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FROM GREEN FINGERS AND GREEN RING TO GREEN
MITTEN: HELSINKI’S POLYCENTRIC URBANISATION
AND ITS IMPACT ON GREEN STRUCTURE

Abstract. Urbanisation changes the landscape and fragments spatial structures including greenspac-
es across much of the world and Europe. The resultant impacts and morphological characteristics are
understudied within peri-urban regions of cities. This study analysed the spatial qualities and rela-
tionship among peri-urban greenspaces, green structure, and urban form within the Greater Helsinki
Region of Finland. Results illustrate how the existing ‘Green Fingers” have impacted urban develop-
ment patterns. Though the region includes many fragmented greenspaces, an overall interconnected
and coherent intermixed green structure remains. This spatial component faces continued threats;
managing the growth of peri-urban regions is critical to maintaining a green structure’s functional
and morphological benefits.
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1. INTRODUCTION

Transitional land uses produced through urbanisation continue to modify the land-
scape and green structures across the globe (Nilsson ef a/., 2013). Landscape frag-
mentation is most noticeable within the periphery of urban areas where greenspac-
es, of varied shapes, sizes, land uses, and context, provide a diversity of ecosystem
services, including benefits to human wellbeing.
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The pressures and drivers of urbanisation are well documented, however, the
Oresultant morphological impacts to greenspaces is understudied, specifically
those surrounding cities. Often viewed separately, urban greenspace, rural green-
space, preserves, housing allotments, conservation areas, etc. must be viewed as
a comprehensive interconnected whole and a spatial entity into itself — beyond
ownership, management, and policy — in order to maximise ecosystem service
provision and the multi-functional benefits to humans and nature. This research
considers greenspace, inclusive of varied frameworks, as a biophysical ele-
ment within the landscape. This paper will focus on the morphological analysis
of greenspaces within urbanising regions and the spatial relationships of peri-ur-
ban greenspaces (PUGS) in order to gather insight on their impacts on one another
in generating urban form.

This research utilised the Greater Helsinki Region (GHR) in Finland as the
case study area focusing on the relationship between green structure and urban
form. The research examines the quantity and qualities of greenspace fragmenta-
tion within the process of urbanisation including its morphology, land cover, and
regional green structure. For example, how the spatial planning and polycentric
morphological form of the GHR has affected and been affected by the existing
green structure of Helsinki and the larger region. What are the specific morpho-
logical attributes and spatial characteristics of greenspaces and green structures
within a peri-urban region in a fragmented state? How is the greenspace distribut-
ed? Is the green structure comprised of large reserves or is it a series of smaller, in-
tegrated greenspaces? It is these characteristics that make them distinct from rural
or urban landscapes and express the qualities of a peri-urban landscape, allowing
them to be comprehensively viewed as a spatial entity. Lastly, how planning and
sustainable development practices can be more cognizant of the important factors
of a regional green structure. Such knowledge has implications across the globe
for planners and policy.

In order to answer these questions and fill important research gaps, this study will:

1. Review planning and urbanisation literature, and identify specific landscape
fragmentation measures most applicable to greenspaces within peri-urban land-
scapes, specifically approaches that can best integrate spatial and aspatial data;

2. Analyse and document the existing polycentric morphological structure of
greenspace within a case study area, focusing on peri-urban greenspaces (PUGS)
measures and indicators;

3. Synthesize the spatio-temporal dynamics of PUGS transition and built-en-
vironment surface expansion; and

4. Critically examine and frame the results in the context of the Greater Hel-
sinki Region’s existing green structure and planning policy in order to inform
manage future urban growth and promote sustainable development.

The structure of this paper is as follows: first, a literature review frames the
important concepts of urbanisation patterns within peri-urban regions, including
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landscape fragmentation, spatial morphology, and green structure. The selected
case study area, i.e., the Greater Helsinki Region in Finland, is contextualised
for these key concepts including an historic overview of the spatial development
history and urbanisation of the city of Helsinki and the larger region, inclusive of
its prominent green structure — the ‘Green Fingers’ and existing polycentric urban
development pattern. Next, the methodology applies a series of multi-scalar and
multi-method analyses, which qualitatively and quantitatively assesses landscape
fragmentation and the geospatial characteristics of the Greater Helsinki Region,
including its greenspaces. The results, at multiple scales and landscape typolo-
gies, provide a comprehensive description of the physical characteristics of frag-
mented greenspaces and their morphological structure. The discussion section
summarises and contextualises the results highlighting the relationship of urban
form, green structure, and current policy objectives. Lastly, the conclusion pro-
vides critical reflection to complement urbanisation discourse and implications
for policy and regional planning within the Greater Helsinki Region, its ‘Green
Fingers,” and elsewhere.

1.1. Urbanisation patterns, peri-urban landscapes, and polycentricity

Humans have modified the landscape for centuries in order to meet their needs
and goals. The last two hundred years, however, have brought a particularly sig-
nificant change to the landscape, most notably through population increase and
the requisite infrastructure to meet human demands — referred to simply as ur-
banisation. Urbanisation is a complex social, economic, political, and technolog-
ical process, and there are no uniform patterns of urbanisation from which to
draw sound conclusions or definitions. The process of urbanisation comprises the
physical conversion of open, non-built areas for human settlement purposes. It is
primarily the outcome of demographic transition — whether (net) migration from
rural to urban areas or from urban cities to rural areas; it can include the formation
of new urban centres or the spatial expansion of existing ones. Urbanisation, how-
ever, is not invariably predicated upon urban expansion, it can also occur through
decentralisation.

Although the increase in urban populations is an important driving factor of ur-
banisation globally, in Europe, it is not the main one. More significant is the trend
for European cities to become less compact. Since the mid-1950s, European cities
have expanded on average by 78%, whereas the population has grown by just 33%
(Nillson et al., 2014). Over the last few decades, continuous urban expansion at
rates much higher than population growth has resulted in a massive extension of
the urban footprint on Europe’s landscape (Wandl, 2012).

Urbanisation results, though, in population increase and infrastructure require-
ments and has significant affect upon the landscape; it creates more urban areas



160 Richard leBrasseur

and is often measured through changes to land use and/or land cover. A common
output of the urbanisation process and urban expansion is the creation of peri-ur-
ban areas (PUA). These areas are the transitional area between urban and rural
landscapes; they exist at the intersection of rural and urban zones, often where
such infrastructure as roads and economic centres exist, just beyond the existing
urban areas. A PUA is commonly defined as a “zone of transition from urban to ru-
ral land uses” existing between the outer limits of the urban area and the beginning
of the rural area (Davis et al., 1994, p. 46). PUAs have been defined in literature in
relation to a nearby urban area on their inner boundary, a rural area on their outer
boundary, or as the land in between these two boundaries — a ‘middle landscape.’
Sometimes referred to as the ‘peri-urban interface’ in literature, PUAs, simply, are
urbanising land adjacent to the edge of an urban area into which it physically and
functionally expands (laquinta and Drescher, 2000). In terms of shape rather than
processes, peri-urbanisation results in a landscape that is compositionally more
heterogeneous, geometrically more complex, and ecologically more fragmented
than non-urban or rural lands (Paudel and Yuan, 2012; Leitao et al., 2012).

As urban areas expand outwards from the more central urban areas or cities,
they eventually form their own unique city-centres with smaller yet similar ser-
vices and functions as the larger urban centre from which they grew (Piorr, 2013).
As these new peri-urban centres continue to expand and grow, this process of
urbanisation creates a distinct urban form and pattern upon the landscape, referred
to as polycentric development (e.g., Sykora et al., 2009). Unlike monocentric ur-
banisation patterns which exhibit continuous expanded growth around a single
urban centre, polycentric urban regions are most often defined through their spa-
tial structure and include various sub-centres or multiple-nuclei structure. Overall,
the concept of polycentricity is a principle of spatial organisation and refers to
patterns of concentration and dispersal within the process of urbanisation (Finka
and Kluvéankovd, 2015). The morphological or spatial aspect of polycentricity
focuses on the size and distribution of urban-centres across space. This dimension
is often associated with the extent to which landscape is characterised by a more
even and balanced development. The functional aspect of polycentricity focuses
less on the internal characteristics (e.g., size or density) of the urban-centres and
more on the way these urban-centres organise the region spatially by supplying
the functions that shape the region’s relationships. (De Goei et al., 2010).

Polycentrism has evolved as a spatial form for many reasons. Either the me-
ga-city has grown beyond its original, contained borders — expanding its monocen-
tric form to many smaller and newer ‘satellite cities’ or urban conglomerations. Or,
smaller cities have grown but never to a larger (mega) scale and, when viewed re-
gionally, present a series of relatively evenly-populated and spatially-similar cities.
Although polycentric urbanisation has occurred out of physical necessity in Europe
(e.g., population migration, resource dispersion), planning policies view polycen-
trism as a more efficient, economically viable, and even human-scaled urban spa-
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tial form (Finka and Kluvankova, 2015). Beer and Clower (2019) have noted that
metropolitan areas drive the economic development of Europe and planning strate-
gies seek to combine the strengths of multiple urban-centres in order to be globally
competitive. Kloosterman and Lambregts (2001) referred to polycentric regions as
an assemblage of historically distinct and both administratively and politically inde-
pendent cities located in close proximity and well connected through infrastructure.
This is the specific spatial characteristic found within Europe currently and the goal
for EU policy — many clusters of medium-sized, close-by cities in which functions
and spatial polycentricity can be readily achieved with proper conditions.
Polycentrism, thus, as a multi-scalar spatial planning concept, has become the
preferred spatial form to accommodate urban growth in much of Europe (EPSON,
2017) for many reasons, including benefits to humans (Cole, 2015) and economies
(Meijers et al., 2018). As with most urban expansion, however, the non-urbanised
landscape (e.g., rural lands, agriculture, forests/woodlands, open spaces, and green-
spaces) is affected; polycentric urbanisation entails land cover change and landscape
fragmentation (He et al., 2022; Barros et al., 2018; Grigonis, 2013). But it is the
spatial characteristics of polycentric landscape fragmentation that is unique to other
forms of landscape fragmentation (Nilsson et al., 2014; Ranalli and Salvati, 2015).

1.2. Polycentric landscape fragmentation and peri-urban greenspaces

Polycentric landscape fragmentation occurs within and between the new nodes
or urban-centres, primarily due to the transportation infrastructural links. And
despite the features that make polycentrism favourable (e.g., increased services,
improved public health access, and integrated transportation and infrastructure),
landscape fragmentation is an inadvertent result that requires further analysis.

Landscape fragmentation can be explained through the spatial and temporal
dynamics of land use change (Shi et al., 2020), it is the result of transforming large
areas or spaces into smaller, more isolated ones (i.e., patches) that lack physical
connectivity. Landscape fragmentation impacts both ecological systems and hu-
man activities (Zambrano et al., 2019; Bogaert et al., 2005). The ecological effects
of landscape fragmentation are mostly negative and are well documented (e.g.,
Haddad et al., 2015); a primary result is reduced ecosystem services provision
(Mitchell et al., 2015; MEA, 2005;) and ecological resilience (Schewenius ef al.,
2014), including biodiversity and cultural ecosystem services (MEA, 2005) such
as human wellbeing (leBrasseur, 2022a; Bertram et al., 2022). However, not all
impacts of landscape fragmentation are ecologically negative. Small patches pro-
vide habitat niches (Ashrafzadeh et al., 2020). Additionally, spatial diversity and
numerous edges increase species richness (Dorph et al., 2021).

Landscape fragmentation, much like urbanisation, is most noticeable in the
peri-urban and rural landscape. In the context of urbanising landscapes, landscape
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fragmentation creates larger, more connected, anthropic land uses and land covers
while creating smaller, less connected biophysical or natural spaces and patch-
es, often greenspaces. Thus, the polycentric morphological structure is exhib-
ited through the development pattern of polycentric regions and their various
urban-centres that illustrate, spatially, significant rural or green spaces between
these urban-centres (i.e., small and medium-sized) (Hall and Pain, 2006); referred
to as peri-urban greenspaces (PUGS).

Landscape fragmentation creates more PUGS patches or parcels, but, overall,
they are of a smaller average size (Robinson, 2012), often creating isolated remnants
(Mullu, 2016) and exhibit a diverse set of characteristics, including their shape,
size, and edge qualities. Many measures and methods have been applied to analyse
landscape fragmentation in the greenspaces in polycentric regions (e.g., Pan ef al.,
2022; Xu et al., 2018; La Rosa and Privitera, 2013; Kupfer, 2006). The synthesised
literature provides measures to the identify and quantify landscape fragmentation
within PUGS through three distinct yet interconnected spatial characteristics:

1. PUGS heterogeneity;

2. PUGS diversity; and

3. PUGS edge quantity.

Spatial heterogeneity is a standard characteristic of greenspace fragmentation
(e.g., McGarigal and Cushman, 2002). Whereas landscape fragmentation often
implies rural lands fragmented by urban land uses, spatial heterogeneity is a more
comprehensive measure of physical characteristics that may have both natural and
human sources (Liao et al., 2021). Spatial heterogeneity includes physical spac-
es of mixed concentrations and of multiple sizes and shapes, and encompasses di-
verse land covers and/or land uses. Landscape fragmentation increases not only the
number of patches (i.e., spatial heterogeneity and spatial diversity) but the over-
all number of edges associated with those patches. Landscape fragmentation causes
PUGS to become smaller as their edge-to area ratio increases. Total edge increase is
a common occurrence in PUAs (Recanatesi, 2015; Hardt et al., 2013) where anthro-
pogenic modifications to the landscape such as road and infrastructure construction,
residential housing, and other human development practices exist.

Overall, the three noted spatial characteristics serve as straightforward, physi-
cal, and morphological features to identify and analyse greenspace fragmentation
within PUAs. They provide specific insight to not only landscape-based urban
development research, but also fragmented characteristics found within PUGS
and their overall green structure (Kowe et al., 2021; Pior, 2013). Two primary
PUGS fragmentation measurement methodologies dominate the literature: visual
analysis approaches and geospatial analysis approaches.

The identification of the spatial morphology of a landscape, particularly
a fragmented landscape including its PUGS, is assisted through the use of pho-
tographic imagery within a visual analysis. The ready availability of satellite
imagery, orthophotos, infra-red imagery, and other remotely sensed images have
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progressed the study of urbanisation and landscape fragmentation (Gao, 2020;
Herold et al., 2005). Spatial morphology can also be assessed through GIS and
geospatial techniques such as land cover analysis. The analysis of landscape
level and class level metrics has provided a strong conceptual and theoretical
basis for understanding landscape structure, function, and change (Singh et al.,
2014). There is a variety of landscape metrics to allow quantitative assessment
of a landscape, its green structure, and its level of fragmentation (Naikoo et al.,
2022; McGarigal and Marks, 1995).

1.3. Peri-urban greenspaces and green structure

The term ‘green structure’ provides a framework for viewing and conceptualising
greenspaces within the peri-urban landscape. Green structure, like greenspace,
is a spatial entity (Sandstrom, 2002). The concept builds on that of greenspace
to include physical interconnectivity. Green structures are more than a sum of
their individual greenspaces, however. They are the spatial network of the land-
scape. The COST C11 Memorandum of Understanding describes the concept of
green structure: “... is concerned with the spatial structure of green areas in the
urban landscape and with all planning activities that are essential to create con-
ditions for green areas to perform their vital role for the quality of urban life.”
Green structure embodies the contemporary view of the peri-urban landscape as
an interconnected system of varied anthropic and biophysical greenspaces (Ar-
naiz-Schmitz et al., 2018). Greenspaces are an important aspect of the peri-ur-
ban landscape, referred to as peri-urban greenspace (PUGS). The key concept
of a green structure is that it is not only the individual elements (e.g., vegetation,
water, etc.) but how these individual greenspace elements fit into a whole — the
distribution and interconnectivity and organisation of green elements form a sys-
tem and pattern of greenspace. Green structure, therefore, is a basic and dominant
spatial entity found within the landscape.

2. METHODOLOGY

2.1. Case study area

Helsinki is located on the shore of the Gulf of Finland. It forms the core of the
Greater Helsinki Region (GHR) and has a total population of 1,747,340 (2015)
inhabitants, land area of 6,623 sq. km and a population density of 264/sq. km. At
almost 1.8 million people in the population, the GHR encompasses almost 1/3 of
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Finland’s total population (Official Statistics of Finland — OSF, 2018). The spatial
form of the GHR is distinctly polycentric, or multi-nucleic (Granqvist et al., 2019;
Soderstrom, et al., 2015). The GHR contains the following two (2) sub-centres
within its conurbation: Espoo and Vantaa (see Fig. 1). Both are integral to the
region, both functionally and morphologically.
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Fig. 1. The Greater Helsinki Region. Darker areas indicate urban population density, lighter areas
are less densely populated areas. No density metrics are known, this is a diagram only to show the
morphological spatial relationship between the urban areas only

Source: own work.

Helsinki is one of the greenest cities in Europe with greenspaces covering over
40% of the city’s land surface (216.5 sq. km). Urban expansion focused northward
and created the basis for the ‘Green Finger’ morphological structure of Helsin-
ki (Fig. 2). The ‘Green Fingers’ include a mixture of former agricultural river
valleys, rocky forested ridges, and wetlands that have proved difficult for con-
struction (Vaha-Piikkio and Maijala, 2003). These ‘Green Fingers’ or linear green
structures were established along either a natural corridor and form the backbone
of the GHR’s greenspace system.
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Fig. 2. Diagrammatic plan of the Green Fingers. The Green Fingers’ structure of the Helsinki
showing six finger-like parks radiating out from the city centre into surrounding rural areas.

Source: City of Helsinki, 2016.

The interaction of natural and human processes over time has led to the GHR’s
landscape fragmentation and development of its distinct green structure, its ‘Green
Fingers,” and the existing spatial characteristic of PUGS, including aspects of con-
nectivity and fragmentation. This study will further qualify and quantify those
PUGS spatial characteristics.

2.2. Spatial landscape analysis

Spatial contexts are studied in order to understand an urban region’s morphology
and characteristics, including greenspaces. Thus, the term morphology refers to
the area of a study’s spatial form and spatial pattern, i.e., spatial structure. This
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morphological approach is common in landscape analysis (Denis and Marius-
-Gnanou, 2010; Lynch, 1960).

Two multi-scalar analyses were completed that qualitatively and quantitatively
assessed landscape fragmentation and the PUGS spatial characteristics of the GHR:

1. avisual analysis of multi-scalar orthophotos; and

2. a geospatial or GIS-based land cover analysis.

These two spatial analytical methods complement one another and provide
a comprehensive identification of PUGS heterogeneity, diversity, and edge quantity.

2.2.1. Visual analysis

A visual analysis was completed through a remote-sensed review at varied scales of
the GHR’s peri-urban areas to identify landscape fragmentation primarily assessing
spatial heterogeneity, PUGS Diversity, and PUGS edge quantity. This visual analy-
sis was completed by the author, considered an expert in the field of visual landscape
analysis, including landscape and greenspace fragmentation characteristics.

2.2.2. Geospatial land cover analysis

A 10 km extension was created around the urban core of Helsinki. This included
the ‘Green Fingers’, the GHR, and the polycentric centres of Vantaa and Espoo
(see Fig. 3). This area is 974.58 sq. km (974,577,371 sq. m). It served as the study
area for data collection, operation, and analysis.

Fig. 3. The Greater Helsinki Region with the two polycentric sub-centres, Espoo and Vantaa. This
Figure is for illustrative purposes only. Urban areas of varying densities are illustrated in grey
whereas greenspaces of varying types are illustrated in green and yellow-green

Source: EEA CORINE Land Cover Data 2018.
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The data collection included CORINE Land Cover (CLC 2018). It consist-
ed of an inventory of land cover in 44 classes. CLC uses a Minimum Mapping
Unit (MMU) of 25 hectares (ha) for areal phenomena and a minimum width of
100 m for linear phenomena. The Eionet network National Reference Centres
Land Cover (NRC/LC) produces national CLC databases, which are coordinated
and integrated by the European Environment Agency (EEA). Finland’s CLC was
produced through high-resolution satellite imagery and is regarded as equal to
other global land-cover datasets such as Urban Atlas.

The land cover analysis examined the physical characteristics of the landscape
through GIS-based data using ArcGIS 10.4; this served as an efficient and effec-
tive means to illustrate the three peri-urban fragmentation characteristics of diver-
sity, heterogeneity, and edge quantity. The Level I and Level II land cover classes
were analysed in this study. Class I provided a general overview of the various
land covers for the region and Class II focussed on the greenspace land cover ty-
pologies. All water typologies such as wetlands and inland water bodies were not
considered part of the total land area analyses.

It is important to note that the application of a specific landscape fragmentation
tool, i.e., FRAGSTATS (McGarigal et al., 2002), was not employed in this mul-
ti-method analysis. The GHR’s landscape and its PUGS are already fragmented
and facing pressures for further fragmentation; academic and scientific literature
has already determined that the Greater Helsinki Region exists in a fragmented
state (e.g., Council of Europe, 2000; European Commission, 1999; Kotavaara
et al., 2013). The goal for the land cover analysis was to identify the specific
PUGS typologies and generate simple statistics in regards to the overall green
structure of the GHR.

3. RESULTS

3.1. Visual analysis results

A visual spatial analysis confirmed that the GHR’s PUGS exhibited the three key
landscape fragmentation spatial characteristics of heterogeneity, diversity, and
high edge quantity. These multi-scalar results provided not only an overview of
the landscape’s PUGS distribution and composition, but their diversity of physical
characteristics such as size, shape, edge conditions, composition, as well as var-
ied PUGS typologies — parks, sports facilities, playgrounds, gardens, plazas, etc.
Specifically, orthophotos at multiple scales illustrate the PUGS green structure
characteristics of interconnection, separation, and overall green structure pattern
(see Fig.4 thru 6).
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Fig. 4. Green structure interconnection. The GHR’s urbanised areas are separated
by large and interconnected PUGS

Scale: Metropolitan Scale (1:200,000)
Source: Google Earth, Digital Globe 2021.

Fig. 5. Green structure separation. PUGS of various and unique sizes, shapes,
and typologies are distinct from one another yet also contiguous

Scale: City Scale (1:100,000) (near Vantaa)
Source: Google Earth, Digital Globe 2021.
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Fig. 6. Morphological Form Impacted through Green Structure Pattern. The GHR’s larger PUGS are
often located adjacent to housing developments

Scale: Local Scale (1:20,000) (near Vantaa)
Source: Google Earth, Digital Globe 2021.

3.2. Land cover analysis results

The Level I land cover data illustrates green structure and land cover patterns
while the Level Il land cover data illustrates overall spatial heterogeneity, PUGS
diversity, and edge increase. The Class Level I land cover map (see Fig. 7)
and results (Table 1) illustrate a simplistic and clear organisation to land cover
analysis. The ‘Artificial surfaces’ Class Level I Land Cover is 285,734,892 sq.
m. This totals 36.5% for the total land area. These land cover percentages illus-
trate that the GHR 1is primarily urbanised within the Helsinki core area and less
so as it moves outward. The total Class Level I greenspace areas (Agriculture
+ Forests and semi-natural) are 496,598,572 sq. m or 63.5% of the total land
area. These land cover percentages illustrate that the case study area is primarily
‘green’ in its land cover.

The Class Level II land cover map (see Fig. 8) illustrates the morphology of
the GHR, qualitatively and quantitatively documenting overall spatial heteroge-
neity and landscape fragmentation in its land uses within the region’s three largest
land cover areas of Forests, Urban Fabric, and the Industrial, Commercial and
Transportation Units. The purpose of this map was to offer an interim step to gen-
erally visualise the various land cover typologies before focusing on greenspaces.
No land cover totals were provided as they are documented in the other maps and
tables within this section.
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Land Cover Classification Legend

I Artificial surfaces - 285,734,892 sqm
Agricultural areas - 110,764,250 sq m

I Forests and semi-natural areas - 385,834,322 sqm
Wetlands - 9,927,819 sq m

[ Water bodies - 182,316,088 sqm

Fig. 7. Class Level I Land Cover
Source: EEA CORINE Land Cover Data 2018.

Table 1. Class Level I land cover

LAND COVER AREA [sq m]
Artificial surfaces 285,734,892
Agricultural areas 110,764,250
Forests and semi-natural areas 385,834,322
Wetlands 9,927,819
Water bodies 182,316,088

Source: own work.
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[ Arable land
[ coastal wetiands
I Forests
[[] Heterogeneous agricultural areas
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Fig. 8. Class Level II Land Cover
Source: EEA CORINE Land Cover Data 2018.

The Class Level II greenspace land cover map (see Fig. 9) and results (Table 2)
analyse greenspace typologies at a finer detail of classification. This map’s Class
Level colours were revised to highlight the region’s land cover diversity more
clearly.

Land Cover Classification Legend
[[77] Urban fabric - 149,836,349 sq m
[ ncustrial, commercial and ransport units - 126,231,926 sq m
I M, dump and construction stes - 9,666,617 sq m
[ | Acable land - 96,879,104 sam
[ Heterogeneous agricultural areas - 11,945,342 sqm
[ Pastures and Grasslands - 1,398,220 sq m

[ Permanent crops - 541,585 sq m

[ Open spaces with itie or no vegetation - 19,814,287 sq m
I svub an
I Forests - 300.273,070 sq m

[ ] inland waters - 8,813,554 sqm
[T inland wotiands - 2,365,898 sq m
[ Coastal wetiands - 7,571,921 sam
I Marine waters - 173,502,535 sam

Fig. 9. Class Level II Land Cover — Greenspace Classes
Source: EEA CORINE Land Cover Data 2018.
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Table 2. Class Level II land cover — greenspace classes

LAND COVER AREA [sq m]
ARTIFICIAL SURFACES 285,734,892
Urban fabric 149,836,349
Industrial, commercial and transport units 126,231,926
Mine, dump and construction sites 9,666,617
GREEN SURFACES 496,598,572
Arable land 96,879,104
Heterogeneous agricultural areas 11,945,342
Pastures and Grasslands 1,398,220
Permanent crops 541,585
Open spaces with little or no vegetation 19,814,287
Shrub and/or herbaceous vegetation associations 56,746,956
Forests 309,273,079
WATER SURFACES 192,243,907
Inland waters 8,813,554
Inland wetlands 2,355,898
Coastal wetlands 7,571,921
Marine waters 173,502,535

Source: own work.

For the Class Level Il greenspace land cover data, the landscape is dominated by
Forests (309,273,079 sq. m — 30,927 ha) which is almost 40% of the total land area,
followed by Arable Land (96,879,104 sq. m — 9,687 ha) then Shrub and/or Herba-
ceous Vegetation Associations (56,746,956 sq. m — 5,674 ha). The least amount
of greenspace land cover types were Permanent Crops (541,585 sq. m — 541 ha),
Pastures and Grasslands (1,398,220 sq. m — 1,398 ha), Heterogeneous agricultural
areas (11,945,342 sq. m — 1,945 ha), and Open spaces with little or no vegetation
(19,814,287 sq. m— 1,981 ha). Clearly, the most prevalent GS landcover in the GHR
is Forests. Overall, the highest number of individual GS patches or polygons were
Shrub and Herbaceous Vegetation Associations (n=26,400) and Forest (n=16,500).
This map illustrates greenspace diversity and edge increase. Qualitatively, the ‘Green
Finger’ structure is visible in all Figures of the land cover analysis. It is also noted
that there are more naturalistic land covers (Forests, Arable Land, and Vegetation
Associations) as the study area expands to the 10 km limit around the urban core.
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4. DISCUSSION

The results of this study indicate a distinct green structure to the GHR. The
two largest fragmented greenspace types, Forest and Arable Land, are intercon-
nected and contiguous to one another and other greenspaces, indicating a green
structure pattern and form to its fragmented greenspace. PUGS fragmentation
cannot be analysed solely through individual measures or GIS indices; a re-
gion’s morphological structure must be understood in order to place its larger
spatial context within a perspective, particularly its greenspaces. Though the
GHR has large-sized PUGS patches such as Forests, it also has a high number
of smaller, compact, complex shaped greenspaces — particularly its Open Space
and Shrub and Herbaceous Vegetation parcels, indicating a diffused pattern to
its overall greenspace. The GHR’s overall high proximity and less separated
greenspaces illustrate a more distinct green structure — those interconnected,
contiguous greenspaces — within the region. These results signify that the GHR
has fragmented forests and agricultural lands. However, the qualities of this
fragmentation are important to note. Though the Forests are fragmented, they
are large in size and also connected or proximal often to other large Forest
patches. The GHR’s urbanisation and green structure relationship is associated
with human development occurring from the urban core of Helsinki to the rural
areas. It is these transitional zones where fragmentation (i.e., spatial heterogene-
ity; Cushman and McGarigal, 2002) is most acute (PLUREL, 2013). It is also in
this spatial zone where urban conglomerations arise, here the GHR’s polycentric
sub-centres of Espoo and Vantaa.

4.1. The Greater Helsinki Region, green structure, and polycentric morphology

The historical and existing green structure form has and continues to impact
the morphology of the GHR through two distinct characteristics: separation
and scale. The GHR’s urbanised areas — their housing and commercial centres
— are clearly separated by somewhat large and interconnected greenspaces,
often the ‘Green Fingers.” These characteristics are evident at many spatial
scales. The GHR’s larger and more interconnected greenspaces (e.g., forests)
often border housing developments and spatially extend for great lengths
within the region.

Another significant spatial framework emerges when looking at the region.
The hundreds of recreational areas and reserves surrounding Helsinki in a large
radius form what has been referred to as the Viherkehd or ‘the Green Ring’ (see
Fig. 10). The ‘Green Fingers,’ individually and collectively, serve as a green cor-
ridor to the larger regional landscape and the ‘Green Ring,’ linking urban and rural
landscape morphologies and land covers.
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Fig. 10. Diagrammatic plan of the Green Ring. The Green Ring structure of the Region showing
large contiguous greenspaces beyond the Green Fingers

Source: Susanna Suvanto, Juha Oksanen, Geodeettinen laitos, Maastotietokanta, Dem ja
Maanmittauslaitos.

Within the GHR’s overall fragmented, smaller-sized, more complex, and irreg-
ularly shaped greenspaces, the greenspaces still maintain a close proximity and
physical connectedness to other greenspaces. The GHR’s smaller, individually-frag-
mented greenspaces exist within a larger, interconnected context (see Fig. 11).

Fig. 11. Orthophoto of GHR showing individually fragmented greenspaces within an interconnected

context Within a more fragmented context of smaller-sized and irregularly-shaped greenspaces, the

GHR’s greenspaces still maintain a close proximity and physical connectedness to other greenspac-
es. This is primarily due to the Helsinki ‘Green Finger’ Concept

Source: Google Earth, Digital Globe 2021.
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Overall, the GHR has a distinct greenspace composition of connectivity and
coherence. The structural composition illustrates a distinct, continuous PUGS
surrounding the outer edges of its peri-urban growth. When one considers the
water spaces, the typical ‘green belt’ structure ensues. The GHR’s ‘Green Fingers’
extend beyond its boundary designation to create a physical connection from the
urban centre of Helsinki to the larger green belt beyond the peri-urban areas and
polycentric sub-centres. This greenspace relationship creates a larger ‘Green Mit-
ten’ as an extension of the ‘Green Fingers’ (see Fig. 12).

reom |
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I S <ilometers

Fig. 12. The Greater Helsinki Region’s ‘Green Mitten.” The diagram illustrates an extension of the
‘Green Fingers’ into the regional landscape and existing greenbelt

Source: own work.

4.2. The Greater Helsinki Region’s green structure planning and policy

The ‘Green Fingers’ is a simple concept used for defining the core structure of
‘green’and the PUGS within the GHR. Surprisingly, it does not contain any spe-
cific policy instruments to maintain and strengthen the status of this basic struc-
ture as it essentially is a group of various municipally-managed greenspaces with-
in a larger, conceptual spatial form (Ahern, 2013). As urbanisation increased, the
need for transportation infrastructure bisected the fingers. Ring roads connecting
cities and new urban developments along transportation corridors and at the pe-
riphery of the sub-centres of Vantaa and Espoo have crossed through large parcels
of forest and agriculture (Joutsiniemi, 2010).



176 Richard leBrasseur

The geographical expansion of the GHR has resulted in the fragmentation and
isolation of the greenspaces from the larger regional rural green areas (Soderstrom
et al., 2015; Vare and Rekola, 2007), including the ‘Green Ring.” Spatial planning
has not required the greenspace to be a key concept in Finland; typological limita-
tions and unclear definitions of greenspace remain. The term ‘Green Ring’ is not
present in any planning or policy documents nor is it prevalent in literature; it has
been used only within tourism marketing material.

Finland’s Land Use and Building Act by the Ministry of the Environment
(2000) only encourages ‘sustainable development.’ As evidenced, current plans
present no clear or definable policy or method to preserve the core areas of
the existing public greenspace. Polycentric development patterns have prov-
en beneficial for humans, particularly in their functional and economic basis.
For example, greenspace fragmentation occurs within any urbanisation pattern.
However, greenspace fragmentation in Helsinki has certain benefits to humans
such as increased social interaction (leBrasseur, 2022a) and more opportunities
for access (Wandl, 2017). Managing the growth of peri-urban regions is critical
to maintaining the inherent benefits, functional and morphological-based, of any
regional development concept.

4.3. Implications

Although most parts of the world, especially in developing countries (e.g., India,
China, South America), will see significant urbanisation in emerging megacities
and their larger metropolitan conurbations, the European region will continue to
accommodate human development predominately through polycentric urban de-
velopment (Purkarthofer, 2020; EPSON, 2017) within and among its metropoli-
tan regions, a development arrangement which redistributes Europe’s traditionally
compact city forms.

The results of this study have implications for other polycentric, peri-ur-
ban regions, as well as policy towards meeting sustainable development goals
through spatial planning (leBrasseur, 2022b). In a recent study of Stockholm
(Sweden) greenspaces, the results indicated pathways to future polycentric de-
velopment based on current green structure and land cover (Xiu ef al., 2016).
The study focused on meeting both ecological and social requirements, key
to sustainable development. Furthermore, Stockholm’s City Plan (Oversikt-
splan for Stockholm) considers greenspaces, and how the need for ecosys-
tem services is to be met on the basis of planning directions and strategies
in the City Plan and the Environment Programme (Stockholms Stad, 2018).
Stockholm’s distinct polycentric urban form includes green wedges and green
linkages (Schmitt et al., 2015) and the policy’s aim is that public urban green-
spaces have protection and enhancement of biodiversity and green network
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connectivity. To date (2023), such a policy to prevent urban sprawl and main-
tain the green structure has been mostly successful; urban densification has
been the primary means for accommodating population increase (Hopkins,
2021), similar to the GHR.

Both Beijing and Mexico City are predominately monocentric but their emerg-
ing regions are separated by large green structures, thus providing a polycentric
urban form at a city scale, and thus the larger regions are considered hybrid
(Liu and Liu, 2018; Bautista-Hernandez, 2020). In Beijing, China, greenspace
fragmentation from 1998 to 2006 followed urbanisation to the north and south,
resulting in an overall loss to greenspace with more complex or heterogenous
and smaller patches, though several parks were developed (Li ef al., 2019). Im-
portantly, the two regional greenbelts underwent fragmentation during different
phases of urbanisation; this occurred even with the city’s greenspace planning
policies. Similarly, the Mexican government promotes compact growth, mixed
land use, and polycentric urban structures. However, in Mexico City, Mexi-
co, this policy has been ineffective (Aguilar ef al., 2022) as development has
occurred in conservation areas at the urban periphery. Reasons for this are un-
known, however, literature has noted the economic benefits of urbanisation are
strong, and urban compactness is not associated with economic productivity in
Mexico (Montejano et al., 2019). This indicates a need for a better analysis of
the relationships between urban growth, green structure, and socio-economic
benefits.

Changes to urban form and urban planning policy are a multi-faceted and dy-
namic exchange. Yet research clearly documents the myriad of benefits greens-
paces, and particularly PUGS, provide. Though the pathways to ecosystem ser-
vices and sustainable development are varied and diverse, this study places PUGS
and overall green structure as a component of those goals, not as a valuation tool,
within urban development. Future studies can explore these unique relationships
in further detail, both from an ecological and human perspective.

5. CONCLUSION

This paper has provided a complementary framework for assessing peri-urban
greenspace characteristics of fragmentation within the Greater Helsinki Region.
It’s multi-method spatial landscape analysis presented a means to assess the mor-
phology of the GHR’s peri-urban regions and their greenspaces, particularly its
overall green structure. This paper produced spatial and non-spatial information
about the quantity and qualities of landscape fragmentation characteristics within
the GHR. The results demonstrated notable spatial heterogeneity, edge increase,
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and diversity within the GHR’s greenspaces. This research clarified the spatial
context and morphological characteristics of the GHR, and its greenspaces, spe-
cifically landscape fragmentation and green structure. This research’s operation-
alisation of green structure focused on its spatial attributes, including separation
and interconnectivity.

This study’s conclusions follow the critical analysis of the GHR’s physical
and structural change over time and coalesced the many drivers and pressures
of spatial landscape change and impacts such as fragmentation on the landscape,
all from a distinctly spatial and morphological perspective. The morphological-
ly polycentric GHR has some important PUGS fragmentation characteristics
which place its overall greenspace spatial context into perspective: even though
the GHR’s Forest and Arable Land greenspaces are the two most fragmented
greenspace classes, when reviewing other spatial morphological information, the
GHR illustrates greenspaces which are interconnected and contiguous, indicating
a green structure pattern and form to its set of peri-urban fragmented greenspaces.
Furthermore, the polycentric morphology of the GHR’s urban sub-centres and the
‘Green Fingers’ enable the ‘Green Mitten’ concept to spatially evolve, uniquely
creating a coherent intermixed structure. This paper provides the integrated per-
spective required to view a landscape’s green structure as an evolving regional
planning entity in itself — a spatial component — not simply an approach for green-
space connectivity.

The GHR’s spatially interconnected greenspaces are actively facing fragmen-
tation pressures to meet continued human development requirements. There is
currently (2022) no policy to maintain the existing structure (e.g., ‘Green Fin-
gers’) of greenspace interconnectivity and coherence within the GHR. As a result
of urbanisation, development adjacent to the ‘Green Fingers’, i.e., wedge devel-
opment, is expected to continue. The evolution and integration of green structure
in the GHR continues to balance between the aims of creating a compact region
and that of preserving greenspace. Infill development and density offer pathways
to sustainable development, but each have their physical limits. Current policy
seems not equipped well to objectively manage greenspace from a regional or
multi-city perspective. Helsinki and its growing region offer an opportunity to ob-
serve how it will engage in sustainable development while maintaining its strong
green structure identity.
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