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1 ABSTRACT

The paradigm of sustainable resilient cities und@es the importance of how to withstand and rapidl
recover from natural disasters, pandemics, or dbrstresses associated with increasing urbanization
environmental degradation, and climate change tiirabe use of advanced technologies and data arsalyt
Access to urban green spaces is a key requireraeitel/eloping and maintaining a sustainable, eaili
and healthy city, as described in Sustainable Dgveént Goal 11.7 and the Sendai Framework. Due to
necessary triple inner urban development procabsdscreates multifunctional spaces in urban aréws,
resulting vertical and horizontal densificationeoftleads to an impairment of visual access to ugrean
spaces. Green window views, which reveal visualesgcto green spaces from buildings, provide a
significant impact on multidimensional aspects dfamn dwellers. Still, few studies present how thisn of
access, in its gquantitative and qualitative comipjexshould be operationalized into a tool for urba
planning. Given socio-technical advances, crowdsngr as an increasingly popular participatory rodth
for collecting and managing data, has the potettialontribute to the realization of inclusive ptarg by
incorporating passive and active participatory peses and open-source standards. Therefore, tig st
aims to integrate key aspects of crowdsourced-bapptbach and window view accessibility analysig. B
leveraging the power of crowdsourcing, we invesédghe potential of Volunteered Window View Imagery
(VWVI) for green window view analysis. IncorporaginVWVI enables informed decisions by urban
planners, ensuring resilient, inclusive, and agb&ssurban green spaces. This integration of VG4 an
window view analysis advances sustainable andeesilirban development.

Keywords: sustainable resilient cities, urban gresaces, crowdsourcing, spatial planning, visipilit
analysis

2 INTRODUCTION

Owing to their multiple ecosystem services to urpapulations, planning and ensuring high qualitgd an
accessible urban green spaces are crucial fortairsaisle and resilient city, as SDG 11.7 requi&enferaro

et al., 2021; United Nations, 2017). In additiorthie availability (number, size, and ratio) andemssibility
(distance, travel time, and buffer zones), visipitiains a key role in ensuring accessible urbaemgispaces
due to spatial and access consequences of naisaatets like floods or pandemics on the urbanespad
the urban population (Amerio et al., 2020; Hobe&cBlobeica, 2018; Labib et al., 2021; Yin et al.23).
Additionally, increasing urbanization and the impbntation of necessary triple inner urban develaogme
processes, which focus not only on built-up redemadion but also on the planning of mobility offeand
the increase of urban green spaces quantity ardygiead to two- and three-dimensional changearbin
space and thus to a changed visual access to grban spaces (Haaland & Konijnendijk van den Bosch,
2015; Umweltbundesamt, 2022). In order to meetelobsllenges and to guarantee a sufficiently attiless
provision of urban green spaces, it is necessamye@sure, evaluate, and investiagte the statusitpaiion

as well as planned scenarios of built-up and udyvaen spaces. For this purpose, smart approaclesas
the use of digital twins or big data, are increglsirbeing used to gain the necessary insights ésaekt al.,
2023). In the digital era, leveraging alternativatad sources like social sensing, crowdsourcing, and
Volunteered Geographic Information (VGI) can enlmndata capabilities. Accessing near-real-time
geospatial information can lead to better-infornaettisions, driving innovation in geospatial teclogy,
improving the quality and applicability of spati@dta, overcoming institutional barriers, and sttkeging
community resilience through enhanced access tspgdial information services (FIG, 2019; UNISDR,
2017; World Bank, 2020).

In this paper, recognizable limitations in the o$e¢hese approaches in the quantification of vesiatcess
will be addressed by the presentation of an integrramework that leverages the power of crowdsogr
for visibility analysis of urban green spaces (ekal., 2023). The paper first presents the rebeavntext of
visible urban green spaces and crowdsourcing ingutheir methodologiocal state of the art as veall
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challenges and research gaps and links both résemeas into an integrated approach for using
crowdsourcing to collect and evaluate Volunteereidddw View Imagery (VWVI). The paper concludes
with an outlook for planning practice and research.

3 RESEARCH CONTEXT

3.1 Visibility of Urban Green Spaces

The visibility of urban green spaces can be undedsas the visible connection between the urbarlewe
and urban vegetated areas (adapted from Wang (@04l7)). Depending on the location of the obsertrar
observation level can be on the street (street)vawin the building (window view) (Bolte et al.029).
Streets are primarily publicly accessible and ¢eamdfore be used by the general public, wheretizicase
of buildings a distinction needs to be made betwaelnlicly accessible and usable (such as schoots, a
hospitals) or privately accessible and used (egjdential buildings or workplaces). In both acassses, the
visibility of urban green spaces matters. The exXargpstudies in Fig. 1 serve to illustrate the ctarp
research field of visibility analysis of urban gnespaces.

Visibility of Urban Green Spaces

Street View Window View
EE
Observation 8l
Levels
Bl
g en| -9
Decrease: Decrease:
— Mental disorders (Kang et al. 2020) — Criminal activity (Matsuoka 2010)
— Subjective noise perception (Sun et al. 2018)
Effects on
Urban Dweller Increase: Increase:
+ Real estate prices (Biljecki & Ito, 2021) + Cognitive recovery (Lindemann-Matthies et al. 2021)
+ Cycling behaviours (Kang et al. 2020) + Real estate prices (Gu et al. 2021)
+ Subjective safety perception (Tabrizian et al. 2018) + Subjective happiness perception (Kaplan Mintz et al. 2021)
+ Urge for physical activity (Ugolini et al. 2021)
Automated Automated:
— Green View Index (GVI) (Yang et al. 2009) — Floor Green View Index (FGVI) (Yu et al. 2016)
— Modefied GVI (Li et al. 2015) — Building Visual Greenness Index (BVGI) (Wang et al.
— Panoramic GVI (Chen et al. 2019) 2019)
— Standardized GVT (Kumakoshi ct al. 2020) — Window View Index (WVT) (Li ct al. 2022)
— Viewshed Greenness Visibility Index (VGVI) (Labib et al 2020) — 3D-isovist analysis (Fisher-Gewirtzman et al. 2013)
Methodology — 3D-isovist analysis (Chmielewski 2021) — 3D-space syntax analysis (van Nes & Yamu 2021)
— 3D-space syntax analysis (Kim et al. 2019) — Viewshed analysis (Kara et al. 2020)
— Viewshed analysis (Cimburova & Blumentrath 2022) — Line of sight analysis (Gu et al. 2021)
— Line of sight analysis (La Rosa 2012)
— Semantic segmentation (Emek Soylu et al. 2023)
Manual: Manual:
— Field survey (Ponthep Meunpong et al. 2019) — Photo evaluation (Lindemann-Matthies et al. 2021)
— Questionnaire (Kaplan Mintz et al. 2021)
— Door-to-door houschold surveys (Brace et al. 2020)
— Face-to-face interviews (Torres Toda et al. 2020)
Website: Smartphone App: Website:
— Maptionnaire — Greenmapper — Window Swamp
. — Hotspot Monitor — My Landscape Ratings ~ View From Your Window
Crowdsourcing -G _ Rate My View
. reenmapper ate My View
Projects — Scenic-Or-No — Greentracker
— MyPlaceToBe — Mapillary
(Bubalo ct al. 2019) — Kartaview
— OpenStreetCam
(Bubalo et al. 2019)
Fig. 1: Visibility of urban green spaces. SourcewrQllustration.
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3.1.1 Multidimensional Effects on Urban Dweller

Independent of the level of observation, the vidwirdan green spaces has significant positive tffen
urban dwellers. Effect areas concerning the psycluognitive recovery as well as the subjectivesapand
safety perception, for example are positively iefloed (Kang et al.,, 2020; Kaplan Mintz et al., 2021
Lindemann-Matthies et al., 2021; Sun et al., 20krizian et al., 2018). The view of green spaeass$ to
an increase in physical activity or in real estatkies and to a decrease in criminal activity @k & Ito,
2021; Gu et al., 2021; Kang et al., 2020; Matsu@¥d,0; Ugolini et al., 2021). The consequentlysitated
relevance for the integration of visibility anakysnto planning practice includes street planniagvall as
building planning.

3.1.2 Methodology to Measure Quantity and Quality of WisiUrban Green Spaces

A variety of automated or manual methods can bdiexpfpy now in order to measure the quantity and
quality of visible urban green spaces (Brace e2820; Chen et al., 2019; Chmielewski, 2021; Ciroka

& Blumentrath, 2022; Emek Soylu et al., 2023; FisBewirtzman et al., 2013; Gu et al., 2021; Kaplan
Mintz et al., 2021; Kara et al., 2020; KIM et &019; Kumakoshi et al., 2020; La Rosa, 2012; Ladibl.,
2020; M. Li et al., 2022; X. Li et al., 2015; Lingkann-Matthies et al., 2021; Ponthep Meunpong g2@L9;
Torres Toda et al., 2020; van Nes & Yamu, 2021; gveinal., 2019; Yang et al., 2009; Yu et al., 20T6)e
majority of automated indices to quantify urban egrespaces on the street level rely on semantic
segmentation of Street View Imagery (SVI), in wh@@hogle Street View® plays a key role as data pl@vi
(Biljecki & Ito, 2021; Chen et al., 2019; Emek Sowt al., 2023; Kumakoshi et al., 2020; X. Li e aD15;
Yang et al., 2009). For window view quantificatidhe majority of automated approaches are based on
three-dimensional environment modeling and use sied analyses or line of sight analyses(Gu e2@21;
Kara et al., 2020; Wang et al., 2019; Yu et al.180 Concerning manual quantification approaches to
investigate window views, there is a noticeableufoon surveying the inhabitants or users of buislin
Especially these manual approaches are also us¢ldef@ssessment of window views (Brace et al.0202
Kaplan Mintz et al., 2021; Lindemann-Matthies et 2021; Torres Toda et al., 2020).

3.2 Crowdsourcing and Voluneteered Geographic Informatbn (VGI)

The rapid progress in geospatial technologiesgtibly emerging data sources such as Digital TwWihfe)

2.0, mobile communications, volunteer crowdsourgcitigital volunteering, georeferencing, and geoiagg
has led to profound changes in urban studies. Thdsancements have prompted urban initiatives to
reevaluate their core principles and approachesd@gessing the power of these technological capedi
urban initiatives can proactively reshape plannamgl practices. However, this requires embracing the
potential of these technologies to adapt and effegt respond to evolving challenges, thereby of#iing

the overall resilience and sustainability of urlaaeas for a livable city (Goodchild, 2007; HawagtiBruce,
2015; Porto de Albuquergue et al., 2021).

Over a decade ago, VGI was defined by Goodchil®@72@s the utilization of tools to voluntarily ctea
compile, and distribute geographic data contribubgdindividuals. Since then, the landscape of VGI
activities has expanded, encompassing a wide rafhgentributions such as online crowdsourced magppin
and location-related posts on social media. Thisipted with the advent of digital transformatiorash
transformed the acquisition and provision of getiapdata, significantly impacting established awitative
systems and fostering new avenues of public engagethrough voluntary contributions (Fernandesl.et a
2020; Foody et al., 2017). Noteworthy attributed/&fl include its ability to capture the temporalndynics

of spatial information, enabling multidirectionabramunication, enhancing situational awareness, and
harnessing collective intelligence, potentially magsing the capabilities of traditional geospatialasets
(Haworth et al., 2018; Kankanamge et al., 2019).

Hence, incorporating VGI into sustainable greercspaitiatives offers numerous advantages. It ndy o
helps bridge the data gap in geospatial informatedated to green spaces by involving volunteerthen
collaborative creation, curation, and disseminatdrfree, up-to-date, and near-real-time geospatih
(Givoni, 2016; Solis et al., 2021), but also fosteglf-organization within the digital volunteettwerk. This
empowers remote citizens and volunteers to actigehtribute their technical expertise, local knadge,

and on-site insights to enhance sustainable gregcesnitiatives (Capineri et al., 2016; Johnsoii&ber,
2013). Furthermore, leveraging these collaboratlata ecosystems can promote the accessibility of
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geospatial information and associated techno-sdoials for all individuals, while also facilitatinthe
development of innovative customized tools thattitbute to assess visibility and accessibility oéen
spaces (Arsanjani et al., 2015).

3.2.1 Existing Cowdsourcing Projects for Quantifying akgbessing Visible Urban Green Spaces

The integration of the mentioned potentials andrgjths of crowdsoucing and VGI is mainly considared
the street view analysis (see Fig. 1, p.2). A pityraf projects focus on the collection of Volueted Street
View Imagery (VSVI), view locations, and view ragm and are operated through websites or smartphone
apps (Bubalo et al., 2019; Hou & Biljecki, 2022; hadir et al., 2020; Qiu et al., 2023). The existignber

of different projects initiates the quality check data and information in terms of subjectivity and
objectivity, as well as the comparison of applicas, complementing the investigation of individual
visibility effects at the street level with VSVI @d & Biljecki, 2022; Mahabir et al., 2020; Qiu dt,2023).
Considering crowdsourcing for window views, VWVIldsllected via websites or on request in a blogrfor

and presented with further information about theatmn and time of VWVI. The artistic focus of both
projects, with no discernible claim to researchtytiis unifying.

4 UTILIZAZING CROWDSOURCING IN WINDOW VIEW ANALYSIS

4.1 Information Bundling from Volunteered Window View | magery (VWVI)

Despite the wide range of multidimensional effetas of visible urban green spaces, the low lefel o
integration of crowdsourcing to quantify and evéduaindow views so far highlights the need to desag
appropriate crowdsourcing application to benebtrira broad and comparable VWGI basis for researdh a
planning pracise. By collecting VWVI, detailed infioation that was previously collected separately by
automated or manual methodologies in window viewlysis can be bundled together while maintaining
consistent and transparent data resolution andtglibhe information concerns the a) observerdgpation,

c¢) environment, and d) window view (see Fig. 2heY are explained in more detail below and aredase
the insights of the studies mentioned in Fig. 12:p

R e —— " ot
A m el —
D D / // Window View
LI
/|

Fig. 2: Information bundling from VWVI. Source: Ovillustration.

/

Environment

4.1.1 Observer

The observer can be characterized in terms of geeder, occupation and/or reason for staying in the
building (Brace et al., 2020; Gu et al., 2021; KepMintz et al., 2021; Lindemann-Matthies et aQ22,
Matsuoka, 2010; Sun et al., 2018; Torres Toda.e2@20; Ugolini et al., 2021).
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4.1.2 Location

The location can be described spatially and funetig: This includes the geographical localizatiemd
information concerning the building, such as tlwiflnumber where the observer is standing, asasethe
observer's position in the room and their distandabe window. The primary function of the buildisgould
not be mistaken for the occupation or the obselweeason for staying, since different functions dse
performed in the same building (e.g. hospital: wofkhe nurse and recovery of the patient) (Brécal.e
2020; Fisher-Gewirtzman et al., 2013; Gu et al212@021; Kaplan Mintz et al., 2021; Kara et ab2@; M.
Li et al., 2022; Lindemann-Matthies et al., 2021gtbioka, 2010; Sun et al., 2018; Torres Toda g2620;
Ugolini et al., 2021; van Nes & Yamu, 2021; Wan@lket2019; Yu et al., 2016).

4.1.3 Environment

The environment is described by the characterigifcthe topography as well as the type, phenoldgica
characteristics, shape, and height of the urbagngaesa and the distance of the area to the locéiace et
al., 2020; Fisher-Gewirtzman et al., 2013; Gu gt221, 2021; Kaplan Mintz et al., 2021; Karalet2020;

M. Li et al., 2022; Lindemann-Matthies et al., 20R1atsuoka, 2010; Sun et al., 2018; Torres Todal.et
2020; Ugoalini et al., 2021; van Nes & Yamu, 2021any et al., 2019; Yu et al., 2016).

4.1.4 Window View

The window view is first described technically. $hmcludes the window size, the observer's persosidl

of view (FOV), the window's direction and the tinkeformation on the quantity and quality of the darv
view describes the amount and type of visible targethe view. Reduced visibility due to smog aather
conditions may also fall under this category. ldiidn to vegetated areas, other elements suchkgsor
built-up as well as sealed structures could alsonmntioned. Furthermore, the observer's personal
assessment of the window view's content as wellhas multidimensional effects on him need to be
adressed (Brace et al., 2020; Fisher-Gewirtzmaal.e2013; Gu et al., 2021, 2021; Kaplan Mintz ket a
2021; Kara et al., 2020; M. Li et al., 2022; Lindem-Matthies et al., 2021; Matsuoka, 2010; Sunl.et a
2018; Torres Toda et al., 2020; Ugolini et al., PO0%an Nes & Yamu, 2021; Wang et al., 2019; Yulet a
2016).

4.2 Key Aspects of Utilizing Crowdsourcing and VGI

Adapted from Moghadas et al. (2022) core crowdsngrand VGI aspects related to visibility analysfs
urban green spaces were identified as below (gee8For an overview):

Knowledge-Sharing Informed-Decisions Co-Development

Data Architecture &
‘Conflation

Informed-Planning
SurziuesiQ-Jes

uoneAOuu]

=
@
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T
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=
=
=
P
=

Suiuaea | (enupuo)

Empowered People

Prosumers Access Citizen-Centric

Fig. 3: Key aspects of utilizing crowdsourcning ar@l for assessment of urban green spcae visibligurce: Own illustration.
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4.2.1 Self-Organization and Self-Assessment

The potential for self-organization and self-assesg becomes evident within VGIl-based communities
through the active engagement of citizens, commided organizations, and digital technologies that
promote e-participation (Malek et al., 2021). Seifanization, which involves internal reorganizatand
increased self-awareness, enables innovative prebtdving based on collective intelligence (Palémle
2020). Community platforms like OSM, Mapathons, adsing Maps serve as channels through which
local communities and remote volunteers collabotatecollecting, validating, analyzing, and sharing
information, thereby fostering a people-centricrapph to humanitarian efforts (Givoni, 2016).

4.2.2 Crowd Characteristics and Motivations

Within the realm of visibility of green spaces, V@htforms can engage participants with diverselkof
expertise, experience, and responsibilities (Cotened al., 2010). Motivations for contributing to
crowdsourcing and VGI initiatives also vary, rargiftom positive and altruistic motivations like sc
recognition, personal reputation, professional rege community connection, and skill development
(Elwood et al., 2012), to potential detrimental trifiutions such as the spread of misinformatiormaiss
deletions (Coleman et al., 2010). Understandingctieracteristics of the crowd and formulating effec
motivational strategies play a crucial role in shgphe outcomes of VGI initiatives focused on asse&y
the visibility of green spaces (Senaratne et @172 Since the nature of a crowd can be relaiives
essential to identify contribution patterns, typasd roles within the initiative's goals and roadnaa an
early stage (Yan et al., 2020).

4.2.3 Prosumers

Prosumers, individuals who actively engage as potkducers and consumers (Rifkin, 2015), have erderge
as key contributors in assessing the visibilitygoten spaces. Enabled by VGI platforms and assaciat
processes, citizens and remote volunteers carcipatt as prosumers, generating geospatial cottiant
specifically addresses the assessment of greer yisibility based on their own needs and community
requirements. By bringing together prosumers, bollative production and utilization of geospatiatadfor
assessing green space visibility becomes possihis. empowers real-time access to information and
minimizes duplication of effort, optimizing the uséresources (Yan et al., 2020) in the pursuésdessing
and enhancing visibility and accessibility of grespaces.

4.2.4 Data Architecture and Conflation

Data architecture plays a vital role in governihg standardized processes of data collection, sisalgnd
utilization within organizations (Steiniger et 2016). To effectively analyze the visibility ofegm spaces
using VGI, it is essential for researchers to adgopystematic approach that guides contributocseaating,
curating, and analyzing relevant data. Establisipiragrtical guidelines for data architecture, coasidy the
potential absence of standardized metadata in ¥G&rucial to ensure a comprehensive understanafing
green space visibility. VGI, as a socially constegcepistemology, encompasses distinct labor, enter,
and governance relationships that should be traatbghendently (Sieber & Haklay, 2015). It servesaa
valuable complement to authoritative datasets ialyaing the visibility of green spaces, addressing
challenges such as cost, outdated information, rastrictive licenses (Grinberger et al., 2019). By
incorporating VGI into a formalized data collectiand collaboration process, initiatives can meetsic
requirements, including real-time updates, additioattribute information, community engagement, and
cost-effectiveness (FIG, 2019). Embracing hybritgtepnologies and data conflation processes, intiegra
VGI into the analysis of green space visibilityfer§ significant opportunities for data-driven dgen-
making (Yan et al., 2020). This shift enables tffeative utilization of VGI alongside authoritativdata,
empowering stakeholders with valuable insights 4seas and enhance the visibility of green spaces in
meaningful and impactful way.

4.2.5 Tools, Platforms, and Procedures

Location-based and GPS-based services, such as soapa media apps, and tracking tools, offer ahle
support in assessing the visibility of green spdésoney & Minghini, 2017). By collecting user dedad
providing actionable information through map inéeds, these services aid in evaluating and thieiltigiof
green spaces. Volunteer-driven methods, includiStylOwWikiMapia, and Geo-Wiki, along with smartphone
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apps enable the collection and sharing of geodpdaica (Haworth & Bruce, 2015; Moreri et al., 2018)
These tools empower citizens to contribute to theessment of green space visibility, improving the
availability and accuracy of information. Urban kllasards or urban digital twin platforms can serge a
centralized platforms to aggregate various datacesiisuch as social sensing, facilitating rea&tuisibility
assessment and promoting transparency and efficiébMoghadas et al., 2023). To ensure effective
assessment of green space visibility, practicesdilganizing community mapping events (Mapathons) a
employing planning checklists, workflows, and datdalogs are crucial (Givoni, 2016). These prastice
enable the contextualization of visibility assessimaitiatives based on specific goals, local valuand
community needs.

4.2.6 Time-Cost Trade-Offs

In the realm of assessing green space visibilitg, gower of modern communication technologies alow
individuals known as prosumers to share their lopabased knowledge, goods, and services at reduced
costs (Rifkin, 2015). VGI plays a pivotal role tmg context, enabling the rapid and cost-effecsivaring of
diverse geographic information (Haworth & Brucel3prelated to green spaces. By engaging digitdl an
on-site volunteers, internet-based platforms fadtdi the real-time collection and disseminationlasfje
volumes of geospatial data, contributing to bedissessment of green space visibility (Moreri gt24118).
These advancements, including crowdsourcing, digdknteering, and mobile communications, empower
dynamic monitoring and multidirectional communiocati driving advancements in green space visibility
assessments beyond traditional and costly methiats €t al., 2016).

5 OUTLOOK AND CONCLUSION

To cope with sudden shocks and chronic stresseschi@nge the visual access to required urban green
spaces, advanced technologies and data analytiss meuused to ensure sustainable and resilienhurba
planning. The increasing popularity and importan€erowdsourcing as a participatory method for data
collection and management is indispensable forghézation of inclusive urban planning. The intnodd
approach, which integrates crowdsourcing into wimdgew analysis, effectively addresses these isands
presents the current state of the art. It not adgntifies the research gaps in visibility analysisd
crowdsourcing but also emphasizes the multifacptedntials for an integrated planning applicatibature
research will focus on exploring concrete techniicgdlementation possibilities to facilitate a comlpensive
collection of Volunteered Window View Imagery (VWM derive planning recommendations for planning
buildings of private and public purposes and tersithen both research and practical planning pespdy
utilizing crowdsourced data, consequently, planmgis insights into the visibility of green spadesm
various vantage points, enabling them to make méat decisions about land use and development.
Moreover, this approach aligns with the goal ofigieiesg accessible and livable spaces, promotinygnee
planning that considers the needs of diverse contresnThe insights derived from crowdsourced data
facilitate the creation of urban environments tpasitively impact residents' well-being. Moreovére
integration of crowdsourcing in urban planning &igées, such as the Urban Green Space Networkysllo
for smart growth and development. Planners cartegfiGlly connect green spaces, considering their
visibility and accessibility, thus optimizing langsage and fostering sustainable urban expansiothidn
way, crowdsourced window view data not only enrichieban planning processes but also contributes
substantially to the evaluation of land suitabilityd its potential for enhancing the overall urbaperience.
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