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Abstract. Urban green spaces can have potential pos-
itive impacts on climate, biodiversity, health, and gen-
erally on the quality of life for urban residents and are
of great importance for pursuing recreational activi-
ties. People as urban green space users should there-
fore be well informed about where they are located
within a city and what activities they are suitable for.
As people’s individual preferences play a significant
role in the decision-making process for visiting urban
green spaces, we present a method that enables to as-
sess urban green spaces upon various activities in ac-
cordance with a range of criteria. A sensitivity analy-
sis to investigate the influence of weighting the criteria
in a multi-criteria evaluation of the suitability of ur-
ban green spaces for recreational activities depending
on people’s preferences is in the focus. Initial results
are shown based on an exemplary use case of playing
Frisbee. Overall, the study is embedded in the develop-
ment of a spatial decision support system implemented
in the form of a web app to assist urban residents make
decisions in the context of green space use.

Keywords. sensitivity analysis, multi-criteria deci-
sion making, urban green space

1 Introduction

Cities are facing many challenges concerning the ef-
fects of ongoing global change and in providing their
inhabitants with adequate living conditions under these
circumstances. Urban green spaces such as public
parks, playgrounds, but also brownfields and private
gardens are fulfilling important functions to humans
and the environment. For example, urban green spaces
can have positive impacts on the urban micro climate

and air quality (Bolund and Hunhammar, 1999), and
the health of the population (Tost et al., 2019). They
can also serve as places for experiencing nature, recre-
ation, and social interaction (Dickinson and Hobbs,
2017; Krellenberg et al., 2014).

Urban green spaces are not evenly distributed in cities
and do not show the same suitability for different ac-
tivities such as jogging, biking, or reading, as this is
based on users’ needs in terms of the environmental
affordances (Hadavi et al., 2015). What is more, ex-
isting map services often only provide information on
the existence of urban green spaces without further ex-
plicit information about the existence of amenities and
their suitability for certain activities, although publicly
accessible urban green spaces and their amenities can
now be automatically mapped using open and VGI data
(Ludwig et al., 2021). Spatial decision support systems
(SDSS) with their various approaches offer the possi-
bility to evaluate the alternatives based on computed
characteristics (Keenan and Jankowski, 2019) by inte-
grating spatial data processing and multi-criteria deci-
sion making (MCDM) into a computer-based system.
They are designed to enable people to make more ef-
ficient choices, especially when dealing with spatial
decision-making issues (Malczewski, 1999). As, for
example in the present case, to choose urban green
spaces according to a range of weighted criteria under
certain activities. SDSS can thus bring the information
and available data together to support people in mak-
ing their choice for the best suitable urban green spaces
for their individual needs (in terms of criteria for pur-
suing certain activities). To better interpret the results
of an SDSS, sensitivity analyses are used to examine
the extent of output variation in a model when pa-
rameters are varied systematically over a certain range
(Delgado and Sendra, 2004). Former studies on the as-
sessment of urban green spaces using SDSS supported
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several research fields such as monitoring urban green
spaces to aid local authorities for the enhancement of
urban green spaces (Pelizaro et al., 2005), analyzing
urban green spaces in terms of accessibility and quality
to support sustainable urban planning (Stessens et al.,
2017; Meng and Malczewski, 2015), and evaluating
the suitability of sites for the further development of
urban green spaces (Li et al., 2018). In this context, this
paper presents a newly developed SDSS approach that
allows the evaluation of urban green spaces in terms of
their suitability upon a range of recreational activities.

As sensitivity analysis plays a significant role at the
end of the SDSS development process and is explained
as the investigation of how the uncertainties in the
output of a model can be attributed to the uncertain-
ties of its inputs (Saltelli, 2002), it is likewise applied.
This refers, for example, to Grêt-Regamey et al. (2017)
who developed an SDSS including a sensitivity analy-
sis step to help allocate urban development areas, Chen
et al. (2010) and Xu and Zhang (2013) who employed
a method to better examine the sensitivity of criteria in
the context of land suitability evaluation. Aminu et al.
(2014) designed a system for sustainable tourism plan-
ning and employed a sensitivity analysis method to un-
cover the uncertainty of expert judgments given. Chen
et al. (2018) proposed an MCDM method for a site se-
lection problem followed by a sensitivity analysis step
measuring the model sensitivity to changes in the crite-
ria weights. Finally, the work of Myagmartseren et al.
(2017) should be mentioned, who investigated the us-
ability of GIS-based MCDM in terms of the develop-
ment of new urban areas exploring the contribution of
sensitivity analysis to their study. Our study, unlike ex-
isting approaches, examines the sensitivity of urban
green space suitability to criteria weight variations in
terms of undertaking several recreational activities in
conjunction with developing an SDSS approach.

With all these in mind, the overall aim of the pre-
sented study is to ascertain both the influence of criteria
weight simulation on urban green space suitability and
the individual impacts of each criterion on the assess-
ment of urban green spaces by enabling one of the most
prominent sensitivity analysis methods, One-at-a-time
(OAT) method (Chen et al., 2010; de Brito et al., 2019),
in which the criteria weights in the developed SDSS
approach are varied within a specific range. Therefore,
this study seeks to address the following questions:

• What impacts does changing the criteria weights
in the SDSS have on the assessment of urban
green spaces?

• Given the association between activity and crite-
ria, what are the predominant criteria that yield
major impacts on urban green space suitability
score calculation?

To this end, we first briefly present the developed
SDSS approach with its steps and then address its link-
age to the sensitivity analysis. We focus only on the
presentation and discussion of the results of the imple-
mented sensitivity analysis to assess the suitability of
urban green spaces using an exemplary case study.

2 Methodology

Given the definition of SDSS (Malczewski, 1999), ur-
ban green spaces can be assessed with an SDSS ap-
proach in terms of their suitability for several activities
by taking user preferences into account. As users ex-
pect a change in the results upon their personal prefer-
ences, the OAT sensitivity analysis method as a follow-
up step investigates how sensitive the outcome is to dif-
ferent user preferences, which are the criteria weights.
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Figure 1. Hierarchy of multi-criteria decision making
(adapted from Saaty (1990))

The developed SDSS approach for activity-based ur-
ban green space assessment comprises of the hierarchy
of decision making (Fig. 1) provided by Saaty (1990)
and calculation of criteria weights proposed by Keeney
et al. (1993). Whilst forming a hierarchy helps us ex-
plicitly demonstrate the decision-making process from
the objective to the assessment of urban green spaces,
by including criteria and indicator definitions as inter-
mediate steps, the calculation of criteria weights lead
us to absorb the importance of user participation.

The steps of the developed SDSS approach are sum-
marized in a workflow (Fig. 2). There are two prelim-
inary steps: a) identify activities and their correspond-
ing criteria, and b) calculate indicators to measure the
degree of fulfillment in relation to the criterion. The
results form the input for the five subsequent steps of
the actual workflow (gray box): c) acquire user pref-
erences for each criterion through two surveys (Krel-
lenberg et al., 2021), d) calculate criteria weights via
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Multi-Attribute Utility Theory (MAUT) (Keeney et al.,
1993), e) normalize indicator values, f) calculate suit-
ability scores for urban green spaces, and finally g)
apply sensitivity analysis to examine the sensitivity
of urban green space suitability to changes in criteria
weights. The results of the sensitivity analysis are de-
noted here with a dotted arrow as a potential input for
the adaptation of the indicator set. A dashed arrow at
the end of the workflow indicates that the developed
approach is integrated into a web-based application.
However, this article focuses on the implementation of
sensitivity analysis and answering the mentioned re-
search questions.

activities and
associated criteria

normalize
indicator values

calculate criteria
weights

calculate suitability
scores

conduct sensitivity
analysis

acquire user
preferences

integrate into a web
based application

indicators
ab

c
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Figure 2. Overview of the workflow of the study com-
posed of multiple steps from identification of activities to
conducting sensitivity analysis

2.1 Identification of activities and their corre-
sponding criteria, and development of indica-
tors

The two preliminary steps in Fig. 2 are based on prior
work by Krellenberg et al. (2021) and underlie our
SDSS approach to evaluate the urban green spaces
upon specific recreational activities. Thereby, relevant
recreational activities and the corresponding criteria
necessary for their practice were defined. For a spa-
tial assessment of the criteria on the level of individual
urban green spaces, indicators expressing the degree of
fulfillment to a criterion in a numerical value were then
developed and processed. A total of 18 activities (e.g.
running, playing Frisbee) were identified and associ-

ated with 34 criteria (e.g. meadow flatness) represented
by 36 indicators (e.g. average slope of the largest con-
tinuous meadow area of the green space) (ibid.).

2.2 Normalization of indicator values

Indicator values were normalized in the range of [0, 1]
according to individual utility functions (Keeney et al.,
1993) for each criterion. They were defined by consid-
ering the nature of each criterion under the activities.
For instance, the indicator values of meadow flatness
under playing Frisbee were normalized using the neg-
ative min-max normalization (Ishizaka and Nemery,
2013), indicating that the flatter the meadow, the more
suitable the urban green spaces.

2.3 Acquisition of user preferences

In this step, user preferences were obtained via impor-
tance scores for each criterion determining the weights.
Through an on-site and an online survey, the partici-
pants were asked to assign an importance score to each
criterion between not important at all and extremely
important quantitatively recorded by values from 0 to
10 (Krellenberg et al., 2021). The results of these sur-
veys were used for calculating the underlying criteria
weights in the initial urban green space assessment, al-
though the SDSS integrated into the web app includes
a user preference acquisition interface to assess the ur-
ban green space suitability in real-time.

2.4 Calculation of criteria weights

The criteria weights were calculated as follows:

Wi =
Pi
n∑

i=1

Pi

(1)

n∑
i=1

Wi = 1.0 (2)

where Wi and Pi represent the calculated weight and
the importance score assigned by the users for the i-th
criterion, respectively. n is the total number of criteria
for the associated activity. Here the sum of the criteria
weights for each activity must be equal to one.

2.5 Calculation of suitability scores

We designed the calculation of urban green space suit-
ability scores as an activity-based approach. Once we
acquired the importance scores for each criterion of
a desired activity from the users, the criteria weights
were calculated. Each urban green space was scored,
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possessing available data for the selected activity’s
criteria accordingly. The method carried out can be
glanced in the following equation:

S =
n∑

i=1

Vi×Wi (3)

where S is the calculated suitability score for the urban
green spaces. Vi and Wi show respectively the normal-
ized indicator value and weight of the i-th criterion.

2.6 Sensitivity analysis

We employed the OAT method to ascertain the sensi-
tivity of the urban green space suitability against vari-
ations in criteria weights within the activity-based ur-
ban green space assessment. The simulation involves
defining the criteria weight change range and the step
size (Chen et al., 2010). Criteria weights were simu-
lated in the range of [-100%, +100%] with a step size
of 20%, and with a -100% change within the criteria
weights meant that the corresponding criterion is omit-
ted from the urban green space suitability score calcu-
lation and +100% results that the weight is doubled.
Thereby we aimed at exploring the sensitivity of urban
green space suitability at the outermost boundaries. In
addition to Eq. (2) in which it was ensured that the sum
of the underlying criteria weights equals one, the sum
of each simulated criterion weight and their adjacent
criteria weights must also be equal to one. Therefore,
we modified the adjacent criteria weights according to
the following equation proposed by Chen et al. (2010):

w(ci, rate) = (1−w(cm, rate))× w(ci,0)

1−w(cm,0)

i 6=m, 16 i6 n

(4)

where w(ci, rate) indicates the adjacent criteria
weights at a specific rate, w(cm, rate) shows the
weight of the main changing criterion, w(ci,0) and
w(cm,0) represent the underlying weights of the i-th
criterion and main changing criterion, respectively. n
expresses the total number of criteria per activity.

To describe the sensitivity of urban green space suit-
ability, we separated the urban green spaces based
on their individual suitability scores into two groups
namely low and high suitable using the Natural Breaks
algorithm (Slocum et al., 2008). Thereafter, we ob-
served the changes in the number of urban green spaces
between these two suitability groups per simulation
step. To ascribe meaning to these changes, we calcu-
lated a single change value between the number of ur-
ban green spaces in the base run and each simulation,

and computed an average change value for each crite-
rion with the following equations:

change= (
Nsim−Nbase

Nbase
)× 100 (5)

where Nsim and Nbase represent the number of urban
green spaces per simulation and in the base run, respec-
tively.

avg =

n∑
i=1

|changei|

n
(6)

where n is the number of runs per criterion, which is
ten in our case.

Finally, we will interpret the sensitivity of urban green
space suitability to changes in criteria weights based
on the calculated average values.

3 Case study

3.1 Study area

The city of Dresden, capital of the Free State of Sax-
ony in Germany, serves as a study area for applying
the SSDS approach. The population density in Dres-
den is 1616 inhabitants per km2 and the proportion of
inhabitants living within a radius of 300 m and 700
m of urban green spaces that are respectively greater
than 1 ha and 10 ha (Grunewald et al., 2019) is 60.2%
(i.e. urban green space accessibility), making the city
42nd and 176th places, respectively, out of 191 cities
with at least 50,000 inhabitants in Germany (IOER,
2021). Thus, the information about the potential to un-
dertake specific activities with regards to individual
preferences can support the use among the population
that not yet accessed the existing urban green spaces.

3.2 Playing Frisbee as an example activity

To exemplify the approach, we explored the sensitiv-
ity of urban green space suitability to changes in the
criteria weights of the activity playing Frisbee. This
activity can be done in many urban green spaces and
there was a broad consensus among respondents of the
conducted surveys about the criteria needed to play
Frisbee. The top four criteria given by the respon-
dents (Krellenberg et al., 2021) for playing Frisbee are
shown in Tab. 1. The data set used contains a total
of 2294 urban green space polygons with attributes of
the respective indicators. The polygons were generated
from a fusion of official city block geometry data, the
public parks and green areas (opendata.dresden.de),
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and OpenStreetMap (www.openstreetmap.org). De-
tailed data sources of the indicators used can be found
in Krellenberg et al. (2021).

Table 1. Activity playing Frisbee and its corresponding
criteria and indicators

activity criteria indicators

playing
Frisbee

meadow size size of the largest
continuous meadow area
of the green space [m2]

shade share of tree area of total
green space [m2/m2]

trees share of tree volume of total
green space [m3/m2]

meadow flatness average slope of the largest
continuous meadow area of
the green space [◦]

4 Results

In the case study Dresden, the simulation of criteria
weights yielded ten different values per criterion for
the activity playing Frisbee. These results are illus-
trated in Tab. 2 with an associated color gradient to
visualize the impact of the step size in the simulation
process. A red gradient is defined for negative weight
changes and green for the positive ones. The base run
is marked by gray colored lines. Uncolored columns
represent the altered weights of the adjacent criteria as
previously given in Eq. (4) with w(ci, rate).

Using the base run criteria weights, the urban green
spaces were scored to indicate how suitable they are
for meeting the requirements of playing Frisbee. We
used these scores to divide the urban green spaces into
two groups as low and high suitable and illustrated the
changes in the number of urban green spaces, that var-
ied from the base run, as percentages per step. Addi-
tionally, to keep track of the average effect caused by
the weight changes in the urban green space suitability,
we calculated a mean urban green space score per step.
Tab. 3 presents the results including the mean change
in the number of urban green spaces with a green gra-
dient for each criterion to indicate the sensitivity level
of the urban green space suitability: the brighter the
green, the higher the sensitivity, indicating that urban
green space suitability for playing Frisbee is most sen-
sitive to the criteria weight changes of meadow flatness
with average values of 14.90% and 10.61% in the low
and high group, respectively.

In addition to Tab. 3, we spatially mapped the suit-
ability values of the urban green spaces in the city
of Dresden (Fig. 3). The map shows the variations
in suitability values for playing Frisbee using the de-
fault weights (middle) as well as the outermost lim-
its of weight changes, which are +100% (bottom) and
-100% (top). Suitability scores are shown from very

Table 2. Simulation of criteria weights for the activity
playing Frisbee within the range of [-100%, +100%]

weight meadow shade trees meadow
change size flatness

-100% 0.0000 0.3351 0.2984 0.3665
-80% 0.0683 0.3122 0.2781 0.3415

m
ea

do
w

si
ze

-60% 0.1366 0.2893 0.2577 0.3164
-40% 0.2048 0.2664 0.2373 0.2914
-20% 0.2731 0.2436 0.2169 0.2664
base 0.3414 0.2207 0.1966 0.2414

+20% 0.4097 0.1978 0.1762 0.2164
+40% 0.4779 0.1749 0.1558 0.1913
+60% 0.5462 0.1521 0.1354 0.1663
+80% 0.6145 0.1292 0.1150 0.1413
+100% 0.6828 0.1063 0.0947 0.1163
-100% 0.4381 0.0000 0.2522 0.3097
-80% 0.4187 0.0441 0.2411 0.2961
-60% 0.3994 0.0883 0.2299 0.2824
-40% 0.3800 0.1324 0.2188 0.2687

sh
ad

e

-20% 0.3607 0.1766 0.2077 0.2551
base 0.3414 0.2207 0.1966 0.2414

+20% 0.3220 0.2648 0.1854 0.2277
+40% 0.3027 0.3090 0.1743 0.2140
+60% 0.2834 0.3531 0.1632 0.2004
+80% 0.2640 0.3972 0.1520 0.1867
+100% 0.2447 0.4414 0.1409 0.1730
-100% 0.4249 0.2747 0.0000 0.3004
-80% 0.4082 0.2639 0.0393 0.2886
-60% 0.3915 0.2531 0.0786 0.2768
-40% 0.3748 0.2423 0.1179 0.2650

tr
ee

s

-20% 0.3581 0.2315 0.1572 0.2532
base 0.3414 0.2207 0.1966 0.2414

+20% 0.3247 0.2099 0.2359 0.2296
+40% 0.3080 0.1991 0.2752 0.2178
+60% 0.2913 0.1883 0.3145 0.2059
+80% 0.2746 0.1775 0.3538 0.1941
+100% 0.2579 0.1667 0.3931 0.1823
-100% 0.4500 0.2909 0.2591 0.0000
-80% 0.4283 0.2769 0.2466 0.0483

m
ea

do
w

fla
tn

es
s

-60% 0.4066 0.2628 0.2341 0.0966
-40% 0.3848 0.2488 0.2216 0.1448
-20% 0.3631 0.2347 0.2091 0.1931
base 0.3414 0.2207 0.1966 0.2414

+20% 0.3197 0.2066 0.1840 0.2897
+40% 0.2979 0.1926 0.1715 0.3379
+60% 0.2762 0.1786 0.1590 0.3862
+80% 0.2545 0.1645 0.1465 0.4345
+100% 0.2328 0.1505 0.1340 0.4828

light (minimum) to dark green (maximum). Noticeable
are the large urban green spaces adjacent to each other,
located towards the northeast of the city. These belong
to the Dresden Heath, which is a forestry area in Dres-
den and important for recreational activities.

5 Discussion

Our findings related to the first research question in-
dicate that even small changes in criterion weights
strongly affect the scores of urban green spaces for the
example activity playing Frisbee. Therefore, the suit-
ability of urban green spaces for the chosen activity is
highly influenced by user preferences.
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Table 3. Sensitivity of urban green space (UGS) suitabil-
ity to the criteria weight simulation

weight mean # of UGS: changes in # of UGS:
change UGS score low high low [%] high [%]

-100% 0.7595 411 750 -14.9068 10.6195
-80% 0.7555 417 744 -13.6646 9.7345

m
ea

do
w

si
ze

-60% 0.7516 437 724 -9.5238 6.7847
-40% 0.7476 455 706 -5.7971 4.1298
-20% 0.7437 472 689 -2.2774 1.6224
base 0.7397 483 678 0.0000 0.0000

+20% 0.7358 484 677 0.2070 -0.1475
+40% 0.7318 490 671 1.4493 -1.0324
+60% 0.7279 484 677 0.2070 -0.1475
+80% 0.7239 489 672 1.2422 -0.8850

+100% 0.7200 481 680 -0.4141 0.2950
mean change – – – 4.9689 3.5398

-100% 0.7567 426 735 -11.8012 8.4071
-80% 0.7533 435 726 -9.9379 7.0796
-60% 0.7499 450 711 -6.8323 4.8673
-40% 0.7465 455 706 -5.7971 4.1298

sh
ad

e

-20% 0.7431 465 696 -3.7267 2.6549
base 0.7397 483 678 0.0000 0.0000

+20% 0.7363 495 666 2.4845 -1.7699
+40% 0.7330 500 661 3.5197 -2.5074
+60% 0.7296 509 652 5.3830 -3.8348
+80% 0.7262 515 646 6.6253 -4.7198

+100% 0.7228 517 644 7.0393 -5.0147
mean change – – – 6.3147 4.4985

-100% 0.7478 457 704 -5.3830 3.8348
-80% 0.7462 463 698 -4.1408 2.9499
-60% 0.7446 468 693 -3.1056 2.2124
-40% 0.7430 474 687 -1.8634 1.3274

tr
ee

s

-20% 0.7414 483 678 0.0000 0.0000
base 0.7397 483 678 0.0000 0.0000

+20% 0.7381 482 679 -0.2070 0.1475
+40% 0.7365 483 678 0.0000 0.0000
+60% 0.7349 491 670 1.6563 -1.1799
+80% 0.7333 492 669 1.8634 -1.3274

+100% 0.7316 481 680 -0.4141 0.2950
mean change – – – 1.8634 1.3274

-100% 0.6966 574 587 18.8406 -13.4218
-80% 0.7052 560 601 15.9420 -11.3569
-60% 0.7139 540 621 11.8012 -8.4071

m
ea

do
w

fla
tn

es
s -40% 0.7225 525 636 8.6957 -6.1947

-20% 0.7311 503 658 4.1408 -2.9499
base 0.7397 483 678 0.0000 0.0000

+20% 0.7484 454 707 -6.0041 4.2773
+40% 0.7570 430 731 -10.9731 7.8171
+60% 0.7656 402 759 -16.7702 11.9469
+80% 0.7742 366 795 -24.2236 17.2566

+100% 0.7828 330 831 -31.6770 22.5664
mean change – – – 14.9068 10.6195

Considering the second research question, we inves-
tigated which criteria the suitability of urban green
spaces is most sensitive to. Myagmartseren et al.
(2017) concluded that the highest number of changes
between different suitability classes occur when the
most important criterion in the base run is simulated.
However, our results show that the changes are inde-
pendent of the underlying criteria weights. That is to
say, the most important criterion in the base run is not
necessarily the criterion that urban green space suit-
ability is the most sensitive to. Based on the underlying
values, meadow size is the most important criterion in
our study. However, considering the results of sensitiv-
ity analysis, the urban green space suitability is most
sensitive to the simulation of weights of meadow flat-
ness, which is the second most important criterion in
the base run. The reason here could be other steps of
the workflow (Fig. 2), e.g. normalization procedure for

Figure 3. Illustration of urban green space suitability in
the city of Dresden upon playing Frisbee with the base
meadow flatness weight (middle), decreased weight by -
100% (top), and increased weight by +100% (bottom)

indicator values. Compared to meadow flatness, where
an average 72 urban green spaces moved between two
suitability classes in the analysis for the City of Dres-
den, urban green space suitability is least sensitive to
changes of trees weights, where only 9 of the urban
green spaces moved between two classes (Tab. 3).

Additionally, the mean urban green space scores in
Tab. 3 are not entirely consistent with the changes in
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the number of urban green spaces. For instance, a 20%
negative change in the weight of trees increases the
mean urban green space score by about 0.23%, whilst
it does not make any difference in the change in the
number of urban green spaces. This could mean that
this much change in the weights still affects the ur-
ban green space score calculation, whereas its effect
does not necessarily be the same as the changes in the
number of urban green spaces between two suitabil-
ity classes. However, this could be made more consis-
tent by dividing the urban green spaces into more than
two suitability classes and then allowing smaller grad-
ual changes to be considered.

The results suggest that users can expect a greater
change in urban green space suitability when differ-
ent importance scores are assigned to meadow flat-
ness than to other criteria. This underpins that the pre-
dominant criterion for undertaking playing Frisbee in
Dresden is the meadow flatness. Therefore, an accu-
rate measurement of this criterion must be ensured by
the developers of the web app to provide feasible and
practical results for the users.

Whilst interpreting the results of the sensitivity analy-
sis, uncertainties associated with the sample size also
need to be taken into account. For example, if a crite-
rion is highly sensitive, special attention should be paid
to ensuring high quality of survey-based results on the
importance scores obtained for that criterion (see Krel-
lenberg et al. (2021)), which increases with the number
of responses (large sample). The more sensitive a cri-
terion, the more accurate the measurement instrument
should be to determine the default weights for the dif-
ferent activities. Furthermore, in case certain criteria
are of very high sensitivity, an attempt could be made
to use this information to more precisely define related
activities in order to provide adequate default weights
for more specific user groups (e.g., for beginner Fris-
bee players and professional). This means that default
weights can be more adequately captured the better the
knowledge of the sensitivity of the system.

6 Conclusion and Outlook

Investigating the sensitivity of the urban green space
suitability for undertaking recreational activities pro-
vides important findings to uncover the impacts of the
user-indicated preferences. By simulating these prefer-
ences, which are the criteria weights, around a specific
range in the multi-criteria evaluation of urban green
spaces, this study demonstrated that each criterion has
a distinctive influence on the urban green space suit-
ability for one defined recreational activity: playing
Frisbee. Our method can simply be applied to other
types of activities to help deduce the predominant cri-
teria in the urban green space assessment.

Our sensitivity analysis approach considers only the
simulation of user-dependent inputs and does not fo-
cus on simulating the indicator values, which can also
potentially affect the urban green space assessment.
Future research, implementing the sensitivity analysis
from a developer’s perspective, should aim to examine
not only the impact of criteria weights simulation but
also the indicator values and their calculation methods.
Moreover, investigating the sensitivity of urban green
space suitability by varying multiple weights simulta-
neously rather than just one of them could be a good fu-
ture approach to address the research question in more
detail.

7 Software and data availability

To be able to perform the described procedure, mul-
tiple functions are developed in Python program-
ming language using various packages such as Pan-
das, GeoPandas, and NumPy. The data sets used in this
study are two GeoJSON files including the city bound-
ary and the urban green space geometries with the as-
sociated indicator values for the selected activity. All
the data and source code related to this study are acces-
sible at doi.org/10.5281/zenodo.4672538 with instruc-
tions included in the README.md.
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