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Abstract. Urban parks are significant elements that improve the quality of life in built-up areas. This
research aims to identify the most attractive park in Lodz, Poland, using a set of assessment indica-
tors. In our opinion, the decision-making process in assessing the attractiveness of urban parks may
be assisted by Multiple Criteria Decision Analysis (MCDA). Two methods were chosen from the
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ence by Similarity to Ideal Solution (TOPSIS). The research shows that the proposed methods reveal
which park needs support and calls for investment.
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1. INTRODUCTION

The structure of a city is composed of architectural and urbanistic elements such as
buildings, streets, and squares, accompanied by a network of appropriately designed
and properly developed greenery. This green infrastructure is crucial for landscape
aesthetics and for living standards. Green areas in cities contribute to the market
value of real estate. The more attractive green spaces there are, the more investors
are willing to locate their projects nearby. The specific and unique recreational and
landscape value of parks and the increasing awareness of the advantages of green
areas affect the prices of flats and business premises in the neighbourhood (Oleksiejuk
and Jankowska, 2007; Czembrowski and Kronenberg, 2016).

Parks are natural components of cities, and they offer visitors contact with
relatively wild nature without travel expenditure. Organised green spaces attract
residents and visitors, offering them a professionally managed and diversified se-
lection of plants, walking and cycling paths, natural routes, and elements of small
architecture. Therefore, parks are the amenities of a city. Park equipment deter-
mines its attractiveness, since the attractiveness of a park depends on the facilities
available and accessible to park visitors. As a result, its value depends on the sum
or the subjective result of amenities both inside and outside it (Fig. 1).

Park equipment | ‘ Park availability
(infrastructure)

Urban park
as an amenity

Plant communities | ‘ Social activity

Fig. 1. Urban park as an amenity

Source: own work based on the conducted research.

The main purpose of the research is to assess the attractiveness of urban parks
in the city of Lodz using two research methods: AHP — the Analytic Hierarchy
Process (Saaty, 1980; Saaty, 2007; Saaty, 2008; Saaty and Vargas, 2012) and
TOPSIS — the Technique for Order Preference by Similarity to Ideal Solution
(Hwang and Yoon, 1981).

The expected results are as follows: firstly, assessments make it possible to
identify the attractiveness of city parks. Secondly, both research methods may be
used to assess other urban amenities (not only parks), and the key determinants
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of city attractiveness are specified. Thirdly, the research should be a stimulus for
local authorities to develop the attractiveness of city parks and to present the main
directions of the desired changes.

In addition to the application dimension, the paper analyses the differences
between the two Multiple Criteria Decision Analysis (MCDA) methods. Nine
parks were chosen, and a group of experts was asked to give their opinions on the
amenities. To assess the attractiveness of the selected city parks it was necessary
to examine them and find the same data set in all the considered parks. This proce-
dure made it possible to identify the amenities which were crucial for increasing
the attractiveness of city parks. In our opinion, the elements of the city parks’
space that were recognised by the expert group as being the most appropriate and
necessary should help local authorities manage green infrastructure.

2. AMENITIES OF URBAN GREEN AREAS

Economics identifies a number of elements that may be decisive for the attractive-
ness of an urban space. Urban amenities are features or functions that increase the
attractiveness and value of residential premises in urban areas. From the economic
point of view, urban amenities are goods that have a specific location in space and
that make human life easier, more pleasant, or more comfortable. Consequently,
attractiveness may be defined as a set of advantages and better conditions for
investment than in other locations. In other words, attractiveness is the ability to
find investors for a given place. Hence, investment attractiveness is closely related
to the competitiveness of a neighbourhood, i.e., the ability to achieve success in
the economic competition. A practical metric of a location’s attractiveness is the
average price per square metre of an apartment by location, or “location rent”
— after adjusting the price to other variables, such as the area, level, building type
and condition, additional equipment, etc. (Czembrowski et al., 2016; Xiao et al.,
2016; Pietrzyk-Kaszynska et al., 2017). To sum up, urban amenities have a signif-
icant impact on family decisions regarding the location of apartments and on the
assessment of the attractiveness of various parts of cities (Sokotowicz, 2017). Ac-
cording to the discourse in the subject-matter literature, amenities include (Glaeser
et al., 2001, 2003; Markusen, 2006):

— the accessibility and availability of local goods, e.g., cultural, educational,
safety, leisure, and environmental services;

— land use and public realm aesthetics;

— the accessibility and availability of public services;

— transport accessibility understood as the travel time to selected destinations
(home, work, school, etc.).
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The above criteria identify crucial urban amenities, i.e., green spaces or
organised open spaces needed to develop leisure, recreational, and recovery func-
tions. Thus, in spatial planning practice, urban parks should be perceived as nec-
essary amenities and an attractive offer of the city.

Urban parks are organised and designed open green spaces covered with plants
that are intentionally established, developed, maintained, and protected. They are
necessary for the environmental and economic potential of cities, increasing their
attractiveness and creating their image. The role of parks in cities is especially
relevant in the context of ecosystem services, understood as a chain of relation-
ships between an ecosystem and human wellbeing, where a service is seen as
a “bridge” (de Groot et al., 2010). Urban parks are flagships or symbols of cities
and sources of identity. Well-known examples of iconic urban green spaces are the
High Line in New York, Central Park in New York, Hyde Park in London, Park
Guell in Barcelona, Park Rio in Madrid, Szczytnicki Park with Centennial Hall
in Wroclaw, Oliwa Park in Gdansk, Royal Lazienki Park in Warsaw, and Saski
Garden in Warsaw.

In social and economic terms, parks are public realm, understood as “a com-
mon good that is used collectively and is purposefully shaped by humans in
accordance with social principles and values intended to meet the needs of local
communities (...). Its public character is derived from it being used collective-
ly” (Public Space Charter, 2009). Parks are the crucial elements of the entire
urban greenery system since their main goal is to ensure the availability of
nature for people in the most accessible and suitable way. Moreover, they pro-
vide a platform for interpersonal relationships and social interactions offering
entertainment, sport, outdoor activities, and many other activities undertaken
to ensure personal development. A resident in a city can relax in a park, away
from the dense urban life, in a place that is best for leisure. Therefore, proper
park development is an important task (Totwinski, 1963; Wroblewski and Kroc,
2022).

According to Zachariasz (2006), urban parks “are intended for a large group
of diverse audiences, as well as visitors to the city. Parks should protect unique
historical, cultural, and natural areas in cities. These areas of active and passive
recreation use local environmental advantages to the fullest, in particular, all kinds
of water-related elements. They should offer an attractive landscape and diverse
specialist equipment for different social groups (using various criteria, such as
age, interests, or being fit). They also host elements and places of interest that
create their identity, e.g., squares and entrance gates, fountains, gazebos, and spe-
cialist flower gardens, e.g., rosaria or flowerbeds. Parks are usually equipped with
playgrounds for children, picnic grounds, meeting points, space for events or fairs
(usually big lawns, sometimes with a stage or plaza where such a stage can be
built), toilets, and parking lots”.
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The first group of factors related to a location’s attractiveness is park accessibil-
ity, i.e. how one can reach or enter the park. Parks can be reached on foot, by bicy-
cle, or by public transport systems. The first group of visitors, i.e., pedestrians, is
difficult to evaluate due to parks having several entrances and walking paths which
enable smooth and uncontrolled flow throughout the park. New data collection op-
portunities are available for bicycles since cities provide shared bicycle programs
with installed GPS. New technologies help us find the number and routes of cy-
clists visiting a park. Elements of bicycle infrastructure may also be classified as
amenities, just as public transport stops (Yamu and Frankhauser, 2015; Donahue
etal.,2018; Guo et al., 2019; Podgorniak-Krzykacz and Trippner-Hrabi, 2021;
Podgorniak-Krzykacz et al., 2022).

The next factor group focuses on park equipment and how things are organ-
ised, which might attract elderly people, parents with children, or other specific
groups of residents, to stay and spend time inside the park. The equipment tailored
for each group includes not only park furniture but also the so-called small archi-
tecture enriching the landscape, or buildings hosting services that boost the attrac-
tiveness of the park, e.g., museums, galleries, or restaurants. Also, the immediate
vicinity of the park matters and may be assessed in terms of the presence of her-
itage sites like the amenities (Chen and Wang, 2013; Biernacka and Kronenberg,
2018; Guo et al., 2019).

The natural richness of a park is also a fundamental factor for its attractive-
ness. The environmental and social values of parks depend on biodiversity, the
presence of trees, flowerbeds, and bushes, as well as unique and unusual plant
species and protected natural areas. Natural monuments are positively perceived
heritage elements, and they are important to park amenities and for the develop-
ment of educational functions.

The social involvement in the park’s development and activities is a derivative
of attractiveness. Citizens are often inspired, motivated, and supported by partici-
patory budgeting that democratically identifies the needs of residents. The finan-
cial value and the number of projects proposed and implemented in green spaces
can be a source of data for the development or improvement of the attractiveness
of city parks.

Urban amenities are key factors that improve quality of life and make neighbour-
hoods and whole cities more attractive. An increase in housing construction closely
correlates with the demand for flats or houses. Personalised housing preferences are
an important impulse to provide the necessary amenities to answer to the demand of
inhabitants. City parks are one of the main factors that determine the value of real
estate. Even small changes in the quality of green areas can have a huge impact on
the urban environment and the social perception of a location (Baycan-Levent et al.,
2009; Yamu and Frankhauser, 2015; Czembrowski and Kronenberg, 2016; McNeur,
2016; Menke, 2016; Xiao et al., 2016; Feltynowski, 2023).
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3. MATERIALS AND METHODS

3.1. Methods and data used in the analysis

To identify the most attractive urban park, two research methods were applied:
the Analytic Hierarchy Process (AHP), proposed by Thomas L. Saaty (1980;
2008), and the Technique for Order Preference by Similarity to Ideal Solution
(TOPSIS) (Hwang and Yoon, 1981). Both approaches belong to the group of
Multiple Criteria Decision Analysis (MCDA) of the sub-discipline of operational
research, and they can help choose an option through the appropriate composi-
tion and evaluation of decision-making criteria. These methods are used in deci-
sion-making in different spheres of life. In this paper, both were applied to identify
the most attractive park based on the indicators used to make the assessment.

For the AHP, the selected indicators were assessed by a group of experts who
made pairwise comparisons and then they ranked the indicators in descending
order based on their impact on a phenomenon. The second method is the TOPSIS,
which identifies objects that are the closest to the ideal and the most distant from
the anti-ideal (Ozturk and Batuk, 2011).

We applied a procedure to both methods that complies with the assumptions
defined in the subject-matter literature (Hwang and Yoon, 1981; Saaty, 2007; Saaty,
2008; Saaty and Vargas, 2012). From the theoretical assumptions we knew the
weights for each constituent of the decision-making process for the TOPSIS method,
in consequence we were able to use estimated weights from the AHP method. This
solution is commonly found in the literature in relation to the AHP and TOPSIS
methods used in research (Oniit and Soner, 2008; Ozturk and Batuk, 2011; Yue,
2011; Onder and Dag, 2013; Kobryn, 2014; Prakash and Barua, 2015; Hanine et al.,
2016). Such a solution helps compare results obtained from the two methods using
the same weight. It estimates and identifies the park that is the most attractive to the
users of a given urban space based on selected measures specific for the parks.

The AHP method is based on four analytical steps:

Step 1: Indicate the purpose of the study and assessment criteria;

Step 2: Perform pairwise comparisons using the indicators in Table 1;

Step 3: Determine the relative importance of the factors;

Step 4: Verify the consistency of judgments across the Consistency Index
(CI) and the Consistency Ratio (CR) (equation 1).

_a
RI

CR (D
where:

CR — consistency ratio;

CI - consistency index
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== 2)

where:
L __— the maximum eigenvalue of the comparison matrix;
n — the size of the comparison matrix;
RI — random consistency index value (Table 1).

Table 1. Random consistency index

Size of matrix 1 2 3 4 5 6 7 8 9
RI value 0 0 0.58 | 0.9 1.12 | 1.24 | 1.32 | 141 | 1.45

Source: Saaty and Kearns, 1985.

The AHP method compares individual criteria as well as options that consider
all criteria. Firstly, the evaluation is based on expert assessments. In this study,
the experts were researchers and practitioners connected with the subject, i.e.,
with urban planning and spatial development. Regarding the evaluation of op-
tions for different criteria, the estimates depend on the value of the indicators. To
operationalise the approach, the 20th, 40th, 60th and 80th percentile measure of
location was used. Based on the calculated measures, we can pair indicators with
values from the AHP fundamental scale while omitting indirect assessments. That
is possible because, using the percentiles, we can divide the set into five intervals
(see Table 2). To calculate individual weights, we need to identify the consistency
index (CI) used to calculate the final measure, i.e., the consistency ratio (CR). The
maximum CR value is 10%. Human perception allows one to deal with a certain
amount of information, precisely with approximately seven pieces of information,
+ 2 (Miller, 1994). Consequently, no level of the model in the AHP decision pro-
cedure should exceed nine elements (Saaty and Kearns, 1985).

Table 2. Indicators used in the AHP method

Intensity of Definition Explanation Percentile range
Importance

| Equal importance Two activities contribute equally to [0; 20t

d p the objective Percentile]
2 Weak or slight - -
3 Moderate Experience and judgement slightly (20™ Percentile;
importance favour one activity over another 40" Percentile]
4 Moderate plus - -




152 Marcin Feltynowski, Agnieszka Rzenca, Piotr Rzenca, Wiktor Wroblewski

Table 2 (cont.)

;:::;2:2‘);22 Definition Explanation Percentile range
. Experience and judgement strongly (40" Percentile;
5 St 1t L o
rong IMpOrtance | ¢y our one activity over another 60" Percentile]
6 Strong plus - -
Very strong or An activity is favoured' very (60 Percentile;
7 demonstrated strongly over another; its dominance .
. . . 80™ Percentile]
importance demonstrated in practice
8 Very, very strong - -
. The ev1dence. favourmg one act1v1Fy Value higher than
9 Extreme importance | over another is of the highest possible .
. 80™ Percentile
order of affirmation

Source: Saaty, 2008 with own study elements.

In the case of the TOPSIS method, the analytical procedure was based on 7
steps (Kobryn, 2014; Hanine et al., 2016):

Step 1: Indicate the purpose of the study and assessment criteria;

Step 2: Data normalisation';

Step 3: Determine the weights of each criterion in accordance with the research
assumptions; the weights calculated for the AHP method were used;

Step 4: Identify the positive ideal solution and negative ideal solution based on
the data in the research;

Step 5: Determine the Euclidean distance of each alternative from the positive
and negative ideal solutions;

Step 6: Calculate the Relative Closeness (Ci) to the positive ideal solution
using equation (3).

D
C=—"-7~"—
! D, +D; (3)
where:

D; — distance of the i th alternative to the positive ideal solution;
D; — distance of the i th alternative to the negative ideal solution.

Step 7: Formulate ranking based on decreasing index C, values.

X,
! The formula used to normalised the data was: n; = —%—, where n, — normalised data,

2
Z i:lej

x; — data before normalisation, i €[1..m] — alternative number; j €[1..n] — criterion number.
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Parks were selected for the analysis based on data from the study conduct-
ed by the Sendzimir Foundation entitled “Count on Green” (in Polish: Licz na
zielen), in which the users of urban spaces identified the green spaces they vis-
ited most often. The study used the SoftGIS method, i.e., a specific approach to
public participatory geographical information system (PPGIS) (Czembrowski
et al., 2016), which involves identifying formal and non-formal green areas in
an urban space using a geo-questionnaire (Pietrzyk-Kaszynska et al., 2017).
The study extends and deepens previous research of the Lodz urban park val-
ues (Czembrowski et al., 2016; Pietrzyk-Kaszynska et al., 2017). In the first
stage, we identified green areas that were available to residents free of charge
and were classified in land survey documentation as urban parks. Green walk-
ways were disregarded as they are mostly open green spaces in streets or links
between streets. The analysis did not cover parks which are not seen as places
where people spend their leisure time surrounded by greenery, because they are
not very attractive to potential users. As a result, we constructed the index of
indications per hectare and calculated the 80th percentile to identify the 20%
of parks which had an index value highest. We used the measure suggested by
the “Count of Green” study presenting a green space visited most often by re-
spondents. We used the original indicators of the attractiveness of parks which
could be obtained from the city authorities.

To assess the attractiveness of parks, we used indicators that help assess
the density of walking paths per hectare of a park (K1), the number of nat-
ural monuments per 10 hectares of a park (K2), the percentage of resources
earmarked in the participatory budgeting exercise compared to the value of
projects proposed for urban parks (K3), bus/tram stops situated 400 m from
the park per hectare of a park (K4), and historical monuments within the buft-
er belt of 200 m from a park per 10 hectares of park area (K5). In the case of
two indicators, the constituents of final synthetic indicators were weighted. As
for the accessibility of cycling infrastructure in parks (K6), the AHP entropy
weights were calculated (Kobryn, 2014). Meanwhile, to assess the pieces of
equipment in parks (see Table 3), we applied a method consistent with the
AHP, i.e., a pairwise comparison of constituents conducted by a team of 5
experts. The expert assessments were used to identify the weights of elements
which are fundamental for a park’s attractiveness. These elements include park
structures (e.g., caves, gazebos, etc.), buildings that provide additional attrac-
tions in parks (e.g., a palm house, museums, restaurants, etc.), sandboxes and
playgrounds for children, outdoor gyms and playing fields, fountains, and, fi-
nally, sculptures and monuments found in the parks. The expert assessments
and the field studies in the parks provided the basis to calculate a synthetic
indicator of park attractiveness based on the proposed elements of equipment;
it was labelled K7 in the AHP analysis. The indicators and their descriptions
can be found in Table 3.
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Table 3. Indicators used in the analysis of the attractiveness of parks in Lodz

Indicator ..
symbol Description Components
K1 Walking paths per 1 ha of park area
K2 Number of natural monuments per 10 ha
of park area
K3 Percentage of resources to be spent
under participatory budgeting
K4 Bus/tram stops located 400 m from
a park per 1 ha of park area
K5 Historical objects within the 200 m
buffer from a park per 10 ha of park area
K6 Availability of cycling infrastructure K6.1 Bicycle routes per 1 ha of park area;
within 400 m from a park K6.2 Public bike-share scheme stations
per 10 ha of park area;
K6.3 Bicycle racks per 1ha of park;
K6.4 Public bicycle rides in parks in km
per 1 ha of park.
K7 Elements of park equipment K7.1 Park structures (e.g., caves,

gazebos, etc.) [number per hectare];
K7.2 Additional premises in parks (e.g.,
a palm house, museums, restaurants,
etc.) [number per hectare];

K7.3 Sandboxes for children, outdoor
gyms and fields [number per hectare];
K7.4 Fountains [number per hectare];
K7.5 Sculptures and monuments in
parks [number per hectare].

Source: own work based on collected data.

The selected indicators were developed based on the data made available by the
Lodz Geodesy Centre, which runs the Land Information System for the city. Only
for component K6, which deals with public bicycle rides, data obtained from Lodz
Road and Transportation Board (in Polish: Zarzad Drog i Transportu) was used.
They collect and manage data from the GPS system installed on the bicycle sharing
public scheme operated in Lodz. The K7 indicator was constructed based on field
studies conducted in the parks selected for the final analysis. The use of buffer belts
around parks influenced the value of indicators K4, K5 and K6. For K5, we applied
a 200 metre buffer, which helps identify historical sites in the immediate vicinity of
parks that can still be seen by people in the park. For indicators K4 and K6, wider
buffers of 400 m, which on average translate to a 5-minute walk, were applied.
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Since indicators K6 and K7 are composed of indexes, we decided to weight
individual elements. The weights for the K6 indexes were calculated using the
entropy method (Deng et al., 2000; Huang, 2008). All components of K6 were
regarded as stimulants which help normalise the value of indicators using the
following equation 4:

P, ==n 4)

Zi:1 i,]

xi’j
m
X

where:
X, = is the value of alternative 4, under criterion Cj and i € [1 .. m] where i is the
alternative number; j € [1 .. n] where j is the criterion number.

The estimates enabled the calculation of entropy using equation (5) and the
calculation of weights of individual criteria in accordance with equation (6).

1 m
= E D, 1
% 1n(m) — " e )

where i € [1 .. m] where 1 is the alternative number; j € [1 .. n] where j is the
criterion number.

d,

W, = (6)

J z jZI dj

where j € [1 .. n] where j is the criterion number and d; =1—e¢;,

In the case of K6, after the weights were calculated using the entropy method,
we had to calculate the indicators used in further stages of the study in the AHP
and TOPSIS methods. Since the constituents of the indicators are expressed in dif-
ferent units of measurement, we had to deploy normalised data in accordance with
equation 4. It allowed us to use weights and specify the values of the indicators for
the parks which were analysed later.

Because of the values achieved by the other indicators, for K7 we could not
rely on entropy, and we had to estimate the weights for its components based on
estimates from pairwise comparisons. We used expert assessments from the pair-
wise comparisons following the methodology applied for the AHP.

It is an increasingly common practice in research to use weights, determined
by the AHP method, to conduct multi-criteria analyses using the TOPSIS method
— cf. literature related to the research methods (Oniit and Soner, 2008; Prakash and
Barua, 2015; Rokhsari and Sadeghi-Niaraki, 2015; Hanine et al., 2016; Berdie
et al.,2017; Azimifard et al., 2018).
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3.2. The Lodz Case Study

Lodz is situated in the centre of Poland at the crossroads of two main motorways,
the Al and the A2. Nowadays, the city is inhabited by shy of 665,000 residents
(data at the end of 2021) and is the fourth largest city in Poland by population. It
covers an area of 293.25 sq. km and ranks fourth among cities in Poland in terms
of territory. At present, the development of Lodz is taking place in two units con-
nected with the history of the city, i.e., the metropolitan zone and the contemporary
development core. The former has been delineated according to the presence of
historical buildings, which determine the city’s identity. Its most important feature
is its layout, with tenements and adjacent factory complexes usually linked with
parks. The contemporary part of the metropolitan development, often referred to
as the Lodz Urban Zone, is situated within the borders of the railway loop line.
The Historic Urban Core is home to 13 parks, but when we extend the area to in-
clude the metropolitan zone, there are 29 urban parks. According to data provided
by the Lodz Geodesy Centre, in total there are 48 parks in Lodz, four green walk-
ways, and three city squares which are green spaces (Fig. 2). Most parks in Lodz
are the remains of the former Lodz Forest, the source of building material for the
development of the industrial city back in the 19th century.

[ Parks

"7l Lodz Metropolitan Zone
™71 Lodz Urban Zone

[ Borders of Lodz

~— Main Streets

Fig. 2. Parks in Lodz and the location of the Lodz Metropolitan Zone and Lodz Urban Zone

Source: own work based on data from the Lodz Geodesy Centre and the Head Office of Geodesy
and Cartography.
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4. RESULTS

4.1. Results concerning the selection of parks

All parks selected in accordance with the methodology are located in the Lodz
Urban Zone, within the borders of the so-called railway loop line (Fig. 3). For all
the tested parks, the value of user indications per hectare was higher than 4.89/ha,
which resulted from the calculations of the 80" percentile for this dataset.

[ Chosen parks
"7 Lodz Metropolitan Zone
71 Lodz Urban Zone
=~ Main streets

® Urban amenities

Number Name of the park Option Number Name of the urban amenities
on the map number on the map

1 Matejko’s Park V1 10 Clinical Medical Centre

2 Old Town Park V2 11 Campus of the Lodz University

3 Sienkiewicz’s Park V3 of Technology

4 Haller’s Square V4 12 Piotrkowska Street

5 Moniuszko’s Park V5 13 the City of Lodz Museum,

6 Helenow Park Ve Museum of Contemporary Art
cenow rar MS2, Manufaktura shopping mall

7 Staszic’s Park V7 14 University Library

8 I’(lep acz’s Park V8 15 Fabryczna Railway Station

9 Zrodliska Park A\

Fig. 3. Parks in Lodz selected for the analysis with urban amenities

Source: own work based on data from the Lodz Geodesy Centre and the Head Office of Geodesy
and Cartography and Open Street Map.
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Seven of the nine examined parks (Haller’s Square and Old Town are the excep-
tions) are objects of historical and industrial origin, and they were built almost at the
same time, i.e., in the 19th century. They were an important element in the landscape
of the industrial city, although some of them were private. They were founded in
relatively natural areas, and despite the planned arrangement, native species of the
old forest still stand. Currently, all parks are public. The composition of their green
species and, above all, the equipment contained within the parks, have changed sig-
nificantly over the years. Also, the surroundings of these parks, the spatial structure
of the city, and the objects located in it have changed significantly.

By selecting nine parks, we were able to calculate indicators connected with
their respective locations. When it comes to indicators K6 and K7, the calculations
were more complex. K6 was combined with weights whose estimates are given in
Table 4. Looking at these weights, we can see that they are remarkably close for
indices K6.1, K6.2 and K6.4, while K6.3, the index concerning the availability of
bicycle racks in parks, is much less significant.

Table 4. Estimated weights for K6 indicator

Index Weight
K6.1 Bicycle routes per 1 ha of park 0.289
K6.2 Public bike-share scheme stations per 10 ha of park 0.292
K6.3 Bicycle racks per 1 ha of park 0.143
K6.4 Public bicycle rides in parks per 1ha of park 0.276

Source: own work based on the collected data.

We also estimated the weights for indicator K7 using the pairwise comparison
method. The weights demonstrate that the presence of recreational equipment and
infrastructure was the most important element for the experts, since the highest
weights were allocated to structures and elements that offered physical training
and entertainment opportunities for children and youngsters. Amongst the com-
ponents of K7, places which enrich the offer proposed by parks, i.e., museums,
winter gardens or restaurants, played an important role. Similarly, a higher weight
was assigned to structures in the park that were open to visitors and were availa-
ble in selected green spaces across the city. The weights for fountains, sculptures,
and monuments were much lower compared to the other components of K7. The
weights of these indexes are presented in Table 5.

The estimated weights made it possible to generate a set of indicators that
describe individual parks covered by the analysis. Data was also used to calculate
the 20™, 40™, 60™ and 80th percentiles, which is necessary to make calculations
for the AHP method (see Table 6).
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Table 5. Estimates of weights for indicator K7

Index Weight
K7.1 Park structures (e.g., caves, gazebos, etc.) 0.202
K7.2 Premises in parks (e.g., palm house, museums, restaurants, etc.) 0.256
K7.3 Sandboxes for children, outdoor gyms, and playing fields 0.435
K7.4 Fountains 0.074
K7.5 Sculptures and monuments in the park 0.033

Source: own work based on the collected data.

Table 6. Data used in the analysis of the nine options

K1 K2 K3 K4 KS Ké K7
Vi 618.6 0.0 2.7 7.1 7.1 0.08 0.8
V2 434.0 0.0 3.6 4.7 9.6 0.14 1.8
V3 553.8 43.0 253 4.9 24.1 0.07 1.2
V4 976.0 0.0 0.0 12.8 8.1 0.23 0.4
V5 594.8 0.0 50.1 22.7 38.7 0.16 0.3
A\ 423.9 3.7 1.5 32 2.6 0.08 2.6
\'% 461.6 159 100.0 9.0 11.1 0.06 0.9
V8 465.5 52.9 0.0 7.5 8.7 0.13 1.0
A\ 437.0 1.8 0.0 2.1 65.7 0.05 3.1

Percentile

20t 435.79 0.00 0.00 4.07 7.72 0.07 0.63
40" 462.42 0.36 1.73 5.38 8.90 0.08 0.92
60t 536.11 3.30 3.42 7.39 10.81 0.12 1.18
80t 604.32 26.72 35.24 10.51 29.93 0.15 2.11

Source: own work based on the collected data.

4.2. Results for the AHP method

Pairwise comparisons for all indicators and for individual options that consider
individual criteria informed us which measures exerted the strongest impact upon
the investigated phenomenon. As a result, we were able to rank the parks for their
attractiveness to potential users.

In all calculations conducted for the AHP method, the Consistency Ratios (CR)
were satisfactory. Thus, we were able to continue the analysis leaving the pairwise
comparisons matrix unchanged (see Table 7).
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Table 7. Consistency Ratio (CR) in AHP analysis

Type of matrix Matrix size — n Conjisctan[coyA) I]‘atio
Criteria matrix 7 7.8
Matrix of options based on K1 9 3.7
Matrix of options based on K2 9 2.8
Matrix of options based on K3 9 3.5
Matrix of options based on K4 9 3.7
Matrix of options based on K5 9 3.7
Matrix of options based on K6 9 3.7
Matrix of options based on K7 9 3.7

Source: own work.

An analysis of the data using the AHP method helped us conclude that, as
shown by the experts’ assessments, criterion K6, whose weight was 34.7%, was
the most important. The second most important criterion was K7, i.e., the avail-
ability of leisure equipment and infrastructure in parks. In this case, the weight
was 21.2%. According to the experts, the accessibility of a park by public trans-
port also mattered, which could be seen in the weight of 17.1% for criterion K4.
Other criteria proved less important, and their weights were lower than 10%.
K1, the density of walking paths, scored 9.5%; historical sites located in the
vicinity of the park (K5) scored 7.6%, and projects financed under the partici-
patory budgeting exercise (K3) achieved 5.9%. The lowest weight was reported
for natural heritage in parks expressed in the number of natural monuments per
1 ha (K2). For the experts, the relevance of this criterion for the analysis of park
attractiveness was only 4% (see Table 8).

The weights of individual components used in the analysis made it possi-
ble to suggest which of the parks included in the study were the most attrac-
tive elements of green infrastructure in the Lodz Urban Zone. Moniuszko’s
Park, with the total weight exceeding 19.5%, ranked first among all the ana-
lysed locations. Haller’s Square ranked second, with a weight of over 17.5%
calculated from the data and the experts’ assessments. Klepacz’s Park was
third in this ranking of attractiveness with a weight of over 10.8%. At the oth-
er extreme there were parks whose attractiveness was poor. Staszic’s Park,
whose weight was 7.329%, and Matejko’s Park, with the weight slightly above
7.74%, scored the lowest. The assessment of Helenow Park’s attractiveness
based on the presented criteria was also unsatisfactory, as the park scored
slightly more than 8.4%.
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Table 8. Final priorities in the AHP method

Criteria with weights Weights for

Options K1 K2 K3 K4 K5 Keé K7 options
9.5% | 4.0% | 5.9% | 17.1% | 7.6% | 34.7% | 21.2% (%]

Vi 0.272 | 0.022 | 0.074 | 0.072 | 0.019 | 0.072 | 0.036 7.7458

V2 0.019 | 0.022 | 0.139 | 0.036 | 0.072 | 0.137 | 0.137 9.9097
V3 0.137 | 0.276 | 0.139 | 0.036 | 0.137 | 0.036 | 0.137 9.036
V4 0.272 | 0.022 | 0.02 | 0.272 | 0.036 | 0.272 | 0.019 17.556

V5 0.137 | 0.022 | 0.274 | 0.272 | 0.272 | 0.272 | 0.019 19.5657

V6 0.019 | 0.141 | 0.04 | 0.019 | 0.019 | 0.036 | 0.272 8.4654
v7 0.036 | 0.141 | 0.274 | 0.137 | 0.137 | 0.019 | 0.036 7.329

\%] 0.072 | 0.276 | 0.02 | 0.137 | 0.036 | 0.137 | 0.072 10.8026

V9 0.036 | 0.078 | 0.02 | 0.019 | 0.272 | 0.019 | 0.272 9.5898
Sum: 100

Source: own work.

4.3. Results for the TOPSIS method

The practical application of the TOPSIS method with weights estimated for the
AHP allowed us to rank the parks. As demonstrated by the results, Haller’s Square
was the most attractive park (V4) scoring 0.541. The assessment for Moniuszko’s
Park was also high, at 0.531. All other parks included in the exercise scored below
0.400, which shows how much the leaders in attractiveness ranking were ahead of
the rest of the sample. The full list is shown in Table 9.

Table 9. Final ranking in the TOPSIS method

Park Option Rating
Matejko’s Park V1 0.191
Old Town Park V2 0.396
Sienkiewicz’s Park V3 0.224
Haller’s Square V4 0.541
Moniuszko’s Park V5 0.531
Helenow Park V6 0.340
Staszic’s Park \% 0.257
Klepacz’s Park V8 0.360
Zrédliska Park V9 0.389

Source: own work.
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By analysing the results, we identified parks whose attractiveness measured
using the TOPSIS method was low. This group included Matejko’s Park assessed
at 0.191. Low assessments were also given to Sienkiewicz’s Park and Staszic’s
Park, which scored 0.224 and 0.257, respectively.

4.4. Comparisons of the results from AHP and TOPSIS

By integrating elements of the AHP method with the TOPSIS method, we
were able to obtain two rankings and decide which park should be considered
the most attractive against a given set of indicators (criteria). The rankings
based on these methods differ, although the estimates that were produced al-
lowed us to believe that the differences were not bigger than two ranking
positions. The results show that attractiveness assessments based on the AHP
and TOPSIS methods correlate at the level of 0.85, which indicates a strong
correlation in accordance with the Guilford scale (1942). The final rankings
are shown in Table 10.

Table 10. Final rankings in AHP method and TOPSIS method

Park Option AHP ranking TOPSIS ranking
Moniuszko’s Park V5 1 2
Haller’s Square V4 2 1
Klepacz’s Park V8 3 5
Old Town Park V2 4 3
Zrédliska Park V9 5 4
Sienkiewicz’s Park V3 6 8
Helenéw Park V6 7 6
Matejko’s Park V1 8 9
Staszic’s Park \'% 9 7

Source: own work.

An important conclusion is that the two most attractive parks simply
switched their ranking positions in the methods. For the rest of the rankings,
the results revealed much greater differentiations. We also need to stress that
Haller’s Square, the smallest park by area, was perceived as highly attractive
by its users based on the measures (criteria) used in this assessment exercise.
The same could be said about Moniuszko’s Park, which is also one of the
smallest parks in Lodz.
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5. DISCUSSION

5.1. Data about the urban parks

Information and data about parks in cities come predominantly from local author-
ities, and they provide the basis for the assessment of amenities found in parks
across a city. Additionally, information and knowledge come from data included
in inventories for these areas made for scientific purposes. We need to bear in
mind that data collected in local authorities’ files is often not utilised properly.
That is why there is a gap in the knowledge regarding the mathematical methods
that help identify areas of high potential from the point of view of city dwellers
assisting the decision-making process. Open Data, as a form of democracy and
an element of building smart cities, could help researchers and NGOs collaborate
when performing an independent analysis of various aspects of city functioning
(Kitchin, 2014; Gray and Lammerhirt, 2017).

The parks in Lodz which were covered by the study are located in very differ-
ent areas, and this impacts their perception as amenities in the city. It also trans-
lates into how attractive these spaces are, which itself depends on the criteria
against which attractiveness is measured. For our study, what mattered for the
assessment of parks within the Lodz Urban Zone were the attributes that facilitate
recreational, cultural or transportation functions. In the eyes of the experts, the
ability to access parks using municipal transport was especially important.

The parks included in our study also helped us reveal differences among them,
such as the area, plant species, and internal organisation. The differences also
translate into how the parks are perceived by residents who cast their votes annu-
ally for projects proposed within the framework of participatory budgeting.

The issue of accessibility clearly comes to the fore, since it is determined by
the existing transport system and the park’s location in a neighbourhood full of
urban amenities. For instance, Moniuszko’s Park is located in the city centre close
to the railway station, which is a public transport hub. Thus, apart from preserv-
ing heritage, the park performs the function of a pedestrian route. This function
dominates the recreational function. Haller’s Square, located in front of a hospital,
functions as a green ‘entrance hall’ to the facility. Klepacz’s Park is the front garden
to the Campus of the Lodz University of Technology (with nearly 20,000 students).
The Old Town Park links the historical city centre and the main street (Piotrkows-
ka) with a huge, post-industrial complex adapted for retail, leisure and cultural
purposes (the City of Lodz Museum, the Museum of Contemporary Art — MS2,
and the Manufaktura shopping mall), therefore, the flow of people is dominant. The
low position in the ranking is surprising. Matejko’s Park, developed in the French
style, looks extremely elegant and has natural values but it is located opposite the
University Library without any chance of becoming a shortcut.
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5.2. Amenities as components of park attractiveness

Our analysis has led us to believe that the facilities available in parks impact
their attractiveness. As suggested by the experts — and in line with the weights
for different criteria obtained from the AHP method — we may conclude that
the accessibility of parks to cyclists is emerging as a crucial factor of their at-
tractiveness. Other important criteria include the presence of small structures
and park furniture. Based on the results, we may also say that our multiple-cri-
teria analysis reflects the preferences of different groups of users, including
experts.

In light of the above, we might suggest that the city should improve the acces-
sibility of parks for cyclists and users of the city bike-share scheme, and install
more sports facilities and playgrounds for children in parks. Concerning parks
listed in the register of historical monuments, all design activities shall be agreed
upon by the conservationist of historical monuments. We should not forget about
attracting parents with children to enjoy peace and quiet in a nice green setting
without having to leave the city. The city authorities need to consider such invest-
ment projects in their plans for developing green spaces because they satisfy the
needs of different social groups living in the city.

The approach adopted for the paper has enabled us to conclude that multi-cri-
teria methods do not have to be used exclusively to assess park attractiveness; by
using partial results of the decision-making process, they may provide the basis
for research-based decision-making at the level of local authorities.

5.3. Comparison of the AHP and TOPSIS methods

Parks in cities are used to assess components of green infrastructure in urban
areas. By applying two research methods, AHP and TOPSIS, we were able to
establish how priorities concerning the attractiveness of parks, and building their
image, change depending on the method. Our results have shown two alternative
methods which produced two different rankings of attractiveness for the same
set of parks. We need to stress that the results increase the likelihood of finding
optimal solutions (Nilsson et al., 2016). When assessing the results from the two
methods shows that, looking at the correlation of the two rankings, the results
are strongly correlated despite having noticeable differences. The specification
of user preferences in light of these methods lets us explain how selected MCDA
methods assist decision-makers in Lodz to make decisions that are intended to
improve the attractiveness of the parks in the city. Consequently, they also help
identify strategies for improving the quality of green spaces in cities.
Importantly, the analysis, which was conducted in accordance with two MCDA
methods, facilitated the understanding of the decision-making process by local
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actors. Scientific analysis, as well as its practical application in everyday admi-
nistrative practices, provides justification of the results at different stages of the
procedure. It helps explain to local communities how decisions are made based
on the specific indicators used in the process. We need to stress that extending the
proposed model may be counterproductive as it may become impossible to un-
derstand due to the complexity of the relationships within it. Such a problem has
indeed been observed in the subject-matter literature (Cheng and Mattor, 2006;
Nordstrom et al., 2010), especially for the AHP. It also explains why expert pair-
wise assessments are used in the analysis and the weights of criteria estimated in
the AHP are used in the TOPSIS method.

5.4. Limitations on the use of the AHP and TOPSIS methods

Regarding the indicators that made it possible to apply both methods, we need to
bear in mind that they change depending on the size of the city or its infrastruc-
ture. We adopted a comprehensive approach; however, the attractiveness of urban
parks changes over time and is determined by season.

Additionally, while for the AHP method we must expect limitations resulting
from the number of levels in the decision-making structure — which should not
be greater than nine elements at each step — this limitation does not yet apply
to TOPSIS. Yet when it comes to TOPSIS, we should remember to choose a pro-
cedure to calculate the weights of individual components or to make a subjective
choice that allows that method to be used.

To apply the methods that we analysed here, we need data that can be used to
assess the attractiveness of urban parks based on the facilities available within
them and in their vicinity. The availability of data in a dynamic approach facili-
tates additional analysis designed to evaluate changes.

5.5. Knowing the city and MCDA methods

In accordance with our results, we need to stress that no matter where a park or
a city is located, these research methods can also be used to assess the attractive-
ness of parks against different sets of criteria. In addition to what we can learn
about a city from individual indicators describing parks, we can also gain know-
ledge about the city in the rankings of attractiveness prepared according to these
methods. This is how local authorities may discover which parks need additional
investments, as well as which factors are the most decisive for attractiveness.
Such knowledge provides the foundations for planning the development of green
infrastructure in the city (Meerow and Newell, 2017), which impacts the quality
of life of its residents (Degorska and Degoérski, 2017).



166 Marcin Feltynowski, Agnieszka Rzenca, Piotr Rzenca, Wiktor Wroblewski

6. CONCLUSIONS

The pre-selection of parks based on earlier research has shown that small parks
in the urban centre zone are more attractive than large parks on the outskirts.
This phenomenon seems to be a result of higher urban density and hence a higher
number of interactions per hectare. The choice of 9 parks is the highest possi-
ble number due to the limitations of the method. We have assumed that a park is
an urban amenity, and its attractiveness is the result of the amenities inside and
outside. The indicators are derived as quantitative parameters from earlier recog-
nised location attractiveness factors. To sum up, the applied methods (AHP and
TOPSIS) have made it possible to assign weights of value indicators to obtain an
intersubjective result of attractiveness. In addition, TOPSIS has provided a rank-
ing which is significantly correlated with the gradation of AHP results. Neverthe-
less, TOPSIS reorders position in the ranking groups at the top (1-2), in the mid-
dle (3—5), and at the bottom (6—9) of the table. The top 4 parks are, in fact, green
walkways — a front garden, an “entrance hall,” or a link to civic buildings and
complexes. The heavy traffic and flow of people become pre-dominant because
the assumed criteria promote various transport accessibility and a neighbourhood
of high urban density. Consequently, aesthetic, compositional, and natural values
are of secondary importance.

The presented methods seem ready to be used for city management purposes.
They may allow municipal administration to efficiently aggregate citizens’ needs
since the public sector is the data collector and owner. In the deliberative model
of city management, the use of these methods by NGOs or other independent re-
searchers is possible, provided that open data is available. In the decision-making
process concerning urban amenities, the criteria and indicators can be adjusted
and adapted to the specificity of a city and its inhabitants. The indictor weights
can be an intersubjective result of the opinions of experts who function as a link
with the community, or they can be a broad aggregation based on a public survey.
In conclusion, we recommend using these methods to make the right planning and
economic decisions in a constantly evolving city.
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