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Planning and designing sustainable, resilient, and healthy landscapes, cities and communities is anchored in the 2030 Agenda
for Sustainable Development adopted by the General Assembly of the United Nations in 2015. Current European strategies, such
as the EU Green Infrastructure Strategy, the European Green Deal, the EU Strategy on Adaptation to Climate Change, the EU
Biodiversity Strategy for 2030 and other related policy and strategic documents all recognise green infrastructure and nature-
based solutions as important planning approaches, as well as design and implementation tools in urban areas and landscapes. This
issue of Acta Horticulturae et Regiotecturae is dedicated to landscape architecture, landscape planning and green infrastructure
at various scales and in diverse landscape settings. It provides original research findings from Chinese, Croatian, Latvian, Nigerian,
Polish, Slovak, and Ukrainian cities and metropolitan regions. The issue deals with regional landscape specificities and qualities
and shows examples of urban green infrastructure planning and design both at holistic and site-specific scales. At the local scale,
it is highly important to involve and engage the public from the very beginning of the planning and design process. This issue
introduces various experiences and empirical findings generated by local participatory and co-design actions. The articles show
a wide range of ecosystem services provided by green infrastructure and its elements, while also mentioning some of possible
ecosystem disservices.

Keywords: green space design, green infrastructure, landscape architecture, open space, urban planning

1 Introduction sustainable use of terrestrial ecosystems, sustainable

The United Nations (2015) have agreed on 17 Sustainable Management of forests, combating desertification, and
Development Goals (SDGs) within the 2030 Agenda for halting and reversing land degradation and biodiversity
Sustainable Development. From the perspective of [0S (SDG 15) (United Nations, 2015). One of the key
landscape architecture and planning, especially in the strategic documents of the EU in the field of environment
thematic context of the paper, the following three SDGs and landscape is the EU Green Infrastructure Strategy that
might be specifically highlighted: “Sustainable Cities Was communicated by the Commission already in 2013
and Communities” (SDG 11), “Climate Action” (SDG 13), (European Commission, 2013). A newer term, which is
and “Life on Land” (SDG 15). To make cities and human currently commonly and intensively used in the EU policy
settlements inclusive, safe, resilient, and sustainable terminologyisnature-based solutions, which are inspired
(SDG 11), the UN foresees a reduction of adverse per and supported by nature, cost-effective, simultaneously
capita environmental impact of cities (11.6), as well as providing environmental, social, and economic benefits
a provision of universal access to safe, inclusive, and and help build resilience. These solutions bring more and
accessible, green, and public spaces for everyone (11.7). More diverse, nature and natural features and processes
Our UN’s shared aim is to take urgent action to combat into cities, landscapes, and seascapes, through locally
climate change and its impacts (SDG 13), including adapted, resource efficient and systemic interventions.
strengthening resilience and adaptive capacity (13.1), The European Green Deal (European Commission,
and integrating climate change measures into national 2019) states that lasting solutions to climate change
policies, strategies, and planning (13.2). The UN has require greater attention to nature-based solutions. It
agreed upon protecting, restoring, and promoting has promised that the European Commission will adopt
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a new and more ambitions EU Strategy on Adaptation
to Climate Change that was adopted in 2021 (European
Commission, 2021). According to the Green Deal, work
on climate adaptation should continue to influence
public and private investments, including nature-based
solutions. The Green Deal aims at designing a set of
deeply transformative policies (2.1), including increasing
the EU’s climate ambition for 2030 and 2050 (2.1.1), and
preserving and restoring ecosystems and biodiversity
(2.1.7). The European Green Deal has the ambition to
improve the well-being and health of citizens and future
generations by providing, among others, fresh air, clean
water, healthy soil, and biodiversity. Its actions include
climate, environment and oceans, agriculture, and
others. The EU Biodiversity Strategy for 2030 states that
nature is a vital ally in the fight against climate change.
It regulates the climate, while nature-based solutions,
such as protecting and restoring wetlands, peatlands,
and coastal ecosystems, or sustainably managing marine
areas, forests, grasslands, and agricultural soils, will be
essential for emission reduction and climate adaptation.
Planting trees and deploying green infrastructure will
help us to cool urban areas and mitigate the impact of
natural disasters (European Commission, 2020). The
Biodiversity Strategy includes an EU Nature Restoration
Plan on restoring ecosystems across land and sea (2.2),
which includes for instance “Bringing nature back to
agricultural land” (2.2.2), “Increasing the quantity of
forests and improving their health and resilience” (2.2.4),
“Greening urban and peri-urban areas” (2.2.8). The key
commitments of the EU Nature Restoration Plan by
2030 include that at least 10% of agricultural area is
under high-diversity landscape features. To support the
long-term sustainability of both nature and farming,
The EU Biodiversity Strategy will work in tandem with
the new Farm to Fork Strategy and the new Common
Agricultural Policy (CAP), including by promoting eco-
schemes and result-based payment schemes. Green
urban spaces, from parks and gardens to green roofs
and urban farms, provide a wide range of benefits for
people. They also provide opportunities for businesses
and a refuge for nature. They reduce air, water, and noise
pollution, provide protection from flooding, droughts,
and heat waves, and maintain a connection between
humans and nature. The recent lockdowns due to the
COVID-19 pandemic have shown us the value of green
urban spaces for our physical and mental well-being.
While protection of some urban green spaces has
increased, green spaces often lose out in the competition
for land as the share of the population living in urban
areas continues to rise. The EU Biodiversity Strategy
for 2030 aims to reverse these trends and stop the loss
of green urban ecosystems. The promotion of healthy

ecosystems, green infrastructure and nature-based
solutions should be systematically integrated into urban
planning, including in public spaces, infrastructure, and
the design of buildings and their surroundings. To bring
nature back to cities and reward community action, the
Commission calls on European cities of at least 20,000
inhabitants to develop ambitious Urban Greening Plans.
These should include measures to create biodiverse and
accessible urban forests, parks, and gardens; urban farms;
green roofs and walls; tree-lined streets; urban meadows;
and urban hedges. They should also help improve
connections between green spaces, eliminate the use of
pesticides, limit excessive mowing of urban green spaces
and other biodiversity harmful practices (European
Commission, 2020).

Sustainable and resilient landscapes at different scales
have an integral green infrastructure system, which
includes greenways, green belts, ecological networks,
green and open spaces, and other natural and semi-
natural elements (Toth, Stépankova & Feriancova, 2016),
including diverse elements such as urban agriculture
(Téth & Timpe, 2017) or green university campuses (Cibik
et al.,, 2020). Green infrastructure can be recognised as an
integral component of the fourth nature concept (Cibik
et al,, 2020), as well as a strategic tool for climate change
mitigation in urban environments (Téth, Halajova &
Halaj, 2015), and rural landscapes (Toth & Feriancov,
2013; Téth, Stépankova & Feriancova, 2016). Moreover,
green infrastructure can be a reinterpreting and directing
concept in urban and rural development (Karadeniz et
al., 2020). In intra-urban areas, a significant part of green
infrastructure is represented by urban green spaces
and green areas, which have a marked impact on the
quality of life and well-being of residents (Bihurova et al.,
2021), improve the overall community health (Marques,
MclIntosh & Chanse, 2020) and serve as an important
climate change mitigation tool (R6zova et al., 2020). They
provide a wide range of other ecosystem services, such
as dust and noise reduction (Ruda & Boyko, 2020). Green
infrastructure can be implemented through different
programmes and frameworks at the national level, for
instance in Slovakia, there has been a national project
on the support of biodiversity with green infrastructure
elements in Slovak municipalities (Halajovéa & Halaj,
2020). A concept that thematically builds upon the
concept of green infrastructure is nature-based solutions,
which can be used to address current challenges and
problems in urban environments, such as revitalisation
of neighbourhoods and residential areas (Shchur,
Lobikava & Lobikava, 2020).

This thematic issue of Acta Horticulturae et Regiotecturae
deals with different aspects of planning and designing
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green infrastructure across landscapes and scales.
At the large scale, Yang et al. (2022) present an approach
to a comprehensive zoning scheme for vernacular
landscapes in China. Kamenecki et al. (2022b) deal with
a wide range of landscape values, elaborated on the case
study of the Jakljan Island in Croatia. Fornal-Pienak and
Bihuriova (2022) evaluate current landscape architecture
approaches in selected cities in Poland and Slovakia in
a comprehensive comparative study. Unconventional
interventions in redeveloping unused urban landscapes
are presented by Maksymenko et al. (2022). Pochodyta et
al. (2022) analyse green infrastructure and nature-based
solutions in Warsaw and elaborate on the aspects of the
urban planning practice. The importance of residential
green spaces and their vegetation is analysed by Williams
(2022), while considering also building footprint coverage
regulations in Nigerian Lagos (Williams & Okedele,
2022). Examples of good practices are presented also by
interesting Croatian case studies. Kamenecki et al. (2022a)
elaborate on the revitalisation and landscape design of
the park in Stari Mikanovci, while considering the role
of existing vegetation in generating new landscape
solutions. Green infrastructure and planning procedures
are also evaluated in an empirical case study linked to
creating an unofficial network of green spaces by an
NGO in Sesvete (Spaji¢, 2022). Gutmane (2022) provides
thoughts on mythologising urban projects by the case
study of Barona Street in Riga, Latvia. The last two papers
deal with a smaller, site-specific scale. Prochnow and
Cibik (2022) present unconventional interventions within
redeveloping unused urban landscapes by the example
of a small design intervention in an urban park. Kusen
et al. (2022) conclude this issue with an analysis of plant
species in selected primary school yards in Zagreb, while
specifically elaborating on toxic and allergenic plants.

Regional specificities and qualities of the landscape
and its green infrastructure

In rapidly developing and growing urban metropolitan
regions such as China, vernacular landscapes are of
growing importance. Yang et al. (2022) have identified
8 vernacular landscape regions in China, with 56 sub-
regions. A comprehensive and detailed landscape
zoning has been carried out from a landscape ecological
perspective, based on the principle of landscape
heterogeneity. The authors identify the human
constituents of vernacular landscapes and categorise
them to tangible (land use, settlements, housing) and
intangible aspects (population, economy, customs). They
come up with an indicator system for comprehensive
zoning of Chinese vernacular landscapes, which include
natural (landforms, climate, hydrology, vegetation) and
human constituents (land use, settlements, housing,

population, economy, customs). Kamenecki et al. (2022b)
elaborate on natural, cultural, and visual landscape
qualities by the example of island Jakljan in the
Dubrovnik-Neretva County in Croatia. Natural qualities
of the landscape include biodiversity and perception of
“naturalness” of the most dominant landscape patterns.
Cultural qualities include agricultural landscapes and
cultural and historical heritage. Visual landscape qualities
include visually attractive and authentic elements, as
well as visual exposure of the landscape. The authors
argue that these values must be preserved in order to
sustain the character of the landscape, when planning
and designing spatial changes.

Planning and designing green infrastructure
in urban landscapes

Fornal-Pienak and Bihurovd (2022) analyse strategies
and projects that have been implemented and realised
in landscape architecture, environmental protection,
and sustainable design in selected cities in Poland and
Slovakia. They evaluated policy approaches (strategic
documents, conceptions, and plans), quality of landscape
design (architectural competitions and implemented
projects), and public participation (involvement of the
public in urban planning, bottom-up initiatives, support
of the communities). The authors compared 10 Polish
and 10 Slovak cities, while looking at strategic documents
and landscape design projects realised within the last
10 years, while looking at the overall design, the selected
greenery and the solutions applied for adaptation to
climate change. Maksymenko et al. (2022) deal with
green infrastructure at the larger scale of park zones by
the example of the city of Lviv in Ukraine. Most green
areas are owned by the municipality. The total area
of parks and squares covers an area of 10,690,000 m?,
including 24% of nature reserves. This means that the
provision of urban population with public green spaces
is almost 15 m2.person’, which is above the existing
Ukrainian standards, which require 10 mZ2person™.
Maksymenko et al. (2022) consider parks as objects/cores
of urban green infrastructure. The city of Lviv established
the position of a gardener for each administrative district
of the city, which might potentially contribute to the
implementation of nature-based practices in urban
parks. Pochodyta et al. (2022) analyse green infrastructure
and nature-based solutions in Warsaw. Analysis of urban
green infrastructure is used to identify the concepts of
its planning, implementation, and management at the
level of the whole city as well as its individual parts. They
elaborated a spatial analysis of green infrastructure, while
focusing on the distribution of main public green spaces
at the city scale - forests and parks in the urban fabric
and forms of their protection, linear elements of green
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infrastructure along communications, implementation
of new elements of nature-based solutions in the
urban environment such as green roofs, green facades,
or rain gardens. The case study has proved that the
green infrastructure network is in many parts of the
city fragmented, the number and size of green areas
are insufficient in the densely built-up areas, and only
a few examples of the use of new elements of green
infrastructure as green walls, green roofs, rain gardens
or plantings along transport corridors were found. The
analysis enabled drawing recommendations for the
improvement of the conditions of the existing network,
while the main recommendations include strengthening
the interconnectivity and introduction of nature-
based solutions and specific new elements of green
infrastructure as green walls, green roofs, rain gardens,
or plantings along roads and green tramlines, to improve
the environmental conditions in the areas where is not
possible to create other types of green spaces.

Green infrastructure in urban residential
areas and zones

Williams (2022) elaborates on the paucity of residential
green spaces using the Normalised Difference Vegetation
Index (NDVI) in the urban residential fabric of the
metropolitan city of Lagos in Nigeria. Residential areas
cover approximately 52% of the total land use, while
urban open space covers only 2.8%. Williams (2022)
investigates the NDVI on three selected residential estates
of variable densities (low, medium, high). The results
show low NDVI values, which reveal that residential areas
have negligible vegetation. Therefore, it is important to
consider actions to improve the greenness index of the
city and to ensure that rapidly developing peri-urban
settlements do not neglect public green spaces. Williams
and Okedele (2022) evaluate the non-adherence to
residential private open spaces to building footprint
coverage regulations in Lagos. Residential private open
spaces are instrumental to the creation of pleasant
residential environments, contributing to the individual
character, identity, and appearance of the residential
area. Therefore, the problem of inadequate percentage
of the residential private open spaces prevents the urban
residential environment from attaining city sustainability.
This problem is rooted in the non-adherence to building
regulation standards especially in Nigerian cities. The
results of the study reveal that in the medium density
residential estates, which represent a typical spatial
pattern, 70% of the residential lot is covered by building
footprint, while 30% is reserved for private open space.
This is not in line with specifications of the Lagos state
building regulation, which specifies that 60% should
be reserved for building footprint coverage and 40%

for private open space. Thus, there is a need for better
control of building regulation adherence.

From green space design to green infrastructure
enhancement

Kamenecki et al. (2022a) present diverse procedures and
indicators of systematic inventory and analysis of existing
vegetation in urban landscapes, using the Visual Tree
Assessment (VTA) method by the example of the park in
Stari Mikanovci in Croatia. Based on this evaluation, four
different conceptual design solutions were elaborated.
The authors conducted a multi-criteria descriptive
analysis of different design solutions by different authors
with the same assignment. They found that existing
vegetation is not a limiting factor for the typology,
diversity, disposition, and degree of intervention in
the creative phase of the design process. Spaji¢ (2022)
highlights the importance of the nongovernmental
sector for enhancing local green infrastructure, based on
the experience of the NGO “ZIPS” (Zelene | plave Sesvete)
in Croatia. He introduces the “quad helix” approach,
which was the basis for defining relations among various
stakeholders throughout many of the projects that
have been conducted so far by the NGO ZIPS. The role
of NGOs is according to Spaji¢ (2022) to lobby, point out
problems, promote, disseminate and co-design space,
while final decisions are usually made by democratically
elected representatives. The strategic approach to spatial
development is presented at different acting levels/steps
from “base” (creating thematic maps) through “planning”
(strategic placing of new green elements, involving
the public) to “implementation” (involving private
owners and the public). The ZIPS NGO has managed
to develop a central triangle of publicly available open
spaces in the central part of the municipality, which
contribute to the well-being of citizens and the quality
of their environment. The experience of ZIPS shows how
important it is to build partnerships at local, regional,
national, or even international level, especially within
research, innovation, and educational projects. According
to Spaji¢ (2022) to enhance green infrastructure locally,
it is important to act in different fields before an official
plan gets adopted. Making small steps and fulfilling
simple tasks can lead to greater achievements in time.
In Lviv, a community garden was created as the initiative
of the NGOs Permaculture, EkoTerra and PLATO, to
arrange the public space of the City Gardening “Réring’s
Greenhouses” with the consent of the city administration
(Maksymenko et al., 2022). In the case of the small
wooden design objet Rampolyna, the cooperation with
the local NGO Fabrika Umenia (meaning Art Factory)
was of added value, as they can use the added element
for organising and hosting events (Prochnow and
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Cibik, 2022). Gutmane (2022) elaborates on the issue
of mythologizing urban project on the case study of
Barona Street in Riga’s historical centre. During and
after the reconstruction of Barona Street, it was widely
used as a public image of street renovation failure. Both,
professionals, and civic associations criticised ad hoc
planning, unsuitable traffic organisation, inappropriate
design, and poor construction quality. Built on the
analysis of the related reflections and criticism in media
and public discussions, the thick description of the
Barona Street project’s events attempts to show how
socially and emotionally shaped perception of design
and implementation process by involved social groups
has contributed to the mythologising the renovation
of Barona Street. The conclusions emphasise socio-
psychological framing of urban analysis. The emotional
implication of Barona Street myth induces reattribution
of the responsibility for failed design to individual
political leaders, designers and involved municipal
workers, shifting public attention away from structural
and governance inability to engage with public spaces
and creating preconditions for involving urban projects
as a tool in political power games. Gutmane (2022)
concludes that there is an inadequate public space
policy, an absence of appropriate management and
collective perception of the street as a public space. She
identifies myth as a tool for creating and strengthening
social identity.

Small design interventions to improve the quality
of local green infrastructure

Insome cases, evengreen belts, orotherelements of urban
green infrastructure such as parks can have unused zones
and parts, where even a small design intervention can
enhance the overall open-space quality. Sometimes an
interesting small architectural element or a site furniture
can revive nonfunctional open spaces and make users
stop, think, relax, interact, and socialise. The case study
of “Rampolyna” shows that unconventional interventions
can be used as efficient tools for redeveloping unused/
forgotten/abandoned sites and “places without function”
in urban landscapes. Landscape architecture has the
potential to re-create such areas and provide them
with a new, meaningful function. Prochnow and Cibik
(2022) show, how a small design intervention in the
form of a small wooden object of site furniture entitled
“Rampolynd” has had a place-making effect in a part of
the Milan Rastislav Stefanik Park in Partizanske (western
Slovakia), which was used mainly as a passage, offering
no quality for staying. The object, besides serving the
most obvious function of sitting and staying is open for
various interpretations by users. It has been developed
within the 2019 volume of the [1:1] Workshop series,

which was implemented in a participatory planning and
co-design process. The integration of the public, e.g.,
through local NGOs can be of added value. In the case of
“Rampolynd’, the cooperation with the local NGO Fabrika
Umenia (meaning Art Factory) was of added value, as
they can use the added element for organising and
hosting events (Prochnow and Cibik, 2022).

Trees matter: trees as “construction material”
of urban green infrastructure

The NGO ZIPS organises regular tree plantings with
the citizens. For instance, it aims at preserving two
500-year-old lime trees and their genome by cloning
them and replanting a hundred of their clones all over
the municipality of Sesvete, especially in kindergartens,
schoolyards, churchyards, public spaces, and other
places. The certified seedlings will be delivered by the
Croatian Forestry Institute (Spaji¢, 2022). Kamenecki et
al. (2022a) found by a systematic inventory and analysis
of existing vegetation, using the Visual Tree Assessment
(VTA) method in the parkin Stari Mikanovciin Croatia that
existing vegetation, especially trees are not necessarily
a limiting factor for the typology, diversity, disposition,
and degree of intervention in the creative phase of the
design process. As pointed out by Kusen et al. (2022),
trees stand for elementary components of urban green
infrastructure. For instance, in Zagreb’s Lower Town, it
is mainly row-planted trees and green spaces around
building blocks,as wellas schools. Kusen et al. (2022) focus
on the potential ecosystem disservices delivered by green
spaces, with a particular focus on toxic and allergenic
species with a potentially hazardous effect, especially in
schoolyards. They conducted field research in 7 primary
school compounds and documented 34 herbaceous and
geophytic species, 38 shrub species and 36 tree species.
They found 35 poisonous and 28 allergenic plant taxa
in green spaces surrounding primary schools, including
Hedera helix, Taxus baccata, and llex aquifolium. Species
with high pollen production such as Betula pendula or
Robinia pseudoacacia represented only a low proportion
in the species composition. They suggest that species
should be chosen more carefully, avoiding species that
are moderately and strongly allergenic or poisonous,
however, this should not result in repeatedly planting just
a few “safe” plant species, an effort should also be made
to preserve and increase biodiversity in cities. Poisonous
trees and shrubs should be surrounded by other plants
that are not poisonous in a way (e.g., impenetrable
hedges) that prevents contact with the children. Growing
of poisonous annuals, biennials and perennials should
be avoided. The authors conclude that children should
be more informed about plant species, their value, and
characteristics.
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2 Conclusions

Green infrastructure planning and design takes place
at various scales and in diverse landscape settings. It is
a strategic concept that is well integrated in international,
EU-wide, national, regional and local policies and
concepts. It can be considered an effective tool to mitigate
the negative impacts of climate change and in creating
healthy and sustainable human environments. In urban
landscapes, green infrastructure must be approached
both from a more holistic perspective that covers the
entire urban area, such as green belts, green grids,
greenways and similar. At the local scale, it is important
to deal with each green space element as a unique open
space with its own values and qualities, while actively
involving and engaging the public in participatory
planning and co-design processes. Sometimes even
small design interventions can significantly improve the
open space quality of green infrastructure elements.
While vegetation elements are normally of added value
for green spaces, it is important also to consider their
potential ecosystem disservices when selecting the tree
species composition.
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As China’s rapid development has gradually expanded beyond urban areas, vernacular landscape as a significant expression of
local conditions receives more and more attention. This paper aims to formulate a comprehensive zoning scheme for vernacular
landscapes of China. The zoning applies zoning methods and technical means of the Geographic Information System. Based on
the understanding of the vernacular landscape concept, the main factors that determine the feature of the vernacular landscape
are identified, including landforms, climate, hydrology, vegetation, land use, settlements, housing, population, economy, and
customs. Then, the indicators that can significantly reflect the characteristics of each factor are selected to construct an indicator
system for comprehensive zoning. We combine quantitative and qualitative analysis to examine the spatial differentiation
patterns of Chinese vernacular landscapes comprehensively. The prior zoning principle is a combination of the principles of
relative consistency of natural constituents of vernacular landscape and relative consistency of human constituents of vernacular
landscape. Simultaneously, it considers the combination of the principles of synthesis and dominant factors, the combination of
the principles of top-down and bottom-up, the combination of the principles of spatial integrity and continuity, and the principle
of hierarchical zoning. Based on indicator evaluation and essential zoning basis, using overlay analysis and comparative analysis
methods, the country is divided into two-grade spatial units of vernacular landscapes by two steps: 8 vernacular landscape regions
and 56 vernacular landscape sub-regions. It provides theoretical support for protecting and developing vernacular landscape
characteristics, and exerting regional advantages to achieve comprehensive development.

Keywords: spatial differentiation, zoning principles, indicator system, Chinese vernacular landscape regions, Chinese vernacular
landscape sub-regions

1 Introduction the fundamental way to understand the geographical
environment dialectically (Zheng et al., 2005). Besides,
comprehensive geographical zoning is compatible with
the requirements of socio-economic development.
Hence, since the 1990s, in the face of rapid changes in the
ecological environment and socio-economic situation,
some Chinese scholars have realized the importance of
zoning integrating natural and social aspects and have
conducted many comprehensive geographical zoning
practices, such as the land use zoning scheme of China
(Feng, 2001), the comprehensive regionalization of
human geography in China (Fang et al., 2017), and the
Geographical zoning or classification is the division zoning by rural regional system types (Liu, Zhou & Li,
of geographical entities based on properties or  >019p) etc. However, there are only a few comprehensive
relationships (Chorley & Haggett, 1967; Johnston, 1968).  ;4ning studies involving cultural features, which may be
Synthesis is the basis for the existence of geography and e to the diversity and complexity of the culture itself.

In recent years, with the implementation of a series of
national macro strategies — such as the “Beautiful China”
Construction, Regional Sustainable Development, and
Rural Revitalization Strategy, China’s rapid development
has gradually expanded beyond urban areas. Vernacular
landscape, as a significant expression of local conditions,
receives more and more attention. In addition, it is
necessary to identify landscape patterns from a regional
and integrated perspective in response to the current
national spatial planning.

*Corresponding Author: Ruizhen He, Henan Agricultural University, College of Landscape Architecture and Art, China;
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So far, most landscape zoning has been carried out from
the perspective of landscape ecology based on the theory
of landscape heterogeneity (Center, 2008; Fu et al., 2001;
Liu et al., 2019a; Long, Nelson & Wulder, 2010). These
studies emphasize the spatial differentiation of natural
spaces, ecological processes, and landscape functions
(Li et al., 2006b) without considering the landscape’s
socio-cultural attributes. In short, there is still a lack of
landscape regionalization studies that integrate natural
and human factors, especially vernacular landscapes.

This paper aims to formulate a comprehensive zoning
scheme for vernacular landscapes of China, seeking
a comprehensive understanding of differentiation
patterns of Chinese vernacular landscapes. The research
focuses on three main aspects: the stability and
differentiation of the natural geographical environment,
the inheritance and characteristics of the socio-cultural
background, and the combination of the principles
of the relative consistency of natural constituents of
vernacular landscape and relative consistency of human
constituents of vernacular landscape. Our findings will
provide a scientific basis for the development of Chinese
vernacular landscapes regarding preserving local
styles, inheriting cultural traditions, and protecting the
ecological environment.

1.1 Literature review

According to Kwa (2005), the word “landscape” can be
traced back to Dutch as a loan word into the English
language along with a fairamount of landscape paintings
imported from Holland and Flanders, referring to rural
settlements with the administrative implication (Ogden,
1955). However, the meaning of the word “landscape”
evolved to describe a pictorial representation by the
end of the sixteenth century, firstly as the background
of a historic piece, then as an independent genre. Since
then, “landschap” is an expression representing the land,
mostly as inhabited by humans (Fechner, 1986). The
roots of “landscape” in Anglophone geographic practice
are to be found in the German concept of “landschaft’,
which means the sense of visual aesthetics, emphasizing
people’s perception and cognition of natural scenery,
without clear space boundaries (Cosgrove, 2004).
Humboldt developed the concept of “landscape”,
transforming it from an aesthetic category into an
abstract entity representing the overall characteristics
of certain land on the earth (Humboldt, 1969; Pagden,
1993). From a geographic perspective, Schmithlisen
(1973) believes that landscape is relative unity, stepwise
integrated local systems of factors comprising all realms
of nature. Thus, from natural sciences to human sciences,
different disciplines have different understandings of
landscape (Hersperger et al., 2020). Today, the common

understanding of “landscape” is consistent with the
definition in the European Landscape Convention (2000):
“an area, as perceived by people, whose character is
the result of the action and interaction of natural and/
or human factors.” The landscape represents the imprint
of complex physical geographical processes and human
historical activities on the earth (Li, 2007). Therefore, the
concept of “landscape” can be used to draw connections
among people, between people and places, and between
societies and their environment (Bloemers et al., 2010).

Jackson earlier applied “vernacular” to landscapes
generated by everyday praxes, which are dedicated
to stability and history, and elaborated on “vernacular
landscape” as a basic form of cultural landscape (Jackson,
1984). Linking the attribute “cultural” to landscape
underlines the holistic view of landscapes: humans
interact with landscapes in dynamic processes (Naveh,
1995). Vernacular landscape refers to “the adaptation
method adopted by local people to the natural process,
the land, the spatial patterns for life; the manifestation
of the life way of the people here and now on the
earth; a regional complex including the land, towns,
settlements, dwellings, temples, etc. on the land; a whole
systemincluding nature, history, and culture” (Yu, Wang &
Huang, 2005). Vernacular landscape reflects the physical
geography and humanistic features of a particular area
and the interface between time and space, nature and
culture, tangible and intangible assets.

1.2 Theoretical framework

The vernacular landscape includes not only the
landscape formed by natural processes but also the
landscape formed by the transformation of nature by
human activities during history, as well as the unique
local cultural assets. Therefore, from the comprehensive
perspective of the overall characteristics, vernacular
landscape is a unity constituted by natural conditions
and human production and lifestyle in a particular area.

Natural constituents of the vernacular landscape

The natural environmental factors significantly influence
and characterize vernacular landscapes, mainly
manifestedintangiblelandscapes.Outofthem,landforms
are the critical basis, reflecting the characteristics
and boundaries of the regional environment, and the
general topography is the main factor constituting the
landscape. Climate is a prerequisite for the formation of
vernacular landscapes, which provides natural nutrients
and energy and is critical for landscape expression.
Surface hydrological processes play a significant role in
the development of spatial patterns and the appearance
of vernacular landscapes. Vegetation is an indispensable
part of the natural ecosystem, and it is also an essential
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factor that best reflects the degree
of human transformation to nature.
Diverse vegetation is an important
and distinctive factor of vernacular
landscapes (Li & Guo, 2015). In
summary, the landforms, climate,
hydrology, and vegetation are the
main factors of the geographical
patterns and the vernacular
landscape ecosystem.

Human constituents
of the vernacular landscape

Throughout history, the human
impact on nature has also played
a dominant role in developing
vernacular landscape. Vernacular
landscape includes not only the
tangible but also the intangible
human heritage. Altogether they
provide vernacular landscape a
unique appearance. The tangible
landscape is characterized by
various factors at different spatial
levels, including macro, meso, and
micro levels. Land use determines
the overall image of the vernacular
landscape,embodyingthelaw ofland
evolution, the process of resource
utilization, and the way of interaction
between man and nature at a macro
level. The distribution of villages is a
vital characteristic of the vernacular
landscape, reflecting the settlement

status of diverse concentrations
based on geographical conditions at
a meso level. The housing style is the
fundamental physical representation
of vernacular landscapes,
reflecting the common humanistic
characteristics of a particular area at
a micro level. Out of the intangible
landscape, the population, that is,
the man has always been the base
for the formation and existence of
vernacular landscapes. The economy
is the thing that human beings are
engaged in daily life to meet the
needs of human society; therefore,
it is an essential aspect of vernacular
landscape. The traditional custom
is the matter formed by historical
memory and cultural awareness of
local areas and is the spirit of the
vernacular landscape. Popular local
customs have a robust humanistic
colour, rich content, and strong
influence, which can be regarded
as a critical feature of vernacular
landscape (Liu, 2013). In summary,
land use, settlements, housing,
population, economy, and customs
are the main human factors of the
vernacular landscape. They reflect
the human-landscape relationship
in the vernacular landscape and are
relatively stable landscape factors
(Fig. 1).
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Figure 1 Therelationship of the human factors constituting vernacular landscape

Spatial differentiation
of the vernacular landscape

The natural environment itself is
diverse, and it is also the basis of the
diversity of human cultures. The two
together form different landscape
patterns, leading to an apparent
disparity between various areas so
that vernacular landscapes show
distinctive local characteristics. To
clearly and fully understand the
differentiation law of vernacular
landscapes, it is necessary to
introduce the concept of region,
that is, to designate spatial units of
vernacular landscapes. In this study,
the concept of “vernacular landscape
region” emphasizes the relativity of
the zoning results while highlighting
the consistency of the regional
natural and human conditions.

2 Material and methods

2.1 Indicator system of Chinese
vernacular landscapes

The indicator system is the basis and
core of geographical zoning. Based
on the research focus, the regionally
comparable and easy-to-operate
indicators should be selected to
construct an effective indicator
system to ensure the scientificity,
integrity, and non-overlapping of
geographical zoning. According
to the main factors of natural
constituentsand human constituents
of vernacular landscape, we select
the indicators that can significantly
reflect the characteristics of each
factor to build the indicator system
for comprehensive zoning of Chinese
vernacular landscape (Table 1).

Among them, the indicator data
of natural factors of vernacular
landscape comes from the Resource
and Environmental Science Data
Center of the Chinese Academy of
Sciences (http://www.resdc.cn/)
and the National Geomatics Center
of China (http://www.ngcc.cn/).
The data on the ratio of the non-
aging population (under 65 years
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Table 1

Level

Natural constituents of vernacular landscape

Human constituents of vernacular landscape

Indicator system for comprehensive zoning of Chinese vernacular landscapes

Factor Indicator
landforms altitude (m)
average temperature
climate Q)
average rainfall (mm)
hvdrolo river density
ydrology (km.km?)
net primary
vegetation productivity
(9.C.m?)
land use land use type

administrative village
density (per ten
thousand km?)

settlements

traditional dwelling

housing type
ratio of non-aging
population population (under
65 years old) (%)
econom ratio of agricultural
y industry structure (%)
minority population | -
ratio (%), religious
customs

population ratio (%),
dialect diversity index

Basis

landforms greatly contribute to the spatial differentiation of the natural
environment (Cheng et al, 2019). Areas with different landforms show
distinct landscape patterns and appearances. The altitude is an intuitive sign
of the macro-morphological characteristics of landscapes

- climate is related to most natural processes, which is crucial for the evolution

of landscapes. Besides, the climate phenomenon itself can be taken as a kind
of vernacular landscape. Average temperature and rainfall conditions can
reveal the differentiation law of natural zones (Zheng & Fu, 1999)

hydrology is afundamental element that affects the settlement environment.
As one of the essential indicators of the characteristics of the watershed
structure (Huang, Xu & Chen, 2001), river network density matters in the
regional differences of vernacular landscapes

vegetation is considered a great indicator of regional natural differentiation,
and therefore a necessary feature to identify landscapes. As a critical
parameter of the vegetation ecosystem, the average net primary productivity
can reflect the overall spatial distribution of vegetation (Piao, Fang & Guo,
2001)

land use or land cover change is the most closely intersected issue between
natural and human processes in global environmental changes (Li, 1996).
Under the constraints of specific physical geography, social economy, and
human history, diverse types of land use areas have been formed (Feng et
al, 2010)

- settlement distribution is a record of long-term adaptation and interaction

between man and land and thus an essential part of vernacular landscape.
Administrative village density embodies multiple connections between
residents and the environment among regions

housing is a fundamental symbol of vernacular landscape and is regarded as
its most directidentifying factor. Under the joint effect of natural geographical
environment and the socio-cultural background, various traditional Chinese
dwellings reveal prominent vernacular characteristics (Sha, 1998)

- population distribution has influenced the formation and existence of

diverse vernacular landscapes in the long run. Due to the imbalance of
regional resource conditions and social economy, the ratio of non-aging
population varies across the country

economy is an essential field constituting human activities as well as
vernacular landscape. Agriculture represents the broadest human landscape
formed by the interaction between the natural environment and local
agricultural production, and hence the ratio of agricultural industry structure
changes from region to region

customs are an indispensable aspect of social life and a critical symbol
of human culture (Liao, 2006). Among them, ethnic attributes, religious
consciousness, and language traditions are typical representatives, bringing
unique and diverse perceptions of vernacular landscapes regionally

old) and minority population ratio is derived from
the 2010 National Census (http://www.stats.gov.cn/
tjsji/pcsj/rkpc/6rp/indexch.htm). The data on the ratio
of agricultural industry structure is taken from the
2017 China County Statistical Yearbook and statistical
yearbooks of provinces, municipalities, and autonomous
regions. And the data on religious population ratio comes
from the 2012 Chinese Family Panel Studies (CFPS) carried
out by the Institute of Social Science Survey. Besides, the

dialect diversity index, land use type, and traditional
dwelling type are learned from experts’ research results
(Kang, 2019; Peng & Wang, 2006; Xu et al., 2015). The
zoning adopts China’s counties and merged municipal
districts officially designated in 2010 (not including
Taiwan Province) as the research units. Moreover, 1 : 4
million basic Chinese geographic information data is
used for spatial administrative boundary vectors.
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2.2 Principles of comprehensive zoning for Chinese
vernacular landscapes

The zoning principle is the primary basis for selecting
zoning indicators, formulating zoning methods, and
establishing the zoning system, which is also part of the
core issues of zoning (Ren & Bao, 1992). The formulation
of reasonable zoning principles for vernacular landscapes
is a prerequisite to ensure that the zoning process
can objectively and truly reflect its differentiation law.
Based on the characteristics and zoning objectives set
for Chinese vernacular landscapes, the following five
principles are determined.

(1) Combination of the principles of relative
consistency of natural constituents of vernacular
landscape and relative consistency of human
constituents of vernacular landscape: The zoning
process considers the spatial similarity of natural
constituents of vernacular landscape. The areas with
apparent consistency of natural constituents are
classified as one type of unit. Simultaneously, we consider
areas with similar human constituents of vernacular
landscape and classify relatively consistent areas as one
type of unit. The two types of various spatial unit layers
are then superposed and compared to comprehensively
regionalize vernacular landscape based on a combination
of relative consistency of natural constituents of
vernacular landscape and relative consistency of human
constituents of vernacular landscape.

(2) Combination of the principles of synthesis and
dominant factors: Synthesis analysis emphasizes
the careful consideration of factors affecting the
vernacular landscape. According to the concept of
vernacular landscape, it is necessary to combine the
natural and human factors of vernacular landscape and
comprehensively analyse their interrelationship and
combination structure to objectively and accurately
reflect the spatial differentiation law of vernacular
landscape. However, when faced with the discontinuous
and fragmented areas during the zoning process, the
factors that dominate spatial differentiation can be
selected as the zoning basis to determine the spatial
division. Such factors often control and reflect the basic
appearance and characteristics of vernacular landscape
in a particular area and play a dominant role compared
with other factors.

(3) Combination of the principles of top-down and
bottom-up: The top-down deductive approach is usually
used to divide the higher-grade spatial units, while
the bottom-up inductive approach is often applied in
dividing the lower-grade spatial units (Zheng & Fu, 1999).
The former refers to from the whole to the part, dividing
higher-grade spatial units into lower-grade spatial units

according to the law of spatial differentiation. The latter
means from part to the whole, merging the lower-grade
spatial units into higher-grade spatial units according
to the law of spatial combination. This study combines
top-down and bottom-up zoning approaches. The top-
down approach is used for the higher-grade spatial unit
division to understand and distinguish areas at a macro
level, and the bottom-up approach is used for the lower-
grade spatial unit division to identify specific zoning
boundaries.

(4) Combination of the principles of spatial integrity
and continuity: Given that Chinese vernacular
landscapes have apparent spatial differentiation and
diversity, comprehensive zoning should ensure relatively
independent regions of vernacular landscapes while
maintaining spatial integrity and continuity. Combined
with the spatial scale and division basis of each zoning
grade, necessary areas are merged or separated to avoid
excessive fragmentation of zoning units. Overall, zoning
units of vernacular landscapes at all grades should be
complete and continuous throughout the national
geographical space, neither omission nor overlap.

(5) Principle of hierarchical zoning: Zoning by step
is popular in comprehensive zoning. Depending on
the importance of influencing factors of the research
object, different grades of zoning basis are determined in
sequenceto carry outzoning by step. Since the similarities
and differences of vernacular landscape types and spaces
are always relative at different scales, hierarchical zoning
can ensure the scientificity and rationality of the division
result. Simultaneously, for ease of application and limited
data, the paper adopts a two-grade zoning system to
divide the country into several vernacular landscape
regions, and then every region breaks down into multiple
sub-regions. From regions to sub-regions, the scale of
vernacular landscape units ranges from large to small,
the richness of vernacular landscapes usually ranges from
multiple to single, and the similarities within vernacular
landscape units vary from unobvious to obvious.

2.3 Methods of comprehensive zoning for Chinese
vernacular landscapes

With the technical support of GIS (Geographic
Information System), this paper mainly draws on four
analysis methods related to geography.

(1) Geometric mean method: For the vernacular
landscape factors with compound indicators, the n-th
power method is used to comprehensively consider
the impact of each indicator. Then, we evaluate the
vernacular landscape factors by grading the obtained
vernacular landscape factor indexes.
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55,=4 [Tc

where: SSj - the vernacular landscape factor index of
the spatial unit; C, - the grade value of indicator
i classified according to the relative size of its
attribute value

(1

(2) Overlay analysis method: The overlay analysis refers
to a zoning method that overlays and merges multiple
feature layers that affect spatial differentiation to
generate a new layer containing the analysis of previous
feature layers (Liu, 2008). In this research, all factor layers
are first loaded into the GIS to unify the spatial scale.
Then, depending on the type of factors, quantitative
overlap calculation or qualitative overlap judgment is
applied to classify the areas.

(3) Spatial clustering method: Spatial clustering is an
important part of spatial data mining, which clusters
or classifies entities based on their characteristics (Li,
Wang & Li, 2006a). This research uses the GIS grouping
analysis method to perform spatial clustering analysis
on the administrative village density and overlay index
of quantified human factors of vernacular landscape in
order to divide their values into distinct groups.

(4) Comparative analysis method: The zoning result
is usually affected by personal identification reasons.
Therefore, vernacular landscape comprehensive zoning
should seriously learn from experts’ experience. Through
careful comparison and synthesis with existing relevant
research results such as rural regional system type zoning,
appropriate and reasonable manual corrections are made
to avoid excessive fragmentation and potential division
errors. In this way, the optimization of the zoning scheme
can be realized, and it is also conducive to the formation
of a joint planning implementation mechanism in the
future.

2.4 Evaluation of Chinese vernacular landscapes

The research framework of comprehensive zoning for
vernacular landscapes of China is shown in Fig. 2. We
use indicator data to evaluate every natural and human
factor of vernacular landscape through GIS technology
in order to clarify their spatial distribution. There are
two evaluation approaches depending on the types of
evaluation factors. For quantified factors, we analyse
factor’s attribute value based on the corresponding
indicator attributes. And according to the relative size
of attribute value and previous grading evaluation
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experience, each factor is classified into five different
grades: very small, small, medium, large, very large,
and the corresponding assignments are 1, 3, 5, 7, 9. For
qualitative factors (land use and housing), combining the
characteristics and distribution of the factors, we draw
on the experience of relevant zoning studies to clarify
various types of regions (Fig. 3a, Fig. 3b).

Landforms

Climate

Vegetation

2
-

a) Overlay analysis of factors of natural constituents of Chinese
vernacular landscape

Comprehensive index of

natural constituents of

vernacular landscape
0

i, ;| S
c) Comprehensive evaluation of natural constituents of Chinese
vernacular landscape

(1) For the natural constituents of vernacular landscape,
we comprehensively evaluate it by integrating the
grade distribution of landforms, climate, hydrology,
and vegetation. With the support of the GIS spatial
analysis, the method of the quantitative overlay of
equal weight and then averaging is used to calculate
the comprehensive index of natural constituents of

Land use

Settlements

Housing

Population

Customs

£ iz |

b) Overlay analysis of factors of human constituents of Chinese
vernacular landscape

Pu:\

Comprehensive index of W
human constituents of

vernacular landscape

d) Comprehensive evaluation of human constituents of Chinese
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Figure 3
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vernacular landscape in each spatial grid (1,000 X
1,000 m), and then spatially average it to the county-
level administrative units. According to the classification
of Jenks natural breaks, a comprehensive evaluation
map of natural constituents of vernacular landscape
is generated (Fig. 3c). It can be seen from the figure
that the natural constituents of vernacular landscape
are roughly divided by the Hu Huanyong Line, with
significant differences between the east and the west.
This is consistent with the natural differentiation law
between southeast and northwest China and illustrates
the rationality and representativeness of the evaluation
of natural constituents of the vernacular landscape.

(2) For the human constituents of vernacular landscape,
we comprehensively evaluate it by integrating the
grade or type distribution of land use, settlements,
housing, population, economy, and customs. Since
human constituents of vernacular landscape contain
quantitative and qualitative indicators, factor evaluation
is relatively complicated to quantify uniformly. Therefore,
with the support of GIS spatial analysis, the qualitative
overlay method is adopted to obtain the regional
types of human constituents of vernacular landscape
of the county-level administrative units. According to
the area of various regional types, combined with data
review, map interpretation, and expert judgments,
a comprehensive analysis is carried out. The secondary
types of areas are classified into the main types of areas
based on priority of impact. With reference to certain
provincial and municipal administrative boundaries,
a comprehensive evaluation map of human constituents
of vernacular landscape is generated (Fig. 3d). As can be
seen from the figure, there are many types of vernacular
landscapes, and most of them are clustered in regions.
This is consistent with the characteristic that human
constituents of vernacular landscape vary from area
to area, and provides a sufficient basis for the detailed
zoning of vernacular landscapes.

3 Results

3.1 Strategies for zoning lines in the comprehensive
zoning process

One of the difficulties that have always existed in
zoning work is to clarify the boundaries of zoning units
(Zhao, Chen & Niu, 1979). This is especially true for the
comprehensive zoning of vernacular landscapes. Firstly,
because vernacular landscapes are unevenly distributed
and transitional, and ambiguous, there is no apparent
measurable gradient in space. Secondly, because
the spatial boundary is a continuity of points from
quantitative change to qualitative change, the boundary
is a space where similarities and differences coexist on

both sides. Thirdly, the landscape itself mostly depends
on intuitive feelings, and border areas are usually
more affected by cultural fusion, so the boundaries of
vernacular landscapes are blurred.

However, the zoning work requires a clear division
without repetition or omission. Therefore, by referencing
existing relevant zoning research, such as human
geography zoning, rural regional system types,
traditional settlement zoning, etc., the basic boundaries
of vernacular landscape regions are determined
according to the major characteristics and general
scope identification of vernacular landscapes. Also,
since the division of administrative units is based on
various natural geographical environments and socio-
cultural backgrounds, it is consistent with the division
of vernacular landscape regions. Therefore, this zoning
tries to maintain the integrity of provincial and municipal
administrative units, which can be of great significance to
regional development and management.

3.2 Generating Chinese vernacular landscape regions

First-grade zoning of vernacular landscapes, the division
of vernacular landscape regions, is based on the
natural geographical environment and socio-cultural
background (Western Australian Planning Commission,
2016). It is an effective way to reasonably absorb
relevant research results in the study. Hence, the natural
geographical environment mainly refers to the 7 natural
zones of Zhao Songqiao’s comprehensive physical
zoning (Zhao, 1983) (Fig. 4a), which are primarily
divided according to the combination of temperature
and moisture conditions. Each natural zone has
consistent climate characteristics, and vegetation, sail,
and other landscapes also show some commonalities.
The socio-cultural location mainly refers to 8 cultural
zones of Wu Bihu’s Chinese cultural zoning (Wu, 1996)
(Fig. 4b), which are primarily divided based on three
significant aspects related to the formation of Chinese
cultural zones, including geographic environment,
historical development, and relative location, and
secondly combined with public fuzzy sensing and
recognition of cultural zones. Therefore, according to the
general differentiation trend of vernacular landscapes
dominated by the natural geographical environment and
the socio-cultural background, the country is divided
into 8 vernacular landscape regions from top to down
using the overlay method of qualitative analysis (the
detailed boundary of vernacular landscape regions is
clearly defined in conjunction with vernacular landscape
sub-regions) (Fig. 4c¢).

We group and summarize vernacular landscape regions
according to 3 natural zones - the eastern zone,
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the north-western zone, and the Qinghai-Tibet zone
of Zhao Songgiao’s comprehensive physical zoning
(Zhao, 1983). The boundary between the eastern zone
and the north-western zone is roughly the same as the
Greater Khingan Range and the Great Wall of the Ming
Dynasty; the boundary between the north-western
zone and the Qinghai-Tibet zone is Kunlun Mountain-
Altun Mountain-Qilian Mountain, which is also the
administrative boundary between Tibet Autonomous
Region and Qinghai Province; and the boundary
between the eastern zone and Qinghai-Tibet zone is the
eastern edge of the Qinghai-Tibet Plateau. Among them,
the boundary between the east (the eastern zone) and
the west (the north-western zone and the Qinghai-Tibet
zone) is a critical geographic boundary across China,
which roughly coincides with the 400 mm precipitation
line, physical geographic zone boundary, Hu Huanyong
line, agroclimatic zone boundary, and population and
economic zone boundary.

(1) In the eastern zone, five vernacular landscape regions
are divided according to geographical zones and cultural
zones, namely Northeast China Region (l), Central China
Region (Il), Yangtze Region (Ill), Southeast China Region
(IV), and Southwest China Region (V). Among them,
Central China Region (Il) is bounded by the border of
the warm temperate zone and middle temperate zone
(near the Ming Great Wall) in the north, next to Northeast
China Region (l); it is bounded by the Qinling-Huaihe
line in the south, adjacent to Yangtze Region (lll) and
Southeast China Region (IV). Qinling-Huaihe line is
a crucial geographic boundary across China, reflecting
the comprehensive differentiation of nature and culture
between China’s north and south. Southeast China
Region (IV) and Yangtze Region (lll) are roughly bounded
by the boundaries of Guangxi and Fujian administrative
units and Nanling belt. And Southeast China Region (IV)
contains southern parts of Jiangxi province and a small
part of Hunan province. The east boundary of Southwest
China Region (V) roughly extends from north to south
along the administrative boundaries of Hunan province.

Wu Bihu's Chinese culture zoniﬁg

ol s

VB ChghaT

Chinese vernacular landscape regions

First-grade zoning process of Chinese vernacular landscapes

And southwest China Region (V) also includes west of
Hubei province and northwest of Guangxi province.

(2) In the north-western zone, according to the
differences in vegetation, landforms, and ethnic-cultural
characteristics, two vernacular landscape regions are
divided, taking the boundaries of Xinjiang and Gansu
administrative units, namely Inner Mongolia Region (VI)
and Xinjiang Region (VII).

(3) In the Qinghai-Tibet zone, according to the special
plateau conditions and religious, cultural background,
it should be an independent and complete vernacular
landscape region, namely Qinghai-Tibet Region (VIII).

3.3 Generating Chinese vernacular landscape
sub-regions

Second-grade zoning of vernacular landscapes,
the division of vernacular landscape sub-regions,
comprehensively considers 10 major vernacular
landscape factors, landforms, climate, hydrology,
vegetation, land use, settlements, housing, population,
economy, and customs. It is mainly based on
a combination of the principles of relative consistency
of natural constituents of vernacular landscape and
relative consistency of human constituents of vernacular
landscape to superimpose the comprehensive
evaluation of natural constituents of vernacular
landscape (Fig. 5a) with the comprehensive evaluation
of human constituents of vernacular landscape (Fig.
5b). In addition to the first-grade zoning of vernacular
landscapes, the zonings of human geography (Fig. 5¢c)
(Fang et al., 2017), rural regional system types (Fig. 5d)
(Liu, Zhou & Li, 2019b), and traditional settlements (Fig.
5e) (Liu et al., 2010) are also used as auxiliary references.
Simultaneously, combined with certain provincial and
municipal administrative boundaries, 56 vernacular
landscape sub-regions are finally divided through
complete analysis and comparison (Fig. 6, Table 2).

The methodology used in the zoning process and the
definition of vernacularlandscaperegionsin Chinafollows
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Figure 6 Comprehensive zoning scheme for vernacular landscapes of China

the methods and scenarios used at
international level. Some examples,
case studies and strategies from
different European countries (UK,
North-Europe, the Mediterranean)
and from Middle East shows that
the general structure and basic
idea in the reservation of vernacular
landscapes are everywhere
a common basis. The differences
are mainly generated by the local
natural and cultural conditions and
dimensions (Birnbaum, 1994; Saleh,
1998; Palmer & Thérond, 2008;
Kingston, 2009; Mitchell, Rossler &
Tricaud, 2009; Bourgeau & Vivas,
2018; Altaba Tena & Garcia-Esparza,
2018).
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Table 2

Coding and naming
of vernacular
landscape regions

Northeast China
Region (I)

Central China Region
()

Yangtze Region (lll)

Southeast China
Region (IV)

Chinese vernacular landscape regions and sub-regions

Coding and naming of vernacular
landscape sub-regions

Greater and Lesser Khingan Range Sub-region (1), Sanjiang Plain Sub-region (12),
Changbai Mountain Sub-region (I3), Songnen Plain Sub-region (14), Southern Liaoning
Sub-region (I5), West Liao River Basin Sub-region (16)

Northern Hebei Sub-region (I11), Beijing-Tianjin-Tangshan Sub-region (112), Southern
Hebei Sub-region (113), Shandong Sub-region (114), Shanxi Loess Plateau Sub-region
(115), Shaanxi-Gansu Loess Plateau Sub-region (I16), Central Gansu Sub-region (117),
Guanzhong Plain Sub-region (1I8), Northern Henan Sub-region (119), Huanghuai Plain
Sub-region (1110)

Lower Yangtze Plain Sub-region (lll1), Southern Zhejiang Sub-region (I112), Southern

Anhui and Northeastern Jiangxi Sub-region (ll13), Hubei-Henan Mountain Sub-region

(1114), Hubei-Hunan-Jiangxi Sub-region (ll15), Central Jiangxi Sub-region (l116), Central
and Southern Hunan Sub-region (1l17), Western Hunan Sub-region (1118)

Mount Wuyi Sub-region (IV1), Fujian Shore Sub-region (IV2), Taiwan Island Sub-region
(IV3), Pearl River Delta Sub-region (IV4), Southwest Guangdong Sub-region (IV5),
Hainan Island Sub-region (IV6), Guangdong-Jiangxi-Hunan Hakka Sub-region (IV7),

Number
of
sub-regions

10

Nanling Sub-region (IV8), Beibu Gulf Sub-region (IV9)
Qinba Mountain Sub-region (V1), Bashu Basin Sub-region (V2), Western Hubei and

Southwest China
Region (V)

Eastern Chongqing Mountain Sub-region (V3), Guizhou Plateau Sub-region (V4),
Southwest Sichuan Sub-region (V5), Yunnan Plateau Sub-region (V6), Southwest

Yunnan Sub-region (V7), Southeast Yunnan and Northwest Guangxi (V8)

Inner Mongolia
Region (VI)

Northern Xinjiang Sub-region (VII1), Tuha Basin Sub-region (VII2), Southern Xinjiang

Hexi Corridor Sub-region (VI1), Alxa Plateau Sub-region (VI2), Ningxia Plain Sub-region
(VI3), Ordos Plateau Sub-region (VI4), Inner Mongolia Northern Plateau Sub-region 6
(VI5), Inner Mongolia Eastern Prairie Sub-region (VI6)

Xinjiang Region (VII) Sub-region (VII3) 3
. i . Hercynian Basin Sub-region (VIII1), Qinghai Plateau Sub-region (VIII12), Western Tibet
g;lr:gha' Tibet Region Sub-region (VIII3), Southwest Tibet Sub-region (VII14), Southern Tibet Sub-region 6
(VII5), Western Sichuan Sub-region (VI116)
4 Conclusions vernacular landscapes is highlighted, which

To clarify and distinguish the distribution law and spatial
differences of vernacular landscapes, we divide the
country into two grades of vernacular landscape spatial
units: 8 vernacular landscape regions and 56 vernacular
landscape sub-regions. The units are relatively
independent and interconnected, and each unit can
highlight the typical characteristics of the vernacular
landscape in a specific area. Three critical outcomes are
obtained in this study, which have both theoretical and
practical implications.

1. It argues that vernacular landscape refers to an
inseparable complex formed by the interaction
between natural constituents and human
constituents of vernacular landscape. In this study,
while comprehensively considering the similarities
and differences of both natural constituents and
human constituents of vernacular landscape in
different areas, the dominant role of the natural
geographical environment and socio-cultural
background in influencing the formation of various

conforms to the essence of the vernacular landscape.

2. It proposes an indicator system for vernacular
landscape comprehensive zoning, which contains
the factors of both tangible and intangible vernacular
landscapes. We choose two levels of characterizing
factors from both natural constituents of vernacular
landscape and human constituents of vernacular
landscape. Then the indicators greatly reflecting
the characteristics of each factor can be determined
separately.

3. It provides an approach that integrates quantitative
and qualitative analysis with the support of a set
of particular principles to evaluate vernacular
landscapes. The comprehensive zoning scheme
was finally obtained based on indicator evaluation,
essential zoning basis, overlay analysis, and
comparative analysis methods.

This study reveals a systematic regionalization based
on the overall spatial differentiation law of natural
constituents and human constituents of vernacular
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landscape, which avoids using single and typical rural
landscape cases to summarize the entire vernacular
landscapes throughout the region. Also, with reference
to worldwide experience, the zoning procedure can
be seen as a useful tool for formulating corresponding
development and planning strategies (Xie, Li & He, 2020;
Silva & Acheampong, 2015). And as the focus of landscape
research, protected landscapes can be studied deeply
on our basis to resolve management conflicts (Hasti et
al, 2016; Havrylenko, Shyshchenko & Tsyhanok, 2020).
However, due to the limitations of existing data and
technical methods, it has not yet been possible to realize
dynamic vernacular landscape comprehensive zoning.
It is necessary to further improve the zoning means to
optimize the vernacular landscape zoning scheme in
a timely, accurate, and efficient manner.
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This paper aims to present an approach to landscape evaluation, on the example of the island of Jakljan, which is a part of the
Elaphiti Islands in the Dubrovnik Neretva County. Special emphasis is placed on the evaluation of natural, cultural, and visual
qualities, which were identified in order to direct their protection in future development processes taking into account their
role in the landscape. After determining the main qualities, the submodels of individual landscape qualities were determined.
Next, the relationship between landscape quality and potential quality degradation was analysed, and a database of spatial data
was prepared. Natural qualities included biodiversity valuation and perception of naturalness of the most dominant landscape
patterns in this area. Cultural qualities included agricultural landscape evaluation and cultural-historic heritage. Finally, based
on the evaluation of the visual units and visually attractive and authentic elements of the landscape and the analysis of visual
exposure, a final model of visual landscape qualities was carried out. Evaluation maps were obtained using the GIS tools. The paper

pointed out the most important values which must not be lost if the existing character of the space is to be preserved.

Keywords: landscape qualities, evaluation, Jakljan island, modelling

1 Introduction

Landscape is not just space and it is not an objective
thing; it is an expression of the perception of space that
people share, value and use (Olwig, 2007). Landscape can
also be defined as a historical document that contains
evidence of a long process of interrelationships between
society and its material environment (Eiter, 2010). Given
that the landscape is a complex system (Jorgensen, 2015),
a great deal of effort is needed to simplify this complexity.
According to Deming and Swaffield (2011) modelling
is a research strategy based on simplification. Namely,
most methods of landscape valuation are focused on
the qualities of landscape forms, which are determined
by geographical methods such as; mapping certain
landscape features and attributing importance to these
features or transferring analysis results in the form of
landscape typologies or value maps (Stephenson, 2010).
However, the determination of landscape qualities that
are related to a person’s relationship to the landscape
cannot be conveyed by a geographical approach, and

therefore social research that focuses on perception can
be used (Stephenson, 2010). In interdisciplinary research,
the classical division into quantitative and qualitative
research is almost non-existent or completely unclear,
which is especially noticeable in landscape analyses
that seek to understand different socio-ecological
relationships (Tobi & van den Brink, 2017).

Theisland of Jakljan, the research area, has a predominant
natural character of the landscape which, in addition
to valuable natural heritage and visual qualities, also
has a valuable cultural heritage. Planned construction
of tourist and recreational facilities and transport
infrastructure will partially or significantly change the
area; its completeness will be dissipated. The aim of this
paper is to reconcile the interests between landscape
protection, cultural heritage and the development of
the Island of Jakljan. Therefore, it is necessary to enable
the preservation of the existing landscape and cultural
values of the research area, with the development of
planned contents. An evaluation of the natural, cultural,
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and visual values of the entire island
of Jakljan has been made. The
paper will propose guidelines for
protection and regulation that will
be based on evaluation, but will also
take into consideration development
potentials and needs of the Island.
The main goals of this paper are (1)
analysis of all natural, cultural and
visual features of the subject area,
(2) typological classification of visual
landscape units in the observed
area, and (3) assessment of existing
landscape qualities (natural, cultural,
visual qualities).

2 Material and methods

2.1 Description of the area

The southernmost county in Croatia,
the  Dubrovnik-Neretva  County,
consists of a coastal zone and a sea
area with islands and peninsulas.
The research area is located on the
island of Jakljan, which is a part of
the Elaphiti Islands. As one of the
northernmost Elaphiti islands, it
administratively belongs to the City
of Dubrovnik, and the only area built
on it is the former summer resort in
the main bay, V. Jakljan (Fig. 1).

The design of the structural
and visual characteristics of the
subject area is conditioned by the
pronounced natural features of this
abandoned and uninhabited island.
Spatial structure of the island of
Jakljan is determined by its relief
characteristics, since in terms of
vegetation, the entire area is now
dominated by forest vegetation. Main
feature of the island is the division
into an undivided, very narrow and
steep SW ridge, facing the open sea
and the wider, flatter NE slopes of the
island facing the end of the Kolocep
Channel. The observed area of the
island of Jakljan is irregular in shape,
indented in relief. It includes an area
of a more pronounced homogeneity,
determined by the dominant forest
vegetation. Anthropogenic impact
is only slightly more pronounced

.....

[ Administrative border of the City of Dubrovnik

Figure 1

in recent times, with the clearing of
forest vegetation on the slopes in the
bay V. Jakljan and the establishment
of fig plantations, which significantly
changed the visual characteristics
of this part of the bay. Other
anthropogenicelements,alsolocated
and concentrated only in the bay
of V. Jakljan, today are slowly being
lost within the forest vegetation and
enhance the natural character of the

[ Island of Jakljan with the
bay Veliki Jakljan
Accents
® negative - built
#® positive - built
Surfaces and volumes
BN artificial surfaces

Corridors

— terraces

Edges

== ridges
edge of the terraced area

-~ forest passage

— edge between the rocky coast
and the forest vegetation

E® forest vegetation
rocky coast
B rocks

Figure 2

Svetl Andrija

agricullural (terraced) areas
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The geographical position of the location within a wider area

rest of the Island. Overgrown area
with forest vegetation and the varied
relief make it impossible to see the
wider area.

Observing the island of Jakljan (Fig.
2), the area under natural forest
vegetation dominates (mostly
high, mixed vegetation, but also
transitional stages of the same),
which is significant and the only
contrast is the newly established
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750 1000 mA

Structural map of the wider coverage area - the island of Jakljan
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fig plantation in the bay V. Jakljan,
and slightly less built coastal edge/
promenade, beach, piers next to the
former resort complex.

Structures that stand out from the
environment with their height,
shape or purpose are important
as structures for navigating space,
and they are the accents within the
observed area. On the island they are
represented by the neglected church
of St. Izidore, and in the bay V. Jakljan
there are several buildings but all
neglected and in ruins.

2.2 Evaluation of existing
landscape qualities

Evaluation involves identifying the
quality and value of the landscape
and determining the level of
integrity of all components that
define and constitute its dominant
characteristics.

Methodology of landscape
evaluation, the basic issue of
this paper, is one of the most
frequently used research strategies
in environmental design. Marusic
(1991) defines it as the recognition
of the person’s relationship towards
landscape. Modelling is recognized
as an appropriate evaluation method
because it interprets and simplifies
complex systems of environmental
quality in the planning context,
especially considering their
reflection on its future state, which
cannot be scientifically verified in the
present (Butula et al., 2009). Falconer
et al. (2013) believe that the use of
modelling in GIS contributes to the
accessibility but comprehensibility
of a large number of complex issues
to the public.

After  determining the  main
qualities, the  submodels  of
individual landscape  qualities
were conceptually  determined.
Next, the relationship between
landscape quality and potential
quality degradation was analysed,
and a database of spatial data

was prepared. It was used for
modelling three specific landscape
qualities; natural, visual and cultural.
Evaluation modelling was performed
in GIS applications ProVal2000 and
QGlIS, and the homogeneous spatial
unit was 5 X 5 m in size. Polygonal
spatial data were evaluated directly
through value matrices, while
other spatial data were evaluated
through distance buffer zones. The
obtained matrices are connected by
arithmetic functions Multi sum and
Multi max (ProVal2000) which, after
overlapping, calculate the value of
each spatial unit with respect to the
values of all input matrices. When
using the arithmetic function Multi
sum (ProVal2000) to connect two or
more matrices, depending on the
need, weighting factors were used.
By including a weight, all values
are multiplied by the value of the
same, which increases their value
in the further process of merging
and overlapping. Weights were
used in the evaluation of terrestrial
and marine habitats for natural and
ecological qualities and cultural
heritage sites (churches, fortifications

a) b)

<)

and archaeological sites in the sea)
for cultural and historical qualities.

3 Results and discussion

3.1 Natural landscape qualities

Values of natural landscape qualities
are defined primarily with regard
to the (a) biodiversity (Fig. 3a) and
(b) perception of naturalness of the
most dominant landscape patterns
in this area (Fig. 3b): the sea with
associated rocky and pebble shores,
and forests and forest vegetation.
In the evaluation of the area from
the aspect of biodiversity, terrestrial
and marine habitats were evaluated.
Maps of terrestrial and marine
habitats of the coverage area served
as the basis for the evaluation. The
evaluation criteria are based on the
quality of the present habitat types
and their importance for the overall
biodiversity of the island of Jakljan.
Diversity of the shores of thisareaisan
important element of the naturalness
of the landscape, and is therefore
taken into account when making
submodels. Vegetation of macchia

A

0 500 1000m 0 500 1000m
—_ [ E—
[ Island of Jakljan with the bay Veliki Jakfjan
Ewvaluation of natural qualities
1 - very low value
2 - low value
3 - medium value
4 - high val
U g v?ue 0 250 500m
B s - very high value

Figure 3

Overview of natural qualities of the wider observed area
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and forests, and rocks and rocky
shores are valued mainly because
of their naturalness, but also their
role in the structure and perception
of the landscape. Furthermore,
the values are determined by the
distances from the water elements -
springs and torrents, where the
value decreases with distance. An
important component of the natural
qualities of the landscape of the
researched area are the relief forms
that significantly contribute to the
perception of the natural structure
of the island space. Therefore, rocky
shores are defined as the highest
quality of the relief structure of the
natural landscape. The final model
of natural qualities was obtained by
overlapping and merging the sub-
model of natural qualities from the
aspect of biodiversity (Fig. 3a) and
from the aspect of natural qualities
of the landscape (Fig. 3b). The final
result is an evaluation model of
natural qualities, on a scale of one (1)
to five (5) (Fig. 3¢).

3.2 Cultural landscape qualities

Agricultural landscapes in the
investigated area were evaluated
from the aspect of structure and
from the aspect of the existing and
historical way of land use. The first
aspect was evaluated by a direct
approach based on the criteria of
the importance of agricultural land
in spatial integrity, readability of
structural features, which included
terraces and canals. The second
aspect was evaluated on the basis
of the potential for future use in the
case of restoration of now neglected
and overgrown areas that according
to the interpretation of orthophotos
from 1968 and the Austro-Hungarian
cadastre from 1837 were once
used as olive groves and vineyards.
Furthermore, due to the possibility of
expanding these zones, agricultural
areas in today’s land use (orchards)
and partially neglected agricultural
areas that are still read in the area
were taken into account.

Although it was not permanently
inhabited, the island of Jakljan
contains historical physical structures

A

0 500 1000 m 0 500 1000 m
[ T— [ T
[ Island of Jakljan with the bay Veliki Jakljan
Evaluation of cultural qualities
1 - very low value
2 - low value
3 - medium value
I 4 - high value
B 5 - very high valus 0 250 500m

Figure 4

Overview of cultural qualities of the wider observed area

and archaeological remains that
testify to the continuity of living and
using this area in close connection
with the neighbouring island of
Sipan. The mentioned historical
architectural structures have been
preserved in the bay of V. Jakljan,
in the northern part of the island
(remains of the fort) and in some
southern parts of the island, which
has preserved traces of intensive
agricultural cultivation.

The final model of cultural qualities
was obtained by overlapping and
merging the sub-model of quality
and potential of the agricultural
landscape and the sub-model of
cultural heritage. The final result of
the association is a value map with
rated areas of overall cultural and
historical qualities, on a scale of one
(1) to five (5). (Fig. 4)

3.3 Visual landscape qualities

Values of visual qualities of landscape
are modelled through the function
of observation intensity and quality
of observed; intensity is determined
through frequency of observation
(visual exposure), and quality
of observed through landscape
elements, their interrelationships
and evaluation of visual units:

(Vij = £1ij, Kij) )

where: V - visual quality; i - object
of observation; j - observer; | -
observation intensity; K — quality of
observed

Therefore, (1) visual completeness
of the whole space was evaluated
according to the criteria of
representativeness/typicality, visual
integrity, coherence, complexity,
overall impression that represents
a complete experience of the visual
whole regardless of individual criteria
(Bogovac et al,, 2021) and (2) visually
attractive, authentic elements
such as rocky shores, beaches,
rocks, forests, and spatial accents
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Figure 5

such as the church of St. Izidor. The
mentioned submodels were then
combined with the model of visual
exposure by the folding technique
in order to obtain a complete
value map of the visual qualities of
space. Identification of visual units
is an analytical procedure which,
on the basis of visual boundaries,
determines spatial units which are
later qualitatively evaluated on the

a)

<)

|:| Island of Jakljan with the bay Veliki Jakljan
Evaluation of visual qualities
1 - very low value
2 - low value
3 - medium value
I 4 - high value
B 5 - very high value

Evaluation of visual units according to different criteria

basis of visual criteria. Visual units
were determined on the basis of
field research, interpretation of
photographs, and digital elevation
model. In the mainland, the
boundaries have been determined in
the areas of the ridges of the highest
relief forms or cuts that represent
a visual barrier.

Interpretation identified five visual
units that were directly evaluated

500 1000 m

0 250 500m
N T

Figure 6

Overview of evaluating the visual quality of visual units

by several experts for the purpose
of creating value models of visual
qualities of the landscape (Fig. 5).
The criteria taken into account were
as follows:

a) Representativeness/typicality -
number of combinations of
common and essential features
thatmakethearearepresentative
in the region to which it belongs;
the landscape may contain
certain character and/or features
and elements that are considered
representative by stakeholders.

b) Visual integrity - includes
assessment of visual integration
of space, character and number
of different views that open from
individual points in space, visual
relationships of elements that
make up space, visibility of the
wider island space, the existence
of visual corridors, barriers and
edges.

c) Coherence - a measure of the
harmony of the organization
of space; the degree to which
different factors are interrelated
in space and time, the
consistency of the alternation of
one or more anthropogenic and/
or natural patterns.

d) Complexity - a measure of the
richness of a scene is manifested
in the diversity of spatial patterns
of some and/or individual
elements within a particular
pattern. It may be due to the
complexity of natural conditions
(relief, combination of different
units of the ecosystem, etc.)
and/or specific cultural and
historical context.

e) Overall impression - refers to the
overall experience of the visual
whole regardless of individual
Criteria.

The highest value of visual units
was obtained by visual unit 1 (4.60),
while the lowest value was obtained
by visual unit number 3 (2.44 small
value). Visual units 2 and 4 were also
rated with moderate values (3.20 and
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3.24), while visual units 5 were rated
as highly valuable (3.8). Visual unit
1 received the highest values (5.0)
on the basis of the criteria of overall
impression, representativeness/
typicality and coherence, while on
the basis of the criteria of complexity
it was evaluated on average by the
lowest score (4.0) of all criteria.

Based on the evaluation of the overall
visual potential, which included the
evaluation of visual units and visually
attractive and authentic elements
of the landscape and the analysis
of visual exposure, the final model
of visual landscape qualities of the
wider area was obtained (Fig. 6).
Value of visual qualities grows with
the increase of visual potential, i.e.
visual qualities and visual exposure.
The most visually exposed areas are
those thatare visible from the highest
points of observation (pedestrian
and waterways, roads, settlements),
i.e. from places where people reside
and constantly passing. The range of
values is determined by the scale of
values from one (1) to five (5), with
value 5 representing the areas of
the highest values of visual qualities
of the landscape, and value 1 the
lowest values.

D Island of Jakljan with the bay Veliki Jakljan
Evaluation of combined qualities
2 - low value
3 - medium value
I 4 - high value
Il 5 - very high value

Figure 7

From the map of combined visual
qualities, it can be seen that the most
valuable areas (value 5) are those that
belong to the wider area of V. Jakljan
Bay and its wooded slopes. Large
homogeneous area, visual unit 1,
primarily of natural character defined
by steep rocky shore and rocks above
which forest vegetation (coniferous
and mixed forest, macchia), has
a high value (4) due to exposure
from waterways and very high visual
quality of the unit. Areas of high
mixed vegetation on slopes and
neglected agricultural areas, which
extend above the bays V. Jakljan
and M. Jakljan with high exceptions
of anthropogenic elements within
the same and neglected tourist
settlement, are also of high value (4).
Visual qualities of the observed parts
of the island are emphasised mainly
due to the visual exposure of the
most frequent observation points.
Larger areas of the northern part of
the island have a moderate value
(value 3) of visual qualities, mostly
covered with macchia, without
spatial accents that would add value
to the space. Only smaller areas in
V. Jakljan Bay have a low value (value
2) of visual qualities, which are not

A

0 250 3500 750 1000m
I N W E—

Final model of combined landscape qualities

observable from many points due
to their position, and therefore their
value of visual exposure is lower. The
area of fig plantations was assessed
as low and very low (1 and 2).

3.4 Final model of landscape
qualities

The final model was obtained by
overlapping and merging sub-
models of natural, cultural and visual
qualities of the landscape (Fig. 7).
By overlapping all the above sub-
models of landscape quality, a joint
model of landscape quality for the
area of the island of Jakljan was
obtained.

The most valuable areas are those
that are characterised by high
natural, cultural and visual qualities.
The final result of the association is
a value map with estimated areas of
total quality value in the rating scale
from one (1) to five (5), where the
association method uses a multi max
function which retains the highest
values of all input submodels.

The final model of landscape quality
indicates that almost the entire
island belongs to the most valuable
(44.28%) and highly valuable areas
(50%) (grades 4 and 5), with the
exception of low value (grade 2)
active fig plantations on the slopes
of the bay V. Jakljan (5.33%). Most
valuable areas are those covered
with macchia in the northern part of
theisland, and visually exposed areas
of mixed forests that surround the
bay. The coasts are recognized as the
most valuable zones, as well as the
sea part of the coverage area, which
covers the Posidonia habitat. Areas
of cultural and historical heritage
that include the historical complex
around the church of St. Izidore
and utilitarian buildings and coastal
infrastructure (the remains of a pond
built by the Benedictines, and an
old pier located on the north side
of the bay made of stone), are also
recognized as the most valuable.
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The entire southern side of the island, which includes
rocky shores and rocks, is a high value area (value 4),
based on the identified visual and natural qualities.
Highly valuable is the area above the bay M. Jakljan,
which in addition to these qualities, also has pronounced
cultural and historical qualities due to the pronounced
agricultural character, or exceptional potential for
the restoration of former olive groves identified in
orthophotos from 1968 and the Austro-Hungarian
cadastre from 1837.

4 Conclusions

The paper showed that the approach used in this
paper can be adjusted according to (1) site specificity
and (2) spatial problems and conflicts to be resolved
before deciding on spatial changes. Such an approach
contributesto solving practical problemsinthe protection
of landscape qualities that are essentially a public good
and a link between nature and culture and biophysical,
experiential, social and developmental elements in
space. Such evaluation process can be carried out in the
framework of EIA, SEA or spatial planning preparation. At
the same time, the disadvantage of these assessments
is that the landscape is mostly analysed through the
prism of structural features and visual qualities, while
neglecting public attitudes and other landscape qualities
that may be degraded by future development.
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1 Introduction

Increasing human development and concentration of
population in the urban areas is closely related to the
quality of citizens’ lives, safe and clean environment, and
adaptation to extreme climate conditions in the cities.
During the 20™-century strategies related to greenways,
ecological design, sustainable development of cities
have been elaborated (Supuka, 2008; Mandziuk et al.,
2021a). Sustainable shaping of green areas in cities is
supported by scientific research, connected with the
current policy of the European Union and supported by
the local governments and residents of cities. Adaptation
measures for climate changes have been emphasized
in the last decades of the 21%-century. An increasing
number of days with tropical temperatures, urban heat
islands, floods in the urban and rural areas (Kousis,
Pigliautile & Pisello, 2021) caused the necessity of
different approaches also in the landscape architectural
projects (Seckin, 2018; Mabon and Shih, 2021). In recent
years water in the city has been attracting increasing
attention from the urban planning point of view. Water
in all its forms and types has been brought into the city
to improve the quality of urban life. Rivers are being

redesigned to become an interplay between ecology,
flood protection and amenity (Prominski, 2017). Green
roofs and vertical gardens also help to manage the rainfall
run-off. Over the past decades, the development of new
materials and construction technologies has helped to
maximize the benefits of these systems (Hubacikova,
Markova & Dimitrova, 2020).

Materials and products for sustainable sites are those
that minimize resource use, have low ecological impacts,
have no or low human and environmental health risks
and assist with sustainable site strategies (Calkins & Ap,
2009; Mandziuk et al., 2021b).

Grimm-Pretner  (2018)  underlines  incorporating
innovative solutions, design with nature-based solutions
and multifunctionality for open urban spaces, with
highlighting follow-up of realised projects.

When we look at the popular landscape design
approaches, every decade has its own style, rooted in the
social and economic status of the world. The following
topics could be considered as trends in Landscape
Architecture design during the last few years.
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Flemming (2021) has published the following list of

trends in landscape architecture design for the year 2021:

1. Well-being landscapes - the impact of the Covid-19

pandemic on our mental and physical health during

the last 2 years clarified that open green spaces are

the most valuable and safe places to meet family
and friends.

2. Re-designing the street — prioritizing the pedestrian
movement over the vehicular traffic and also due to
climate changes, the streets have the potential to
become greener and safer.

3. Outdoor living - the creation of outdoor living
spaces as an extension of the indoors.

4. Planting to reduce air pollution - trees can clean the
air and absorb harmful airborne particles, gaseous
pollutants and toxins through their leaves, bark and
roots.

5. Investment into local public parks - local public
parks and their accessibility to vulnerable groups
of the population, have never been as important as
during the last 2 years.

6. Smart use of space - the space should be designed
wisely to fulfil the required functions, it should have
appropriate aesthetic qualities and it should be
easily accessible.

7. Grow your own initiatives - many people became
interested in growing their own food.

8. Stormwater management - can reduce run-off of
rainwater into streets sewerage and keep it where it
drops in order to slowly infiltrate or evaporate or for
other uses.

9. Nature-based solutions - bioecological network
supporting biodiversity.

10. Smart technology in the landscape — applying smart
technologies in the cities and open spaces.

Smart cities are green, innovative, friendly, inspiring and
digital. Smart cities properly use modern technologies to
invoke the synergic effects between various subsystems
regarding energetic intensity and quality of life of the
citizen (Svitek & Postranecky, 2018). In 2017 and 2018
there was an international project supported by the
Visegrad fund which evaluated chosen cities in the Czech
Republic, Hungary, Poland and Slovakia in terms of smart
solutions in the spheres of governance, environment and
alternative energy and public involvement (Ohegyi et al.,
2017).

The Paper aims to bring an overview of the importance
of urban greenery development and improvement
of the quality of urban open spaces from the point of
view of the city municipalities. We have evaluated what
kinds of strategic documents, guidelines and standards
have been elaborated by the City Hall and what types

of landscape architectural projects have been realised.
This research also brings an overview of the trends in the
field of landscape architecture in Poland and Slovakia. We
have tried to find some similarities and differences.

2 Material and methods

The selection of cities in both countries was based on
differences in numbers of the population, so that it would
be possible to make a cross-section of implemented
landscape architecture projects, of existing strategic
documents or active approach of the city government to
improve the living conditions of the inhabitants of their
city.We havealso tried to represent various environmental
and natural conditions in Poland and Slovakia.

In the first step, the evaluation took place at the level of
self-government management (evaluation of the presence
of relevant departments dealing with urban planning,
landscape architecture or strategic greenery management.)
We have also searched for documents related to
improving the lives of the city’s inhabitants, strategies on
adaptation to climate change, or published guidelines,
standards and manuals regarding designing of the public
open spaces and greenery management (Table 1a, b).

The next step was a field survey of implemented projects
(Table 2a, b). One realised project has been selected and
assessed from the following points of view:

1. Quality of landscape architectural design, with taking
into account the functional and spatial possibilities
and needs of the inhabitants.

2. Suitability of the solutions in the area, support of the
genius loci of the space.

3. Technical realisation of the project.

4. Selection of materials, mobiliary and other elements.

5. Greenery (species and cultivars of trees, shrubs and
flower compositions).

We have collected the data from the official web pages
of the cities, from social networks platforms and the
interviews with the city representatives. The evaluation
has been done between June 2021 to November 2021.
Chosen landscape architectural projects, which were
evaluated, have been realised during the last 10 years.

3 Results

3.1 Evaluation of chosen cities in Poland

Warsaw consists of 18 city districts. Each district has
its own self-government which means that also way of
development of the districts varies. There is almost 110 m?
of green areas per one inhabitant of Poland’s capital.
The Old Town of Warsaw is listed in the UNESCO World
Heritage List. Warsaw is one of the most dynamically
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developing European cities with great potential and
extraordinary vibe, its inhabitants often refer to its
history and are very skilfully able to combine tradition
with modernity. Green areas cover almost half of the
city’s area. There are as many as 95 parks, a lot of squares,
gardens, pocket parks, parklets, green tram lines. Some
buildings have gotten vertical, green walls, roof gardens,
which are very important for the microclimate of the city.
Revitalization of green areas and projects of new green
areas were realised every year in Warsaw.

Wroctaw —is also rich in green areas, from parks to forests
and Natura 2000 areas. Green areas in the city accounted
for 4.8%, and forests for 7.6%. There are many small
areas of greenery, such as the Japanese Garden nearby
the University of Technology. There are also many larger
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valuable areas such as the Bystrzyca Valley Landscape
Park, Las Pilczycki, Strachocinski or Redziriski. Not only
are these areas beautiful in terms of nature, but they are
also a habitat for many species of plants and animals. New
squares, parks, pocket parks are established every year.

Krakéw - a lot of types of green areas occupy about
150 hectares of the city. Other green areas include road
lanes, green areas, water greenery, greenery accompanying
sports grounds and fortress greenery with a total area of
approximately 3.111 hectares. Nowadays many pocket
parks, parklets and green walls, which are all very important
to minimize the negative impact of urbanization/
anthropogenic impacts, can be found in Krakow.

Rzeszéw - In the ranking of green cities prepared by the
portal rynekpierwotny.pl Rzeszéw came second among
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the 66 largest cities in Poland. The main criterium of the
evaluation was the share of parks and green areas (13.4%)
in the city’s total area, excluding forests.

Olsztyn - is not a “City-Garden” but it could be changed.
The real importance of greenery should be recognized
and its planning, maintenance and continuous
development should be systematically arranged.

Przemysl — many different types of greenery have been
developed here, for example: protecting green belts
allotment, recreation parks, remediation greenery, green
areas nearby hypermarket and adjacent to housing estates.

Jelenia Goéra is characterized by the large diversity of
green areas, resulting mainly from the specificity of its
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location among the surrounding mountains and hills.
Currently, the area of the maintained urban greenery
of Jelenia Goéra covers almost 100 hectares, including 8
city parks and numerous squares, and also small green
areas. A specific group of green areas are municipal
playgrounds (currently 29). Parklets are also used as
a new type of green areas in the city centre.

Tarnéw - green areas in Tarnéw accounted for 6% of
the city’s area (i.e. 55 m? of greenery per one inhabitant
of Tarnéw). Revitalization of Strzelecki, Sanguszki and
Piaskdwka parks has been realised. Sensory gardens with
herbs and natural plants were created last year. A new
project was done in the city centre. Now we can use new
parklets along the promenade.

Chosen cities in Poland and Slovakia and the list of strategies, methodologies, documentation and realised
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Lédz - there are many parks, green areas, as well as the
largest forest complex there. There are over 30 city parks
intddzwith atotal area of nearly 500 hectares, 13 of which
are historical parks under conservation protection. In
addition, the areas of a park nature include the Botanical
Garden, the Municipal Zoological Garden, several sports
and recreation centres, as well as numerous squares
and lawns. One of the favourite walking places for the
inhabitants of Lodz is the largest forest complex within
the city limits, Lagiewniki Forest with an area of approx.
1.250 hectares. Such a great variety of green areas and
the constant development of £6dz parks are appreciated
by the inhabitants of £té6dz, who are more and more
willing to use these places for everyday recreation.

Kalisz has compact development build-up areas, which
makes it difficult to plan large green areas. That's why
parks and squares are densely interspersed with canals,
alleys and streets. Recently, bus stops overgrown with
vegetation have been designed in the city.

3.2 Evaluation of chosen cities in Slovakia

Bratislava — the capital of Slovakia consists of 17 city
districts; each district has its own autonomy. The most
active districts are Old City (revitalisation of squares and
pocket parks, new technologies in tree planting — using
the structural substrate in root open cells), Karlova Ves
(nature-based solutions, establishment of rain gardens
and stormwater collection, flower meadows, education
of the public), Ra¢a (flower meadows, support of the
community gardens), Zahorskd Bystrica (revitalisation of
thedistrict park), Petrzalka (establishment of the orchards,
new tree plantation, high quality of the open spaces
of new housing estates). The main central organisation
which elaborates the standards and documents for
the whole municipality is the Metropolitan Institute
of Bratislava, where architects, landscape architects,
ecologists and sociologists are employed.

KosSice is the second-largest city in Slovakia. There are
plenty of projects, which have been realised within the
urban structure of the city and also in the recreational
landscape. Several sites have been reconstructed -
Kulturpark cultural centre of KoSice (brownfield
revitalisation), city park revitalisation, Park Moyzesova.
There is an active NGO Carpathian Development Institute
in Kosice. The city Climate Adaptation Strategy is under
preparation. One of the 22 districts — KVP - is testing out
an environmentally-friendly philosophy in designing
spaces in between apartment buildings, especially in
densely-populated areas with pre-fabricated panel
houses. Many of the primary schools started to create
rain gardens as a part of environmental education.

The city gained the title of European Capital of Culture in
2013 after a five-year preparation. During the preparation
period, small technical buildings within the city (called
“vymennik”) have been transformed into the modern
centres of art and culture which are very popular among
inhabitants up till now. In June 2020 the City of Kosice
was awarded an international grant Urban Innovative
Action. Only 11 from 222 projects across Europe were
selected.

At the City Hall, there is a Department of the Main
Architect of the City with a Section for Urbanism and
Section for Architecture. These offices have organised
several official architectural competitions. The last one
was focused on the revitalisation of the former water mill
canal in the centre of the city.

PreSov - the main projects that have been realised
here are the revitalisation of the open spaces of the
housing estates and small city parks which have been
supported by EU funds. Manual for the design of open
spaces has been prepared which is a guideline for further
development and equipment of open urban spaces.

In PreSov, there is a Department of Spatial Development,
Architecture and Construction with Sections of Territorial
Development and City Architecture within the City Hall.

Zilina has prepared several projects of Landscape design
revitalisation within the last 3 years. Sites to be revitalised
(i.e. urban studies or projects of the redesign of open
spaces have already been elaborated) are the following:
the housing estates Solinky-Centrum (2021), Hliny V-VI
(2021), VI¢ince | and IV (2021), housing estate near
the Hospital (2020), Hliny I, Il, VII (2020), Hliny 1I-1V, VIII
(2019), Hajik — Hradisko (2014). In 2013 three community
gardens were established. The project of revitalisation of
the City Park Ludovita Stdra won the 1%t price in the Park
of the year 2020 competition.

At the City Hall, there is a Department of Environment
with a Section for Urban Greenery Management. There
is also a Department of the Main Architect of the City,
in which a landscape architect is employed. Several
official architectural competitions for public open spaces
revitalisation have been organised in Zilina.

Nitra — has prepared several projects for the revitalisation
of the city parks, open spaces and squares. The City
Hall actively involves inhabitants in discussions (e.g.
Hackathon - public discussion about new master plan
preparation, establishment of community gardens,
application of suggestions for tree planting and urban
interventions). Only small projects have been realised —
supporting the biodiversity in the city and planting of
single trees within the urban structure of the city. A new
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Table 2a Evaluation of open spaces in chosen cities
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Table 2b Evaluation of open spaces in chosen cities
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greenway/cycle road/which will connect the city with the
surrounding areas is under construction.

The City Hall includes the Department of Environment
with Section for Urban Greenery, the Department of the
Urban planning and Architecture and the Department of
the Main Architect of the City.

Trnava - is one of the most active cities in Slovakia,
thanks to its mayor, who is very ambitious and has long-
term visions. Plenty of projects have been realised and
a lot of architectural competitions for different types of
green open spaces have been organised. Development
of the city with regards to landscape architecture
happens not only within the urban areas but also in
the surroundings of the city where new recreational
zones have been established. For example, edible forest
with recreational, climatic functions and also for the
protection of the agricultural fields. The public is actively
involved in discussions with landscape architect, as
a result, high-quality projects are being created. There
are plenty of other activities in Trnava, for example,
Urban Intervention, Free Trees for Your Garden, 10.000
Trees Within the City, construction of the greenways and
connection of the city with the surroundings. Projects
completed are reconstructions of city parks, revitalisation
of open spaces in housing estates (Tehelnd, Gejzu
Dusika, Na Hlinach), new urban development Arboria,
revitalisation of the forest park.

There is the Department of Territorial Development
with Section for Urban Greenery and Concepts and the
Department of Construction and Environment with
Section for Landscape and Natural Protection within the
City Hall structure.

Trencin - several projects that stem from architectural
competitions (revitalisation of part of the central zone)
have been realised here. Other successful projects are
pocket parks in the centre of the city, revitalisation of
open spaces in the housing estates, revitalisation of the
children’s playgrounds, revitalisation of the university
park and city park.

There is the Department of Construction and
Development and also the Department of the Main City
Architect within the City Hall.

Martin - one official architectural competition for Slovak
National Uprising Square has been announced, and
plenty of urban studies for various sites (parks, housing
estates, streets, cemetery) have been realised.

At the City Hal, there is a Department of Environment
with a Section for Urban Greenery. There is also the
Department of Urban planning and Architecture as

well as the Department of the Main City Architect with
a landscape architect working there, too.

Zvolen - The City Hall is actively cooperating with the
local Technical University in Zvolen as well as with several
NGOs. Several interesting projects have been realised
here: support of biodiversity through establishing of
flower meadows, Urban Bees, establishing of the rain
gardens in the housing estates and school gardens,
collection of rainwater in school grounds and City Hall
buildings and also in the open landscape.

Department of Construction, Environment and Traffic
and Department of Urban Development are included in
the City Hall structure.

Brezno - There are several projects for open spaces
revitalisation (e.g. revitalisation of streets SLN, 9. maja,
CSA, F. Krala and of Margitin Park which are supported by
EU funds. Department of Environment and Construction
with Section for Waste Management and Management of
the Public Open Spaces is working within the City Hall.

4 Discussion and conclusion

Vegetation in the city provides shade, lower local
temperature, better condition of the air, reduces damage
caused by flooding, reduces noise, supports water
retention, improves the aesthetics and creates identity of
the place. It also creates a habitat for numerous animals
and other plants. Other elements of urban greenery, i.e.
lawns, squares, flower meadows, green roofs of buildings,
green stops, street greenery, rain gardens, cemeteries,
retention reservoirs and parks are equally important, and
even irreplaceable (Kousis, Pigliautile & Pisello, 2021).

The whole newly designed types of green areas big
and small in Polish and Slovak cities are very important
for improving human well-being in the cities. This is
a positive aspect, because as it is observed new green
areas are helping to improve the environment and to
minimize the negative impact of the urbanisation process
and climate change.

Many landscaping trends are about coming back to
nature with low-maintenance, water-smart and eco-
friendly designs, and using outdoor spaces more also
for typically-indoor activities. The trends in landscape
design projects vary a little bit due to different levels of
economic and social standards of the society (we can
consider worldwide differences, differences between the
states and also differences in the regions).

In the USA the highlighted topics are Going Native,
Outdoor Living Areas, Eco-Conscious Elements, Multi-
Season Green, Getting Creative with Food Plants, Setting
up a Pollinator Garden, Growing up With Vertical Gardens,
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Smart Technology, Keeping Pests Out, Composting For
Healthy Soils, Intricate Touches, Food Out Front, Secluded
Spaces, Low-Maintenance Landscapes, Unique Outdoor
Lighting, Xeriscaping, On-Site Water Collection, More
Potted Plants, Front Porch Living, Blue Gardens (JMF
Landscaping, 2020).

Shchur, Lobikava & Lobikava (2020) from Belarus
consider the following as crucial to implement in the
projects: community gardens, educational green space
for children, recreation and exercise space for older
people, café and recreation area, sports facilities, safety &
security, biodiversity, car-free zone.

Ring, Reinwald & Damyanovic (2020) agreed that
the function of the green infrastructure is not only
ecological but also social and economic. A new and
innovative project is the Biotope City in Vienna - the
city as nature with its innovative approach in an urban
planning model. It represents the modern way of
industrial area revitalisation which was proposed by
the interdisciplinary planning team. There is also a new
approach seen in the revitalisation of the former airport
in Oslo (Fornebu), in Vienna (See Stadt Aspern) and
in Prostejov (CZ) where the greenery was established
before the construction of the building or at least at the
same time. Stormwater management and supporting
the green-blue infrastructure is an important topic in the
Nordic countries and countries of Western Europe. In the
Czech Repubilic, there is a competition Adapterra Awards
which collects great examples of landscape architectural
projects with emphases on rainwater collection and
supporting the biodiversity.

The cities in Slovakia and Poland have their Master plans
ready, many of them have strategic documents for urban
development, but only some of them have adaptation
strategies for climate changes and guidelines for open
spaces design. Many of the cities have urban studies or
landscape design projects for chosen areas prepared
(housing estates, school premises, parks, hospitals, forest
parks) but due to lack of financial resources, they have
not been realised yet. The city halls are prepared for
external or EU sources of financing.

The landscape design studies and proposals in Slovakia
and Poland were elaborated by landscape architects
or a landscape architect was part of the project team.
However, a big number of projects are still elaborated
by architects only. In our opinion, the revitalisation of
open public spaces should be designed in cooperation
of professionals from various fields such as architects,
landscape architects, engineers and ecologists.
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The combination of negative effects of urbanization and climate change in large cities poses a real threat to environmental,
economic, and social stability in the world. The intensification of climate change and the analysis of its negative effects in cities
show that climate change causes special threats in cities that are not specific to other types of human settlements. Assessing the
vulnerability of urban ecosystems to climate change and planning measures to adapt cities to climate challenges is an important
element of spatial infrastructure planning. The goal was to analyze the green infrastructure spatial arrangements on the example
of green zones in Lviv. According to the results of field research and analysis of cadastral data, it was determined that most of
the green areas are in the municipal property of the city, the only exceptions are the sites of the nature reserve fund of national
importance. The total area of parks and squares of the city is more than 1,069 ha, of which 24% are areas of nature reserve. The
provision of the urban population with public green spaces is about 14.82 m?.person™. The green infrastructure is based mainly on
objects — cores (e.g. parks and squares). There is also a reserve in the city to expand the boundaries of green areas. The combination
of “cores” with green corridors and the use of point objects of green infrastructure will contribute to the continuity of the green
spaces network, which in turn will provide more environmental and socio-economic benefits for the population.

Keywords: green infrastructure, parks, nature reserve fund, greening

1 Introduction and Housing and Communal Economy of Ukraine, 2011).
Management of green areas in cities is usually carried
out by specialized municipal company working under
city councils. In turn, at the legislative level a document
“Instructionsontechnical inventory of green areasin cities
and towns of Ukraine” (State Committee of Construction,
Architecture and Housing Policy of Ukraine, 2001) was
approved for the inventory of green areas, however in
most cases the inventory data are no opened for public,
i.e. the local population cannot participate and influence
on the decision-making process on sanitary felling of
trees, landscaping of urban zones, etc. In other cases,
the inventory is carried out either according to approved
local rules, technical regulations or even not performed
atall.

Landscaping is an integral part of sanitation and spatial
planning. In large cities (population over 700,000), proper
landscaping is a problem due to continuous construction,
which occurs with violation of relevant requirements and
reduction of urban green areas, due to the expansion
of the road network. Other problems are old trees in
cities, improper structure of green areas, and outdated
approaches to green areas planning and management.
The main governing documents for urban green areas
management are the Law of Ukraine “On Settlement
Improvement” (Verkhovna Rada of Ukraine, 2005),
DBN (State Norms for Constructions) B.2.2-12 “Planning
and Development of Territories” (Ministry of Regional
Development, Construction and Housing of Ukraine,
2019) which replaced DBN 360-92 (State Committee
of Ukraine for Urban Planning and Architecture,1992)

Issues of landscaping in UA cities were studied in (Tsaryk &
Poznijak, 2016; Nazaruk & Zhuk, 2013; Stolberh, 2000;

and also DSTU-N (State Standard of Ukraine) B B.1-1-12
“Guidelines on the structure and content of the zoning
plan! (Ministry of Regional Development, Construction

Kucheriavyi, 2005). An overview of the development
of green infrastructure projects, landscape and
environmental planning was performed and results are
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demonstratedin previous works (Klieshch & Maksymenko,
2020; Maksymenko et al., 2021b; Maksymenko et al.,
2021c). Some effects of green areas of the city on the
natural components of the environment were studied in
(Maksymenko et al., 2021a; Maksymenko & Burchenko,
2019; Maksymenko et al., 2021d; Shpakivska, 2001).

Historically, the idea of green infrastructure (Gl) planning
or an ongoing network of green spaces is not a new
one. At the beginning of the 19" century, Frederick Low
Olmsted proposed a landscape-architectural concept
that combines systems of parks and green corridors,
which was more comprehended than isolated greenery
and had more benefits. Edward T. McMahon (Benedict
& McMahon, 2006) proposed one of the first definitions
of green infrastructure as an interconnected network of
protected lands and waters that supports local species,
natural ecological processes, air and water resources,
and promotes human health and quality of life. In 1995,
the European Commission provided definition, which is
currently the most acceptable in Ukraine, including in
view of the Association Agreement between Ukraine and
EU (Verkhovna Rada of Ukraine, 2014). According to the
EC (European Commission, 2013) “green infrastructure
is a strategically planned network of natural and semi-
natural areas with other environmental features designed
and managed to deliver a wide range of ecosystem
services. It incorporates green spaces (or blue if aquatic
ecosystems are concerned) and other physical features in
terrestrial (including coastal) and marine areas. On land,
Glis presentin rural and urban settings” List of ecosystem
services includes water treatment, air quality, recreation
and climate change mitigation and adaptation. It should
be noted that in our opinion it is advisable to separate
approaches to the organization and development of
green infrastructure of urban systems and rural areas,
as land use has different characteristics - a higher
percentage of agricultural land use, nature reserves,
recreational areas (sanatoriums, health resorts, etc.).
However, urban areas together with rural ones should
form a single, mostly continuous ecological network.

2 Material and methods

Lviv has a very long history of green areas traditions.
Hundreds of calm green streets, dozens of squares,
boulevards; there are about 30 parks in each city district,
the total area of green zones is about 1,000 ha, or about
15 mZperson’, these figures do not include various
types of forest-parks and expansion of agglomeration
boundaries (Resolution of the Lviv City Council, 2018).
The rich, diverse and ancient heritage of gardens and
parks is a direct merit of the great gardeners living in
the XIX century. The most prominent of them is the

inspector of Lviv city plantations Arnold Rohring. He
arranged the most of Lviv's parks and squares: Striyskyi
Park, Park “Zalizna Voda", Lychakiv Park, boulevards on
Shevchenko and Svobody avenues, green area on the St.
Yura Square (St. George Square), tree areas on Halytska
and Soborna Squares, the park in Kulpark, the lower
terrace of the High Castle Park with a gardener’s house,
arboretum of the National Forestry University located on
O. Kobylyanska Street, Resort Park in Bryukhovychi and
dozens of gardens.

The researches were carried out through field trips,
communication  with  stakeholders, cartographic
study, including open cadastral register data, analysis
of historical approaches to green infrastructure
management.

3 Results and discussion

A feature of the organization and development of Gl in
Lviv is the large number of parks, which belong to the
nature reserve fund and cover an area of 654.57 he. At the
same time, they form a network with other green areas
for general use, as well as smaller Gl objects with limited
and special use, such as linear plantings along roads,
green roofs, green walls, and rain gardens.

The area of green spaces is about 15 m2person’, which
is much higher than existing standards 10 m2person
(Ministry of Regional Development, Construction and
Housing of Ukraine, 2019). Also, there is a natural reserve
of about 100 ha, which is very promising for landscaping.

An example is the inclusion of a land plot of about
1 hectare to the territory of Park “Zalizna Voda” - the
park site of landscape art having local significance (Fig.
1). The restored area will be a community garden, which
is one of the types of Gl. This was an initiative of NGOs

3anizxi'BOgH

HOB WM
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Park”ZaliznaVoda” (area for restoration is marked
by black colour)

Figure 1
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Figure 2 Landscape of the park «Zalizna Voda»

Permaculture, EkoTerra and PLATO to arrange the public
space of the City Gardening “Rohring’s Greenhouses”
with the consent of the city administration. Previously,
a large greenhouse area was located in this area, which
is still in an abandoned state. This area is intended for the
preservation and use of parks, monuments of landscape
art and for the maintenance of the Park “Zalizna Voda“.

The territory of Park“Zalizna Voda”has an area of 19.50 ha.
There was no re-planning of the natural landscape in
the park (Fig. 2); currently works are on-going for the
arrangement of pedestrian zones and preservation of
forest systems, the formation of a system of surface
runoff.

Next to the Park“Zalizna Voda“ there is a park-monument
of landscape art with local significance named
“Snopkivskyi Park”. The area is 47.6 ha, the territory of
the park is subordinated to the Lviv Municipal Company
“Green Lviv” and is in the municipal property of the
city. The problem with these two parks is the lack of
a natural system of connectivity between them. Park
areas are separated with a highway with a tram track,
which contradicts the idea of continuity of green
infrastructure.

Stryiskyi Park is a central park classified as the city’s
national landscape art park. It can be considered as an
analogue of the Gorky Central Park in Kharkiv. The area of
the park is 56 ha and it is a separate legal entity.

Regional Landscape Park“Znesinnya” of local significance
is also located in Lviv. The area is 312.1 ha and it is
subordinated to the Lviv City Council. It is one of the
first parks of this type in Ukraine, established within the
city, and one of the few that emerged through a public
initiative (as a result of the struggle to preserve the old
cemetery). Its territory is divided into the following zones:
protected, regulated recreation, stationary recreation,

and economic zones. One of the most interesting objects
in the park is the historical and cultural open-air museum
“Shevchenkivskyi Gai” that is located on the territory of
the Klimentyi Sheptytskyi Museum of Folk Architecture
and Life. In addition, there is an Information and
Education Center on the territory of “Znesinnya”.

The park of the Holy Pope John Paul ll was called the Forest
Park“Zubra”in the past. Park“Zubra” or“Zubrivskyi Forest”
was renamed in 2011. Behind the forest in the tract there
was Lake “Pioneer’, butin 1982 due to industrial pollution
the lake was lowered. In 2019, the first eco-trail “Zelena
Stezhka Sykhova” (Fig. 3) was opened in Lviv, which runs
through the park, and it has many information boards
telling about the biota of the park and environmental
issues. The Park does not belong to the nature reserve
fund; the area is 97.90 ha. One of the features is that the
park, namely forest part, is closely located with the site of
the Armed Forces of Ukraine.

Ivan Franko Park is a park-monument of landscape art of
local significance; it is subordinated to the Lviv Municipal
Company “Green Lviv” and its area is 10.6 he. This is
the oldest park in Lviv and Ukraine, one of the oldest
municipal parks in Europe. Four hundred years ago, the
Ivan Franko Park was replaced by urban fields, but later
the land passed into private hands. At the end of the
16t century, a rich Lviv burgher, Jan Scholz-Wolfowicz,
established a park here. Over time, the park was rebuilt
by the owners in the Italian style, redesigned for the
entertainment of the local population. In 1855, the park
became the property of the city again, thus becoming
one of the oldest municipal parks in Europe. The famous
Lviv gardener Bauer undertook its arrangement. He
reconstructed the park in the English landscape style.
At the same time, almost all the old trees were cut down
and most of the trees we have today were planted.
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Figure 3

The High Castle Park was founded in 1835. It got its
name from the fortress, the remains of which have
been preserved on the territory. The area of the park
is 35.38 ha; it is subordinated to the Lviv Municipal
Company “Green Lviv". The structure of the park is
focused on the landscape park model. It has lower and
upper terraces. In the 1950s, the Lviv TV tower was built
on the upper terrace and the TV center building was
constructed next to it. These objects somewhat disturb
the historical and cultural landscape of the area.

Park-monument of landscape art of local significance
B. Khmelnytskyi Park of Culture and Recreation is
located near Striyskyi Park, from which it is separated by
a highway and has an area of 26 ha. It is subordinated to
its own directorate. The park was founded in 1951.

“Forest Park Pohulyanka” - botanical monument of local
significance - is subordinated to the Lviv Municipal
Company “Green Lviv” and its area is 100.33 ha. The
park is located in the southeastern part of Lviv, in the
valley of the Pasika stream and in the surrounding hills.
The Pasika stream merges in an underground collector
with the Soroka stream and gives rise to the Poltva river.
Pohulyanka hills form a part of the Lviv upland.

City Park “Pohulyanka” was established in 1940. At that
time, work began on clearing and arranging the territory
of the park area, and reservoirs appeared along the main
line. The compositional axis of the forest park is the
central alley, along which artificial ponds are arranged.
This alley goes through the valley, which divides the
park into two parts — northeast and southwest ones.
The slopes of the park hills are paved with walking
routes, inscribed in relief. Trails can be walked around
the perimeter of the park, to the observation decks

The Park of the Holy Pope John Paul Il. Start of the eco-trail “Zelena Stezhka Sykhova”

and several entrances located on different sides of the
“Pohulyanka”.

Lychakiv Park, a park-monument of landscape art of
local significance - is subordinated to the Lviv Municipal
Company “Green Lviv” and its area is 8.8 ha. It is a small
city park on the heights of the north-eastern district of
Lviv. By the nature of the composition it belongs to the
landscape parks. It was created in 1892 according to the
project of the outstanding master of Lviv garden and
park architecture Arnold Réhring. A feature of the stand
in Lychakiv Park is the dominance of black pine. There are
also maples, lindens, chestnuts, there are several species
of shrubs (Zhuk, 2012).

The geological natural monument of local significance
“Kortumova Gora“ is subordinated to the Lviv Municipal
Company “Green Lviv” and has an area of 21.4 ha. The
park is located in the northwest of Lviv, on the slopes
of the mountain of the same name, which is part of
the tract of Roztocze hills. From the highest point of
Lviv (Castle Hill), Kortum Mountain is separated by the
valley of the Poltva River. Currently, part of the territory
is occupied by a penitentiary institution. The territory of
the historical park is in an abandoned state, although
it continues to attract local people by panoramas of its
unique landscapes. Kortumova Mountain is separated
from the territory of the Bryukhovytsia Forest Park by
railway tracks. The park is a place where scientists finds
fossil flora, which are important for the reproduction of
the geological history of the Central Europe. The green
zone of Kortumivka is formed by plantings of maple, ash,
birch, black alder, chestnut, pine and other trees.

Park“NaValakh”is the second oldest parkin Lviv. It is a park-
monument of landscape art. The total area is 2.32 ha.
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NbBIB-2025 MEHEPATSHA MINAH
CXEMA KAPKACY SENEHVX HACAKEHD

Figure 4 Green areas in Lviv (as from Master Plan for Lviv)

Sknylivskyi Park was established in 1974 and is intended
for recreational purposes. The area of the park is 38.46 ha.
The park was created in a landscape style on a plain
that belongs to the Lviv Plateau and is currently in an
abandoned state.

A highway passes through the Ivan Vyhovskyi Park. It
was created to preserve and use the lands of the nature
reserve fund, as the parkis home to botanical monuments
of nature. The area of the park is 5.18 ha.

Lewandowski Park is subordinated to the Lviv Municipal
Company “Green Lviv” and has a purpose to preserve and
use the lands of the nature reserve fund. The area of the
park is 5.89 ha.

In addition to the above green areas, in the city under
the authority of Lviv Municipal Company “Green Lviv” are
(Lviv City Council, 2021):

* the green zone of Mayorivka, which is planned to be
included to the geological natural monument of local
significance “Medova Pechera®, the area of which is
currently 1.2 ha;

e Students’ Park, area - 6.15 ha;

* Park “Piskovi Ozera’, area — 5.9 ha;

* Park “Zamarstynivskyi”, area — 32.58 ha;

* Park“The 700" anniversary of Lviv’, area - 20.21 ha;
* Park “Gorikhovyi Gai", area - 40.61 ha.

The city’s green spaces, which are parts of the nature
reserve fund of national importance, are also the territory
of botanical gardens - the Botanical garden of Ivan
Franko National University of Lviv (area — 18.5 he) and
the Botanical garden of National Forestry University of
Ukraine (area — 22.7 he).

For each city district there is a position of a gardener, he/
she reports to the Department of Ecology and the Natural
Resources of the Lviv City Council.

The Master Plan of the Lviv City Council (Lviv City Council,
2006) also contains a scheme of landscaping for Lviv (Fig. 4).

The scheme of green sites of the city also includes green
areas (in particular, forests) of the adjacent, suburban
areas. Yellow colour indicates green areas of low-density
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housing, which also form a network
of green areas, but are not public and
do not meet the needs of recreation.
The objects of the nature reserve
fund are highlighted in red. As of
2021, 24 parks, i.e. 70% of city parks,
have established and demarcated
boundaries that protect them from
construction works.

The forest park part of the green zone
of the city, which is subordinated to
the Lviv Forest Park Company of the
State Forestry Association “Lvivlis”,

occupies 28,867 ha. The area of
forests within the city (Vynnykivske,
Bryukhovytske, Zavadivske forestry)
is 3,447 ha. That is, the area of green
spaces in Lviv of various categories is
33,286 ha, including 4,419 ha within
the city, or almost 26% of the city
area. In total, there are about 54 m? of
urban green space per person in Lviv.

Generalized data on the park areas
of the city of Lviv are presented in
Table 1.

Table 1 Park zones in Lviv
No Name Area Nature
(he) reserve fund
1. Park“Zalizna Voda” 19.50 yes
2% Snopkivskyi Park 47.6 yes
3. Stryiskyi Park 56.0 yes
4, Regional Landscape Park “Znesinnya” 3121 yes
5. The park of the Holy Pope John Paul Il 97.90 no
6. Ivan Franko Park 10.60 yes
7. The High Castle Park 35.38 yes
8. B. Khmelnytskyi Park of Culture and Recreation 26.0 yes
9. “Forest Park Pohulyanka” 100.33 yes
10. Lychakiv Park 8.80 yes
11. Kortumova Gora 214 yes
12. Sknylivskyi Park 38.46 no
13. Ivan Vyhovskyi Park 5.18 yes
14. Park “Levandivskyi” 5.89 no
15. Students’ Park 6.15 no
16. Park “Gorikhovyi Gai” 40.61 no
17. Park “Na Valakh” 2.32 yes
18. Park “Piskovi Ozera” 5.90 no
19 Park“Zamarstynivsky” 32.58 no
20. Park “The 700* anniversary of Lviv” 20.21 no
21. Park “Bodnarivka” 5.80 no
22. Park “Levanddivske Ozero” 5.70 no
23. Park “Mayorivka” 30.60 no
24, Memorial site “Hill of Honor” 0.76 no
25. Landscape reserve “Torphovische Biligoscha” 92.00 yes
26. Botanical gaUr::/r;r—Silt\;angLrjir\lko National 18.50 -
27. Botanical garden - Nation.al Forestry University 2270 yes
of Ukraine
Total 1,068.97

Thus, the total area of the city's
parks is 1,068.97 ha, and the largest
object is the Regional Landscape
Park “Znesinnya”. At the same time,
24% of the city’s parks belong to the
objects of the nature reserve fund of
Ukraine.

According to the obtained data, it is
possible to calculate the provision
of the urban population with public
green spaces according to the
formula (Kucheriavyi, 2005):

P =S, + S, +S)/N, (1)
where: Ppgs—rateofpublic plantings
(m2.person’); S, — area of parks;
Sgs - area of green sites; S, - area
of boulevards; N - number of
population

Thus, norm for landscaping in Lviv is:

PpgS =(1,068,970 m?)/721,301
persons
= 14.82 m2person”’ ()

4 Conclusions

The green infrastructure of the city
of Lviv is based mainly on objects -
cores, there are city parks and
squares — i.e. public facilities. They
are mostly owned by the city.

However, for the proper park
management, the establishment of
dialogue with the local population,
the Department of Ecology and
Natural Resources has assigned
a position of gardeners; each
gardener is responsible for a specific
administrative district of the city.
Having such position give an option
to contribute to the more widespread
use of nature-oriented practices in
city parks.

The volume of parks included in
the nature reserve fund is 24%. The
calculation of the provision of the
urban population with public green
spaces is 14.82 m2person’. This
figure can be increased, as the city
has a reserve for landscaping.
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Analysis of urban green infrastructure is used to identify the concepts of its planning, implementation, and management at the
level of the whole city as well as its individual parts. Green infrastructure, as a planned network of natural and semi-natural elements
in cities, delivers a wide range of ecosystem services and improves urban environmental conditions. Planning the network of green
infrastructure becomes a standard part of urban and spatial planning. Implementation strategies of green infrastructure in urban
environment include applications of new specific elements and nature-based solutions. Green infrastructure research covers
a wide range of topics. Our research focuses on the selected aspects of spatial analysis of green infrastructure in the city of Warsaw:
distribution of main public green areas at the urban scale - forests and parks in the urban fabric, the forms of their protection, the
use of linear elements of green infrastructure along communication routes, and the implementation of new elements of nature-
based solutions in the urban environment - green roofs, green facades, and rain gardens. Based on the analysis of the studied
selected aspects, recommendations were formulated for strengthening the interconnectivity of the green infrastructure system
at an urban scale and implementation of new green infrastructure elements and in the intensively built-up districts where the

number and size of green areas are insufficient.

Keywords: green infrastructure, urban planning, spatial analysis, nature-based solutions

1 Introduction

Strategies of the European Commission for planned
network of natural and semi-natural elements and green
infrastructure in cities aim to improve the environmental
conditions in cities and thus the health and quality of
life of citizens (European Commission, 2022). At the
same time, it seems that not only the percentages of
natural elements and their availability to the population
are relevant, but also their interconnectedness to the
landscape and rich species biodiversity.

A strategically planned network of green infrastructure
can deliver a wide range of ecosystem services such
as water purification, air quality, space for recreation,
and climate mitigation and adaptation. Elements of
green infrastructure have physical, psychological,
emotional, and socio-economic benefits for individuals
and society (Hudekovd, Mederly & Toéth, 2018) and
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represent a holistic approach to connecting natural and
green areas in the city.

So as for the human species, there was simply not
enough time to adapt to an artificial urban environment
and nature still represents a vital environment that can
eliminate increased stress and mental health problems
(Beatley, 2011; Kellert, 2018). The results of research
at the interface of neurology, cognitive sciences, and
environmental design have shown (Klichowski &
Patricio, 2017) that the natural external environment
significantly positively affects the cognitive functions
of the human brain, in contrast to the artificial urban
external environment. The quality of natural elements
and green infrastructure thus represents a necessary
factor for the satisfaction of the inhabitants and for the
overall quality of the city (Joklova et.al, 2019; Noszczyk et
al., 2022). Of particular importance is vegetation, which
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in addition to absorbing CO, also has other functions -
microclimatic, environmental, recreational, social, and
aesthetic. Greenery is understood as an effective measure
to mitigate the effects of climate change, has a positive
impact on public health. It is emphasized that green
infrastructure elements in large cities, such as: green
roofs, parks, and alleys, provide benefits for the health
of the population, such as: clean air and better water
quality, contribute to the protection of human health,
save energy, and facilitate rainwater management. It is
necessary to ensure that green infrastructure becomes
a standard part of urban and spatial planning (Zachariasz,
2019; Pochodyta, Glinska-Lewczuk & Jaszczak, 2021).

Implementation of green infrastructure solutions is
important especially in large urban agglomerations
to alleviate accumulated environmental problems
and mitigate heat island effects (Supuka, 2018; Téth,
Halajova & Halaj, 2015). As noted by Depietri (2022), urban
green infrastructure is desirable to complement grey
infrastructure in urban areas and synergistic outcomes
result from the design and implementation of elements
of urban green infrastructure. The implementation of
urban green infrastructure represents a win-win solution
for urban sustainability (Depietri, 2022; Derickson, Klein &
Keeler, 2021).

For the planning of sustainable cities Ahern (2007)
emphasizes that green infrastructure supports ecological
and physical processes in the built environment
including hydrology, bio-diversity, and also cultural-
human activities. Green infrastructure is a concept that is
closely tied to blue infrastructure and applies principles
of landscape ecology to urban environments (Ahern,
2007).

According to Kovéc (2018), the concept of greenery in
cities should be an integral concept of the city’s vision
in strategic or master plan documents. The concepts of
the green infrastructure are based on the morphological
and climatic conditions of the city, the character of its
urban structure and public spaces. Thus, each city has
its own system of green infrastructure with different
degrees of connectivity. The development of the system
should be clearly defined in urban concepts at the level
of the whole city as well as its individual parts (Kovac,
2018).

Our research focuses on the selected aspects of spatial
analysis of green infrastructure in the city of Warsaw:
distribution of main public green areas at the urban
scale - forests and parks in the urban fabric, forms of their
protection, the use of linear elements along routes, and
the use of new nature-based solutions.

2 Material and methods

The main sources of data for the research of the
spatial distribution of green infrastructure in the
urban fabric of Warsaw were map materials, land-use
planning documents, and field research. Based on data
from satellite maps, selected elements of the green
infrastructure in Warsaw were identified, and the data
were supplemented and confronted by field research.
During the field research, photographic material was
also collected, documenting the individual typological
groups of elements of green infrastructure. Specific
attention was paid to the survey of forms of protection
of green infrastructure, the survey of the spatial
distribution of green areas in the urban structure and their
connectivity. Attention was given also to the analysis of
linear elements — plantings along communication routes.
This analysis covered first and second-category routes. We
also examined the implementation of current technical
solutions of green infrastructure elements and nature-
based solutions into the urban structure of the city —
applications of green roofs or facades and rain gardens.

Maps showing the typology and spatial distribution
of green infrastructure, forms of nature protection,
forest areas and natural greenery, public parks, squares,
greenery along communication routes as well as green
roofs, walls, and rain gardens within the administrative
boundaries of the city, were created and became the
basis for analysis. Software technologies of computer-
aided design systems (CAD software) and geographic
information systems (GIS software) were used in the
creation of maps. QGIS, a free open-source platform,
supporting viewing, editing, and analysis of geospatial
data, and 2D and 3D CAD programs (AutoCAD) were used
to explore design ideas, visualize concepts and schemes
simulating the green infrastructure spatial performance
in the urban fabric.

3 Results and discussion

3.1 Analysis of distribution of green areas in urban
fabric and their connectivity

Based on data collected during field research and analysis
of satellite maps, the location of selected elements of the
green infrastructure in Warsaw — the main green areas of
forests and parks are depicted in Fig. 1.

The greater density of forests and natural areas occurs in
the southern districts of Warsaw, less in the northern part
of the city’s administrative boundaries. These areas have
the potential to form the so-called green belt around
Warsaw. The discontinuity of the green belt occurs
mainly in the vicinity of the main access roads to the
city. An important corridor of green-blue infrastructure is
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Figure 1 Distribution of green areas within the

administrative boundaries of Warsaw
Source: Pochodyta, 2018

formed by the Vistula River and it connects the northern
and southern parts of the city’s green belt (Fig. 1).

The intensity of green areas also decreases significantly
towards the city center, which is influenced by the
densifyingforms of built-up areasand urban development
in the center.

In the central parts of the city, parks or green squares
represent the main typological forms of green areas. The
largest parks in Warsaw is Pole Mokotowskie (approx.
73 ha),ParkMarszatka EdwardaRydz-Smiaty (approx.53 ha)
and Park Skaryszewski (@approx. 50 ha). Field observations
have confirmed that the parks are considered attractive
places for residents and tourists. They are often visited
by users of all ages and are well maintained. In addition
to the high vegetation and additional plantings, which
improve the aesthetics of the places, water reservoirs
can be seen in many parks, supporting the concept of
connecting green and blue infrastructure (Pochodyta,
2018). The distribution and typology of the park areas
vary considerably depending on the location in the city.
The largest number of green squares as specific types of
green spaces are in Srodmiescie, in the center of Warsaw.

3.2 Forms of protection of green areas in Warsaw

The significant green areas in Warsaw are protected by
various forms of protection, protected areas are located
mainly on the northern and southern outskirts of the
city (Fig. 2). Some forms of protection overlap, e.g. the
Vistula Valley in Warsaw is established as a specially
protected Natura 2000 site (Central Vistula Valley), the
Warsaw Protected Landscape Area, and, additionally, it
acts as an ecological corridor. In the north-western edge
of the city there is a part of the protected zone of the
Kampinos National Park, and in the south-eastern edge,
the part of the Mazovia Landscape Park with a buffer
zone. In addition to the central Vistula Valley, there are
several special areas of Natura 2000 protection: Bielanski
Forest, Natolinski Forest, Forest of Jan lll. Sobieski and
Rembertéw test site. In addition, the following areas have
been designated as nature reserves: Bielanski Forest,
Kabacki Forest, Natolinski Forest, Skarpa Ursynowska,
Morysin, Czerniakowskie Lake, Zawadowskie Islands,
Forest of Jan lll. Sobieski, Olszynka Grochowska and
Kaweczyn.

The protected green areas in Warszaw are shown in Fig. 2.
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Figure 2 Forms of protection of green areas in Warsaw

Source: Pochodyta, 2018
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Figure 3
Source: Pochodyta, 2018

3.3 Linear elements of green infrastructure -
plantings along communication routes

Other analyzed elements of green infrastructure were
plantings along communication routes. The analysis
covered first and second-class roads. According to the
proportion of plantings in the relation to the length of
roads, 4 categories were created for the purposes of
analysis (Fig. 3).

These categories of planting intensity of the
accompanying vegetation along road routes are shown
in Fig. 4. Sequences of the communication routes where,
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Figure 4 Categories of planting intensity of the
accompanying vegetation along road routes

Source: Pochodyta, 2018

Planting intensity categories along communication routes

in the relation to the total length of the road, plantings
occupy 10-50% are marked in orange, sequences where
plantings occupy 51-75% are marked in yellow, and
sequences where plantings represent more than 75%
are marked green. Fragments with a slight proportion
of the vegetation (less than 10%) do not have a color-
coding (Fig. 4). Roads with the smallest representation of
accompanying vegetation are located mainly in the city
center (for example Ulica Marszatkowska - Fig. 6), in the
southeastern part of the city, and also along access roads
from the southwest. More intensive plantings along
the roads are found mainly in the southern districts of
Warsaw (Fig. 4).

The most common forms of vegetation along Warsaw
roads are strips of lawns or trees. Common species include
Tilia cordata, Acer platanoides, Acer negundo, Populus
canescens. Climbing plants, such as Parthenocissus
quinquefolia, are sometimes used on noise barriers.
Compositions of a low, medium, and high vegetation are
less common. An interesting approach that fits into the
idea of green infrastructure is the greening of tram lines,
which can be seen in Warsaw, for example, on Anders
Street (Fig. 6) or O. J. Popietuszko Street (Fig. 5).

A

Figure 5

Green tram line along the Popietuszko street
Source: Pochodyta, 2018
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Figure 6
Source: Pochodyta, 2018

3.4 Current technological solutions, green roofs,
facades and rain gardens

The use of current technological solutions was also
analyzed, in applications of green roofs or facades and
rain gardens. Based on the field research, 17 green roofs
and 10 rain gardens were identified in Warsaw. These
elements are located mainly in the central part of Warsaw.
Roof gardens are located mainly on public buildings,
such as the Copernicus Science Center and the University
of Warsaw Library (Fig. 7). Among residential buildings,
such solutions can be found, for example, in the Zoliborz
Artystyczny housing estate. Green roofs are also popular
in commercial buildings, e.g. C.H. Arkadia or Ztote Tarasy.

The most popular green exterior wall is located on
the street of I. Krasicki, or Koszykowa street. The rain
gardens, which were implemented under the “Warsaw
Catches Water” program, implemented by the Sendzimir
Foundation 108, are located mainly at educational
institutions.

The analysis of the existing elements of green
infrastructure in Warsaw shows that the green
infrastructure network is fragmented and dispersed. The
number and size of green areas are insufficient, especially
in the densely built-up urban fabric of the city center, in
the adjacent neighboring districts, and in the northern

Examples of analyzed streets: Marszatkowska street without vegetation (left) and Anders street (right)

part (Biatoteka district). Urban development and urban
densification lead to an increase in buildings and paved
areas. Similar results are provided by Kuchcik et al. (2016)
or Szulczewska, Giedych & Maksymiuk (2017). Kuchcik
et al. (2016) report, that the ratio of biologically vital
areas in older housing estates is 54.3% and in newer
housing estates 40.7%. According to Szulczewska,
Giedych & Maksymiuk (2017) forests cover 17% of the
total city surface, and they are located mainly in urban
peripheries, green spaces represented by parks, smaller
pocket parks, allotment gardens, cemeteries, estate,
and street greenery cover 8.8% of the city area and the
distribution of green spaces in the urban fabric is uneven.
Nevertheless, it should be noted that existing forest
and park areas are extensive at the urban edge and the
vegetation in these peri-urban areas is in good condition,
having the potential to form a green belt around Warsaw.
Along the communication routes, new plantings become
introduced, specifically along tram lines.

Based on the analysis of the distribution of green areas in
the urban fabric and their connectivity, linear elements
of green infrastructure - plantings along communication
routes and the use of current technological solutions,
green roofs, facades, and rain gardens, the guidelines
were formulated, which indicate recommendations for
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Figure 7
Warsaw University
Source: Pochodyta, 2018

implementation of new elements
of green infrastructure and for
management of existing resources:

e Uninterrupted continuity and
interconnectivity of the green
infrastructure system should be
maintained or created.

Efforts should be made to
introduce new interconnecting
elements of green infrastructure
and to minimize the loss of
greenery on the outskirts of the
city (for example eco-ducts in
the points of discontinuity of the
green belt by the main access
roads to the city).

In areas with high natural and
landscape value, recreational
functions should be minimized
and adapted to the capacity of
the areas.

Vegetation lanes should be
introduced on bypasses,
expressways, and along main
roads within the Warsaw borders.

* Plantings along the
communication routes should be
intensified.

* Implementation of  green

infrastructure elements (planting
and rain-water management

Nature based solutions: green roof and rain garden at the Library of

solutions) at existing car parking
areas.

* Implementation  of  specific
green infrastructure elements
in intensively built-up areas and
new development areas (green
walls, green roofs, and rain-water
management solutions).

4 Conclusions

The research on green infrastructure
and its relationship to patterns of
the urban fabric is important for
identifying its planning concepts
at the multi-scale levels, from the
whole city as well as to its individual
parts. The analysis of selected
aspects of the green infrastructure in
the city of Warsaw showed that the
green infrastructure network is in
many parts of the city fragmented,
the number and size of green
areas are insufficient in the densely
built-up areas, and only a few
examples of the use of new elements
of green infrastructure as green
walls, green roofs, rain gardens or
plantings along transport corridors
were found. The analysis enabled
drawing recommendations for the
improvement of the conditions

of the existing network, while the
main recommendations include:
strengthening the interconnectivity
and introduction of nature-based
solutions and specific new elements
of green infrastructure as green walls,
greenroofs, rain gardens, or plantings
along roads and green tramlines,
to improve the environmental
conditions in the areas where it is
not possible to create other types of
green spaces.
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A Biophillic city reconnects man with nature through green spaces which foster mental and physical productivity. The industrial
revolution ushered in a wave of technological deterministic choices at the expense of environmental deterministic processes in
the fashioning of cities. The background of this research is set in the urban residential fabric of the metropolitan city of Lagos.
This study is relevant because in Lagos metropolis, residential areas have a land use zoning of 52% as opposed to 2.8% for urban
open spaces. The research study aims to investigate the greenness index or NDVI of three selected residential estates each
representative of the residential densities (low, medium, high) in metropolitan Lagos and its indications for the abundance or
dearth of residential greenspaces. The sampling frame was gotten by multi-stage random sampling and the data collection tool
used was high-resolution object-oriented imagery. The data analysis made use of geo-referencing ARCGIS and ERDAS IMAGINE
software. The results show the Normalized Difference Vegetation index (NDVI) values of the residential estates are low (<0.2) thus
revealing residential areas with negligible vegetation. In conclusion, the dearth of green spaces which are physical observed within
the residential fabric of Lagos city on a ground truth basis have been substantiated by the results of this research. Therefore, it is
important to consider actions to improve the greenness index of the city as well as ensure that peri-urban settlements which are
rapidly developing in Lagos city do so in a sustainable manner based on green principles.

Keywords: biophilic city, residential estates, green spaces, city sustainability

1 Introduction building his immunity to fight illness and to promote
healing. This is seen in the greenness index of the living
spaces where residents’ dwell. For most of history,
medicine took the environment seriously as a factor in
health and healing. However, the industrial revolution
brought increasing embracing of technological
processes at the expense of environmental inclusion.
Health care followed suite and focused largely on direct
intervention via drugs, surgery, etc. This approach is now
seen to have its set-backs. This is because salutogenicity

Buildingsthroughouthistoryandinallregionsoftheworld
employ the healing effect of biophilia. Orr (1993) shows
examples of how every building up until the Twentieth
Century evinces biophilia’s healing effect, although that
may not be the only explanation for their success. From
the onset of 20™ Century, architecture abandons biophilia
or uses it selectively, and even in those cases, not always
successfully. Nevertheless, some buildings from the early
20" Century onward employ organic forms in a biophilic

manner, and explicitly biophilic elements have been
used in recent decades (Heerwagen, 2000). Evidence
both from scientific sources and from traditional wisdom
is giving rise to the need for a healthier environment. This
principle in the built environment works through the
reconnection of man with his surroundings through the
application of the special geometry of nature to improve
mental and physical enhancement. The resultant effect
is the reduction of stress on the human mind and body,

a phenomenon that emphasizes healing environments
has arisen in medical research. It proposes that a healing
environment arises when human beings draw from
the complexity of nature and conceive of themselves
as in touch with their feelings and emotions. In plain
terms, salutogenic environments are health inducing
and improving environments. People are increasingly
demanding such salutogenic environments that lower
stress: living and working spaces that act to keep us
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healthy. Therefore, the introduction of green spaces into
living environments as well as the preservation of green
infrastructure in cityscape is necessary to achieve this
order. It is hence sad to note that visibly there is a paucity
of green spaces in developing cities in west Africa. Lagos
is the largest city in West Africa and it is a trail blazer where
several innovations are concerned. This research aims to
reveal that there is a dearth of green spaces in residential
metropolitan Lagos and proffers recommendations to
abate this malaise.

1.1 The use of High-Resolution Satellite Imagery
in Urban Open Space Research.

The classification of greyspace and greenspace units
of residential private open spaces through visual
interpretation and manual digitization has been done
through large scale aerial photographs (Pauleit et al.,
2003). The efficiency of this technique for detailed
mapping, is hampered by its time-consuming and
impractical nature in extracting data on private gardens
(private open spaces) in medium or large size cities.
Until recently, the spatial resolution of satellite sensors
has been too coarse and largely low (e.g. 30 or 20 m for
Landsat TM or SPOT) to be appropriate for application,
given the small size of the average private garden (private
open space). Image Interpretation can be defined as the
art of analyzing photographs or images to extract useful
information about image features and categorizing such
features into meaningful classes (Image Classification).
The last generation of high-resolution Earth Observation
satellites, e.g. lkonos or Quickbird, World view, provides
images with a level of detail compatible with urban
mappingi.e.from4to 2.5 mtoeven <1 mspatial resolution
and can thus provide data at a level appropriate to garden
analysis. In addition, multispectral sensors have the
advantage, over color aerial photographs, of recording
near infrared light which is the most sensitive spectral
domain used to map vegetation canopy properties
(Guyot,1990). Object-oriented techniques recognize that
important meaningful information is not represented
in single pixels but in image objects and their mutual
relations, that is with reference to their context (Benz et
al., 2004; Blaschke & Strobl, 2001). These techniques have
demonstrated great potential to improve the automatic
extraction of information from very high-resolution
imagery (Benz et al., 2004; Laliberte et al., 2007). Software
applications such as ERDAS imagine, ARCGIS, QGIS have
been designed to analyze and interpret imagery data,
generating classification groups such as bare land,
vegetation and building structures and even process the
Normalized Differentiated Vegetation Index (NDVI) of
each of the selected residential estate. The NDVI, which is
a combination of red and NIR reflectance measurements,

is one of the most widely used vegetation indices in the
world (Ramsey, Wright & McGinty, 2004, 2004) and it
has been used extensively as an indicator of the state of
vegetation over many spatial and temporal resolutions
Abdollahi et al. (2008). It is based on the difference
between the maximum absorption of radiation in the red
spectral band and the maximum reflection of radiation
in the near-infrared spectral bands. Values of the NDVI
range between -1.0 and +1.0, but are usually positive
for soil and vegetation. For bare soils alone, depending
on composition and wetness, NDVI varies between 0.1
and 0.2, Glenn et al. (2008) They also reported that in
remote sensing studies bare soil value scaled at 0, and
100% vegetation scaled at +1 to get fractional cover for
a given pixel or area of interest in the scene. Denser and/
or healthier vegetation will have higher values. NDVI
values for vegetation usually offer a means of efficient
and objective evaluation of phenological characteristics
(Saino et al.,, 2004).

The index ranges from -1 to 1, with more positive values
indicating greener, and thus more vegetation, in the
pixel. It ranges from values -1 to +1. Very low values of
NDVI (-0.1 and below) correspond to barren areas of rock,
sand, or urban/built-up. Zero indicates no vegetation
or water cover. Moderate values represent low density
of vegetation (0.1 to 0.3), while high values indicate
vegetation (0.6 to 0.8) (Takeuchi & Yasuoka, 2004).

The NDVI of each of the selected residential estate was
calculated and processed to reveal the greenness index
of the residential estates.

2 Materials and methods

2.1 Methods

The research employed mixed methods. Quantitative
and Qualitative modes of inquiry adopted. The primary
data was collected through reconnaissance surveys
done in the four selected residential estates while the
qualitative method which utilized the high-resolution,
object-oriented  satellite imagery and provided
complementary data which was analyzed. The qualitative
data collection was done with aid of recent satellite
imagery of the selected estates after a reconnaissance
survey was conducted to ascertain the coordinates of
the selected residential estates. The data types and their
respective sources are given in the Table below (Table
1). A noteworthy mention is given to the digital globe
foundation (@digitalglobeFDN) who gave an educational
imagery grant of different areas within metropolitan
Lagos that covers the selected residential estates. This
foundation partnered with hexagospatial.com to also
provide the Erdas Imagine software for analyzing and
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Table 1 Project Datasets
S/N Segment Data type Source Date of production
1 secondary data e lefiee e TR T LASG website 2017
of Lagos State

. worldview satellite imagery .
2 LT CEIE of 2016 with <1 m resolution Wl 507 2017
3 secondary data estates data e 2017

Lagos state

. GPS coordinates of points within author’s handheld
4 FIEN7CLTE) the study area GPS enabled device 2017
5 secondary data questionnaire data questionnaire survey 2017

Sources: LASG,2017; Digital globe foundation, 2017

Table 2 Imagery Data Information
6 images fit your filter criteria
w £ = 2 g
3 £ 2 g
@ E
view 10400100170D2A00 | Pan-MS1-MS2 | WWO03
view 104001001A504500 | Pan-MS1-MS2 | WWO03
view 103001004E6E5500 | Pan-MS1-MS2 | WWO02
view 104001001CD61CO0 | Pan-MS1-MS2 | WWO03
view 1040010029D6CDO0 | Pan-MS1-MS2 | WWO03
view 10500100047B4C00 Pan-MS1 GEO1

Source: Digital globe foundation

classifying the imagery data as well as other tools such
as the Greenness Index, Area analyzer and Incidence
network as part of the educational grant.

The Software instrumentation used to analyze the
imagery data include the following:

* ERDAS Imagine 2016: This was used in the
pre-processing, processing, post-processing of
the Worldview satellite imagery covering the study
area.

* ArcGIS 10.2: This was used to extract the shapefile
of the study area from the digitized administrative
map of Lagos state and to perform various spatial
analyses.

e Microsoft Office Suite (Excel, PowerPoint, Visio and
Word): These were used to prepare reports, slides, and
flowcharts and also to perform analysis of acquired
data.

Catalogue Digital globe
¢ T T § E £ % B
-} () ()] -
= = » £ 2 % % &
2 = £ 2 (U = e =
= N N v x g | B
A = = c © 3 >
3 g 'g 5 £ S o
o w v}
v c c c [} e} -
< E= £ = g 3 3
) ) £ < K] o
5 05 8 CHN
E E & g | B
r P k| <
= S
2 <
2016/01/25 | 22.0 | 220 | 5764 | 035 O 0 | N/A
2016/04/10 | 20.8 | 20.8 | 73.50 | 0.35 4 4 N/A
2015/12/08 | 26.7 | 26.7 | 55.18 | 0.57 0 0 N/A
2016/04/29 | 163 | 163 | 72.54 | 0.33 0 0 N/A
2017/02/14 | 24.6 | 246 | 60.20 | 0.36 | 35 35 | N/A
2016/05/21 | 184 | 184 | 6390 045 | 3 3 | NA

e Filezilla: This was used to download the High-
resolution satellite imageries from the Digital Globe
website.

* WIinRAR 3.8: This was used to extract the Worldview
imageries from the compressed downloaded file.
The imagery datasets acquired were detailed in the
Table 2.

2.2 Satellite Imageries

The image IDS were acquired through the application
process for the education grant.

They are as follows:
* Imagery Datasets Details (Image IDs)

* 103001004E6E5500,104001001CD61C00
* 104001001A504500,10400100170D2A00
* 1040010029D6CD00,10500100047B4C00
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Each area of interest (AOI) was mandated to exceed
5 km? per shape file, but must not exceed a total of
25 km? altogether. The imagery was provided courtesy
Digital globe foundation as an educational grant which
is the non-profit arm of the profit-making Digital Globe
company. As an objective measure of overall greenness,
we calculated the NDVI of the walkable neighborhood
for each parcel. The NDVI is a remotely sensed spectral
vegetation index derived from satellite mounted
sensors and calculated in the equation below. The NDVI
measures the amount of photosynthetically active light
that is absorbed in each survey pixel, or its greenness,
which varies with the absorption spectra of the objects
in that pixel and the percentage of the pixel covered by
each type of object. The index ranges from -1 to 1, with
more positive values indicating greener, and thus more
vegetation, in the pixel. The NDVI has a predictable
linear relationship with net primary productivity - the
energy accumulated by plants during photosynthesis —
and has been related to bird reproductive success and
morphology, and plant and animal diversity (Coops et
al. 2014; Saino et al. 2004). Calculation of NDVI for giving
pixel always results in a number that ranges from minus
one (-1) to plus one (+1) however, no green leaves give
a value close to zero. A zero means no vegetation and
close to +1 (0.8 to 0.9) indicates the highest possible
density of green leaves. The NDVI is the most common
measurement used for measuring vegetation cover. It
ranges from values -1 to +1. Very low values of NDVI
(-0.1 and below) correspond to barren areas of rock,
sand, or urban/built-up. Zero indicates the water cover.
Moderate values represent low density of vegetation

(0.1 to 0.3), while high values indicate vegetation (0.6
to 0.8) (Takeuchi & Yasuoka, 2004). The author used
a dataset acquired from Worldview 2 and Worldview
3 (acquisition date between 2016-2017. The NDVI of
each of the selected residential estate was calculated
and processed to reveal the greenness index of each
residential estate.

NDVI = [NIR - R]/[NIR + R] (M

where: NDVI - normalized difference vegetation index;
NIR - near infra-red; R — red

When the vegetation has optimal health, it reflects
more near infrared (NIR) - greenlight compared to other
wavelengths but it absorbs more red and blue light. In
other words, it is the process of quantifying vegetation
by computing the difference between the near-infrared
which vegetation strongly reflects and red light which
vegetation absorbs.

3 Results and discussion

The High-resolution satellite imagery were classified
using the supervised classification on the ERDAS
IMAGINE 2016 software as elaborated in the research
methodology. The results from the classified images
show the areas where there is vegetation (greenspace) as
denoted by the green areas, the red areas or yellow/gold
in some cases show where there is bare land (greyspace)
while the orange areas show where there are buildings.
The green areas include patches of greenspaces in the
residential private open spaces within the selected

Table 3 Results: normalized difference vegetation index (NDVI) (low density estates)
S/N Name of residential estate (low density) Normal difference vegetation index (NDVI) (mean value)
1 Parkview Estate (private) 0.068
2 Dolphin Estate (public) 0.031
3 Goshen Beach Estate (public) 0.013
4 Femi Okunnu Estate (public) 0.073
Table 4 NDVI result for Parkview Estate (private)
Minimum NDVI | Maximum NDVI Median NDVI Mode NDVI Mean NDVI Standard deviation
value value value value value NDVI value
-0.1688 0.3424 0.0488 0.0349 0.0680 0.0610
Table 5 NDVI result for Dolphin Estate (public)
Minimum NDVI | Maximum NDVI Median NDVI Mode NDVI Mean NDVI Standard deviation
value value value value value NDVI value
-0.0992 0.0325 0.0213 0.0213 0.0031 0.0400
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Figure 1 Imagery Classification image: Parkview Estate (private)
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Figure 2 Histogram — (NDVI result: Parkview Estate (private)

residential estate as well as open
land which is yet to be built upon.
These are expressed in numerical
signatures that show proportions of
green, buildings and bare ground in
the statistical table generated by the
ERDAS IMAGINE software. The study
reveals the Normalized Difference
Vegetation Index (NDVI) in the
selected residential estates. The NDVI
is the most common measurement
used for measuring vegetation
cover. It ranges from values -1 to +1.
Very low values of NDVI (-0.1 and
below) correspond to barren areas
of rock, sand, or urban/built-up. Zero
indicates the water cover. Moderate
values represent low density of
vegetation (0.1 to 0.3), while high
values indicate vegetation (0.6 to 0.8)
(Takeuchi & Yasuoka, 2004). The NDVI
was derived from the high-resolution
object-oriented satellite imagery
and was analyzed using the latest
version of geospatial software ERDAS
IMAGINE. The summary of the results
and breakdown of the results are
shown in the Tables 3, 4, 5, 6 and 7
below and a summary of all values in
Table 8 below. Also, in Figs. 1-8, the
images of the classified imageries are
depicted below.

The summary of the normalized
difference vegetation index (NDVI) is
shown in the table 8.

Figure 3 Imagery Classification image: Dolphin Estate (public)
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Figure 4 Histogram — (NDVI result: Dolphin Estate (public)

Figure 5 Imagery Classification image: Goshen Beach Estate (private)
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Figure 6 Histogram — (NDVI result: Goshen Beach Estate (private)
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Figure 7 Imagery Classification image: Femi Okunnu Estate (public)
Figure 8 Histogram — (NDVI result: Femi Okunnu Estate (public)
Table 6 NDVI result for Goshen Beach Estate (private)
Minimum NDVI | Maximum NDVI Median NDVI Mode NDVI Mean NDVI Standard deviation
value value value value value NDVI value
-0.0803 0.4346 0.1108 0.1107 0.0127 0.0560
Table 7 NDVI result for Femi Okunnu Estate (public)
Minimum NDVI | Maximum NDVI Median NDVI Mode NDVI Mean NDVI Standard deviation
value value value value value NDVI value
-0.4131 0.3033 0.0626 0.0514 0.0730 0.0460
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Summary of the normalized difference vegetation index (NDVI) from each residential estate

NDVI result for Parkview Estate (private)

Table 8
Minimum NDVI Maximum NDVI Median NDVI
value value value
-0.1688 0.3424 0.0488

Mode NDVI Mean NDVI Standard deviation
value value NDVI value
0.0349 0.0680 0.0610

Mean NDVI in parkview state (Private) was 0.07, Standard Deviation [SD] was 0.01 and the range was -0.16 to 0.34

NDVI result for Dolphin Estate (public)

Minimum NDVI Maximum NDVI Median NDVI
value value value
-0.0992 0.0325 0.0213

Mode NDVI Mean NDVI Standard deviation
value value NDVI value
0.0213 0.0031 0.0400

Mean NDVI in Dolphin Estate (Public) was 0.03, Standard Deviation [SD] was 0.04 and the range was -0.09 to 0.33

NDVI result for Goshen Beach Estate (private)

Minimum NDVI Maximum NDVI Median NDVI
value value value
-0.0803 0.4346 0.1108

Mode NDVI Mean NDVI Standard deviation
value value NDVI value
0.1107 0.0127 0.0560

Mean NDVI in Goshen Beach Estate (Private) was 0.01, Standard Deviation [SD] was 0.06 and the range was -0.08 to 0.43

NDVI result for Femi Okunnu Estate (public)

Minimum NDVI Maximum NDVI Median NDVI
value value value
-0.4131 0.3033 0.0626

Mode NDVI Mean NDVI Standard deviation
value value NDVI value
0.0514 0.0730 0.0460

Mean NDVI in Femi Okunnu Estate (Public) was 0.07, Standard Deviation [SD] was 0.04 and the range was -0.4 to 0.30

4 Conclusion

Built environment professionals; architects, landscape
architects, urban designers, engineers and many others
are instrumental in the creation of such environments on
a local, regional and city scale. They can derive design
ideas to help achieve this goal only by looking beyond
mainstream conventional built environment practices,
which buys into the same overly technological
worldview and include the presence of living flora
which is therapeutic and a key element of biophilic
architecture. This would help to improve the greenscape
of the residential areas. As a rapidly growing city, the
mistakes that have been made in the metropolitan areas
of the state can be corrected in the peri-urban areas
which are also fast developing. This would forestall
the rapid spiral of mass housing productions that have
a dearth of green spaces and improve the greenness
index of the city.
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Residential private open spaces are instrumental to the creation of pleasant residential environments, contributing to the individual
character, identity, and appearance of the residential area. Therefore, the problem of inadequate percentage of the residential
private open spaces prevents the urban residential environment from attaining city sustainability. This problem is rooted in the non-
adherence to building regulation standards especially in cities in Nigeria. In metropolitan Lagos, a study of three selected medium
density residential estates reveals a non-adherence to the building regulation for the private open space to building footprint
coverage ratios in the residential estates. The research method used in this study is methodological triangulation employing both
quantitative and qualitative methods. The sampling is based on multistage cluster sampling, and the data collection tools were
high resolution satellite imagery, survey (through the administration of questionnaires). The results of the study reveal that in the
medium density residential estates, a typical spatial pattern of the residential private open spaces from imagery classification
data and ground truth data have ratios that indicate 70% of the Residential lot is for building footprint coverage while 30% is
reserved for private open space as opposed to the specification by the Lagos state building regulation which specifies that 60%
should be reserved for building footprint coverage and 40% for private open space. In conclusion, it is imperative that there be
an introspection and a possible review of the Lagos state building regulation in the face of 21 century realities of the Lagos
metropolitan population demands.

Keywords: residential private open spaces, non-adherence, building footprint coverage, building regulations

1 Introduction and loss of Urban open spaces. It also encourages the
non-adherence to the building regulations which were
designed to provide ecosystem services, psychosocial
services and health services to the residents of the city.
Although residential areas have been researched upon,
research from a landscape architecture perspective that
enquires into the availability and role of private open
spaces in residential areas is sparse in sub-Saharan

The growth of cities in developing countries into healthy
and safe cities is predicated upon their development
guidelines and regulations and adherence or compliance
to it. These include urban planning regulations at a city
scale and building regulations at a landscape scale.
These laws and regulations are purposely designed to
regulate various development aspects that includes,
zoning practices, private open space (POS) to building Africa. In consequence, the results of this research will
footprint coverage (BFC) ratios, greenspace to greyspace reveal information as well as inspire new thinking about
ratios, occupancy type building height and so on based residential private open spaces and the non- adherence
on the peculiar needs of each city. The problem of rapid  t© specified blueprints of the Lagos state building
and unplanned rate of urban growth in Lagos state is a regulation. A summary of the aspects of the Lagos state
threat to its sustainable development. This unplanned building regulations that concern residential private
or inadequately managed urban expansion leads to OPen spaces are described in the Table 1.

rapid sprawl, pollution, and environmental degradation
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Table 1 Lagos state building regulation (spatial patterns summarized)
Use zone (residential Plot size Maximum building footprint Dwelling units per | Greenspace landscaping
density type) (m?) coverage per plot (%) hectare (no) percentage per plot (%)
Low 1,000 50 30 20
Medium 864 60 90 10
High 648 70 270 10

Source: Lagos State Building Regulation. 2010. https://epp.lagosstate.gov.ng/regulations/REVISED LASPPPA REGULATION 2019 1.pdf

Table 2

Residential density

Low density
Medium density
High density

Greenspace: Greyspace (GRN: GRY) Ratio calculation in
the Private Open Space.

Greenspace Permitted for Low Density: 20% Of the
Residential Lot.

Private Open Space Permitted for Low Density: 50% Of
the Residential Lot.(50POS:50BFC)

So Greenspace Takes 20/50 = 40 GRN: 60 GRY

Private Open Space Permitted for Medium Density: 40%
Of the Residential Lot.(40POS:60BFC)

Green Space for Medium Density = 10/40 = 30 GRN:
70 GRY.

Private Open Space Permitted for Medium Density: 30%
Of the Residential Lot.(30POS:70BFC)

Greenspace for High Density = 10/30 = 30GRN: 70 GRY.

A summary of the Lagos state building regulation spatial
structure is hence described below in Table 2.

1.1 Adherence to building regulations in different
cities of the world

Contemporary Building regulations address several
issues from building layout to the building material
standards and even the height of the building. Paris is
one of the Cities where building regulations for Private
open space to Building footprint coverage have been
adhered to and the consequent positive impact has
earned the city its status as one of the world’s greatest
capital worthies of emulation to many. This was achieved
through the provision and strict adherence of land
use regulations dated back to 1867 during the second
empire. It is worthy of note that prior to this period, the
city of Paris was famous for being the European capital
of dirtiness and filth because of its sporadic growth and
its characteristic network of narrow roads and streets,

Summary of LASG building regulation for spatial structure

Private open space to building fooprint coverage (POS : BFC)

Lagos State Government building regulation
50POS:50BFC
40POS:60BFC
30POS:70BFC

inadequate or absence of open spaces (Pasold, 2012).
The George-Eugene Haussmann’s sustainable planning
philosophy brought an immense impact on the provision
of building regulations that includes appropriate private
open space to building footprint coverage ratios, meant
to ensure safety, better lighting, and a healthy built
environment and this led to the shift of Paris in the 19t
century from dirtiest city to beautiful and healthy city.
The city of Stockholm which is the capital city of Sweden
is another example of planned city par excellence in
Europe. Despite suffering eight fire outbreaks within a
century, the primitive impetus to have a planned city
ensured that the rebuilding of the city was planned
in an orderly manner under the City Planner known
as the” Conductor.” As early as 1640, the Master Plan
of the area, was adopted and land use regulations
that made provision for adequate private open space
to building footprint ratios that allow for firefighting
machines as well as outdoor recreation, lighting
and ventilation has improved the quality of the built
environment and thereby making the city to what it is
today (Pasold, 2012).

As a general guide in Australia according to (Australian
Capital Territory (ACT), 2013), private open space should
have a minimum area equal to half (50%) the total
residential lot to which it relates (It is sometimes 60%).
In other words, the acceptable Private open space to
Building footprint coverage ratio for residential areas with
single dwelling unit is 50 POS:50BFC (or 60POS:40BFC in
some cases.) In other words, the acceptable Private open
space to Building coverage footprint ratio for residential
areas with single dwelling unit is 50POS:50BFC (or
60POS:40BFC in some cases.)

In the U.S.A. Building regulation began in the late 1800s
when major cities began to adopt and enforce building
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codes in response to large fires in densely populated
urban areas. The scope of early building codes has
broadened from the primary intent of reducing fire
risk and have become sets of regulations that address
structural integrity, fire resistance, safe exits, lighting,
ventilation, and construction materials, private open
space to building footprint coverage ratio and so on.
They specify the minimum requirements to safeguard
the health, safety, and general welfare of building
occupants. The adherence level is high and several states
have strict penalties to non-adherence. The International
Code Council (ICC) publishes 15 models codes which are
updated every three years through an open, consensus
based process (ICC, 2021). The development and
widespread adoption of building codes has created
a uniform regulatory environment in which design
professionals and contractors are held to a set of
standards adopted by and applicable to the jurisdiction in
which they work (ICC, 2015). Different states in the United
States of America have differing residential open green
space standards. However, the average percentage to be
devoted to landscaping amounts to a minimum 15% of
total lot area in residential developments, and 10% of the
total lot area in non-residential developments, although
they can be as much as 25% in some states. Also, the ratio
of organic landscape materials (Greenspace) to inorganic
landscape materials (grey space) is specified at an
average of 70% to 30%. In the Hollywood Vehicular Use
Area and Landscaping Regulation, Vehicular use areas of
more than 15.24 m are to set aside 25% of the entire area
for green space, while lots of less than 15.24 m are to set
aside 15% of the entire lot for green space (Hollywood
Community Redevelopment Agency (Hollywood CRA,
2007)).

In Japan, where earthquakes are far more common than
they are in the United States, the building regulations
are even more strict. After the Kobe earthquake in 1995,
which killed about 6,000 people and injured 26,000, Japan
has made a great endeavour to put enormous resources
into new research on protecting structures, as well as
retrofitting the country’s older and more vulnerable
structures. In Japan, depending on the Land Use Zone
category the Building Coverage Ratio is regulated within
30% to 80%, and a building has to be constructed within
the specified maximum Building Footprint Coverage
Ratio in the zone (Ministry of Land, Infrastructure and
Transport (MITT) Japan, 2013)

1.2 Adherence to building regulations

in Nigerian cities
The history of Land use regulation in Nigeria is traced
to the pre-colonial era when land was allocated and
controlled by the traditional rulers. Oduwaye (2006a)

stated that land-use administration in Nigeria was vested
in natural rulers or community heads in different part
of the community, prior to colonial administration or
before 1854 (Oduwaye, 2006b). The traditional rulers
are called Obas in the West, Emirs in the North and Obis
in the Eastern part of Nigeria. They had the power to
allocate, re-allocate and supervise land use. In 1946 the
promulgation of Nigeria Town and Country Planning
Ordinance made Provision for the planning improvement
and development of different parts of the country. The
post Nigerian independence period was a time when
regional governments in Nigeria retained the 1946
Town and Country Planning Ordinance, however several
states developed their own planning regulations, a good
example of which is Lagos state that had its bye law in
1981 named “Lagos State Town and Country Planning
Law", this bye law was adopted by other states of the
federation. This Lagos state building regulation has
guided development of building in several sections of
Lagos such as Victoria Island, Apapa, and several planned
part of Lagos, and has been revised periodically to reflect
the needs of the rapidly growing metropolitan city and to
improve the health and imageability of Lagos city (Oko,
2010). However, there is the problem of non-adherence
to building regulation standards especially in cities in
Nigeria which has also been observed in literature. Raji
and Attah (2017) explored the level of non-adherence of
building setbacks, and its resultant effects in Suleja, Niger
State, Nigeria. Their research results identified several
problems arising from non-compliance to building
setbacks regulations, which includes, lack of outdoor
spaces for parking vehicles and unsafe environment
which they submitted all leads to a poor city growth.
Onwuanyi and Ndinwa (2017) elucidated that in their
research on residential areas in Benin city, Edo State,
Nigeria, several landlords were seen to disregard the
green (private open space) to built-up (building footprint
coverage) area of their plot of land as specified by law
and they built up almost every inch of their plot of land.
This has also greatly impacted on the residential outdoor
space (private open space) left for the residences
(Onwuanyi & Ndinwa, 2017). Aluko (2011) highlighted the
problems associated with development control as well
as the level of compliance to building regulation space
standards in Lagos metropolis, Nigeria based on the
(Lagos State Urban and Regional Planning Development
Law, 2010). He stated that the problem of development
control in Lagos state is reflected in the non-compliance
with the stipulated regulations for building development
in the state and that these problems arise from a gradual
deviation from master plan of Lagos and deregulatory
authorities on development through distortion,
alteration, and deviation from planning standards.
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The main violators include both the public and private
sectors aided by the inefficiency and indiscipline of
regulatory officials as well as the compromises made by
government agents in charge of development control.
He enumerated that among the common contraventions
are the encroachment on public rights of way and open
spaces, the spring-up of buildings under high-tension
lines with their roofs a few metres below the lines, the
take-over of building set-backs by front shops. Also,
the construction of buildings in violation of building
approvals, General violation of Urban and Regional
Planning Laws in Lagos State, corruption by enforcement
officers and Construction of properties on public utility
setback (Aluko, 2011).

2 Materials and methods

2.1 Study area

Lagos was created in 1967 and served as the capital of
Nigeria till 1991. It is located in the South-Western part
of Nigeria. It has a coverage area of 3,350 sgkm. In terms
of spatial development or growth, Lagos originated as
a traditional settlement of close to 3.85 sgkm in about
1881 and has grown to over 1,183 sgkm in recent times.
Expansion of Lagos was due to the growth of the colonial
economy (Agbola & Agunbiade, 2009). Lagos State
served as the seat of government between 1914 and
1992. In 1992, the Federal capital was moved to Abuja
but that did not change the fact that Lagos has a more
vibrant economy than Abuja due to its possession of the
largest seaport and the most useful railway terminus.
It is also a prominent seat of export and import out of

LGAs in the initial city
of Lagos

LGAs in Lagos
Metropolitan Area
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Figure 1 Map of Nigeria

Source: www.lagoslink.com

and into the country. In the very heart of the state, lies
the Lagos metropolis and it has the Atlantic seaboard
as the southern boundary. It stretches 30 km long with
its broad southern base along the Bight of Benin and
it tapers northward and terminates at Agege at about
26 km. It is framed by longitudes 2° 42" E and 3° 22' E
of the Greenwich Meridian and latitudes 6° 22’ N and
6° 42’ N of the equator. The metropolitan area comprises
of sixteen out of the twenty Local Government Councils
which make up the State. They include: Lagos Island,
Eti-Osa, Lagos Mainland, Surulere, Ikeja, Ajeromilfelodun,
Amuwo-Odofin, Alimosho, Apapa, Ojo, Somolu, Kosofe,
Mushin, Oshodi-Isolo, Kosofe, Agege. Lagos metropolitan
area is a low lying littoral body, with about 175 sgkm of
built-up area of which residential areas occupy the single

Figure 2 Map of Lagos State

Source: www.lagoslink.com
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largest proportion of 89.39 km? (51.9%), commercial
8.21 km? (4.8%), industrial, 14.44 km? (8.4%) institutional
and special use 23.66 km? (13.7%), open spaces 4.53 km?
(2.6%) and transportation 32.05 km? (18.6%) (Oduwaye,
2005). The metropolitan Lagos according to literature
constitutes about 34% of the state. This accounted for
close to 455 km? of the metropolis (Oduwaye, 2005). As
a result of the fact that Lagos is the commercial nerve
centre of the nation, there is an observable trend of
migrationintothecity of Lagos.However,apartfrombeing
the smallest city in regard to landmass, and according
to Lagos state statistics, the state accommodates or has
the highest population (over 17.5 million) in the country
and is regarded as the second fastest growing city in
Africa. The residential areas are classified according to
residential densities. The residential estates selected in
this research fall under the medium density residential
areas. The map of Nigeria, and map of Lagos state are
shown in the Figs 1-2.

2.2 Research methods

The research methodology for this study s
a methodological triangulation (also known as mixed
methodology). Guba (1981) suggests that it is proper to
select that paradigm whose assumptions are best met

by phenomenon being investigated. Methodological
Triangulation arose from an ethical need to confirm the
validity of the processes and it can be achieved by using
multiple sources of data (Yin, 2003). It is also used to
compare data to decide if it corroborates (Creswell, 2003;
Patton, 2002), and thus, to validate research results. The
research philosophically leans towards postpositivistism
and its focus on experimental and quantitative methods
have been complemented to some extentby aninterestin
using qualitative methods to gather broader information
outside of readily measured variables (Gephart,1999). The
research design framework usually stems from the nature
of the research problem and the mode of inquiry seeks to
answer the research questions. This therefore influenced
the choice of methodological triangulation this research
and hence the Quantitative and Qualitative modes of
inquiry adopted in tackling the research questions. The
quantitative methods to reveal the existing private open
space to building footprint coverage utilized survey
data collection methods through the administration
of questionnaires, however, qualitative methods
utilized the high-resolution, object-oriented satellite
imagery and provided complementary data which
was analyzed, and this validated and complemented
the data acquired through the quantitative methods.

Table 3 Summary of LGAS, LCDAS and their residential densities
Administrative | Noof L.G.As | NoofL.G.AS | L.G.As L.C.D.AS No of No of Residential
division (admin- randomly selected | subdivisions L.C.D.As residential densities
(admin-div) div) under selected in in Selected purposively estates
Metropolitan admin-div Lgas selected purposively
Lagos selected
3 1 1
i- i dium
IKEJA 8 1 KOSOFE | 1.lkosi-Isheri medit
2. Kosofe Kosofe Aél;g?:e density
3. Agboyi-Ketu
2 1 2
AMUWO- 1. Oriade Apple Estate medium
BADAGRY 3 ! ODOFIN > Amuwo- Raji Rasaki density
: odofin
Amuwo-odofin Estate
Source: Fadera
Table 4 Name of residential estates and number of building units
Type Name of Total number of Sample size (questionnaire) Number of Number of
of estate estate building units. confidence level 95% questionnaires, questionnaires,
(sampling frame) confidence interval 5 administered returned
Public Raji Rasaki, 142 104 100 70
Amuwo
q Atunrase,
Private Gbagada 105 83 85 64
Private | /PPleEstate, 95 76 80 64
Amuwo

Source: Fadera
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Table 5
Estate name
Private estate (Apple Estate)
Public estate (Raji Rasaki Estate)
Private estate (Atunrase Estate)

Total

Source: Fadera

Table 6 Imagery data information
6 images fit your filter criteria
o) (] (] ol
8 2 = i g
[T ] (<] [ v
wn = ] 2 [}
o - o e
" (] c g_
H v S 4
o ]
& E
view 10400100170D2A00 | Pan-MS1-MS2 | WWO03
view 104001001A504500 | Pan-MS1-MS2 | WWO03
view 103001004E6E5500 | Pan-MS1-MS2 | WWO02
view 104001001CD61CO0 | Pan-MS1-MS2 | WWO03
view 1040010029D6CD0O0 | Pan-MS1-MS2 | WWO03
view 10500100047B4C00 Pan-MS1 GEO1

Source: Digital globe foundation, 2017

Three residential estates were selected from medium
density residential areas and their private open space
to building footprint coverage ratios were studied to
reveal the level of adherence to the Lagos State Urban
and Regional Planning and Development Law (2010).
The Summary of Local Government Areas (LGAS), Local
Council Development Areas (LCDAS) and their residential
densities; the name of the residential estates and number
of building units present in each estate; the number
of building units sampled as well as the number of
questionnaires distributed and returned are shown in the
Table 3,4 and 5.

The satellite imagery of the three residential estates was
analyzed and the satellite imagery was retrieved courtesy
of an educational grant by Digital globe foundation and
is as revealed in the Table 6.

3 Results and discussion

The results from the ground truth data reveal that 97%
of the residential lots in Apple Estate have a POS: BFC
ratio of 30 POS:70 BFC while 3% of the residential lots

Number of questionnaires returned

70

198

Residential estates and number of questionnaires administered

Percentage of return (%)

64 80
70
64 75
Avg: 75
Catalogue Digital globe
£ e 2| 5§ |E| 8 & B
-] [} ()] -
c v = 8 % % 3
.2 = = K (U] = S =
= o [\ ] ] x o [
@ = = c s > g
F] ¥ i ] £ S o
o w v
v [ [ c © b -] L)
< = = = < 3 E
) ° £ < o )
5 5 8 -
E E g g @
= P k<
"6 -
= <
2016/01/25 | 22.0 | 22.0 | 57.64 | 0.35 0 0 N/A
2016/04/10 | 20.8 | 20.8 | 73.50 | 0.35 4 4 N/A
2015/12/08 | 26.7 | 26.7 | 55.18 | 0.57 0 0 N/A
2016/04/29 | 16.3 | 163 | 7254 | 0.33 0 0 N/A
2017/02/14 | 246 | 246 | 60.20 | 036 | 35 | 35 | N/A
2016/05/21 | 184 | 184 | 63.90 | 0.45 3 3 N/A

have a POS: BFC ratio of 20 POS:80 BFC. This indicates
that according to the ground truth data, the typical
residential lot in Apple Estate has a POS: BFC ratio of 30
POS:70. The RESULTS of the imagery classification data
reveal that 59% of the residential lots have a POS: BFC
ratio of 30 POS:70 BFC while 20% of the residential lots
have a POS: BFC ratio of 20 POS:80 BFC and 14% have
a POS: BFC ratio of 50 POS:50 BFC. This indicates also
according to the imagery classification data that the
typical residential lot in Apple Estate has a POS: BFC
ratio of 30 POS:70. In Atunrase Estate, the RESULTS of the
ground truth data reveal that 73% of the residential lots
have a POS: BFC ratio of 30 POS:70 BFC while 27% of the
residential lots have a POS: BFC ratio of 20 POS:80 BFC.
This indicates according to the ground truth data, that
the typical residential lot in Atunrase Estate has a POS:
BFC ratio of 30 POS:70. The RESULTS of the imagery
classification data for Atunrase Estates reveals that 64%
of the residential lots have a POS: BFC ratio of 20 POS:80
BFC while 36% of the residential lots have a POS: BFC
ratio of 30 POS:70 BFC. This indicates also according to
the imagery classification data that the typical residential
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Table 7 Results from ground truth data (POS:BFC ratio) medium density estates
Name of residential estate Ratio of private open space to building coverage (POS : BFC) Total
Medium density estates 10POS: | 20POS: | 30POS: | 40POS: | 50POS: | 60POS: | 70POS:
y 90 BFC 80 BFC 70 BFC 60 BFC 50 BFC 40 BFC 30 BFC
Private estate (Apple Estate) 0 5 62 0 0 0 0 64
frequency
Frequency (%) 0 3.1 96.9 0 0 0 0 100
Public estate (Raji Rasaki 0 17 53 0 0 0 0 70
Estate) frequency
Frequency (%) 0 243 75.7 0 0 0 0 100
Private estate (Atunrase 0 17 47 0 0 0 0 64
Estate) frequency
Frequency (%) 0 26.6 734 0 0 0 0 100
Average frequency (%) 0 18 82 0 0 0 0 100
Table 8 Results from imagery data (POS : BFC ratio) in medium density estates
Name of residential estate Ratio of private open space to building coverage foot print (POS : BFC) Total
(medium density) from imagery
10 POS:90 | 20POS:80 | 30POS:70 | 40 POS:60 | 50 POS:50 | 60 POS: 40
BFC BFC BFC BFC BFC BFC
Private estate (Apple Estate) 0 13 38 4 9 0 64
frequency
Frequency (%) 0 20.3 59.4 6.2 14.1 0 100
Public estate (Raji Rasaki 0 1 59
Estate) frequency 0 70
Frequency (%) 0 15.7 84.3 0 100
Private estate (Atunrase Estate) 0 a1 23 0 0 0 64
frequency
Frequency (%) 0 64.1 35.9 0 0 0 100
Average frequency (%) 0 334 60S 4.6 0 100

A

. APPLE %STA_I“E

N

RAJI RASAI

Figure 3

Aerial images of residential estates

lot in Atunrase Estate has a POS: BFC
ratio of 20 POS:80. In Raji Rasaki
Estate, the RESULTS of the ground
truth data reveal that 76% of the
residential lots have a POS: BFC ratio
of 30 POS:70 BFC while 24% of the
residential lots have a POS: BFC ratio
of 20 POS:80 BFC. This indicates that
the according to the ground truth
data, a typical residential lot in Raji
RasakiEstate hasa POS:BFCratio of 30
POS:70. In Comparison, the RESULTS
of the imagery classification data
reveal that 16% of the residential lots
have a POS: BFC ratio of 20 POS:80
BFC while 84% of the residential lots
have a POS: BFC ratio of 30 POS:70
BFC. This indicates also according to
the imagery classification data that
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the typical residential lot in Raji Rasaki Estate has a POS:
BFC ratio of 30 POS:70. This information is summarized
in the Table 7. Also, the classified images of the selected
residential estates are revealed in the figure following the
table below.

The images from the results of the imagery classification
shows green patches indicative of the greenness
observed from viewing, the brown and orange coloured
areas depict the built up areas of the residential estate
concerned and this clearly shows that there is a dearth of
green spaces in the build-up of these communities.
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In this paper, the procedures and indicators of systematic inventorisation and analysis of the existing vegetation of urban
landscapes are presented and applied. The analysis of the vitality of existing trees was performed using the Visual Tree Assessment
(VTA) method on the location of Park in Stari Mikanovci, Croatia. The results of these analyses were used as a basis for the
protection and care of existing vegetation, but also their implementation in the design. For this purpose, four different conceptual
solutions for the park design were formed. The process of generating different concepts tried to answer the questions: whether
the maximum preservation of vegetation elements is a limiting factor in the creative phase of the design process, and whether
consistent preservation of vegetation elements will generate similarities of design solutions. Four conceptual solutions were
developed by four different authors who were given the same project task: (@) maximum possible preservation on the basis of
analysis of the determined values of existing vegetation, and (b) uniform basic residential and recreational content of the park. All
other components and features of the landscape are left as variable, arbitrary and author-determined parameters. Multi-criteria
descriptive analysis of the proposed design solutions showed that the existing vegetation is not a limiting factor for the typology,
diversity, disposition and degree of intervention in the creative phase of the design process.

Keywords: vegetation, analysis, valorisation, landscape solution, park

qualities. Also, simplified and unsystematic analysis of
existing natural elements can lead to deterioration of
natural qualities, unreasonable or premature removal
of vegetation, as well as reckless design decisions that
perceive existing vegetation and other natural elements
as “obstacles” to new design or technical execution. In
these cases, the justification for the removal of existing
vegetation and other natural elements lies precisely
in the insufficiently analysed or argued values of these
components of the landscape. The focus of this paper
is to connect inventory and landscape analysis with the
generation of new design solutions. Emphasis is placed
on the existing vegetation of the landscape.

1 Introduction

Designing open urban areas, especially typical urban
landscapes such as parks, is a common design task.
Although it follows the established principles and
procedures that make up the design methodology,
certain segments of this process are insufficiently
connected, emphasised, and presented within the final
design. Although each project task declaratively includes
inventorisation, analysis, and protection of existing
features and elements of the landscape but especially
natural elements, new design solutions often present
in insufficiently clear ways to what extent existing plant
valorisation is included in the design solutions. The focus

is often on the description, presentation and visualisation
of design, and less on systematic and clear indicators of
the manner and degree of preservation of existing natural

The first part of the paper presents the procedures and
indicators of systematic inventorisation and analysis
of existing vegetation that precede the design of open
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space. Derived procedures and indicators were applied in
the valorisation and analysis of a specific example — Stari
Mikanovci Park, as a basis for protection and treatment
of existing vegetation and generating guidelines for new
landscape design of the park. In the second part of the
paper, the possibilities of maximum implementation of
previously derived data within the design process, i.e.
designing a new park solution, are examined. In this
sense, it was examined whether different design solutions
can consistently preserve and implement all the values
of existing vegetation without compromising the quality
and diversity of newly designed solutions. It was also
examined whether different types of landscapes, such
as a park, beach or square, require different treatment of
existing vegetation.

1.1 The role and value of vegetation
in shaped landscapes

Vegetation elements, along with other elements in the
landscape, are used to organise space, solve spatial
problems, and achieve design goals (Colvin, 1990). The
use of plants as formative elements is conditioned by
natural laws, as well as visual and spatial phenomena
of the urban environment (Dunnett & Hitchmough,
2004; Beck, 2013; Hirschfeld, 2001; DOE, 1996). At the
same time, the use of vegetation elements varies greatly
depending on man’s intentions, needs or simply the
attitude towards nature at a certain point in time (Doick
et al,, 2018). The many roles of vegetation in the city
landscape can be divided in different ways. According to
Perekovi¢ and Kamenecki (2016), they can be: (a) spatial-
structural and functional roles, (b) perceptual and visual-
aesthetic roles, (c) ecological and technical roles, and (d)
“recovery” roles via impact on human health. Vegetation
as a spatial - structural and functional element defines
the basic spatial relationships and proportions in the
landscape (“plants as a spatial phenomenon®, “vegetation
architecture”), as well as its purpose by encouraging
or discouraging certain behaviours and uses of the
landscape. Perceptual and visual — aesthetic roles of
vegetation elements refer to the use of plants to achieve
certain effects that we perceive with all our senses.
The ecological role of vegetation elements is inherent
in its vegetation (e.g. oxygen production, increase in
air humidity, pollution absorption, etc.) but also in the
needs of remediation or mitigation of certain spatial
problems (e.g. slope stabilisation, wind protection,
noise protection). Nowadays, the ecological roles of
vegetation in dealing with climate change are especially
relevant. Usually, all the mentioned roles of vegetation
are taken simultaneously, in the earliest stages of the
design process, since each local landscape has certain
existing vegetation characteristics, and due to the fact

that possible roles of vegetation elements are numerous
and often interconnected. Acceptance and systematic
analysis, as well as consistent implementation of the
value of existing vegetation are one of the important
tools for improving the landscape and the environment
as a whole. Within inventory urban trees are usually
categorised through their vitality and their ecological
aspects, but their role in the shape of urban character is
often left out. The results of the research on the role of
individual trees in urban image (Nadasy, Sdndor & lllyés,
2019) show that the trees with the highest ecological
value are not the ones that do not influence the local
community and their memory of space.

1.2 Characteristics and condition
of the park Stari Mikanovci, Croatia

The park is located in the central part of the settlement,
and it is an important point of gravity with its historical
centre (Nesek Ltd., 2005) along with an archaeological
site close by (Ministry of Culture and Media). The research
area was chosen because it is the only public park in the
settlement around which all municipal institutions and
a church are positioned and it also represents the centre
of all social events of the community. The central open
area of the settlement does not have the characteristics
of a recognizable and representative open urban space.
Existing space content does not provide diverse and
meaningful use for the local community and it does
not promote environmental value. The park has the
characteristics of a transit space that allows movement
and easy access to public facilities, but not additional
features that allow or encourage hold and stay. The total
area of the park is 2,920 m?, of which 1,539 m? are green
areas and 1,318 m” are paved areas (Fig. 1). The park is
bordered on three sides by roads, so there is a direct
visual and physical connection which prevents quality
use of space. The northern edge of the park is defined by
the municipal building, which requires a dense network
of communications in the northern part of the park.
Currently, the park has only elementary uses — movement
and use of benches. The composition of the park seems
random and unrelated, which is due to the diverse
materials, shapesand colours of the structural elements of
the park upgraded through the decades of use. The basic
spatial features of the park include a large proportion
of tall trees with broad canopies that exceed almost the
entire area of the park. The temporal trees of the park also
make a kind of memory of the place. For these reasons,
a detailed analysis of existing vegetation is envisaged as
a prerequisite for future spatial intervention. The result of
such an analysis is the vitality of the tree, conservation
guidelines, determination of maintenance measures and
guidelines, and the production of unambiguous data on
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Park Stari Mikanovci, Croatia (2019)

Figure 1

the potential and limitations of the existing vegetation
of the park.

2 Material and methods

2.1 Analysis of the roles, characteristics and vitality
of vegetation

The assessment of the health status of existing trees in
the park was performed using the Visual Tree Assessment
(VTA) method, according to Mattheck and Breloer (1994).
Use of the VTA method is not innovative but in Croatia it
is used as a main approach in systematic inventorisation
and its results are the main input in deciding which trees

Table 1 Categorization of the degree of vitality of plants

can be included in new design. This method is based on:
(a) assessment of the vitality of the tree with regard to
the condition of the canopy (dry branches, leaf dryness,
discoloration, etc.), tissue injuries (trunk, roots, bark) and
the presence of secondary pests (fungal diseases and
insects) and (b) on the basis of symptoms of diseases and
errors of wood determines the possibility of breaking
or falling of the tree (mechanical aspect). In the analysis
of existing vegetation, the degree of vitality of plants is
divided into 3 categories (Table 1).

The results of the analysis of plant vitality are made with
the aim of assessment and giving recommendations for
further undertaking of appropriate interventions such

Degree of vitality

Description

(1) healthy plants

- no damage is noticeable or minor damage is visible, which does not pose a danger to the
survival of the individual without the application of appropriate care procedures

RICemagsapiants care procedures applied

- medium to severe damage is noticeable, which needs to be paid attention to and appropriate

(3) very damaged plants

- severe damage that requires urgent remediation or removal is noticeable, as it poses a danger
to visitors, other plants in the park or property

Table 2 Categories of plant care for pruning

Pruning measures

Description

(1) cleaning and thinning
the canopy

- removal of dry, diseased, dying or broken branches, removal of branches to increase light
and air permeability and reduce the weight of branches, removal of climbers, etc.

(2) raising the canopy

- removal of lower branches that obstruct the passage of pedestrians or vehicles, branches
that are too close to buildings

(3) canopy reduction

- removing part of the canopy or large branches if they exceed the desired size, too much
interfere with the canopy of neighbouring trees, interfering with their photosynthesis or
disturbing the surrounding facilities and infrastructure
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as: 1) gradual removal of old trees 2) plant protection
and 3) a maintenance plan for the park. The range
of recommended interventions, which is made after
the vitality analysis, is divided into two basic forms of
interventions: (a) removal of plants or (b) maintenance
measures/pruning. Pruning as a form of recommended
care is categorised into three groups (Table 2). Following
the implementation of these measures, further regular
inspection of the tree is recommended at least once
a year.

Assessment of plant health (vitality) and plant
conservation guidelines in Stari Mikanovci Park were
conducted on two occasions, in September and
October 2019. During the field visit and assessment of
the condition, each individual plant was numerically
marked, cartographically documented (GIS) and photo-
documented. Valorisation of each individual plant was
carried out through a tabular presentation for each
individual plant, which included: plant numbering,
species determination; crown diameter (cm); canopy
height (m); canopy tilt (>20%); root damage; canopy
damage; bark damage; cavities in the trunk; fungi;
infrastructure damage; vitality assessment; required
procedure; other notes.

(1) healthy plants
Q) (2) damaged plants
o1 5 10 (3) very damaged plants
Figure 2 Inventarisation and analysis of existing

vegetation, the degree of vitality of plants is
shown in 3 categories

Plant health indicators (vitality) are described with
detailed visual, spatial, structural, functional, and
ecological characteristics of existing plants in the park:
functional (e.g. shade, separation, protection from dust
and/or noise, honey properties, edible species for humans
and animals, etc), visual and structural (e.g. accent
role, visual protection, flowering properties, directional
gaze, etc), toxicity, allergenicity, and maintenance
requirements (Franji¢ & Skvorc, 2010). The assessment
of the condition of each individual plant is the result of
an overall assessment based on all the above indicators,
whereby existing plants are classified into several basic
categories: 1) plants that has to be removed immediately;
2) plants that will be removed or replaced over period of
time (plants that carry positive qualities but due to health
conditions or other unfavourable conditions should
be monitored and replaced or removed at a certain
time); and 3) plants that require care and maintenance
measures.

2.2 Development of conceptual solutions for the park

The project guidelines of the Park were derived from
spatial and social inventories and analyses of space and
inputs given by the municipality and local community.
Based on the project guidelines, a conceptualization
of variant solutions for the new design of the park was
made. The usual landscape design of the park is made as
a product of the process of designing urban landscapes
(inventorisation and analysis of landscapes, defining
the project program, making diagrams and conceptual
sketches). However, the conceptualization of the solution
is conditioned by the principle of preservation of all
existing vegetation whose vitality is assessed, respecting
the principles of protection and improvement of
urban habitats, preservation of features and existing or
potential functions of vegetation. The project guidelines
included uniform elements (resting area, contemplation
and relaxation space for municipal, cultural and
educational events and other). Four conceptual designs
were generated by four different authors (Kamenecki
et al, 2020). Variable and distinctive features of the
concepts were analysed by descriptive multi-criteria
analysis and comparison of solutions according to
given criteria: typology of open space (park — plaza -
green square), the ratio of paved and green areas (“soft
landscape” - “hard landscape”), defining the edge
of the park immediate environment (open - closed),
compositional basis (formal — informal), philosophy of
solution (reinterpretation of historical symbols of the
place - modern reinterpretation), the relationship of
the open area and to the municipal buildings (separate
units — integrated units) and disposition of basic contents
(zoning). The given parameters were applied and tested
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on four variant solutions that were developed and
presented at the level of the conceptual landscape
design.

3 Results and discussion

3.1 Results of analysis of plant characteristics
and vitality

In the park Stari Mikanovci, three groups of vegetation
have been singled out - trees, shrubs and perennials.
General visual-spatial features indicate the dominance
of trees that with vertical habitus, massive and horizontal
dimensions of the canopy exceed almost the entire
surface of the park (Fig. 2). Their lifespan also indicates
the value of trees as bearers of the memory of a place.
Detailed insight and analysis show the need to carry
out the necessary arboricultural interventions, which
were not carried out adequately and regularly in the
past. Landscaping work on existing vegetation must
be taken as protective measures in order to ensure safe
and undisturbed communication and use of visitors,
as well as the safety of the vehicles in traffic and those
parked. Maintenance is necessary to establish a smooth
developmentandbalance of canopies betweenindividual
trees, most of which have reached their biological
maturity and shape. If maintenance measures are not
applied continuously, trees will begin to lose their vitality,
and will become more susceptible to the harmful effects
of biotic and abiotic factors. Trees of impaired vitality are
more susceptible to attack by secondary pests; rot and
insect fungi, which seriously impair mechanical stability
and lead to drying of individual branches and the entire
tree. Extreme and sudden climate changes such as those
recorded in recent years can cause additional stress,
death or major mechanical damage for the trees.

The results of the analysis point to the fact that most of
the trees in the park are of good vitality, while impaired
biological and mechanical condition occurred mainly as
aresult of poor planning of planting plan and irregular or

1%

7%

= category 3

= category 2

= category 1

82%

Figure 3 Distribution of trees by vitality category

5 -
o

leaning

surface root
damage

bark damage

canopy damage holes in the trunk

mwith damage ®no damage

Figure 4 The amount of damaged trees according to the

type of damage

tree removal [N

pruning: cleaning and thinning +
raising the canopy + partial
removal of the canopy

intervention is not required |

0 2 4 6 8 10 12 14 16 18

Number of trees on which certain arboricultural
interventions need to be carried out

Figure 5

inadequate maintenance. Only five trees, out of 27, have
weaker or significantly impaired vitality (Fig. 3).

Tree canopies are very large in diameter, which is often
characteristic of trees in parks and urban areas. Average
values of crown diameterrange from 4to 15 m.The widest
crown is 18 m which is also the tallest tree in the park with
a height of 24 m. Although average heights range from
9 to 21 m, more than a half of the trees reach heights
above 20 m. Since the canopies are large in diameter,
the competition for light conditions in the upper story
is much more pronounced, which is manifested in the
numerous interference of branches in adjacent canopies
so the maintenance cost is increased by frequent cycles
of trimming. The largest trunk diameter measured was
1.02m.

The most common type of tree damage in the park is
superficial root damage (Fig. 4). Most of these damages,
as well as those on the bark, are quite common for trees
that have lived in urban conditions for years and most
often do not pose a great danger to plant life. Such
damage usually calluses properly, so the rot of fungi is
prevented from entering the interior of the trunk, which
confirms the result that most of the trees in the park
are still of good vitality. Trunk holes and trunk rot were
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significantly observed in only one individual (S9). On two
trees (S8 and S24) higher slope of the trunk is pronounced
and could impair the static safety of the tree.

Some of the arboricultural interventions need to be
carried out on 78% of the trees in the park, most often
in the form of pruning, but in some cases also removal.
Pruning in the form of canopy reduction is the most
common form of intervention; removing part of the
canopy or large branches if they exceed the desired
size, or if they encroach too much on the canopy of
neighbouring trees; interfering with photosynthesis or
disturbing surrounding facilities and infrastructure (Fig.
5). When pruning in the form of reduction, raising or
thinning of the canopy should be carried out in order
to establish as symmetrical and as natural habitat as
possible (Balder, Reuter & Semmler, 2010; Shigo 1991).
Due to weakened physiological conditions, combined
with impaired mechanical properties and due to
the competition shortened survival prospects, it is
recommended to remove a total of 5 individuals, one of
them urgently, due to the risk of fracture.

3.2 Results of landscape design and analysis
of conceptual solutions

The conceptualization of the park defined four designs
that were based on the same project guidelines (Figs.
6 to 9). All design proposals have included the existing
valuable vegetation (trees) defined by VTA method,

Figure 6 Concept 1 - design basis

Figure 7 Concept 2 - design basis

valorisation, and analyses of the park area. The variability
of the solution was achieved and analysed according to
parameters: typology of open space, ratio of paved and
green areas, definition of park edges, environmental
aspects, composition/design basis, philosophy of
solution, disposition of content, and relationship of
open area and the building within the scope (municipal
building).

Concept 1 “Geometric archaeology of place” (Fig. 6). The
solution finds inspiration in the locality itself, connecting
the existing morphology of space and trying to
reinterpret it into a new set of values. The design proposal
establishes a connection between the existing building
and the rhythm of its porch with the natural rhythm of
the existing vegetation. The concept introduces a regular
grid that alternates paved zones with areas of ground
cover and perennials. The concept opens and integrates
the northern and southern surroundings of the park
while closing the eastern and western edges.

Concept 2 “Superposition of grids” (Fig. 7). The proposed
design generates its geometry from the need to organize
and by evading the given existing geometry of the
surrounding urban elements. The squares are formed by
overlapping two regular square surfaces. The northern
square is proposed for festivities and events, and the
southern square provides a living area for everyday stay
inthe park.The entrance is placed in the same direction of
the new geometry. The connection to the south-western
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Figure 8 Concept 3 — design basis

and south-eastern border of the park and immediate
surroundings is established by the seemingly irregular
geometry of higher and lower vegetation, and elongated
rectangular surfaces of ground cover and shallow
volumes of evergreen and aromatic plants.

Concept 3 “Symbolic expression” (Fig. 8). The design is
derived from an archaeological find — a double vessel
(jug) of the Vucedol culture, which is the basis of the
artistic form of expression of the park itself. The memory
of the existing communications has been preserved, and
the central square-like space of the park has been created,
whichis further divided intoirregular trapezoidal surfaces
with planted perennials, ground cover and shrubs. Two
larger residential zones and two sub-zones intended for
events and residential activities have been established.
The relationship to the park edge is completely uniform,
a structure overgrown with climbers

Concept 4 “Abstraction of landscape elements” (Fig. 9).
The design is a modern reinterpretation of the urban

Figure 9 Concept 4 - design basis

landscape in which a clear distinction is lost between the
boundaries of individual functional elements: path, lawn,
square, park. This design transfers the landscape pattern
of the plain field by abstracting the wider environmental
context into the park experience. The elongated surfaces
with perennial plantations divide the space into fields
and images of experience.

The comparison and analysis of the proposed design
shows the diversity of design approaches. They are
manifested through diverse typology of open space
(square - park - beach - green square) as well as in
a diverse spatial edge of the park (openness/closedness
of the park edges according to the urban matrix of the
settlement). Despite the dense distribution of high
vegetation and maintaining all existing vegetation,
the proposed designs achieved a very diverse open
public area, as well as a ratio of green areas and paving
(Table 3). All designs have successfully integrated the
existing quality vegetation and are diverse in amount

Table 3 Comparison of concepts design
Conceptual proposal Low vegetation area (km?) Lawn area (m?) Paved area (m?) Type of open space
Concept 1 141 1,384 1,395 park
Concept 2 350 1,527 1,043 square
Concept 3 349 1,589 982 plaza
Concept 4 323 1,401 1,197 green square
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of existing and newly planted trees but none of the
solutions preserved the existing shrubs and perennials.
The authors see the justification of this approach in
the low vitality, poor maintenance but also due to the
fact that the shrubs and groundcover have not been
completely formed.

4 Conclusions

The results of this paper indicate that consistent
conservation and implementation of existing vegetation
should not be taken as a limiting factor to the creative
phase of the design process. The density of preserved
existing vegetation did not prove to be a limiting factor
for the diversity of proposed design, the disposition of
the content or the basic typology of space. It should
be borne in mind that the value of individual trees can
have a significant impact on the perception of the local
community and their memory of place. For this reason,
the inventorisation, valorisation and analysis of existing
vegetation elements at the location should be systematic,
detailed and comprehensive in the initial stages of
project development. So, random and partial decisions
on the removal of existing vegetation can greatly miss
the meaning, goals and potentials of design. This paper
showed that using a single method such as VTA can be
deficient in solving the problems that are desired or can
be achieved in the urban landscape, so it is advisory to
use holistic approach.
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Article focuses on recognizing valuable green spaces and strategic positioning of new green infrastructure elements in space from
the perspecitve of a non-governmental organization. It questions the limitations, roles, and possibilities of non-governmental
organizations (NGO's) in the establishment of publicly accessible and environmentally significant areas in the urban matrix. The
article considers personal experiences in the implementation of such projects, their influence on the daily livelihood of citizens
and how an NGO can contribute bypassing current absence of legal basis for its implementation. The methods presented in the
paper are described as informative guidelines and are not scientifically backed, although they do rely on scientific knowledge of
the members of NGO and previously tried methods of earlier finds. This work represents a factual outcome of actions delivered
by the NGO ZIPS (Zelene i plave Sesvete) and do not have to be replicative on other showcase examples, considering their legal,

cultural, and other backgrounds.
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1 Introduction

Creation of resilient landscapes and connecting them
into a continuous and uniterrupted grid might be one
of the best low-tech solutions for our adaptation to
climate extremes. As individuals, people might not have
the ability to act on a global scale, but they can most
certainly try to improve the microclimactic conditions in
the area of our living, such as preventing the creation of
heat islands.

Article will primarily focus on the quad helix approach,
since it has been the basis of defining relations among
various stakeholders throughout many of the projects
conducted by the NGO ZIPS and suits as a proper framein
the transfer of knowledge. It imposes as a starting point
for presenting achievements done by the NGO in the
spatial implementation of green infrastructure elements
such as: recognizing key stakeholders and devising an
appropriate approach in the realization of downright
communication; envisioning the level of expected
involvement in decision-making and co-designing;
reaching decisions on the spatial location of the solutions
and the reach of their influence.

To put the local level in perspective, it is important to
gradually descend from a global context so this article
will primarily focus on societal perspective of the issue.

1.1 Conditions and course

Society is made up from many interest groups, all
acting at the same time and have rather different
views on development. This is a condition in which
finding a solution for anything is never easy, especially
with a problem as comprehensive as climate change.
European union and its member states are decisively
steering the development of the continent towards
a more sustainable future and, by doing so, is continuosly
seeking for solutions that are applicable on various scales.
At this point in time, European Union (EU) is leading in
the creation of directives and programs of immeasurable
importance on a global scale. Although often criticized
in literature, one such comprehensive document is the
European Green Deal the European Council, The Council,
The European Economic and Social Committee and The
Committee of The Regions the European Green Deal
(2021).
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Among other, it implements green
infrastructure (finding its roots in
the landscape architecture) as one
of the best tools for climate change
mitigation (Barcelona City Council,
2013), emphasising the importance
of proper rainwater managment
(European Parliament and European
Council, 2003).

EU has strategies and regulations
regarding sustainable development,
involvement of the citizens (UN,
1998) and mitigation of ecological
problems (European Commission,
European Environment Agency,
2021). However, what the EU
sometimes lacks is the pace of
action and implementation. That is
most certainly result of a cautious
democratic decission-making among
27 of its member states, many of its
various referential organizations and
desire for a wide public participation.
If we are to nourish our democratic
values in the future and respect all
the given processes, it will certainly
have implications on appropriate
reactions towards our changing
environment. By saying so, it is not the
intention to promote non-democratic
decission-making  (because  the
past has taught us many times that
totalitarian systems can bring even
greater environmental disasters) but
to point out that we should find other
fields in which we can allow greater
freedom of quicker decission-making
and implementation of solutions
that haven’t necessarily been peer-
reviewed orexamined before.Suchare
different stakeholders in our society,
among which NGO's stand out in
particular (European Parliament, The
Council, The European Economic
and Social Committee and The
Committee of The Regions Green
Infrastructure (Gi), 2013).

2 Material and methods

At the end of 2021, pushed by
the public, Croatian government
adopted a Program for the
development of green infrastructure

in urban areas for the period
2021 to 2030, with the aim of
establishing sustainable, resilient,
safe, comfortable and orderly
cities and municipalities in the
Republic of Croatia (Republika
Hrvatska, Ministarstvo prostornoga
uredenja, graditeljstva i drzavne
imovine, 2021). What is concerning
about the given situation is the
pace of the implementation of the
given program, since it was first
developed in 2019 and not many
cities have adopted plans for green
infrastructure. In parallel, multiple
European cities have had green
infrastructure plans on the disposal
for decades (Amati, 2008; Barcelona
City Council, 2013; Vienna City
Administration, 2015).

Being aware that the climate change
is inevitably coming, NGO commited
to adaptive strategies - building
green infrastructure before the
valorisation and ratification through
plans on the decision-making level.
However, powers of the NGO are
limited, so its position is to lobby,
point out problems, promote,
dissiminate or co-design space.
Final decissions, regarding planning
and decission-making, are always

made by democratically elected
representatives that do not have to
necessarily share one’s points of view.

People act by an example or by
models. If something is proven to be
feasible or popular, people will gladly
copy it over time — be it political
parties and firms in their campaigns
or average citizens in their private
gardens. That is the main reason why
the NGO pursues projects that directly
change the physical environment,
wanting to create a showcase. These
types of projects have far-reaching
implications in the future and can
accelerate shifts in planning trends.
Greater freedom in decission-making
(or rather not being bureaucraticly
limited) and finding peculiar site-
suitable solutions is one of the main
advantages of NGOs, as well as the
ability of a quick reaction - recognizing
the moment and appropriately acting.
Most of the time it is brought down
to “catching curves” with a continuos
agenda as a common driver, since
there is no single solution for all of the
problems.

Therefore, through time NGO
prepared program or a strategic
approach for different acting levels,
as follows.

Base

Creating map of publicly owned and Accessible areas (cadastral basis)

Creating map of current green and public areas

Creating map of semi-public areas (schools, churches...)

Using open source data (e.g. Sentinel records by EU or Geoportal by Croatia)

Planning

Strategically placing new green patches and corridors on the above identified areas, purposely leaning
them close to officially planned green areas or in areas that are threatened by an unwanted

development

«Co-creating the spaces with citizens, involving them greatly in our projects (they are our biggest ally)
and continuosly changing approaches in promotion (people are easily bored)

eAlthough we are not bounded by the city regulations (since it is a non-binding strategic document),
these regulations are a great orientation for easier implementation and communication with the city

Figure 1 Graph of steps
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2.1 Strategic approach to spatial
development

Since the point of this article
was to summarize the methods
and activities of our NGO in the
tendencies to accomplish a program
for the implementation of a plan for
green infrastructure, it is important
to list some of the steps in order to
carry out goals, as shown in the Fig. 1.

3 Results and discussion

As a result, in the sense of strategical
planning of green infrastructure, by
implementing regreening projects
so far, a central triangle of publicly
available spaces in the central part of
Sesvete was created, overall spanning
estimated 9 ha of land. Most of this
space was planted with native trees
and shrubs in a conventional way
(no understory or solutions based
on beneficial relations between the
plants and its surroundings). Around
0.5 ha was realized as a therapy
garden, financed through the
ProGlreg project. It contributes to the
welfare of the citizens and natural
environment. Most of these projects
were developed in otherwise
marginalized areas that lack
public services and are considered
ghettoized (fallen industries and low
social status).

Figure 2

3.1 Collaboration with
the institutions of local,
national and international
significance

During last five years the NGO
managed to establish partnership
with the Department of Ornamental
Plants, Landscape Architecture and
Garden Art, and thus carried out
three partner projects on the EU
level: LE: Notre Landscape Forum
2019, Learning Landscapes (Fig. 2)
and ReGreen Croatia - all co-funded
by the Erasmus+ fund. Furthermore,
ZIPS cooperates with the Faculty of
Architecture on two EU projects —
ProGlreg (Productive Green
Infrastructure  for  post-industrial
urban regeneration) and Centrinno.
ProGlreg is an internationally
recognized project regarding
productive  green infrastructure
and it greatly enabled to position
ZIPS as a referential organization.
NGO is working on a project
within the STEM field together
with the Faculty of Electronics and
Computing, lasting 18 months.
These cooperations, besides for the
financial stability, opened doorways
to vast number of other project
opportunities, learning possibilities
and other partnerships.

Learning landscapes, NGO ZIPS, taken in 2021

3.2 Small-, medium- and large-
scale projects

Collaboration with these and many
other institutions has enabled
realisation of large-scale projects.
However, to keep the continuity
of work, it is important to deliver
projects of smaller scales. By doing
so, NGO managed to plant around
550 trees around the central and
easten-most part of Sesvete from
2019 to 2021 (Figs. 3 and 4) through
various projects.

Latest project aims at the preserving
two 500-year-old linden trees and
their genome by cloning them
and replanting a hundred of their
clones Sesvete-wide (kindergartens,
schools, churches, public spaces...).
For this project Croatian Forestry
Institute was hired which will deliver
certified seedlings in the following
autumn.

One of the projects in 2021 was
a development of a“honey meadow”
in a place that used to be a landfill.
This area showed a great potential
of becoming a public space for the
citizens of the neighbouring Novi
Jelkovec but also a great sanctuary
for the bees and other pollinators.

All  these combined projects
contributed to the creation of
a green program and a green
network. NGO intends to continue
with other projects in the future,
finding new sources of finance. All
these projects and the results can be
viewed on the official NGO website
(www.zeleneiplavesesvete.com)

3.3 Collaboration with the citizens
and their education

NGO owns a Facebook
page, followed by more than
6,000 people (www.facebook.
com/uzeleneiplavesesvete) and
a Facebook group, counting almost
17,500 members (www.facebook.
com/groups/117450558982945).
These two Facebook pages are a great
source of information and people

The
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Figure 3

use it as a form of communication
and for debating. Most of the local
governmentals also use this group
as a form of communication with the
citizens.

Tree planting, NGO ZIPS, taken in 2019

Figure 4

Tree planting - St. Francis Arboretum, NGO ZIPS,

taken in 2020

However, it is important to reach out
to the people and involve them in
the decision-making (The European
Parliament and of the Council, 2003,
page 1), especially to the younger

Figure 5

Kindergarteners — Green city, NGO ZIPS, taken in 2019

generations (Table 1). That is one of
the reasons why the NGO organized
a whole variety of public and semi-
public events connected to the topic,
as seen in the Table 1.

4 Conclusion

In addition to create green
infrastructure before the official
plan is adopted, it is important to
act in different fields that might not
neccessarily be directly connected
to the common goals. It is important
to realize that work cannot be linear
because everyday life is not linear
either. If it is not possible to achieve
projects of greater scale, it is enough
to improve the livelihood of a smaller
group of people (Clark & Taplin,
2012). Greater projects will come in
time but should not be an obstacle
in realizing smaller and simpler
tasks. These will eventually develop
into a complex structure that has
naturally grown with people. It
might not be a perfect realisation of
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Table 1

Event

Table of events
Open discussions protection, culture...)
Workshops - presentations of work

Exhibitions

Public events

Example/description

- various topics with presenters from the fields (traffic, demographics, environmental
- international, local, for children

- student, professional and art works

- concerts — harp concert, singers, local music school

— film festivals - documentaries about nature protection

Lectures
Surveys
Public acting
Media

a vision but, in some situations, it might have prevented
a far worse option of development. However, in doing so
it is important not to settle with little, but to stride for the
greatest. To quote one member of the NGO: “If you want
a boat, ask for a spaceship. Also, tell them it's a temporary
solution. There’s nothing standing in the world longer
than the temporary solutions”.
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The paper attempts to deconstruct the production of the myth associated with a street renovation project in Riga’s historical
centre. During and after the reconstruction of Barona Street, it was widely used as a public image of street renovation failure.
Professional and civil society blamed ad hoc planning, wrong traffic organisation, inappropriate design, and poor construction
quality. It is this association of solely spatial aspects with the failure to create qualitative public space that constitutes the core of
the Barona Street Myth of Failed design. The article postulates that interaction of social identity and social emotions underline
communicative landscapes when significant public spaces are being transformed and induce mythologizing of urban projects.
Built on the analysis of the related reflections and criticism in media and public discussions, the thick description of the Barona
Street project’s events attempts to show how socially and emotionally shaped perception of design and implementation process
by involved social groups has contributed to the mythologising the renovation of Barona Street. The conclusions emphasize
socio-psychological framing of urban analysis. The emotional implication of the Barona Street myth induces reattribution of the
responsibility for Failed Design to individual political leaders, designers, and involved municipal workers, shifting public attention
away from structural and governance inability to engage with public spaces and creating preconditions for involving urban project

as a tool in political power games.

Keywords: public space, myth, emotions, social identity

1 Introduction

Human dimension has been continuously approached
within architecture and urban planning discourse
during at least last five decennia. A number of scholars
contributed to understanding of different man-
environment aspects (Rapoport, 1977, Schon, 1983;
Baum, 1987; Hoch, 2006, Porter et al., 2012, Gunder &
Hillier, 2004, 2009; Gunder, 2016; Pérez-Gomez,
2008). However, the interest in feelings and emotions
individuals and groups display during the process
of spatial transformation still can be evaluated as
resistant and imbalanced while embracing sociology
and undermining psychology, as well as prioritizing
philosophic and sociological concepts of politics and
economy (Hoch, 2006; Porter et al., 2012; Baum, 2015).

Current research investigates a combination of Social
Identity Theory (SI