broadly, effective green infrastructure
management requires appropriate governance mechanisms and participatory planning
processes. Varo et al. [39] emphasise that the implementation of green infrastructure in
Slovakia is strongly influenced by management quality and public participation in plan-
ning processes, which contribute to higher social acceptance and improved functional per-
formance of urban greenery.

Based on the identified findings, recent research suggests three dominant relation-
ships: (1) the spatial structure of urban greenery significantly influences biodiversity and
ecosystem functions through connectivity and fine-scale heterogeneity [10,11,29-31]; (2)
the intensity and type of management are key factors affecting both ecological and social
outcomes of urban greenery, with the importance of adaptive and “smart” governance
approaches increasingly recognised [8,9,20,33,34,38]; and (3) aesthetic preferences demon-
strate non-linear and context-dependent relationships with vegetation complexity, reflect-
ing a trade-off between “wild” and intensively managed forms of greenery [25,28]. Cur-
rent research in Slovakia [16,17,22,26,39] indicates that the quality of urban greenery re-
sults from interactions between several interconnected factors. First, urban structure de-
termines the spatial framework of green spaces, while tree vegetation represents a key
ecological and aesthetic component. Second, management and maintenance practices sub-
stantially influence biodiversity and ecological stability, and the long-term performance
of urban greenery. Third, participatory approaches and governance mechanisms play an
important role in the implementation and acceptance of green measures. Fourth, connec-
tivity and fragmentation are fundamental determinants of ecological functionality. Over-
all, existing studies indicate that the quality of urban greenery is primarily determined by
vegetation structure, management practices, and spatial configuration rather than by the
total amount of green space alone. Slovak studies are largely consistent with international
research trends, particularly regarding three main aspects: the importance of tree vegeta-
tion, the effects of fragmentation and connectivity on ecological functions, and the role of
management and maintenance in shaping ecological and social outcomes. These findings
correspond with the international literature [8,25], which identifies management intensity
and vegetation structure as major determinants of biodiversity and human perception of
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urban greenery quality. A detailed overview of recent international and Slovak studies is
provided in Supplementary Tables S1 and S2.

Nevertheless, studies integrating urban, vegetation, and management factors into a
unified quantitative framework to explain the aesthetic quality and health status of urban
greenery remain relatively rare. This limitation is important because urban green spaces
are neither experienced nor managed through isolated attributes. Their aesthetic quality
and ecological condition emerge from the interaction between vegetation structure, urban
context, and maintenance practices. This integrated perspective is increasingly important
as cities face growing pressures related to climate change, urban densification, biodiver-
sity loss, and increasing demands for multifunctional green infrastructure. Evaluating
these dimensions separately may therefore overlook the combined effects that determine
the overall performance of urban green infrastructure. Although previous research has
examined individual aspects of urban greenery, empirical evidence on how urban, vege-
tation, and management factors jointly influence aesthetic quality and health status re-
mains limited, particularly in Central European cities. Most studies focus on vegetation
characteristics, management practices, or spatial context separately rather than within an
integrated analytical framework. Consequently, urban planners and managers have lim-
ited scientific evidence to support evidence-based planning, maintenance prioritisation,
and climate adaptation strategies. Furthermore, previous research has relied predomi-
nantly on spatial analyses, ecological indices, and remote sensing techniques, whereas
econometric approaches have been applied less frequently, particularly for the integrated
assessment of aesthetic quality and vegetation health at the level of individual urban
green spaces. This study addresses this research gap by applying ordered logit models to
quantify the effects of urban, vegetation, and management characteristics on these two
key quality indicators within a unified quantitative framework, thereby providing evi-
dence to support urban green infrastructure planning and management. Therefore, the
aim of this study was to characterise the functional-spatial structure of urban greenery in
the city of Nitra and to quantify the effects of selected urban, vegetation, and management
factors on its aesthetic appearance and health status using an integrated statistical ap-
proach.

To achieve this aim, the study was structured around three specific research objec-
tives and corresponding research questions. Specific Research Objectives:

1. To characterise and evaluate the functional-spatial structure of urban greenery in the
study area based on specific green space categories, vegetation types and their spatial
coverage.

2. To assess statistically significant differences in aesthetic appearance, health status,
and maintenance levels among different functional-spatial categories of urban green-
ery.

3. To identify and quantify the influence of selected urban, vegetation, management
(including maintenance), and functional-spatial factors on the aesthetic appearance
and health status of urban greenery.

Based on these objectives, the study addressed the following research questions:

RQ1: What is the functional-spatial structure of urban greenery in the city of Nitra in terms of
the distribution and representation of different green space categories?

RQ2: Are there statistically significant differences in aesthetic appearance, health status, and
maintenance levels among different functional-spatial categories of urban greenery?

RQ3: Which urban, vegetation, management, and functional-spatial factors significantly influ-
ence the aesthetic appearance and health status of urban greenery?
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2. Materials and Methods
2.1. Research Framework and Methodological Design

The overall research framework and methodological workflow are presented in Fig-
ure 1. The research procedure consisted of four interconnected stages: (1) definition of the
study area and identification of investigated urban green spaces, (2) classification of urban
greenery into 20 functional-spatial categories (G1-G20) followed by field inventory and
expert assessment, (3) evaluation of vegetation, spatial, management, and functional in-
dicators, and (4) statistical analysis using descriptive statistics, Kruskal-Wallis tests, and
ordered logistic regression models to identify determinants of aesthetic quality and tree
health status.

Vegetation indicators Spatial and management indicators

*

Aesthetic quality Health status

Descriptive statistics Kruskal-Wallis test Ordered logit models

Figure 1. Research framework and methodological workflow of the study.

2.2. Data Sources

Empirical field data were collected over a three-year period (2023-2025). The study
conducted in the city of Nitra, Slovakia, focusing on selected urban green spaces repre-
senting characteristic types of urban landscape. The research area covered the entire
build-up area of the city. Peripheral areas with low vegetation density, as well as locations
characterised by dispersed development that did not meet the defined criteria for urban
density, were excluded from the analysis. The total built-up area of Nitra covers 1392.8
ha, of which 1116.5 ha were included as investigated urban green spaces The population
of Nitra was 75,301 inhabitants in 2025 [40].

Initially, target areas were identified using the official city map and subsequently
subjected to spatial and field-based assessment. The spatial extent of individual green
spaces was derived from cartographic baseline data. Each green space was classified using
a numerical code (G1-G20) and an associated descriptive category label (e.g., Urban Park,
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Pocket Park, Housing Estate Greenery) according to the functional-spatial classification
framework [41]. Data collection was conducted through systematic field surveys aimed
the current condition and functional characteristics of urban greenery within the selected
localities. Following the field assessment, the condition of greenery was evaluated using
a five-point ordinal scale (1-5) based on predefined assessment criteria. The use of an or-
dinal scale ensured consistent differentiation among assessed sites while reducing poten-
tial observer-related variability. Each score corresponded to clearly defined qualitative
thresholds, supporting transparency and reproducibility of the evaluation process. The
resulting ordinal data structure was suitable for subsequent application of Ordered Logit
Models. All field observations were recorded in a structured inventory database. The as-
sessment of aesthetic—architectural impact was based on standardised expert evaluation
protocol derived from established landscape architecture and urban forestry approaches
in Central Europe [41-43].

To enhance reproducibility and reduce subjective interpretation, each site was eval-
uated according to predefined criteria:

e  Spatial Composition and Scale: Assessment of whether vegetation structure, size and
spatial arrangement corresponded to the proportions and character of the site (e.g.,
compatibility of tree dimensions with formal historical compositions or visual open-
ness requirements).

e Visual Integrity and Dominance: Assessment of the preservation of important visual
axes, sightlines, and relationships between vegetation and architectural features.

e  Functional-Aesthetic compatibility: Assessment of whether vegetation supported or
conflicted with the intended function and character of the site (e.g., formal parks,
residential greenery, recreational areas).

The expert assessment was performed by a team of three landscape architects spe-
cialising in dendrology, arboriculture, and phytopathology, each with approximately 20
years of professional experience. All experts conducted field evaluations simultaneously.
Differences in scoring were discussed and resolved through a predefined consensus pro-
cedure based on the established evaluation criteria.

Urban greenery within the study area was classified into 20 functional-spatial cate-
gories (G1-G20), reflecting differences in ecological function, spatial structure, manage-
ment regime, and social use. A detailed description of all categories is provided in Sup-
plementary Table S3. The classification included major categories such as public parks
(G1-G2), residential greenery (G3, G18-G20), transport-related greenery (G4-G6, G17),
protective and ecological greenery (G7-G9, G16), and institutional/recreational greenery
(G10-G15).

The overall quality of urban greenery was evaluated using a multi-criteria frame-
work integrating functional characteristics, vegetation structure, health condition, and
management intensity, as shown in Table 1. The assessment considered the proportion of
functional green areas, the potential for woody vegetation enhancement, vegetation ma-
turity, current vegetation health, and maintenance practices. These parameters were con-
sidered key determinants influencing both ecosystem service provision and the visual-
spatial quality of urban greenery.
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Table 1. Overview of evaluation classifiers divided into three functional pillars.

Functional Pillar Evaluated Indicator Data Collection Method

Classification of Green Space
Ratio Within the Analysed
Area

Maturity of Vegetation

On-site inventory and expert
visual health assessment

I. Criteria Determining the

Quality of Vegetation Woody Vegetation Coverage

Classification of Vegetation
Health Status
Aesthetic and Architectural
Impact of Greenery

Maintenance Intensity and
Management Quality Classi-
fication

Urban Density and Context
Intensity Classification

IL. Criteria for Correcting Spatial Distribution Relative
the Analysis Results of De- to Anthropogenic Stress

termining Vegetation
Quality Indicators

On-site inventory and expert
visual assessment; spatial
proximity and infrastructure
analysis

Classification of Non-native
Woody Species Proportion

Classification of Coniferous
Woody Species Proportion

I1I1. Relational Criteria (for
the decision-making pro-
cess)

Primary Function of Vegeta-

. Expert visual assessment
tion

Source: Own processing and [41].

The scoring criteria employed for the subsequent analyses are summarised in Table

Table 2. Evaluation criteria and scoring scale.

Evaluation Criteria

Score

1-

Classification of
Green Space Ratio
(GSR) Within the An-

alysed Area i

5-

The area covered by (or suitable for) functional vegetation—as opposed to unmaintained,
degraded, or weed-infested plots —accounted for less than 25% of the total assessed area
(£25%);

The proportion of functional (or potentially functional) vegetation cover falls within the
range 25% to approximately 33% of the total assessed area (25% < x < 33%);

The proportion of functional vegetation cover remains at or below 50% of the total as-
sessed area (<50%);

The proportion of functional vegetation cover ranges from 50% to approximately 67% of
the total evaluated area (50% < x < 67%)’

The proportion of functional vegetation cover is predominant, exceeding 66% threshold of
the evaluated area (>67%).

1-

Maturity of Vegeta- o
tion

Juvenile: Predominantly newly planted vegetation (age < 10 years); mature tree projected
crown coverage does not exceed 10% of the total stand area;

Active Growth: Most vegetation stands are in the phase of active growth and development
(age approx. 10-50 years); mixtures of older or younger categories do not exceed 25% of
the total area;

Mature/Old-Growth: Predominantly mature vegetation (age > 50 years); earlier succes-
sional stages represent a maximum of 20% of the total area;
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4- Heterogeneous/Mixed: Vegetation stands comprising all three maturity categories (Classes
1, 2, and 3), with each category occupying at least 20% of the total area;

5-  Senescent/Degrading: The stand is in a state of senescence and decline; mature/senescent
specimens cover more than 25% of the total area, with the remainder consisting of younger
stands.

1- <25%;

. 2- 25-33%;
Woozij}(l)‘?giie’;atlon 3 33.50%
8 4 50-67%;
5-  >67%.
1-  Severely damaged: >33% of the stand is affected by desiccation, fungal/pest infestation, or

Classification of Vege-

decay; >33% of lawn/flowerbed area overgrown with weeds.
Moderately damaged: Significant damage present but affecting <33% of plants or total
area.

tation Health Status 3- Visibly damaged: Visible signs of stress or damage; affects <33% of the total area.
4-  Significantly impaired: Localised damage/impairment in specific criteria only.
5-  Healthy: Negligible damage; does not exceed 5% in any assessment criteria.
1- Inappropriate: Vegetation is aesthetically and functionally unsuitable for the given site
(e.g., massive trees in formal historic parterres or chaotic overgrowth blocking key vistas).
2-  Negative (Obstructive): Vegetation impairs the architectural design, e.g., by obstructing

Aesthetic and Archi- 3-
tectural Impact of
Greenery 4-

5-

views of urban landmarks or causing undesirable optical reduction in space.

Neutral: Vegetation is aesthetically neutral, though it may still provide functional (hy-
gienic/ecosystem) benefits.

Significant: Vegetation is aesthetically important; its absence or poor health would impov-
erish the space but not critically degrade its overall quality.

High potential/Critical: Vegetation is aesthetically highly valuable or has significant poten-
tial for high aesthetic impact through improved maintenance/management. Its absence or
poor condition significantly degrades the urban space.

Maintenance Intensity3-
and Management
Quality Classification
4-

Neglected: Minimal/no maintenance; spontaneous woody encroachment; proliferation of
invasive species (Ailanthus altissima, Acer negundo, Lycium barbarum, Amorpha fruticosa, Soli-
dago canadensis, Fallopia sp., etc.); unmaintained paths and structures.

Low-intensity: Basic upkeep; mowing 1-2x/year; removal of dead wood only; uncontrolled
sapling encroachment; paths maintained only for basic access; weed-dominated flower-
beds (if present).

Standard/Adaptive: Essential maintenance; mowing 2-3x/year; sanitary pruning and train-
ing; removal of diseased/hazardous trees; routine maintenance of paths and furniture;
basic flowerbed care.

High-intensity: Systematic maintenance; regular mowing; active canopy management
(pruning/shaping); periodic rejuvenation of shrubs; well-maintained, clean paths and fur-
niture; high-quality, aesthetic flowerbeds.

Intensive/Premium: Exemplary care; specialised turf management; full suite of silvicultural
treatments (fertilisation, irrigation, enrichment planting); daily cleaning; premium, season-
ally updated flowerbeds.

Urban Density and
Context Intensity
Classification

High density (2250 inhabitants/ha): Predominantly built-up area; extensive impervious
surfaces; high-density housing or workplace concentration.

Medium density (<250 inhabitants/ha): Dense urban fabric; significant share of impervious
surfaces; moderate population density.

Lower density, urban (~100 inhabitants/ha): Open urban structures (e.g., residential es-
tates, villa quarters, cultural/sports facilities).
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4-  Suburban/green (50-100 inhabitants/ha): Sparse development; large parks and green infra-
structure areas.

5- Low density/periurban (<50 inhabitants/ha): Very sparse development; predominantly un-
built-up or natural landscapes.

1-  Extreme: Very high pollutant/salinity levels; prevents the survival of sensitive woody spe-

Spatial Distribution 2-
Relative to Anthropo-

cies.
High: Significant stress; sensitive species die off; more resilient species show severe dam-
age.

genic Stress 3- Moderate: Clearly detectable stress; most species survive with minor visible damage.
4- Low: Negligible stress; damage is limited only to the most sensitive species.
5-  None: No observable impact of anthropogenic stress on any vegetation.
1- Predominantly native species; introduced species present as negligible trace elements.

Classification of Non-
native Woody Species 3
Proportion 4
5-

(<1%);

Stands with minor admixtures of introduced species (1-10%);
Mixed stands with a moderate share of introduced species (10-30%);
Higher proportion of introduced species (31-50%);

Predominantly non-native species. (>50%).

Classification of Co-
niferous Woody Spe- 3
cies Proportion

Negligible occurrence of coniferous species (<5%);
Minor occurrence of coniferous species (5-10%);
Notable representation of coniferous species (10-30%);

4- A significant proportion of coniferous species (>30%).

1. Representative Greenery —Located in prominent locations (e.g., in front of landmarks,
squares, central parks, and historical gardens).

2. Recreational Greenery —Designed for short- to medium-term stay (e.g., leisure parks,

Primary Function of 3.
Vegetation
4.

woodland parks, outdoor pools, and sports facilities).

Hygienic and Bioclimatic Greenery —Primarily functional areas (e.g., protective buffer
zones, housing estate alleys, and riparian vegetation along watercourses).
Restricted/Private Greenery (Hygienic/Bioclimatic Focus) —Privately held or restricted ar-
eas influencing local microclimate and environmental hygiene.

Restricted/Private Greenery (Aesthetic/Visual Focus)—Privately held or restricted areas
contributing primarily to the urban visual quality and aesthetic character.

Source: Own processing and [41]. Notes: UGS, Urban Green Spaces; GSR, Green Space Ratio; ha, Hec-
tares.

2.3. Methods

To evaluate the functional-spatial structure of urban green spaces and identify the
determinants influencing their aesthetic quality and health condition, a combined statis-
tical approach integrating descriptive and inferential analysis was applied

First, descriptive statistics were used to characterise investigated variables and spa-
tial structure of urban greenery. The analysis included the calculation of area extent, per-
centage representation, and the distribution of functional-spatial structure of urban green
spaces (G1-G20). The results were presented using tables and figures to provide a com-
prehensive overview of the spatial composition of the studied green spaces.

Second, statistically significant differences among functional-spatial categories were
examined using the non-parametric Kruskal-Wallis test. This method is appropriate for
comparing multiple independent groups when the assumptions of parametric tests are
not fulfilled and when variables are measured on ordinal scales. The test was applied to
assess differences in aesthetic quality, vegetation health condition, and maintenance in-
tensity among the identified categories. Statistical significance was evaluated at the p <
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0.05 level. Where significant differences were detected, post hoc pairwise comparisons
were performed using Dunn'’s test with Bonferroni correction for multiple comparisons.

Third, ordered logistic regression models were applied to identify the factors affect-
ing the aesthetic quality and health condition of urban greenery. The method was selected
due to the ordinal character of the dependent variables. Ordered logit models assume the
existence of an urban unobserved continuous latent variable underlying the observed or-
dinal categories, which are separated by threshold parameters. The model was estimated
using the quasi-maximum likelihood (QML) method with heteroskedasticity —robust
standard errors. The estimated coefficients were interpreted according to their direction
and magnitude, indicating the effects of explanatory variables on the probability of higher
or lower outcome categories. The explanatory variables included urban, vegetation, man-
agement, and functional-spatial characteristics of urban green spaces (Table 2). The pro-
portional odds assumption was tested using the Brant test and was not rejected, support-
ing the application of the ordinal logistic regression framework. Multicollinearity among
the explanatory variables was evaluated using the variance inflation factor (VIF).

All statistical analyses were performed using R (version 4.5.2; R Foundation for Sta-
tistical Computing, Vienna, Austria), Gretl (version 1.9.92), and Statgraphics Plus for Win-
dows 3.1 (Statistical Graphics Corp., Rockville, MD, USA), while Microsoft Excel (Mi-
crosoft Excel for Microsoft 365, version 2606; Microsoft Corporation, Redmond, WA, USA)
was used for data preprocessing and database preparation.

3. Results
3.1. Functional-Spatial Structure of the Study Area

The total area of the analysed green spaces is 1116.5 ha. In terms of functional-spatial
structure, housing estate greenery (G03) was the dominated category, covering 351.34 ha
(31.47% of the total area). The second largest category was healthcare facility greenery
(G12), comprising 214.89 ha (19.25%), followed by recreation facility greenery (G14) with
175.48 ha (15.72%). A relatively large proportion was also represented by erosion control
greenery (G07), covering 97.98 ha (8.78%). Together, these four categories represented ap-
proximately three-quarters of the total analysed green space area.

Moderately represented categories included urban parks (G01) and accompanying
greenery (G06), each with a share of 3.83%, followed by boulevard greenery (G05) (3.61%),
sports facility greenery (G13) (2.90%), and pocket parks (G02) (1.86%). The remaining cat-
egories, including protective greenery (G08), forest parks and park forests (G09), school
ground greenery (G11), and cemetery greenery (G15), each representing less than 2% of
the total analysed area.

The smallest category was the arboretum (G10), covering only 0.29% of the analysed
area. Similarly, productive residential gardens (G19) and allotment gardens (G20) ac-
counted for only 0.57% and 0.56%, respectively (Figure 2).
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Functional-spatial categories of urban greenery

G10
G20
G19
G0o4
G11
G08
G15
G09
G02
G13
GO05
G06
GO01
G07
G14
G12
GO03

0,00

5,00 10,00 15,00 20,00 25,00 30,00 35,00

Share of total urban greenery area (%)

Figure 2. Functional-spatial structure of urban green spaces (%). Source: Own processing. Note: G1—-
G20 are explained in Table S3.

The predominance of public green spaces, particularly housing estate greenery and
greenery associated with healthcare and recreational facilities, indicates that urban green-
ery in the study area is primarily concentrated within highly urbanised and institutionally
managed environments, whereas specialised green space types constitute only a marginal
component of the overall green infrastructure. As the dominant structural category, hous-
ing estate greenery (G3, 31.47%) plays a key role in the provision of regulating ecosystem
services, particularly by mitigating the urban heat island effect in residential areas. Owing
to its extensive spatial coverage, it also makes a substantial contribution to cultural eco-
system services by supporting everyday recreation and enhancing the aesthetic quality of
the residential environment. Healthcare facility greenery (G12, 19.25%) and recreation fa-
cility greenery (G14, 15.72%) primarily provide cultural ecosystem services, where vege-
tation performs therapeutic, restorative, and psychohygienic functions that contribute to
mental well-being and human health. In addition, the institutional character of these green
spaces is often associated with well-developed tree vegetation, which further supports
ecosystem services. Erosion control greenery (G7, 8.78%) mainly provides regulating eco-
system services by stabilising slopes, preventing soil erosion, and improving the ecologi-
cal stability of the urban environment.

Although urban parks (G1, 3.83%) and forest parks and park forests (G9) occupy a
relatively small proportion of the total area, they play a disproportionately important role
in supporting biodiversity and ecological connectivity. Their structurally diverse and ma-
ture vegetation creates valuable habitats for urban flora and fauna while simultaneously
providing important recreational and cultural ecosystem services. Accompanying green-
ery(G6, 3.83%) and boulevard greenery (G5, 3.61%) primarily deliver regulating ecosys-
tem services within transport corridors by improving air quality, reducing noise, and mit-
igating other adverse environmental impacts associated with urbanisation. Overall, the
predominance of publicly accessible green spaces, particularly housing estate, healthcare,
and recreational greenery, provides a strong basis for the delivery of multiple ecosystem
services. Together with the remaining functional-spatial categories, these green spaces
form an integrated urban green infrastructure that supports ecological functioning, cli-
mate resilience, and human well-being. The functional classification of urban green spaces
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reflects a broad range of ecosystem services that play an essential role in urban environ-
ments and contribute significantly to human well-being and quality of life. Ecosystem ser-
vices are commonly defined as the benefits that humans derive from ecosystem functions
[44,45] or, more broadly, as the direct and indirect contributions of ecosystems to human
well-being [46—48]. Among the most important regulating ecosystem services provided
by urban greenery is stormwater management and the mitigation of the adverse effects of
urbanisation on the urban hydrological cycle. In this context, green infrastructure repre-
sents an effective alternative or complement to conventional engineering solutions.
Whereas traditional grey infrastructure focuses on the rapid conveyance of stormwater,
vegetated urban systems operate on the principle of source control by retaining, infiltrat-
ing, and gradually releasing rainfall, thereby improving the functioning of the urban hy-
drological cycle [49]. This approach is closely associated with the concept of nature-based
solutions (NbSs), which provides a broader conceptual framework for integrating ecolog-
ical processes into urban planning. According to Cohen-Shacham et al. [50], elements such
as rain gardens or urban parks should not be regarded merely as aesthetic features but as
components of ecosystem engineering that simultaneously deliver multiple ecosystem
services. Rain gardens represent particularly effective elements of green infrastructure be-
cause they combine several regulating, supporting and cultural ecosystem services. Their
principal functions include increasing water retention, reducing surface runoff into drain-
age systems, and mitigating the risk of local flooding during intensive precipitation
events. Biological filtration and sedimentation processes improve water quality, while
vegetation evapotranspiration contributes to local microclimatic regulation. Depending
on their spatial configuration and vegetative structure, rain gardens may also reduce soil
erosion, enhance carbon sequestration, and improve air quality through pollutant filtra-
tion. In addition to these regulating functions, they support urban biodiversity and polli-
nator communities While simultaneously enhancing the aesthetic quality of public spaces,
thereby contributing to the creation of resilient and attractive urban landscapes.

Urban green infrastructure also includes vegetated elements whose importance ex-
tends beyond regulating ecosystem services and particularly reflected in provisioning and
cultural ecosystem services. These include community gardens and allotment gardens,
which, in addition to their environmental benefits, provide opportunities for social inter-
action, local food production, and strengthening residents’ attachment to the urban envi-
ronment. Their contribution to social cohesion is increasingly recognised, although it has
often been overlooked in traditional technical and economic assessments [51-53]. Com-
munity gardens and allotment gardens represent multifunctional components of urban
green infrastructure. While traditional allotment gardens are generally located on the ur-
ban periphery, contemporary community gardens are increasingly being incorporated
into compact urban neighbourhoods and inner-block spaces. From the perspective of eco-
system service classification, these green spaces simultaneously provide provisioning,
regulating, cultural, and economic benefits. Provisioning services are reflected in the local
production of food and biomass, whereas regulating services include enhanced storm-
water retention and reduced surface runoff. Cultural ecosystem services are expressed
through opportunities for social interaction, environmental education, and recreation.
Furthermore, these green spaces may generate indirect economic benefits by reducing
public maintenance costs through active community participation in their management.
Alongside community and allotment gardens, urban parks represent another key compo-
nent of urban green infrastructure. According to Warren et al. [54], drawing on the theory
of island biogeography proposed by MacArthur and Wilson, parks and gardens embed-
ded within the urban matrix function as ecological stepping stones that enhance connec-
tivity for pollinators and other urban wildlife, thereby mitigating the adverse effects of
urbanisation on biodiversity. Urban parks and landscaped park areas are strategic ele-
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ments of green infrastructure because their spatial complexity and vegetation diversity
support the delivery of multiple ecosystem services. In terms of regulating ecosystem ser-
vices, they play an important role in climate adaptation by enhancing evapotranspiration
and shading, thereby reducing the urban heat island effect. They also function as natural
retention areas that promote stormwater infiltration and reduce pressure on urban drain-
age systems during heavy rainfall events. Their supporting ecosystem services include the
provision of structurally diverse habitats that facilitate the persistence and movement of
flora and fauna across the urban landscape, thereby strengthening urban biodiversity.
From the perspective of cultural ecosystem services, parks serve as multifunctional public
spaces that combine recreational, educational, and aesthetic functions. Their contribution
to mental well-being, physical activity, and social cohesion is increasingly recognised as a
key determinant of urban quality of life. The integration of these ecological and social
functions makes urban parks as indispensable component of resilient and sustainable ur-
ban environments.

Overall, the results demonstrate that urban greenery in the study area forms a highly
heterogeneous yet functionally complementary system. The interaction among residen-
tial, institutional, ecological, and recreational green spaces ensures the provision of di-
verse ecosystem services and enhances the ecological resilience, environmental quality,
and overall sustainability of the urban environment.

3.2. Typologically Driven Differences in the Health Condition, Aesthetic Quality,
and Maintenance Level of Urban Greenery

Given the differences in function, management intensity, and ecosystem service pro-
vision among urban green space types, it was hypothesised that they differ significantly
in terms of vegetation health conditions, aesthetic quality, and maintenance intensity. Ac-
cordingly, this section examines whether the individual functional-spatial categories of
urban green spaces exhibit statistically significant differences in these three attributes. To
test this hypothesis, the non-parametric Kruskal-Wallis test was applied, as it enables
comparisons among multiple independent groups based on ordinal data. Where statisti-
cally significant differences were identified, pairwise post hoc comparisons were per-
formed using Dunn’s test with a correction for multiple testing. Owing to the limited num-
ber of observations in several functional-spatial categories, individual green space types
were aggregated into broader functional groups prior to the statistical analysis. (Table 3).

Table 3. Aggregation of Functional-Spatial Types of Urban Green Spaces (G1-G20).

Name of Aggregated Type of Urban Greenery Functional-Spatial Types of Urban Greenery
1—Public recreational greenery G1, G2, G9, G10

2—Residential and housing greenery G3, G6

3—Linear and transport-related greenery G4, G5

4 —DProtective and stabilising greenery G7, G8

5—Institutional greenery

Gl11, G12, G13, G14, G15

6—Private and productive greenery G19, G20

Source: Own processing. Note: The definitions of G1-G20 are provided in Table S3.

The health condition of urban green spaces was assessed using a five-point ordinal
scale based on the original data without transformation. The Kruskal-Wallis test revealed
statistically significant differences among the analysed functional-spatial categories (H =
12.16; p = 0.03). Dunn’s post hoc test indicated significant differences between linear and
transport-related greenery and protective and stabilising greenery (p < 0.05). No other
pairwise comparisons showed statistically significant differences.
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The aesthetic and architectural quality of urban green spaces was evaluated using
the same five-point ordinal scale. The Kruskal-Wallis test confirmed statistically signifi-
cant differences among the functional-spatial categories (H = 15.26; p = 0.01). The subse-
quent Dunn’s post hoc test revealed significant differences between institutional greenery
and protective and stabilising greenery (p < 0.05), while all other pairwise comparisons
were statistically non-significant.

The maintenance intensity of urban greenery was assessed using a five-point ordinal
scale. The Kruskal-Wallis test identified statistically significant differences among the an-
alysed categories (H=19.54; p <0.001). Dunn’s post hoc test showed significant differences
between protective and stabilising greenery and both residential and housing greenery as
well as linear and transport-related greenery (p < 0.05). No other pairwise comparisons
reached statistical significance.

Table 4 presents the mean ranks, Kruskal-Wallis H statistics, and corresponding p-
values for the assessment of vegetation health, aesthetic quality, and maintenance inten-
sity across the individual functional-spatial categories of urban greenery.

Table 4. Comparison of health, aesthetic, and maintenance aspects across urban greenery categories
(Kruskal-Wallis test).

Aggregated Type of Urban

Maint Higher is Bet-
Health (Higher is Better) Aesthetics (Lower is Better) aintenance (Higher is Be

Green Space (Categories) ter)

1 84.10 64.30 89.80
2 79.00 73.50 58.90 *
3 67.80 * 76.60 63.00 *
4 98.20 55.80 95.00
5 68.90 93.50 * 84.90
6 66.30 81.20 86.80

Test statistic 12.16 15.26 19.54

p-Value 0.03 0.01 0.00

Source: Own processing Note: Bold —the best results in the individual dimension; Bold *—statistically
significant differences with Category 4.

The results of the non-parametric analyses demonstrate that functional-spatial cate-
gories of urban greenery differ significantly in terms of vegetation health condition, aes-
thetic quality, and maintenance intensity. Statistically significant differences were identi-
fied for all three evaluates indicators, confirming that urban greenery types exhibit distinct
qualitative characteristics.

Among the analysed group, Category 4 (protective and stabilising greenery)
achieved the most favourable mean ranks across all three evaluated dimensions, indicat-
ing the highest overall performance in terms of vegetation health, aesthetic quality, and
maintenance intensity.

Pairwise comparisons using Dunn’s post hoc test further revealed significant differ-
ences between Category 4 and Category 3 with respect to vegetation health condition and
maintenance intensity, between Category 4 and Category 5 for aesthetic quality, and be-
tween Category 4 and Category 2 for maintenance intensity.

Overall, these findings indicate that the functional-spatial type of urban greenery is
an important determinant of qualitative characteristics. The observed differences high-
light the heterogeneous nature of urban green infrastructure, where individual greenery
types perform distinct ecological and social functions and therefore require differentiated
management strategies.
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3.3. Quantification of the Influence of Selected Determinants on the Aesthetic—Architectural
Quality and Health Condition of Urban Greenery

Based on theoretical framework that conceptualises urban green spaces as complex
socio-ecological systems, the following analysis focuses on urban, vegetational, and man-
agement-related determinants that influence the functional and visual quality of urban
greenery. The relationships between selected explanatory variables and urban greenery
quality were identified and quantified using two key response variables: aesthetic-archi-
tectural quality and vegetation health condition.

By applying ordered logistic regression models, this study moves beyond descriptive
evaluation to identify the key determinants influencing the quality of urban greenery. The
analysis provides an empirical basis for understanding how individual site characteristics
including vegetation composition, spatial attributes, and maintenance intensity, affect the
aesthetic quality and health condition of urban greenery, thereby contributing to the sus-
tainability and resilience of urban green infrastructure in the city of Nitra.

3.3.1. Quantification of the Influence of Selected Determinants on the
Aesthetic-Architectural Quality of Urban Greenery

In the first ordered logistic model, the dependent variable was the aesthetic-architec-
tural quality of urban greenery, originally assessed on a five-point scale (1-5). In the orig-
inal coding, a value of 1 represented the highest aesthetical quality, whereas a value of 5
indicated the poorest aesthetic quality. To facilitate interpretation of the regression coeffi-
cients, the scale was reserved so that higher values corresponded to better aesthetic qual-
ity. In addition, because of the low frequency of observations in the last two highest cate-
gories (4 and 5 after reordering), these categories were merged. Consequently, the de-
pendent variable entered the model as a four-level ordinal value (1-4), where 1 represents
the poorest and 4 the highest aesthetic quality.

The explanatory variables comprised four groups of determinants: (1) Urban (spatial
and contextual) determinants, describing the spatial characteristics of the study area, in-
cluding green space area (areas; continuous variable), green space coverage (%; continu-
ous variable, green space ratio within the analysed area (ordinal scale 1-5), vegetation
location according to urban density (ordinal scale 1-5), and vegetation location according
to the level of anthropogenic pressure (ordinal scale 1-5). (2) Vegetation-related determi-
nants, describing the biological and structural characteristics of vegetation, including veg-
etation maturity (ordinal scale 1-5), woody vegetation coverage within functional areas
(ordinal scale 1-5), proportion of non-native woody species (ordinal scale 1-5), proportion
of coniferous woody species (ordinal scale 1-5), and vegetation health condition. The lat-
ter variable was originally assessed on a five-point ordinal scale but was recoded to a
three-level scale because Category 2 contained no observations and Category 4 contained
only one observation, which was merged with the highest category. (3) Management-re-
lated determinants, represented by maintenance intensity and management quality, both
evaluated on a five-point scale, where 1 indicated minimal or no maintenance. (4) Func-
tional-spatial determinants, represented by the typological classification of urban green-
ery (G1-G20). For modelling purposes, these categories were aggregated into three
broader groups (residential, protective, and institutional greenery) and included in the
model as dummy variables. A detailed description of all explanatory variables and their
coding is provided in Table 2.

The ordinal logistic regression model was estimated independently in two statistical
software environments (Gretl and R) to ensure the robustness and reproducibility of the
results. Both implementations produced consistent parameter estimates and statistical in-
ference. The initial model specification included all selected explanatory variables. How-
ever, based on diagnostic tests and convergence assessment, the final model was refined
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by excluding variables that caused estimation instability, thereby improving model sta-
bility and overall goodness of fit. The final model results are presented in Supplementary
Table S4 and Figure 3. In the ordered logistic regression model, odds ratios greater than 1
indicate that a given explanatory variable is associated with a higher probability of be-
longing to a higher category of aesthetic quality, whereas odds ratios below 1 indicate a
higher probability of belonging to lower aesthetic quality categories.
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Figure 3. Determinants of aesthetic quality of urban greenery: ordered logit regression results. Note:
OR > 1 indicates higher odds of higher response categories; OR <1 indicates lower odds. The dotted

vertical line indicates the line of no effect (odds ratio = 1).

The likelihood ratio (LR) test confirmed that the ordered logistic regression model
was statistically significant (x> =55.31, df = 10, p < 0.001). The proportional odds (parallel
regression) assumption was subsequently evaluated using the Brant test. The omnibus
Brant test did not indicate any violation of this assumption (x2 = 17.30; df = 20; p = 0.63),
confirming the sustainability of the ordered logistic regression for the analysed data.

Multicollinearity among the explanatory variables was assessed using the variance
inflation factor (VIF). All VIF values ranged from 1.05 to1.61, remaining well below the
commonly accepted threshold of 10. These results indicate that multicollinearity was not
a concern and support the stability and reliability of the estimated model.

The aesthetic quality of urban green spaces was primarily associated with vegetation-
related characteristics (woody vegetation coverage and the proportion of coniferous
woody species) and management-related factors (maintenance intensity and management
quality). As illustrated in the forest plot (Figure 3), the strongest positive associations with
higher aesthetic quality were observed for the proportion of coniferous woody species,
maintenance intensity, and woody vegetation coverage. Green space area showed only a
very weak negative association with aesthetic quality. In the Gretl model, this effect was
statistically significant (3 = -0.000319; p = 0.005), whereas in the model estimated in R it
was only marginally significant (p = 0.0695). The estimated odds ratio was close to one
(OR = 0.997), indicating a negligible effect size in practical terms. Consequently, green
space area cannot be considered a robust predictor of aesthetic quality across model spec-
ifications.

In contrast, woody vegetation coverage exhibited a positive and highly significant
association with aesthetic quality in both statistical environments. The estimated coeffi-
cient was identical in Gretl (3 = 0.4439; p = 0.0028) and R (3 = 0.4439; p = 0.0019). The cor-
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responding odds ratio (OR = 1.54) indicates that a one-unit increase in woody vegetation
coverage increased the odds of achieving a higher aesthetic quality category by approxi-
mately 54%. The consistency of the coefficient estimates across both software environ-
ments confirms the robustness of this relationship.

Among all analysed predictors, the proportion of coniferous woody species exhibited
the strongest positive association with the aesthetic quality of urban green spaces. The
estimated coefficient was positive and highly significant in both statistical environments
(p =1.3170; p < 0.001). The corresponding odds ratio (OR = 3.73) indicates that a one-unit
increase in the proportion of coniferous woody species was associated with an approxi-
mately 3.7-times higher odds of achieving a higher aesthetic quality category. Expressed
differently, this represents an increase of approximately 273% in the odds of a more fa-
vourable aesthetic evaluation. The identical results obtained in Gretl and R confirm the
robustness of this relationship Maintenance intensity and management quality also
showed a positive and statistically significant association with aesthetic quality in both
statistical environments. The estimated coefficient was {3 = 0.7516, with statistically signif-
icant results in both Gretl (p = 0.0095) and R (p = 0.0023). The corresponding odds ratio
(OR =2.12) indicates that a one-unit increase in maintenance intensity and management
quality more than doubled the odds of achieving a higher aesthetic quality category. Over-
all, these findings highlight the importance of appropriate management practices in shap-
ing the visual of urban greenery.

The remaining explanatory variables were not statistically significant at conventional
significance levels, indicating that they did not contribute substantially to explaining var-
iation in the aesthetic quality of urban green spaces after accounting for the other predic-
tors included in the model.

3.3.2. Quantification of the Effects of Selected Determinants on the Health Condition of
Urban Greenery

In the second ordered logistic regression model, the vegetation health condition was
specified as the dependent variable and measured on an ordinal scale. The original five-
category scale (1-5) was collapsed into three categories (1-3), where 1 represented the
poorest health condition. This recording was necessary because Category 2 contained no
observations, whereas Category 4 contained only a single observation and was therefore
merged with the highest category. The resulting three-level scale ensured stable model
estimation while preserving the ordinal structure of the response variable. The initial
model specification included the same set of urban, vegetation-related, management, and
functional-spatial determinants as in the first model. The only difference was that vege-
tation health condition served as the dependent variable, whereas aesthetic quality was
included as an explanatory variable.

As in the previous analysis, the model was estimated independently in Gretl and R
using an ordered logistic regression framework. The initial specification included all se-
lected explanatory variables; however, following diagnostic testing and convergence as-
sessment, the final model was refined by excluding variables that caused estimation in-
stability. The resulting specification satisfied the proportional odds assumption, as con-
firmed by the Brant test.

Vegetation maturity (x3) exhibited a strong and statistically significant association
with vegetation health condition in the univariate ordered logistic regression model.
However, its inclusion in the multivariable model resulted in quasi-separation and con-
vergence instability, indicating an almost deterministic relationship with the response
variable. To ensure stable estimation and reliable coefficient estimates for the remaining
predictors, x3 was excluded from the final model. The univariate results are reported sep-
arately for descriptive and diagnostic purposes
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Model estimation in Gretl and R produced consistent coefficient estimates with re-
spect to both the direction and statistical significance of the main effects. The final model
results are presented in Supplementary Table S5 and Figure 4. In the ordered logistic re-
gression model, odds ratios greater than 1 indicate a higher probability of belonging to a
better vegetation health category, whereas odds ratios below 1 indicate a lower probabil-
ity of achieving higher health condition categories.
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Figure 4. Determinants of vegetation health conditions: ordered logit regression results. Note: OR >

1 indicates higher odds of higher response categories; OR < 1 indicates lower odds. The dotted ver-

tical line indicates the line of no effect (odds ratio = 1).

The ordered logistic regression model was statistically significant (likelihood ratio
test: x> =39.26, p <0.001), indicating that the included explanatory variables significantly
improved model fit compared to the null model. The proportional odds assumption was
evaluated using the Brant test and was not violated (p = 0.46), confirming the suitability
of the ordered logistic regression framework. Multicollinearity was not detected, as all
VIF values remained well below the commonly accepted threshold of 10.

The results indicate that vegetation health condition was primarily associated with
management-related and spatial-structural factors. As shown in the forest plot (Figure 4),
maintenance intensity and the green space ratio exhibited the strongest positive associa-
tions with higher vegetation health categories. The green spaces ratio within the analysed
area showed a positive and statistically significant association with vegetation health con-
dition in both statistical environments (3 = 0.3365; p = 0.0133 in Gretl; p =0.0179 in R). The
corresponding odds ratio (OR = 1.40) indicates that a one-unit increase in the proportion
of functional green space was associated with approximately 40% higher odds of achiev-
ing a better vegetation health category.

Maintenance intensity also exhibited a positive and highly significant association
with vegetation health condition in both statistical environments (f = 0.9599; p = 0.00012
in Gretl; p = 0.0003 in R). The corresponding odds ratio (OR = 2.61) indicates that a one-
unit increase in maintenance intensity more than doubled the odds of belonging to a better
vegetation health category.

Vegetation maturity was analysed separately using a univariate ordered logistic re-
gression model because its inclusion in the multivariable model resulted in quasi-com-
plete separation. The univariate analysis revealed a statistically significant negative asso-
ciation with vegetation health condition (3 = -1.215; p < 0.001). The corresponding odds
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ratio (OR = 0.297) indicates that increasing vegetation maturity was associated with ap-
proximately 70% lower odds of belonging to a higher vegetation health category.

The remaining vegetation-related, urban, and functional-spatial variables were not
statistically significant at conventional significance levels, suggesting that their independ-
ent contribution to explaining variation in vegetation health condition was limited after
accounting for the other predictors included in the model.

4. Discussion

The significance of maintenance as a key determinant of green space quality, and was
quantified in the model as having a strong positive effect on both aesthetic evaluation and
vegetation stand health, which aligns with current trends in urban ecology. While earlier
approaches to urban greenery often emphasised static design principles, contemporary
research increasingly highlights the dynamic role of maintenance practices. In this con-
text, Hu and Lima [8] state that the frequency and expertise of management interventions
are among the primary factors distinguishing valuable greenery from areas perceived as
visually neglected, regardless of their initial ecological potential. The findings, which
demonstrated a more than twofold increase in the likelihood of improved overall quality
depending on maintenance standards, can be interpreted within the framework of the
“refined wilding” concept developed by Vogt [38]. This concept suggests that aesthetic
quality in urban environments is not necessarily in conflict with ecological complexity,
provided that natural vegetation development is guided by targeted management inter-
ventions. However, aesthetic preferences for urban greenery are not universal and may
vary across cultural contexts and social groups. While structured vegetation and visible
management interventions are often associated with perceptions of order and care, recent
studies indicate that more naturalistic forms of urban vegetation can also generate posi-
tive perceptions and emotional attachment. For example, Kowarik et al. [55] demonstrated
that residents in Berlin expressed strong positive attitudes not only towards traditional
urban forests but also towards novel wild forest types developing on abandoned urban
sites. Similarly, Hwang and Lum [56] identified increasing acceptance of spontaneous
vegetation in tropical urban environments, challenging the assumption that highly con-
trolled and intensively maintained landscapes are always preferred. Gao et al. [57] further
showed that perceived naturalness can be a more important determinant of recreational
preferences than the degree of formal management. These findings suggest that the aes-
thetic evaluation of urban greenery reflects a balance between visual order, ecological
complexity, and culturally shaped perceptions of nature. The absence or inappropriate
timing of maintenance interventions may contribute to aesthetic dissonance, particularly
in contexts where residents expect visible signs of care and management. This interpreta-
tion is supported by Wang et al. [25], who argue that perceptions of green space restora-
tion are closely linked to visual cues of human intervention. At the same time systematic
green space management in the European context is increasingly confronted with imple-
mentation barriers. As highlighted by Zenglein et al. [37], many cities experience a mis-
match between strategic planning objectives and their actual maintenance capacities. The
analysis of the city of Nitra reinforces this perspective, demonstrating that maintenance is
not merely a technical activity but a strategic instrument of public asset management.
Consistent with the findings of Rui et al. [11] regarding the high-resolution monitoring of
ecosystem services, insufficient investment in regular maintenance may result in signifi-
cant trade-offs, where greenery becomes a source of liability, such as safety or hygiene
concerns, rather than a provider of desired ecosystem benefits. This insight positions man-
agement as an integrative element that connects ecological functions with residents’ ex-
pectations and the aesthetic standards of urban landscapes.
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One of the most significant findings of the study is the strong positive impact of the
proportion of coniferous trees on the aesthetic assessment of urban greenery, with this
parameter increasing the odds of achieving a higher rating by 3.7 times. This result is con-
sistent with the concept of ‘visual stability” emphasised in the Central European urban
context by Hanna et al. [24]. The authors point out that, under conditions of pronounced
seasonality, when deciduous vegetation loses its visual structure during winter and early
spring, coniferous trees provide essential year-round structural continuity. This con-
sistency may be perceived by residents as an indicator of well-maintained and high-qual-
ity green infrastructure that retains its attractiveness even during the dormant season.
This interpretation also corresponds with the findings of Wang et al. [25], who, in their
research on urban public preferences, demonstrated that visual preferences are deter-
mined not only by species diversity but also by colour composition and vegetation struc-
ture. Coniferous trees can function as visual anchor elements in urban landscapes, creat-
ing contrast with the dynamic yet seasonally variable appearance of deciduous vegeta-
tion. From a management perspective, this finding suggests that coniferous trees should
not be considered solely from an ecological perspective but also as a component contrib-
uting to perceived landscape quality. However, this benefit should be interpreted within
a broader ecosystem services context. Although the proportion of coniferous woody spe-
cies showed the strongest positive association with aesthetic evaluation in the model, this
result should not be interpreted as a general recommendation to increase conifer domi-
nance in urban green spaces. Coniferous trees can contribute to year-round visual stabil-
ity, structural diversity, and perceived aesthetic quality; however, their ecological effects
depend on species composition, planting design, and management practices. Previous
studies have shown that simplified coniferous stands may negatively affect soil properties
and biodiversity, including changes in soil conditions associated with coniferous litter and
reductions in understory species richness [58,59]. In addition, extensive coniferous stands
may increase fire vulnerability under specific climatic conditions, highlighting the im-
portance of species diversification and the integration of broadleaved species as part of
nature-based solutions [60,61]. Therefore, the integration of coniferous vegetation into ur-
ban green spaces should follow nature-based principles by balancing aesthetic prefer-
ences with biodiversity conservation, climate adaptation, and long-term ecological resili-
ence. As Rui et al. [11] note, although coniferous stands may provide high aesthetic value
and year-round visual comfort, their contribution to biodiversity management differs
from that of deciduous species, which often provide greater benefits for local fauna. Based
on the results, an appropriate balance between coniferous and deciduous trees appears
essential for achieving synergy between visual preferences and the ecological functional-
ity required by urban ecosystems. For urban policymakers, this implies that during the
renewal of urban greenery in Nitra, coniferous trees should be considered as one of the
important components of urban vegetation, contributing to year-round visual continuity
when appropriately balanced with deciduous species.

An important finding of this study relates to the sustainable urbanism paradox [10].
Although the extent of green space did not show a stable predictive influence on aesthetic
quality in the model, its functional arrangement, expressed through the green space ratio,
was of critical importance for vegetation stand health. This finding supports growing ev-
idence that the quality and functionality of urban greenery may be more important for
perceived environmental value than its quantitative extent alone. Van Dillen et al. [62]
demonstrated that accessibility, equipment, and maintenance of urban green spaces have
a stronger influence on neighbourhood satisfaction than the mere availability of green ar-
eas. Similarly, Chang et al. [63] showed that qualitative dimensions of greenery play a
more important role in residents perceived benefits than quantitative indicators alone.
Therefore, larger green areas do not necessarily provide higher aesthetic value if they lack
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appropriate design, vegetation structure, and maintenance. Conversely, smaller but well-
designed and properly managed green spaces, including pocket parks, may significantly
contribute to urban attractiveness and residents’ perception of environmental quality
[64,65]. From an urban planning perspective, these findings suggest that strategies should
focus not only on expanding green space quantity but also on improving the quality, func-
tionality, and long-term management of existing green infrastructure. Beyond the quan-
tity of green space, spatial configuration and functional arrangement also play critical
roles in determining urban green infrastructure performance. This finding supports the
argument of Li and Carter [29] that the connectivity and spatial configuration are key fac-
tors influencing the multifunctionality of green infrastructure. In comparison with Euro-
pean trends [37], the analysis of the city of Nitra indicates that implementation barriers,
such as financial limitations and insufficient management capacities, remain important
obstacles to achieving higher greenery quality. The application of the developed model
suggests that effective ‘smart governance’ [14] and targeted allocation of resources for
maintenance, rather than the indiscriminate expansion of green areas, can significantly
enhance the ecological and social benefits of urban ecosystems. Finally, the results regard-
ing the functional differentiation of greenery (e.g., residential vs. buffer zone vegetation)
indicate the need to move from universal management standards towards site-specific
strategies. This approach is consistent with the concept proposed by Shwartz et al. [27],
who emphasise that the relationship between biodiversity, aesthetics, and human satis-
faction is non-linear and requires tailored management interventions.

Maintenance is a significant factor affecting the appearance and health status of ur-
ban greenery; however, effective management requires a differentiated approach that con-
siders functional categories and the range of ecosystem services provided. Different types
of urban greenery fulfil distinct ecological, hydrological, social, and cultural functions,
which necessitate diverse management interventions and maintenance priorities. The
findings regarding the ecosystem services of urban greenery are consistent with the theo-
retical framework of nature-based solutions [50]. While previous studies have primarily
focused on technical efficiency, such as stormwater retention capacity, the results of this
study highlight the synergy between ecological functions, hydrological performance, and
social benefits. This confirms the need for integrated and multifunctional management
approaches in urban ecosystems [66].

Several limitations of this study should be acknowledged. First, the cross-sectional
design allows the identification of statistical associations between vegetation, manage-
ment, spatial, and functional characteristics of urban green spaces; however, it does not
allow strict causal inference. Second, the findings should be interpreted within the context
of the selected case study area. Since the research was conducted in the city of Nitra, the
results cannot be directly generalised to all urban areas of Slovakia. Nevertheless, the
identified relationships between functional-spatial characteristics, maintenance practices,
vegetation factors, and urban greenery quality provide a transferable analytical frame-
work that can be applied in other cities. The specific effects and priorities may vary de-
pending on local environmental conditions, urban structure, demographic characteristics,
and available management capacities. Therefore, further comparative studies involving
multiple Slovak cities are needed to validate and extend the applicability of the proposed
approach. Moreover, future research should include independent expert validation and
perception surveys among relevant stakeholders to further assess the reliability of visual
evaluations and examine differences between expert assessments and public perception
of urban greenery quality.
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5. Conclusions

This study aimed to characterise the functional-spatial structure of urban greenery
in the city of Nitra and to identify the influence of selected urban, vegetation, and man-
agement factors on its aesthetic appearance and health status. The findings provide an-
swers to the three research questions formulated in this study.

Regarding RQ1, the results demonstrated that urban greenery in Nitra forms a het-
erogeneous functional-spatial system composed of different green space categories with
distinct functions and levels of representation. The analysed green spaces covered 1116.5
ha, with housing estate greenery (G03), healthcare facility greenery (G12), recreation fa-
cility greenery (G14), and erosion control greenery (G07) representing the dominant cate-
gories. Together, these four categories accounted for approximately three-quarters of the
analysed green area. The results confirm that urban greenery in the study area is primarily
concentrated in residential, institutional, and recreational environments, while specialised
categories represent only a minor proportion of the overall green infrastructure.

Regarding RQ2, statistically significant differences were identified among func-
tional-spatial categories in terms of vegetation health condition, aesthetic appearance,
and maintenance level. The Kruskal-Wallis tests confirmed that the functional type of ur-
ban greenery represents an important factor affecting its qualitative characteristics. Pro-
tective and stabilising greenery achieved the most favourable overall ranking across the
evaluated dimensions, while differences among categories indicate that urban green
spaces cannot be managed using a uniform approach. Instead, management strategies
should reflect the specific ecological, social, and functional roles of individual green space
types.

Regarding RQ3, the ordinal logistic regression models identified maintenance inten-
sity and vegetation structure as the most important determinants of urban greenery qual-
ity. The aesthetic assessment was significantly influenced by woody vegetation coverage,
maintenance intensity, and the proportion of coniferous woody species. In particular, the
proportion of coniferous species represented the strongest positive predictor, increasing
the probability of achieving a higher aesthetic rating by approximately 3.7 times. Simi-
larly, maintenance intensity had a significant positive effect, increasing the odds of achiev-
ing a higher aesthetic assessment by more than two times. The health condition of vege-
tation was primarily determined by management and spatial-structural factors, with
maintenance intensity and green space ratio showing significant positive effects. These
findings confirm that effective management practices are a key determinant of both the
visual quality and ecological condition of urban greenery.

The results demonstrate that the quality of urban greenery is not determined solely
by its extent but rather by the interaction between functional-spatial structure, vegetation
characteristics, and management practices. Therefore, urban green infrastructure plan-
ning should move towards differentiated management approaches that consider the spe-
cific functions, ecosystem services, and maintenance requirements of individual green
space categories.

Although the study was conducted as a case study of the city of Nitra, the identified
relationships between green space structure, vegetation characteristics, management in-
tensity, and quality indicators correspond with broader trends described in the scientific
literature. The methodological framework applied in this study can be transferred to other
urban areas, while acknowledging that the magnitude of observed effects may vary de-
pending on local environmental conditions, urban structure, and governance capacities.
Future research should validate the findings through comparative studies involving mul-
tiple cities and through expert-based or stakeholder perception assessments.

Overall, the study provides empirical evidence that maintenance quality and vegeta-
tion structure represent key factors influencing the performance of urban greenery. The
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findings support the development of targeted and context-specific management strategies
aimed at enhancing the ecological functionality, aesthetic value, and resilience of urban
green infrastructure.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/1and15081337/s1, Table S1: Overview of actual scientific
studies; Table S2. Overview of actual scientific studies from Slovakia;. Table S3: Functional-spatial
classification of urban greenery used in the study (G1-G20); Table S4. Results of the Ordered Logit
Model with Aesthetic Appearance of Urban Greenery as the Dependent Variable; Table S5. Results
of the Ordered Logit Model with Health Conditions of Vegetation Stand as the Dependent Variable.
References [67-70] are cited in the Supplementary Materials.

Author Contributions: Conceptualization, J.L. and K.M.; methodology, J.L. and K.M.; software, J.L.;
validation, J.L., M.P. and K.M,; formal analysis, ].P., M.P. and ].K,; investigation, ].P., M.P. and ] K,;
resources, ].P. and M.P.; data curation, J.L., KM. and M.P.; writing —original draft preparation, J.P.,
J.L. and K.M.; writing—review and editing, K.M., ].P. and M.P.; visualisation, M.P.; supervision,
K.M.; project administration, J.K.; funding acquisition, J.K. All authors have read and agreed to the

published version of the manuscript.
Funding: This research received no external funding.

Data Availability Statement: The datasets used in this study were collected by the authors through
field surveys and systematic assessment of urban green spaces in the city of Nitra (Slovakia) be-
tween 2023 and 2025. The data includes spatial, structural, and qualitative characteristics of urban
vegetation, as well as assessments of its aesthetic and health condition. The data sets generated and
analysed during the current study are not publicly available due to their ongoing use in further
research and potential extension of the database. However, they are available from the correspond-

ing author upon reasonable request.

Acknowledgments: This study was supported by the Scientific Grant Agency VEGA 1/0012/26
Green management in local governments and VEGA 1/0072/24 Harmful activity of animal pests on

ornamental woody plants in urban environment and the possibility of their regulation.

Conflicts of Interest: The authors declare no conflicts of interest.

Zhang, F.; Qian, H. A Comprehensive Review of the Environmental Benefits of Urban Green Spaces. Environ. Res. 2024, 252,

118837.

Kajosaari, A.; Hasanzadeh, K.; Fagerholm, N.; Nummi, P.; Kuusisto-Hjort, P.; Kyttd, M. Predicting context-sensitive urban green

space quality to support urban green infrastructure planning. Landsc. Urban Plan. 2024, 242, 104952.

Nguyen, P.Y.; Astell-Burt, T.; Rahimi-Ardabili, H.; Feng, X. Green Space Quality and Health: A Systematic Review. Int. |. Envi-
ron. Res. Public Health 2021, 18, 11028.

Prioreschi, E.; Zimmermann, N.; Davies, M.; Pluchinotta, I. Interrelationships and Trade-Offs between Urban Natural Space
Use and Biodiversity. Sustainability 2024, 16, 4051.

Hansen, R.; Pauleit, S. From multifunctionality to multiple ecosystem services? A conceptual framework. Landsc. Urban Plan.

2014, 123, 1-12.

Niemeld, J. Ecology of Urban Green Spaces; Oxford University Press: Oxford, UK, 2019.
Douglas, O.; Russell, P.; Scott, M. Positive perceptions of urban green spaces: Integrating visual quality and ecosystem services.
Urban For. Urban Green. 2017, 25, 62-70.

Hu, X.; Lima, M.F. The association between maintenance and biodiversity in urban green spaces: A review. Landsc. Urban Plan.

2024, 251, 105153.

John, M.; Turaev, S.; Al-Dabet, S.; Abdulghafor, R. Multidimensional Assessment of Public Space Quality: A Comprehensive

Framework Across Urban Space Typologies. arXiv 2025, arXiv:2505.21555.

https://doi.org/10.3390/land 15081337


https://doi.org/10.3390/land15081337

Land 2026, 15, 1337 25 of 27

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

Boutreux, T.; Bourgeois, M.; Bellec, A.; Commeaux, F.; Kaufmann, B. Addressing the sustainable urbanism paradox: Tipping
points for the operational reconciliation of dense and green morphologies. Urban Sustain. 2024, 4, 38.

Rui, Q.; Sang-Hyun, L.; Zaewoong, R.; Seung-Jong, B. A Multidimensional Diagnostic Model of Rural Population Imbalance
Within the Urban-Rural Context: Structure, Flow, and Spatial Distribution. Land. 2026, 15, 8, 1326.

Rahmati, Y. Artificial Intelligence for Sustainable Urban Biodiversity: A Framework for Monitoring and Conservation. arXiv
2025, arXiv:2501.14766.

Kopecka, M.; Szatmadri, J.; Rosina, K. Analysis of urban green spaces based on Sentinel-2A: Case studies from Slovakia. Land
2017, 6, 25.

Salis, A.; Romano, F.; Bianchi, G.; Ferrara, C.; De Marco, A. Smart governance and IoT-based management of urban green in-
frastructure. arXiv 2025, arXiv:507.12106.

Gorjian, M. Greening Schoolyards and Urban Property Values: A Systematic Review of Geospatial and Statistical Evidence.
arXiv 2025, arXiv:2507.19934.

Belc¢akova, I; Slamova, M.; Demovicova, Z. Importance of urban green areas in the context of current and future global changes:
Lessons learned from a case study in Bratislava (Slovakia). Sustainability 2022, 14, 14740.

Vinczeova, Z.; Téth, A. Urban green spaces and collective housing: Spatial patterns and ecosystem services for sustainable
residential development. Sustainability 2025, 17, 2538.

Belaire, J.A.; Higgins, C.; Zoll, D.; Lieberknecht, K.; Bixler, R.P.; Neff, ].L.; Keitt, T.H.; Jha, S. Fine-scale monitoring and mapping
of biodiversity and ecosystem services reveals multiple synergies and few tradeoffs in urban green space management. Sci.
Total Environ. 2022, 849, 157801.

Gregory, A. (Ed.) Urban Green Spaces Have Vital Role in Cutting Heat-Related Deaths, Study Finds; The Guardian: London, UK,
2024.

Gan, H; Li, Y.; Zhang, X.; Wang, J.; Liu, Y.; Zhao, Y. Identifying the Response of Ecological Well-Being to Ecosystem Services
of Urban Green Space Using the Coupling Coordination Degree Model: A Case Study of Beijing, China, 2015-2023. Forests 2024,
15, 1494.

Wu, S.; Yao, X.; Qu, Y.; Chen, Y. Ecological Benefits and Plant Landscape Creation in Urban Parks: A Study of Nanhu Park,
Hefei, China. Sustainability 2023, 15, 16553.

Téth, A; Bihuniova, M.; Supuka, J.; Sinka, K.; Kuczman, G. Structure and spatial composition of urban greenery and its influence
on environmental quality in settlements. Ekoldgia 2021, 40, 80-90.

Kuczman, G.; Bechera, D.; R6zova, Z.; Téth, A. Roadside Vegetation Functions, Woody Plant Values, and Ecosystem Services
in Rural Streetscapes: A Qualitative Study on Rural Settlements in Western Slovakia. Land 2024, 13, 272.

Hanna, E.; Bruno, D.; Comin, F.A. The ecosystem services supplied by urban green infrastructure depend on their naturalness,
functionality and imperviousness. Urban Ecosyst. 2024, 27, 187-202.

Wang, Z.; Li, H.; Zhang, Y.; Chen, L.; Xu, X. Vegetation diversity in structure, species or colour: Coupling effects of the different
characteristics of urban green spaces on preference and perceived restoration. Ecol. Indic. 2024, 169, 112897.

Kuczman, G. Urban greenery and cultural ecosystem services in rural and suburban landscapes. Land 2024, 13, 272.

Shwartz, A.; Tzunz, M.; Gafter, L.; Colléony, A. One size does not fit all: The complex relationship between biodiversity and
psychological well-being. arXiv 2023, arXiv:2306.07043.

Thorpert, P.; Ode Sang, A.; Buffam, 1. Seasonal variation in preference for green roof vegetation. Front. Ecol. Evol. 2024, 12,
1346397.

Li, L.; Carter, J. Connectivity of urban green infrastructure and ecosystem multifunctionality: A global synthesis. Landsc. Ecol.
2025, 40, 112-131.

Alba, R.; Marcolin, N.F.; Ferrario, V.; Assandri, G.; Ilahiane, L.; Cochis, F.; Regaiolo, L.; Ruboliny, D.; Caprio, E.; Chamberlain,
D. Urban bird diversity and ecosystem services are shaped by fine-scale habitat features. Urban Sustain. 2025, 5, 114.

Perrelet, K.; Moretti, M.; Dietzel, A.; Altermatt, F.; Cook, L.M. Engineering blue-green infrastructure for and with biodiversity
in cities. Urban Sustain. 2024, 4, 27.

Song, S.; Wang, Y.; Peng, J.; Zhao, M.; Liu, Y.; Chen, X. Urban blue-green space landscape ecological health assessment based
on the integration of pattern, process, function and sustainability. Sci. Rep. 2022, 12, 7707.

Martin Mufoz, S.; Jacobs, S.; Hermy, M.; Vrebos, D. Assessing biodiversity and regulatory ecosystem services in urban water
bodies which serve as aqua-Nature-based Solutions. Front. Environ. Sci. 2024, 11, 1304347.

Zarei, M.; Shahab, S.; Rojas, C.; Brown, R.; Silva, E. Nature-based solutions governance and urban sustainability transitions.
Land 2025, 14, 818.

https://doi.org/10.3390/land 15081337


https://doi.org/10.3390/land15081337

Land 2026, 15, 1337 26 of 27

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Weston, P. Patches of Wildflowers in Cities Can Be Just as Good for Insects as Natural Meadows — Study; The Guardian: London, UK,
2024.

Lanner, J.; Miiller, J.; Habel, J.C.; Schmitt, T. Vertical greening systems enhance pollinator diversity in urban environments. J.
Insect Conserv. 2025, 29, 215-230.

Zenglein, F.; Miiller, N.; Kowarik, I.; Langenbach, B.; Schréder, R. Urban biodiversity management and implementation barriers
in European cities. Urban For. Urban Green. 2025, 74, 128945.

Vogt, M. Refined Wilding and Functional Biodiversity in Smart Cities for Improved Sustainable Urban Development. Land 2025,
14, 1284.

Varlo, S.; Stahl Olafsson, A.; Mederly, P. Urban green infrastructure planning and participatory approaches in spatial develop-
ment: Case study evidence from Central Europe. Urban For. Urban Green. 2021, 58, 126957.

Statistical Office of the Slovak Republic. Number of Inhabitants in the Municipality of Nitra; DATAcube Database. 2026. Avail-
able online: https://datacube.statistics.sk/ (accessed on 12 June 2026).

Hrubik, P.; Kollar, J.; Rovna, K.; Tkacova, S.; Mnahoncakova, E. Kvalitativna Inventarizdcia, Klasifikdcia a Hodnotenie Zdravotného
Stavu Drevin Pre Utely Zdhradnoarchitektonickej a Krajindrskej Tvorby; Slovak University of Agriculture in Nitra: Nitra, Slovakia,
2011; p. 77.

Machovec, ]J. Sadovnickd Dendrologie; SPN: Praha, Czech Republic, 1982; p. 246.

Arboristicky Standard. 3: Hodnotenie Stavu Stromov; Slovak University of Agriculture in Nitra: Nitra, Slovakia, 2019; p. 55.

De Groot, R.S.; Wilson, M. A.; Boumans, R.M. A typology for the classification, description and valuation of ecosystem functions,
goods and services. Ecol. Econ. 2002, 41, 393—408.

Assessment, M.E. Millennium Ecosystem Assessment; Millennium Ecosystem Assessment: Washington, DC, USA, 2001; Volume
2.

Sukhdev, P.; Wittmer, H.; Schréter-Schlaack, C.; Neshover, C.; Bishop, ].; ten Brink, P.; Gundimeda, H.; Kumar, P.; Simmons, B.
The Economics of Ecosystems and Biodiversity: An Interim Report; European Communities: Bonn, Germany, 2008; pp. 1-64.

Ring, I; Hansjiirgens, B.; ElImqvist, T.; Wittmer, H.; Sukhdev, P. Challenges in framing the economics of ecosystems and biodi-
versity: The TEEB initiative. Curr. Opin. Environ. Sustain. 2010, 2, 15-26.

Tisdell, C. Ecosystems functions and genetic diversity: TEEB raises challenges for the economics discipline. Econ. Anal. Policy
2014, 44, 14-20.

Fletcher, T.D.; Shuster, W.; Hunt, W.F.; Ashley, R.; Butler, D.; Arthur, S.; Trowsdale, S.; Barraud, S.; Semadeni-Davies, A.; Ber-
trand-Krajewski, J.L.; et al. SUDS, LID, BMPs, WSUD and more—The evolution and application of terminology surrounding
urban drainage. Urban Water J. 2015, 12, 525-542.

Cohen-Shacham, E.; Walters, G.; Janzen, C.; Maginnis, S. Nature-Based Solutions to Address Global Societal Challenges; TUCN:
Gland, Switzerland, 2016; Volume 97, p. 2036.

Andersson, E.; Tengo, M.; McPhearson, T.; Kremer, P. Cultural ecosystem services as a gateway for improving urban sustaina-
bility. Ecosyst. Serv. 2015, 12, 165-168.

Goodness, ].; Andersson, E.; Anderson, P.M.; ElImqvist, T. Exploring the links between functional traits and cultural ecosystem
services to enhance urban ecosystem management. Ecol. Indic. 2016, 70, 597-605.

Zheng, S.; Yang, S.; Ma, M.; Dong, ].; Han, B.; Wang, J. Linking cultural ecosystem service and urban ecological-space planning
for a sustainable city: Case study of the core areas of Beijing under the context of urban relieving and renewal. Sustain. Cities
Soc. 2023, 89, 104292.

Warren, B.H.; Simberloff, D.; Ricklefs, R.E.; Aguilée, R.; Condamine, F.L.; Gravel, D.; Morlon, H.; Mouquet, N.; Rosindell, J.;
Casquet, J.; et al. Islands as model systems in ecology and evolution: Prospects fifty years after MacArthur-Wilson. Ecol. Lett.
2015, 18, 200-217.

Kowarik, I.; Fischer, L.K.; Kendal, D. People’s Attitudes and Emotions towards Different Urban Forest Types. Land 2022, 11,
701.

Hwang, Y.H.; Lum, Q.]. It's OK to be Wilder: Preference for natural growth in urban green spaces in a tropical city. Urban For.
Urban Green. 2017, 25, 111-123.

Gao, T.; Zhang, T.; Zhao, J. Nature on our doorstep: How do residents perceive urban parks vs. biodiverse areas? Landsc. Urban
Plan. 2024, 243, 104958.

Han, C.; Xia, H.; Wang, X,; Jiang, C. Effect of Coniferous Trees and Water Availability on Soil Acidification. ]. Soil Sci. Environ.
Manag. 2025, 16, 102-115.

https://doi.org/10.3390/land 15081337


https://doi.org/10.3390/land15081337

Land 2026, 15, 1337 27 of 27

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Ammer, C.; Binder, F.; Borchert, H. Impact of non-native tree species in Europe on soil properties and biodiversity: A review.
For. Ecol. Manag. 2022, 524, 120563.

European Environment Agency (EEA). Nature-Based Solutions for Fire-Resilient European Forests; EEA Report No. 04/2025; Publi-
cations Office of the European Union: Luxembourg, 2025.

Simdes, R.; Santos, J.A.; Santos, M.; Benali, A. Estimating the Trade-Offs between Wildfires and Carbon Stocks across Landscape
Types to Inform Nature-Based Solutions in Mediterranean Regions. Fire 2023, 6, 397.

Van Dillen, SM.E.; de Vries, S.; Groenewegen, P.P.; Spreeuwenberg, P. Quality over quantity: Contribution of urban green
space to neighborhood satisfaction. Health Place 2012, 18, 1183-1189.

Chang, J.; Li, S.; Song, Y.; Wu, C,; Jin, G. Effects of urban greenness on life satisfaction and social inequality. Landsc. Urban Plan.
2023, 237, 104812.

Rey Gozalo, G.; Barrigén Morillas, ].M.; Montes Gonzalez, D.; Atanasio Moraga, P. An impact asymmetry analysis of small
urban green space attributes on park visitors’ satisfaction. Int. J. Environ. Res. Public Health 2022, 19, 2922.

Zhang, W.; Yang, ].; Ma, L.; Huang, C. Integrating quantity and quality to assess urban green space sustainability: A case study
of Beijing, China. Land 2021, 10, 1367.

Haase, D.; Kabisch, S.; Haase, A.; Andersson, E.; Banzhaf, E.; Bard, F.; Brenck, M.; Fischer, L.K.; Frantzeskaki, N.; 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.

Zwierzchowska, I; Ponizy, L.; Stachura, M.; Gagarina, Y.; Mizgajski, A. Systemic approach to green infrastructure and nature-
based solutions development: A perspective of Polish municipal practitioners. Ambio 2026, 55, 512-528.

Zuniga-Gonzalez, A.C.; Patel, K.; Williams, D.; Johnson, M.; Ahmed, R. Urban green space accessibility and socio-economic
inequality in cities. arXiv 2025, arXiv:2510.13861.

Ganjirad, M.; Delavar, M.R.; Bagheri, H.; Azizi, M.M. Optimizing urban critical green space development using machine learn-
ing. Sustain. Cities Soc. 2025, 120, 106158.

Dutta, A. Al Powered Urban Green Infrastructure Assessment Through Aerial Imagery of an Industrial Township. arXiv 2025,
arXiv:2510.21876.

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

thor(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/10.3390/land 15081337


https://doi.org/10.3390/land15081337

