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Urban Blue Spaces are often treated as a part of Urban Green Infrastructure (UGS). However, the recognition of
blue infrastructure as a linked but at the same time separate part of the UGS network is important, since water
itself has many values while also posing a range of risks. In this study we identified 427 blue spaces within the
administrative border of the city of Warsaw, Poland. We characterised these cases from the perspective of users:
their connection, interaction and potential use of the water bodies. Based on a cluster analysis (using PCA and kmean methods) we distinguished three main clusters of water bodies and from this we created a typology of
Warsaw urban water, especially focusing on the importance and potential of abandoned, forgotten and un
managed (invisible) urban blue spaces. We conclude that the recognition of types and patterns of blue areas in
the city provides a good basis for city and local level design decisions for maximising the potential for humanwater interactions. This knowledge enhances the potential of the integrated UGS which should be re-named as
Urban Blue-Green Infrastructure in order to recognise the particular role of water.
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1. Introduction
Currently, since the majority of the global population already lives in
urban areas - expected to reach 60% by 2030 (United Nations, 2013) the urban quality of life has become a major topic of research. Within
this theme a number of factors are relevant which are also embedded in
the UN Sustainable Development Goals (SDGs) agreed by the United
Nations in 2015 (Meschede, 2020; Sustainable Development Goals,
2021). As a consequence, the subject of urban public space, green spaces
and biodiversity have become widely discussed. This coincides, within
Europe, with the concept of “Nature-Based Solutions” (NBS) which has
recently emerged (European Commission, n.d.a) and with it the model
of so-called Urban Green Infrastructure (UGI). According to the Euro
pean Commission, GI 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 such as water

purification, air quality, space for recreation and climate mitigation and
adaptation. This network of green (land) and blue (water) spaces can
improve environmental conditions and therefore citizens’ health and
quality of life. It also supports a green economy, creates job opportu
nities and enhances biodiversity” (European Commission, n.d.b). This is
seen by policy makers and planners at the European and national scales
as helping to provide a wide range of ecosystem services (ES) as defined
in the Millennium Ecosystem Assessment, (Millennium Ecosystem
Assessment (Program), 2005). According to the World Health Organi
sation (Urban green spaces and health. Review of evidence, 2016),
properly designed green and blue infrastructure is important to enhance
biodiversity and influence urban microclimates (cooling, wind corri
dors) as well as to reduce pollution and so directly improve the
well-being of urban residents. Moreover, studies confirm that urban
green spaces positively influence physical and mental health and
well-being (Wood et al., 2017) and may even reduce mortality (Gascon

* Corresponding author at: Szkoła Główna Gospodarstwa Wiejskiego w Warszawie, Nowoursynowska 166, buliding 13, Warszawa, 02-787, Poland.
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sggw.edu.pl (M. Slapińska), n.janatian@emu.ee (N. Janatian), axel_schwerk@sggw.edu.pl (A. Schwerk).
https://doi.org/10.1016/j.ufug.2021.127252
Received 29 April 2021; Received in revised form 16 June 2021; Accepted 9 July 2021
Available online 15 July 2021
1618-8667/© 2021 The Author(s).
Published by Elsevier GmbH. This
(http://creativecommons.org/licenses/by/4.0/).

is

an

open

access

article

under

the

CC

BY

license

A. Wilczyńska et al.
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Fig. 1. a The spatial distribution of all 427 identified blue spaces (blue elements with specified surroundings or buffer) within the administrative borders the city of
Warsaw. Base map: ©OpenStreetMap contributors; Fig. 1b: An example of a long linear water feature changing its form and character (such as adjacent land cover)
along the length and split into separate sections: 86d – canal part surrounded by forest, 86e- canal part within build up area. Base map: Orthophoto 2020 (Główny
Urząd Geodezji i Kartografii, n.d.)

et al., 2016). Usually, UGI is understood as both natural and man-made
green spaces and there is a recent focus on the potential of unmanaged,
“wild” green areas (so called “urban wastelands”) which are often
marginalised as “worthless” or “waste”. Studies show that in fact those
areas often function as unofficial recreation places and contain several
social (Gawryszewska et al., 2019; Nejman et al., 2018) and ecological
(Kowarik and Langer, 2005) values. It has been demonstrated that even
low cost small scale interventions (Unt and Bell, 2014) are enough for
those areas to be able to serve local communities as recreational spaces,
while maintaining and enhancing ecological values (Kowarik and

Langer, 2005).
1.1. Blue-green infrastructure
While the definition of UGI quoted above includes blue (water)
spaces, in much of the literature on the topic the focus is on green spaces
and water is often merely mentioned in passing or as something com
bined with green spaces, rather than as subset of UGI with its own
specific characteristics and challenges. Ghofrani et al. (2017), in
describing the concept of Blue-Green Infrastructure (BGI), defines it as
2
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Fig. 1. (continued).

“…an interconnected network of natural and designed landscape com
ponents, including water bodies and green and open spaces…”. The
presence of water in urbanised areas is associated with projected im
pacts of the forecasted consequences of climate change such as floods,
drought or pollution and much research has focused on solutions to
increase landscape resilience (Ghofrani et al., 2017) including tempo
rary water storage during heavy rainfall and localised flooding events,
its reuse and purification using nature-based techniques (Dietz, 2007;
Nguyen et al., 2019). However, there is an increasing need for holistic
and interdisciplinary approaches, especially when water management
systems are integral to urban landscape planning strategies - for example
in Stockholm (Suleiman, 2021). Current water management approaches,
such as the “Sponge City” model as implemented in China (Nguyen et al.,
2019) or as a part of a suite of Nature Based Solutions (NBS), focus not
only on water quality and quantity but also on biodiversity and everyday
use of public blue spaces by urban residents (Nguyen et al., 2019). Thus
the visible (surface) water elements form part of the urban landscape
and ecosystems while the sub-surface presence of water is also impor
tant, both needing to be considered together.

Historically, water has been a key aspect determining the location of
cities – for ports and harbours, river crossing points and for transport. As
well as the larger, more dominant water elements in urban areas, such as
the sea, rivers or lakes, numerous types of smaller blue spaces occur such
as ornamental lakes, ponds and canals, associated with historic parks
and gardens. What used to be a major urban element performing many
positive functions, at some point water became seen, in part at least, as a
threat which needed to be controlled. This view has changed in recent
decades so that nowadays water is recognized as having a key role in
urban landscape planning and use and many blue regeneration projects
are underway globally. A much greater focus is now brought to the
human-water interaction, perception and recreational possibilities of
water bodies, their aesthetic and environmental (biodiversity) values
(Apostolaki et al., 2006; Baptiste et al., 2015; Jarvie et al., 2017). This
has resulted in a call for holistic solutions and approaches such as “Water
Sensitive Urban Design” (Abbott, 2013) as well as understanding the
needs and behaviours of users (Lamond and Everett, 2019). Blue infra
structure is not only a part of green infrastructure, nor just a topic of
water management technological approaches; it is a part of a holistic
3
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Table 1
Characteristics of each blue element identified in the 427 blue spaces. Abbre
viations used in Figs. 2,3 and 4 are explained in brackets for each characteristic.
Characteristic

Classes of characteristic

Type of water element

River (RIVER); stream, canal or drainage channel
(STR_CAN); pond or wetland (POND).

Table 1 (continued )
Characteristic

ground/fenced over
(EXCLUDED)
Undefined – usually urban
fringe areas, where urban
development has not yet
happened; areas in
transition (UNDEFINED)

agricultural field, arable
(AGRICULTURE)

understanding of landscape planning and design, nature based solutions
and human health and well-being. It is one of the most urgent issues of
urban landscape design (Haase, 2015). This shortcoming has also
received major attention in the recently completed EU Horizon2020
project BlueHealth (Grellier et al., 2017).

Urban forest (FOREST)

Type of land cover in
the immediate
surroundings

1.2. Blue infrastructure

Road (where there is a
major drainage channel
alongside) (ROAD)

The recognition of blue infrastructure as a linked yet separate part of
the UGS network is important, since water itself has many values while
also posing a range of risks. Drownings, exposure to water-borne path
ogens, chemical pollution, storms and floods are all risks which are
exacerbated by the dynamic and changeable aspect of water (White
et al., 2020). Water can also help to prevent diseases through promotion
of an active lifestyle (Völker and Kistemann, 2011) and living near a
coastline can have a positive impact on residents’ self-reported health
and well-being (Wheeler et al., 2012; White et al., 2013;
Kupryś-Lipińska and Kuna, 2014). Rodriguez et al. (2011) suggest a
relationship between increased risk of asthma and allergies in urban
areas which might be connected with a lower air humidity – potentially
solvable by a greater presence of water in drier urban areas. Moreover,
water bodies offer specific places for relaxation, education and enjoy
ment (Brauman et al., 2007; Kati and Jari, 2016; Plieninger et al., 2013).
The impacts of water on health and well-being vary according to
different social groups, such as on children (Amoly et al., 2014).
One of the characteristics of urban planning and water management
over the last century or more has been the fact that over the years many
of the original urban water elements have been lost. Not only smaller
urban streams but in some cases entire rivers have been buried under
ground in large pipes and smaller water bodies have been drained and
infilled for building development. Rivers have been canalized and
regulated and many waterbodies have been and are still polluted. With
so many elements lost it is no surprise that a complete understanding of
the urban water pattern for a particular city is rare. There has been
something of a renaissance in urban water in some places and buried
urban rivers have, in some well-known instances, been opened up and
restored – the River Cheonggyecheon which runs through Seoul in South
Korea being an internationally well-known project (Lee and Chad David,
2013). More systematic recognition and understanding of urban water is
needed to see the broader patterns at the urban scale. One of the first
attempts looking at the possibilities of rivers in the urban landscape from
a planning and design perspective was by Prominski et al. in their book
“River.Space.Design” (Prominski et al., 2012). This is especially
important in relation to the accessibility of a water body, as seen in the
example of a canalised and regulated riverside in Barcelona, where
improved access had a substantial impact on the amount and patterns of
use (Vert et al., 2019).
There is little published material on the distribution patterns of
waterbodies at the urban scale. In a study of Romanian cities, Iojă et al.
(2021) showed how a recognition of water elements, considering their
characteristics and patterns, can be an important basis for further study
and future planning and design decision making. Without a clear un
derstanding of the type and distribution of existing blue infrastructure it

Public blue/green space
(urban park, green areas in
housing, allotment
gardens) (PARK)

Spontaneous vegetation
(where abandoned,
unused or derelict sites
have been taken over by
vegetation)
(SPONTANEOUS)
Water is visible in the
landscape (but
inaccessible or difficult to
access) – (VIS)

Type of human-water
accessibility

Water is physically
accessible (it is possible to
enter the water or to use it
directly) – (PHYS)

Water is not accessible
either visually or
physically (NON)
Presence of elements
intended to make
access and recreation
possible

Human-water
interaction, meaning
how purposely water
was considered
within the urban
development

Classes of characteristic

Paths, benches, swimming platforms, picnic areas etc.
(ADDITIONAL)

Integrated – water is an
important part of the area,
connected to its function
(INTEGRATED)

Excluded – water is
purposely overlooked or
even buried under
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Fig. 2. Comparison of frequencies of the variables assessed for each of 427 studied cases of water objects in Warsaw expressed as percentages. Abbreviations are
explained in Table 1.

is impossible to develop and integrate new elements or to implement
other nature-based solutions, especially with the increasing importance
being placed on water management and Sustainable Urban Drainage
Systems (SUDS) (Fletcher et al., 2015) which deal with important issues
of urban climate mitigation and anticipated future problems of drought
and flooding. The recognition of types and patterns of blue spaces in the
city provides a good basis for urban and local level design
decision-making as well as the study of human-water relations and
perception.
With the increase in awareness of urban blue infrastructure as a
separate yet linked network, it is necessary to advance the task of in
ventorying and classifying this in order to match the degree of work
undertaken for green spaces. We argue that such a recognition may bring
potential for increasing the visibility of blue spaces, uncovering their
existing benefits and risks and kick-starting a process of rediscovery
while potentially providing more equitable access to water resources for
urban residents. Such an awareness would also ensure that blue spaces
are better integrated into the already existing urban tissue as well as
providing important data for planning expanding urban areas.
The work reported here is part the results of the project “Blue
infrastructure within the cultural landscape of Warsaw” the aim of
which is to understand how people perceive the blue spaces found
within the city by identifying patterns, types and perceptions of urban
water. In this paper we focus on an initial inventory and typology of blue
spaces within the city of Warsaw – both the visible and recognisable as
well as the hidden or invisible. We looked for factors influencing the
recognition of different types as well as their future potential.

the centre is unique among European urban rivers for its essentially
unregulated character and is seen as forming the matrix of the land
scape. The river has historically been the dominating element deter
mining the spatial pattern of the city. In the landscape of Warsaw several
flood terraces and an escarpment can be still observed, reflecting the
influence of the river on the city form. Until the 19th century the river
still meandered naturally through the city, where a few deeper pools
created a base for harbours (such as Port Praski) (Magnuszewski and
Gutry-Korycka, 2009). Some of the old oxbow lakes are also still present
in the landscape (e.g. Jeziorko Czerniakowskie) providing evidence of
its historically dynamic character. The main, yet limited, regulation
works were mainly carried out in the XX century on the west (left) bank,
where water treatment works and harbours are sited (Magnuszewski and
Gutry-Korycka, 2009). Today this area forms linear riverside boule
vards, filled with restaurants and recreation areas and is one of the main
revitalisation investments carried out in recent years by the city
(Duda-Gromada, 2017). Generally, many of the city’s green areas are
concentrated along the banks of the Vistula and its immediate vicinity
(Różańska, 2010). As Wojnowska-Heciak (2016) report, Warsaw, in
comparison to other European cities, is a real city of river greenery and
forests. As well as more formal parks, there are several natural and
informal recreational places, especially on the eastern (right) bank,
characterised by wild greenery and seasonal flooding (Pawlak et al.,
2006). To make these areas more accessible, a low cost path connecting
beach areas with the “wild” greenery has been implemented. Nowadays
it is a very popular recreation area of the city (Piwowarski, n.d.).
Although the Vistula is the largest and most visible it is not the only blue
space in Warsaw. Within the main areas of the city on both sides of the
river, many canals, streams and ponds can be found. On the left bank
these include natural and artificial ponds, streams and channels. Some of
the water bodies originated for defensive purposes, such as moats to

2. The context of blue spaces in Warsaw
In the expanding city of Warsaw, the Vistula river flowing through
5
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Fig. 3. The principal component analysis (PCA) and k-means cluster analysis of 427 blue spaces with variables; Abbreviations are explained in Table 1. The PCA
biplot of three clusters of the data represents the cluster of variables (arrows) and the classification of blue spaces (circles, squares and triangles). 95% bivariate
ellipses of the scores are given for each site. The arrow length corresponds to the variance of the variables, while the angles between them (cosine) estimate their
correlations. Points close together connected to the observations that have similar scores on the PCA components.

Fig. 4. a, b and c: spider graphs representing the percentage rate of each of studied characteristic (variables of Table 1) for each cluster from the k-mean analysis: a)
represents cluster 1, b) cluster 2 and c) cluster 3. Abbreviations are explained in the Table 1.

fortifications, or as ornamental lakes and canals in the large 18th and
19th century formal parks. There are a few old flooded clay quarries (e.g.
Glinianki), the oxbow lakes already mentioned, as well as watercourses
(e.g. the Wilanówka, the last fully natural stream in Warsaw). As the
urban area expanded many smaller waterbodies were either incorpo
rated into the urban structure or were rerouted, piped, filled in or
otherwise removed from view (such as the stream nowadays called
Potok Służewiecki). On the right bank of the river, there are a few ponds
or oxbow lakes but here the landscape features many interconnected
channels (Lickiewicz et al., 2000; Pawlak et al., 2006).

recognition among academics and planners of the need to protect urban
ecosystems and, consequently, thinking about limiting development
which removes or negatively impacts natural elements increased. His
torically, the famous Polish architect and urban planner Tadeusz Toł
wiński (Kotaszewicz, 1994) first formally defined topography as a
city-forming factor inextricably linked with the hydrological network.
Sosnowski (1930) had earlier demonstrated the relationship between
the network of streets in Warsaw (then of course a much smaller city)
and the urban water conditions. Landscape historian Longin Majdecki
(1972) studied the larger scale of landscape, showing the subordination
of the landscape systems to the axis of the Vistula in the area of the
Warsaw Basin. The relationship between urban planning and water el
ements in Warsaw in relation to ecological and social aspects has seen a
revival of interest in recent years, focusing on the principles of

2.1. The place of water in urban planning in Warsaw
In general, in Warsaw during the last decade of the 20th century, the
6
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Fig. 5. Map presenting spatial location of each clusters (Map data copyright OpenStreetMap contributors and available from https://www.openstreetmap.org).

sustainable development and taking into account the economic, social
and ecological criteria of the city’s functioning (Różańska, 2010).
Różańska’s research focuses on the city-forming function of rivers and
topography while Ostrowski (2001) considered water elements to be the
most important natural factors shaping urban planning. Other studies
examined the functioning of water bodies in the city with reference to
their social conditions, for example in modernist architecture by Bru
kalska (1948).
Unfortunately, the urban character of the contemporary city shows
excessive urban sprawl and the negative effects of this process are clear
to see, with inadequate transport and services to the outer suburbs
among other problems (Grochowski et al., 2013). This sprawl has also
meant that the pattern of green and blue spaces has little rationale away
from the river and has been strongly fragmented. The rapid development

of Warsaw has been considered recently in several official planning
documents. The fragmented UGI was identified in the Eco-physiographic
Atlas of Warsaw (Miasto Stołeczne Warszawa, 2018) indicating ideas of
green connectivity and corridors for the future development of UGI;
however blue spaces are treated as part of green areas in that document.
In 2006 a report on the natural values of Warsaw was prepared (Pawlak
et al., 2006) in which we find some references to water features. This
report focuses on the Warsaw section of the Vistula, approximately 31
km in length, and contains information on the natural function of the
river while describing its hydro-technical, cultural and economic func
tions as well as the levels of pollution. While the surface waters of
Warsaw have, as noted above, been defined as shaping the city’s land
scape, the current water management strategies for Warsaw, developed
in 2016 for the period 2017-2020 with a perspective until 2023, only
7
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3 What are the current and potential roles for those different types of
water elements?

Table 2
Synthesis of the typology of blue spaces in Warsaw.
CATEGORY

SUB-CATEGORY

VISIBLE BLUE
In the majority of cases these are
artificial ponds in managed and
equipped parks (planned or adapted
from old fortifications). It also includes
the Vistula river – boulevards and lowcost path within overgrown eastern
river bank.
IN LIMBO BLUE
overgrown with spontaneous
vegetation areas which have a potential
to be used by Warsaw inhabitants if
some equipment and access would be
added. In many cases awaiting
development at some point in the future
IN_VISIBLE BLUE
Areas where the water is a natural
element (wetlands), leftover of previous
water management (some forests) or
technical (roads, agriculture)

Physically accessible blue
equipped with elements which
facilitate getting closer to water and
touching it

3. Materials and methods
3.1. Study location
In this study we focus on all water elements lying within the
administrative borders of the city of Warsaw, particularly rivers, canals/
large drainage ditches or channels, streams, lakes and ponds (whether
artificial or natural in origin and form and which are physically acces
sible to the general public). Thus we have excluded water elements
which are in fenced and enclosed areas where it is not possible for the
public to enter. We also excluded fountains and other small ornamental
and playful water elements since they are specific types which are not
part of the blue infrastructure (although they may be valuable, wellknown and play a specific role).

Visually accessible blue
getting close to water is impossible or
very difficult
Excluded blue
purposely forgotten or overlook or
unused, unmanaged areas, located
within the urban fabric
Undefined blue
formerly used by humans (for
agriculture purposes) overgrown areas
Road-connected blue
Channels along roadsides
Urban forests and wetlands blue

3.2. Data sources

Agriculture blue

In the first step we obtained spatial land use data from existing da
tabases: the Polish free data base of geographical elements (Baza Danych
Obiekt.wbiektów Ogólnogeograficznych Główny Urząd Geodezji i Kar
tografii, n.d.) and Urban Atlas (Copernicus Land Monitoring Service, n.
d.) and from these we identified 69 separate water elements already
mapped. We combined the collected case studies with the hydrological
map obtained from the municipality of Warsaw and we examined in
detail a recent (2020) orthophoto (Główny Urząd Geodezji i Kartografii,
n.d.). From these sources we were able to identify numerous blue ele
ments missing from the Urban Atlas. These include a number of linear
features, such as canals, small streams and drainage channels, and
ponds, so we added them manually to our data base. Further, as some
long linear features change their form and character (such as adjacent
land cover) along their length, these were split into separate sections
(see Fig. 1b). Since we are looking at blue spaces and not just the water
bodies themselves, we were also interested in the character of their
immediate surroundings and therefore we defined the extent of the blue
space in one of three ways:

take into account the natural potential (Miasto Stołeczne Warszawa,
2016). The diagnosis showed the poor condition of surface waters and
the goals set by the programme are basically related to the technical
condition of the water infrastructure and aspects of water pollution.
However, the programme fails to consider waterbodies as places with
social and cultural potential, nor does it reflect the complete picture of
all waterbodies within the city boundary. Worth mention is a very recent
program of renaturalization of chosen canals and ponds. The program
also briefly mentions a broader planning approach for sustainable water
planning and design, however without details (Miasto Stołeczne Wars
zawa, n.d.). The topic of water and blue spaces has also been undertaken
by some non-governmental organizations such as Fundacja Sendzimira
in their projects and publications focusing mainly on sustainable water
management and the positive influence of water on human health and
well-being (Bergier et al., 2014; Warszawa chwyta wodę - Fundacja
Sendzimira, n.d.). Some ideas in practice (combining architecture,
planning and art) were presented in the work of the design group Cen
trala (Warsaw Wetlands — Centrala, n.d.) in their project about wetland
restoration within the city, balancing nature and human needs.
Researchers and practitioners who focused on the Warsaw landscape
confirm our belief in the importance of understanding the influence of
water elements on the functioning of the city from the perspective of
economic, natural and social values within different urbanistic and
architectural ideas. The conclusions from this brief review of historical
and current studies indicates, first of all, the necessity of a typological
ordering of water elements. While the Warsaw Vistula has been the
subject of numerous studies, the presence and role of the many smaller
remaining water bodies and the city have unfortunately been over
looked and much more attention has been paid to green infrastructure,
with blue spaced tending to be mentioned only in passing.

• using a logical or official boundary such as the perimeter of a park
within which e.g. a pond is located;
• the extent of the surrounding land cover, up to a boundary with
another land use such as housing or,
• when the surrounding land cover was extensive and homogeneous,
using a 50 metre buffer around each water body.
The assessment of the blue space extent was formed from informa
tion obtained from the maps and orthophoto as well as from site visits
and in some cases checking what could be seen using Google Street
View. This inventory process resulted in 427 blue spaces distributed
across the city and the vicinity of the Vistula river (Fig. 1a).
3.3. Data analysis

2.2. Aims and objectives

For each of the blue spaces thus defined we created a database where
for each individual element we recorded a number of characteristics as
presented in Table 1. We characterised the collected cases from the
perspective of users’ actual or potential interaction with water.
We conducted several descriptive and explorative statistical analyses
on the data. For each of variables a dummy code was created, showing
the presence or absence of the assessed classes of characteristic pre
sented and described in Table 1. To analyse the data the following steps
were taken:

Thus, in this article, we aim to study the spatial patterns and types of
blue infrastructure still present in Warsaw beyond the Vistula river,
attempting to indicate that, just as the river is the matrix for the city as a
whole, the smaller scale water bodies, once identified and characterised,
should be treated as the matrix for shaping the neighbouring areas.
We ask the following research questions:
1 Besides the Vistula river, what kind of water elements occur and
where can they be found?
2 What factors determine the categorisation of different types of water
elements in Warsaw?
8
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Fig. 6. Examples of categories and sub-categories of blue spaces.

• Firstly we carried out descriptive statistics in order to see the general
distribution of variables (classes of characteristic) across all samples
and to determine the dominant ones in each category of Table 1.
• Secondly explorative data analysis was carried out:

(PCA) provided by the "factoextra" package in R (Kassambara and
Mundt, 2016) to reduce the dimensionality of the data set and addressed
candidates for variables that could identify the variation of studied
areas. Furthermore, we used the k_means cluster algorithm (Ding and
He, 2004; Feldman et al., 2018) to classify the blue spaces into three
groups of variables in order to generate a broad typology.
Next, for representation purposes, spider graphs for each cluster

Based on the potential relations between classes of characteristic
(variables) from Table 1, we applied a principal component analysis
9
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managed green areas (PARK) with integrated water. These areas are
also well-equipped with access paths and recreational facilities and
also provide physical access to the water.
• Cluster 2 is located on the left bottom of the diagram. The blue space
types mainly consist of linear features (78%) but the dominant land
cover types are spontaneously overgrown areas 100% (within which
30% are excluded spaces, so called urban wastelands).
• Cluster 3, located on the upper left side the diagram is also mainly
comprised of linear channels. (92%) which are also visually acces
sible but the majority are yet undefined functionally (to fully use the
potential of water) and the land cover also includes areas which are
agriculture, forest and road (some are also integrated into the sur
rounding area - 36%) but they are mainly connected with natural
areas and are less likely to be equipped as urban parks would be.

showing the percentage of each class of characteristic contributing to the
cluster were created in MSOffice Excel software. To do so we first
separated the blue spaces according to the clusters identified by the PCA.
Then, for each cluster, we calculated the percentage share of each
characteristic (variable from Table 1).
In the final step the typology, was created based on explorative data
analysis and the spider graphs.
4. Results
4.1. Descriptive statistics
The first set of results demonstrates the general pattern of the char
acteristics associated with the blue spaces identified in our inventory.
Fig. 2 shows the percentages of blue spaces falling into each category.
As can be seen from Figs. 1a and 2, the majority of blue spaces are
linear features (70%) followed by ponds (26%) and rivers (4%). This
proportion is in part because rivers and channels are often very long,
flowing through many different districts and, in addition, were sub
divided into sections according to the character of their associated
landscape. Thus, depending on their character, even if channels are
sometimes very narrow both as water bodies and as blue spaces, they
may have an impact on many different areas and residents as they pass
through the city. These may not be so visible in the landscape but may
have a lot of implications for planning.
The majority of the water bodies (53%) are surrounded by sponta
neous, unmanaged vegetation. This is quite surprising in many ways, as
it might be expected that most waterbodies are subject to some form of
management – but this can be accounted for by the fact that some of the
linear features and ponds are not even recorded on maps and so are
invisible to planners and land managers in many instances. Thus in
Warsaw there may be considerable potential for bringing many of these
features into management and making them more accessible and
useable by the public. Public green areas (e.g. parks and residential open
spaces) account for 19% and forests 12% of the land cover types. The
smallest proportion comprises channels associated with roads and water
bodies within agriculture fields (9% for both categories).
Almost all the blue spaces are visible from some publicly accessible
viewpoint (97%), giving visual access, but only 20% allow physical
contact (meaning direct access to the water, to touch it or even to go into
or on it e.g. swimming, boating). This is in part due to the nature of the
surrounding vegetation, lack of management or other obstacles, ac
cording to the information obtained from the site visits. It could also be
because only 22% of the blue spaces are equipped in any way with paths
giving easy access to the water or elements making places welcoming
and safe, such as benches or lighting.
A small majority of blue spaces have no defined function (53%), 30%
are integrated into the landscape in some way (e.g. as part of a park or
residential green space) and 17% are excluded.

Fig. 5 shows the spatial distribution of the blue spaces according to
the clusters on the Warsaw map. A clear pattern of managed blue spaces
(cluster 1) is visible in the central part of the city. A lot of spontaneously
overgrown areas are located towards the edges of the city, similar to
natural areas (cluster 2 and 3).
Based on the cluster analysis the typology of Warsaw water was
created (Table 2). We simplified the results from the statistical analysis
and the main variables influencing and differentiating the blue infra
structure elements within the three clusters became the main indicators
for the typology. Fig. 6 presents some examples of each type.
5. Discussion and conclusions
Our aim was to study spatial patterns and types of blue infrastructure
present in Warsaw landscape. We first asked the question: Besides the
Vistula river, what kind of water elements occur and where can they be
found? As already seen, the Vistula river, because of its size and
extensive green areas surrounding it (Wojnowska-Heciak, 2016), dom
inates the landscape of Warsaw and has a broader, urban scale impact.
However, besides the river there are many linear and non-linear blue
spaces distributed across the city. These areas, because of their scale and
location, as well as investment and management, have more a local
impact and potential for recreational use. Since human health and
well-being is positively connected with blue spaces (Kati and Jari, 2016;
Kupryś-Lipińska et al., 2014; Völker and Kistemann, 2011; Wheeler
et al., 2012; White et al., 2013) the recognition of that potential is
crucial.
Our second research questions was: What factors influence the
recognition of different types of water elements in Warsaw? In our ty
pology, from the PCA, we were able to detect several factors such as the
type, whether ponds in managed areas, linear features in unmanaged
areas and linear areas in other land uses, together with aspects relating
to visibility and accessibility. Our third research question was: What are
the current and potential roles for those different types of water ele
ments? According to the typology we distinguished three categories and
seven sub-categories of blue space, which have different current and
future potential. The first category, the Visible Blue, represents areas
officially managed and well equipped. These have a major urban impact
since they are the main destination public areas, such as Pole Moko
towskie, which is the biggest public park of the city. When considering
the focus of recent research which shows a direction towards sustainable
and holistic blue infrastructure management and design, as well as
concepts such as Nature Based Solutions or the Sponge City (Ghofrani
et al., 2017; Nguyen et al., 2019; Suleiman, 2021), a new approach to the
development of such places could be considered. There is potential to
revitalise some of the artificial ponds, which currently have a mainly
ornamental function at present, into self-sustainable ecosystems serving
the environment and people (such as the concept for Pole Mokotowskie
park proposed by WXCA architecture (wxca.pl, 2018). The Visible blue
category includes two subcategories: Visually accessible and Physi
cally accessible, Accessibility of blue spaces to provide varied types of

4.2. Principal Component Analysis results
The results so far show a wide range of variables associated with the
blue spaces but it needs further analysis to see how these are associated
and whether there is a clear typological structure embedded in the
pattern. A PCA was conducted with blue spaces and characteristics
(variables) and the k-means algorithm was used to classify the data (blue
spaces) and represent it against the variables The first and second
dimension (dim) of the PCA (Fig. 3) explained 30.5 % and 13.9 % of the
variation in the dataset respectively and three clusters of blue spaces
were identified. The spider graphs (Fig. 4 a,b&c) show the proportions of
the characteristics which contribute to the identification of each cluster.
Each cluster is distinguished by a mix of characteristics, as follows:
• Cluster 1, located in the middle right side of the axis, coloured blue,
is distinguished by being composed mainly of ponds in publicly
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contact with the water is important (Grellier et al., 2017) and often
depends on good management and design. Many of the places identified
in the inventory, especially in Category 2 of the analysis, are areas which
are not easily physically or in some cases even visually accessible. We
called this category In Limbo Blue, which underlines the fact that these
have so specific function at present and are also unmanaged. These
comprise either excluded or undefined blue spaces. Excluded blue spaces
mainly include channels of various kinds and occasionally ponds, which
are often forgotten or abandoned and may be separated from their
surroundings by concrete walls and fences. Some of them have been
buried or are an element of so called urban wasteland areas. Despite the
fact that such places are officially unmanaged or inaccessible they
nevertheless may be used by some people and present social and
ecological values and potential (Kowarik and Langer, 2005; Nejman
et al., 2018). The example of the River Cheonggyecheon (Lee and Chad
David, 2013) shows how it is possible successfully to restore almost
totally forgotten waterbodies. Sometimes even small scale, low cost
improvements – or unofficial elements added to make a place useable by
local people - may contribute to raising the value of such a space (Unt
and Bell, 2014). This can be found in some of what are now nature
protection areas in Warsaw which were developed on long-term unused
or abandoned land (such as Rów Zerzeński). Minimal investment to
provide access to these places can bring new values for different pur
poses for urban residents, as was done along part of the Vistula right
bank by creating a path (Piwowarski, n.d.). The second sub-category is
Undefined blue. These are often areas awaiting urban development. A
lot of suburban sprawl in a form of dispersed housing districts can be
seen in such areas, as Warsaw is developing very rapidly. There is major
potential to incorporate the blue spaces into a green/blue infrastructure
within new urban development – something that should be strongly
considered by the municipality and developers. The third category
In_Visible Blue considers blue spaces with a very specific function yet
which are not identified as blue spaces – so they can be seen and
accessed but are “officially invisible”. The first sub-category comprises
water elements found in urban forests, such as the Kabacki forest,
which are intensively used for recreation. These are protected areas,
providing recreation not only for immediate neighbourhoods but also
city-wide. The forest may possess natural water systems such as ponds
but also straight water channels, remains of past forest drainage systems.
Some of those may be seasonal and others may be overgrown and
infilled by vegetation. However, with some simple excavation works, for
example, these channels could be modified, improved, integrated and
used to provide a better experience of urban forest ecosystems. The final
two sub-categories are agriculture and road system blue. As both have
a very technical purpose, the only potential here could be more sus
tainable integration of water into their function. Water retention and
detention areas can be not only technically efficient but within a holistic
approach could serve both nature and pople at the same time (Suleiman,
2021).

infrastructure development in Warsaw. As water is crucial for people
and nature it is also a very complex ecosystem requiring different per
spectives. More studies should be conducted in Warsaw on blue spaces,
especially their ecological and social potential.
Funding
This work was supported by the National Science Centre, Poland
[grant number 2018/29/N/HS4/01421], title of the project: Blue
infrastructure within the cultural landscape of Warsaw.
Declaration of Competing Interest
The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.
References
Abbott, J., 2013. Creating water sensitive places scoping the potential for water sensitive
urban design in the UK.
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Spatial Growth with Limited Control, in: Peri-Urban Futures: Scenarios and Models
for Land Use Change in Europe. Springer, Berlin Heidelberg, pp. 131–167.
Haase, D., 2015. Reflections about blue ecosystem services in cities. Sustain. Water Qual.
Ecol. 5, 77–83. https://doi.org/10.1016/j.swaqe.2015.02.003.
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