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PREFACE 

Manfred SCHRENK 
Conference Director, 
President CORP – Competence Center of Urban and Regional Planning 
 
WELCOME to REAL CORP 2020, the 25th International 
Conference on Urban & Regional Development and Spatial Planning 
in the Information Society! 
 
REAL CORP 2020 under the topic “Shaping Urban Change” tries to 
explore the common things in different trends which can be seen in urban 
development around the globe. 
 

Historic administrative boundaries do not represent real urban structures any more, cities expand beyond these 
boundaries and form metropolitan regions, which may even result in transnational functional urban areas and 
agglomerations. In almost all cases it is of utmost importance to coordinate urban development between several 
governments, administrative authorities and institutions on different levels, but this task turns out to be a quite difficult 
one. 
 

Cities and regions are hungry for resources and see themselves opposed to density and environmental problems as well 
as other threats, nevertheless sustainability, resilience, high quality of life and considerate exploitation of natural 
resources are central goals of urban development. New technologies and digitisation play an essential role in the 
development of cities, urban regions and metropolises – without appropriate urban, environmental and mobility 
technologies it would hardly be possible to see urban development, maintenance of functionality and creation of livable 
urban areas. 
 

In some parts of the world – particularly in China and India, but also in Japan and South-East Asia, and in parts of 
South America, Africa and the Gulf region – cities and metropolises are growing undamped and hundreds of millions of 
people are attracted to cities. However, in numerous European cities and agglomerations we can currently see two kinds 
of processes which may appear to be contradictory at first glance: reurbanisation and regionalisation. The return to core 
cities as a place of life has a lot of reasons, but it is strongly linked to changes in the working environment and the trend 
to combine working and living much more as it were possible in suburban fringe areas. But many city centres are 
lacking affordable housing space, whereas there are plenty of vacancies in the surroudings. Wrong allocations create 
unnecessary commuter flows. 
 

REAL CORP 2020 aims to discuss strategies and concepts for quality change management in the light of the challenges 
outlined above, which arise in neighbourhoods, cities, urban regions and metropolitan areas. This also raises the 
question of who the actual actors of current urban, regional and metropolitan regional development are and what role 
planners can play in the corresponding scenarios. 
 

The renowned RWTH Aachen in the historical European medium sized city of Aachen, in the German federal state of 
North Rhine-Westphalia with its rich mining and industrial tradition, located in a cross-border city region in the border 
triangle Germany-Belgium-Netherlands, is the ideal place to discuss these developments and challenges with experts 
from all over the world.  
 

This year we brought together some 250 participants from more than 40 countries worldwide. The main goal of the 
REAL CORP conference series isto bring together leading experts in the field of spatial planning, geoinformation and 
related disciplines to exchange their knowledge, share their ideas, discuss current developments and get together for 
face to face networking leading to the development of new thoughts, partnerships and projects. The success of the 
REAL CORP conferences is – clearly without doubt – the result of the efforts of participants, reviewers, and the 
conference organising team consisting of CORP association and RWTH Aachen – Department of Urban Design. We 
would like to acknowledge the Reviewer Team and Programme Committee members for their valueable voluntary help 
with the review process. Our thanks go to all participants and authors of the submitted papers as well. 
 

The proceedings of this year’s conference contain 135 scientific papers; 101 of them were selected after a double-blind, 
double-stage (for both abstracts and full papers) peer-review process for publication and presentation at the 25th 
International Conference on Urban Planning and Regional Development in the Information Society, REAL CORP 
2020. The non-reviewed papers were accepted by the programme committee after a double-blind abstract review. The 
conference is held from 15 to 18 September 2020 in co-operation with RWTH Aachen – Department of Urban Design 
and Ministry for Regional Identity, Communities and Local Government, Building and Gender Equality of the Land of 
North Rhine-Westphalia. 
 

Have a great conference!  
Manfred SCHRENK, Clemens BEYER & the REAL CORP Team 
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PREFACE 
Christa Reicher 
RWTH Aachen,Professor and Head of Chair and Institute for Urban Design 
Local Host of REAL CORP 2020 
 
WELCOME to REAL CORP 2020, the 25th International Conference on Urban 
Planning, Regional Development, Information Society and Urban, Transport, and 
Environmental Technologies! 
 

At the beginning of the 21st century, the question of how we should shape the future of 
our cities and regions is more important than ever. Urban spaces are becoming the central form of organization of 
almost all human societies. In the emerging and developing countries, the force of the urbanization surge is becoming 
visible. The urban population is growing as people move out of rural areas; this growth process is accompanied by 
social change. In many parts of Europe a fundamental paradigm shift is taking place: from a phase of shrinking and 
stagnation to enormous growth of cities and regions. It is not only the large cities that are coming under real pressure; 
medium-sized and small towns and cities are also facing the challenge of how to meet the demands of climate change 
and the associated need to secure open spaces on the one hand, and to densify and make available space for living and 
working on the other.  
 

Many inner cities lack affordable housing, while at the same time the surrounding area suffers from vacancies. Incorrect 
allocations generate unnecessary commuter flows. Against this background, intermunicipal cooperation is an obvious 
way of achieving the necessary balance between different development dynamics. The current intensive discourse on 
“Low Carbon Cities” or “Smart Cities”, the question of the future development of cities under the conditions of climate 
change, the use of energy-saving technologies and the foreseeable depletion of fossil resources, raises concrete 
questions about future urban development and urban design that can only be answered in part so far. In the search for 
concepts and strategies, sustainability, resilience, a high quality of life and careful use of natural resources are among 
the central objectives of urban and spatial development. 
 

Within the framework of REAL CORP 2020, global transformation processes and experiences will be discussed on the 
one hand, while on the other hand there will be an in-depth examination of individual German regions such as 
“Rheinisches Revier” and Lausitz, where political decisions to phase out lignite mining have raised pressing questions 
about the future prospects of regions: What does a climate-neutral model region of the 21st century look like? What 
strategies, concepts and processes can be used to successfully restructure a region that has been characterised by 
mining, industry and resettlement since the 19th century? 
 

The future urban planning objectives will have to provide answers to the general challenges as they apply more or less 
to all cities and urban regions – regardless of whether cities are growing or shrinking, regardless of whether cities want 
to become metropolises, regional cities or explicit green cities. Often such simplistic dualisms do not face each other 
anyway, but are part of a comprehensive and contradictory transformation process that cities go through in the course of 
their history. 
 

Against the background of the transformation tasks ahead, it is clear that urban design is slowly but noticeably 
becoming a „supreme discipline“ again. This is why REAL CORP 2020 is also the 1st Aachen Conference on Urban 
Design. This format is intended to lead the international discourse on a contemporary understanding of urban 
development and to promote an exchange of strategies and concepts between research, practice and politics. After all, 
urban design and urban development must offer spatial and strategic concepts that ensure a sustainable quality of life 
for all.  
 
Christa REICHER, Canan ÇELIK 
and the whole team of the Institute of Urban Design at RWTH Aachen University 
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VORWORT 
Ina Scharrenbach 
Ministerin für Heimat, Kommunales, Bau und Gleichstellung des Landes Nordrhein-Westfalen 
 
WELCOME to REAL CORP 2020, the 25th International Conference on Urban 
Planning, Regional Development, Information Society and Urban, Transport, and 
Environmental Technologies! 
 

Die Städte und Regionen entwickeln sich weltweit mit einer atemberaubenden Dynamik. 
Rund um den Globus steht die Stadtplanung vor ähnlichen Fragestellungen: Wie sorgen 
wir trotz hoher Verdichtung für Lebensqualität? Wie machen wir die Städte widerstandsfähig gegenüber extremen 
Wetterlagen? Wie organisieren wir eine zukunftsfähige Mobilität? Wie kooperieren Großstädte und das Umland, mit 
dem sie immer enger verflochten sind? 
 

„Shaping urban change“ lautet das Gebot der Stunde. Wir müssen und wir können den Wandel der Städte gestalten – 
auch, indem wir innovative Technologien konsequent nutzen. Die Stadt der Zukunft wird „smart“ sein. Wir brauchen 
digitale Anwendungen, um die begrenzten Ressourcen effizient zu nutzen, die Verkehrsströme intelligent zu lenken und 
die urbane Infrastruktur insgesamt zu steuern.  
 

Ein Baustein des Erfolgs ist dabei der grenzübergreifende Austausch zwischen Praxis und Wissenschaft. Was lokal 
erprobt wurde und sich bewährt hat, verdient es, global diskutiert und eingesetzt zu werden. Für diesen internationalen 
Diskurs sorgen Formate wie die REAL-CORP-Konferenzen. Deshalb kooperiert das Land Nordrhein-Westfalen sehr 
gern bei der diesjährigen 25. Ausgabe – und das umso mehr, da der Kongress zum 150. Jubiläum der weltweit 
renommierten RWTH in Zusammenarbeit mit dem dortigen Institut für Städtebau in Aachen stattfindet.  
 

Digitalisierung ist in diesem besonderen Jahr 2020 auch eine Herausforderung für die Veranstalter. Ich wünsche der 
virtuellen Ausgabe der REAL-CORP-Tagung ein interessiertes weltweites Publikum und allen 
Konferenzteilnehmerinnen und -teilnehmern erkenntnisreiche Tage, einen lebhaften Austausch und wertvolle Impulse 
für ihre Arbeit. Schließlich hoffe ich, dass Sie bald auch persönlich die Gelegenheit finden werden, Nordrhein-
Westfalen und die ebenso traditionsreiche wie technologieaffine Stadt Aachen zu besuchen. 
 
Ina SCHARRENBACH 
Ministerin für Heimat, Kommunales, Bau und Gleichstellung des Landes Nordrhein-Westfalen 
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VORWORT 
Ulrich Rüdiger 
Rektor RWTH Aachen 
Dr. rer. nat. Dr. h. c. mult., Universitätsprofessor 
 
WELCOME to REAL CORP 2020, the 25th International Conference on Urban 
Planning, Regional Development, Information Society and Urban, Transport, and 
Environmental Technologies! 
 

Seit über 150 Jahren wachsen die Stadt Aachen und die RWTH Aachen miteinander und 
arbeiten in vielen Bereichen sehr gut zusammen. Sie prägen sich dabei gegenseitig in ihrer Entwicklung. 
 

Die RWTH Aachen hat sich im Zuge der Exzellenzinitiative in den letzten Jahren zu einer "Integrierten 
Interdisziplinären Hochschule für Wissenschaft und Technologie" entwickelt. Damit ist sowohl die Hochschule, als 
auch die Stadt als Wissenschaftsstandort für Menschen aus Deutschland und der ganzen Welt ein noch attraktiveres Ziel 
zum Studieren, Forschen und Leben geworden. Diese Entwicklungen und vielfältigen Einflüsse führen nicht nur 
innerhalb der Hochschule, sondern auch in Bezug auf die Transformation der Regionen, Städte und Quartiere zu immer 
neuen Anforderungen, die zusätzlich unseren Lebensstilen im 21. Jahrhundert gerecht werden müssen.   
 

Ich freue mich sehr, dass dieses Jahr die 1. Aachener Städtebaukonferenz von der Fakultät für Architektur veranstaltet 
wird und damit diese großen gesellschaftlichen und räumlichen Herausforderungen thematisiert werden. Im Hinblick 
auf das Thema „Shaping Urban Change. Livable City Regions for the 21st Century“ werden zukunftsweisende 
Fragestellungen mit Expertinnen und Experten diskutiert werden können. 
 

Dass die Konferenz aufgrund der Corona-Pandemie nicht wie geplant stattfinden kann, ist natürlich sehr schade, aber – 
ganz im Sinne der Wissenschaft – haben die Organisatorinnen und Organisatoren zielgerichtet nach alternativen 
Lösungswegen gesucht und die Konferenz um digitale Komponenten erweitert, damit dieses wichtige Thema ohne 
Verzögerung bearbeitet werden kann. Denn für uns als Wissenschaftsregion ist es wichtig, Transformationsprozesse 
anzuregen, mit dem Ziel Technologien, Innovationen und Wissen aus Forschung und Lehre in die Stadtplanung zu 
integrieren und gleichermaßen mit Blick auf die Stadtentwicklung die Universität zu gestalten.  
 

Ich wünsche Ihnen angeregte Diskussionen und eine interessante Konferenz! 
 
Mit freundlichen Grüßen 
Univ.-Prof. Dr. rer. nat. Dr. h. c. mult. Ulrich RÜ DIGER 
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Analysewerkzeug zur indikatorgestützten Umfeldanalyse – Erkennen, Vergleichen, Übertragen 
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(Dipl.-Ing. Sebastian Ebertshäuser, KIT- Building Lifecycle Management, Karlsruhe, sebastian.ebertshaeuser@kit.edu) 
 (Prof. Dr.-Ing. Petra von Both, KIT- Building Lifecycle Management, Karlsruhe, petra.vonboth@kit.edu) 

1 ABSTRACT 

Vor dem Hintergrund situationsgerechte Lösungen zu den großen Herausforderungen beispielsweise 
bezüglich der Klimakrise oder dem demografischen Wandel zu finden, stehen insbesondere mittelgroße und 
kleine Kommunen mit geringem Budget vor immer komplexeren Planungsaufgaben. Aufgrund der sich 
diverfizierenden Vielzahl an Informationen im Rahmen der fortschreitenden Digitalisierung gewinnt bei der 
Beantwortung von planerischen Fragestellung der Einsatz IT-gestützer Hilfsmittel an Bedeutung. Neben den 
oftmals nur durch Experten bedienbaren und in der Anschaffung kostspieligen Werkzeugen, wird jedoch 
aufgrund der unzureichenden Datenverfügbarkeit zur lokalen Situation eine aufwändige Datenerfassung 
benötigt. Einer integralen Planung folgend stellt die aus der umfänglichen Kenntnis der Situation, auch 
bezüglich des großmaßstäblichen Kontextes, erkannte Problemstellung eine fundamentale Vorrausetzung 
zum adäquaten Ansetzen zielgerechter Lösungskonzeptionen . Oftmals werden anstelle einer damit 
implizierten problemgerechten Zielplanung unreflektierte Quartierskonzepte und Maßnahmenbündel 
angegangen und in der Umsetzung dann notdürftig an die lokalen Gegebenheiten angepasst. Über frei 
verfügbare (bundesweite) Datenquellen stehen zwar Informationen zur lokalen Situation zu Verfügung, 
jedoch fehlen hierzu derzeit noch einfach zu bedienende Hilfsmittel.  

Damit unterschiedliche Konzepte an verschiedenen Orte vergleichbar gemacht werden können, setzt im 
Rahmen von Forschungsprojekten eine Werkzeugentwicklung an, welche das Erstellen eigener 
Umfeldanalyse und Möglichkeiten des kommunalen Benchmarks unterstützt. Ein prototypisch umgesetztes, 
freiverfügbares Analysewerkzeug soll es den (technisch unversierte) kommunalen Akteuren ermöglichen zu 
ihren selbstständig aus den offenen Datenquellen zusammengestellten Datensätze grafische Aufbereitungen 
und Gegenüberstellungen anzufertigen. 

Keywords: Dynamisch, grafische Auswertung, Umfeldanalyse, Benchmarking, Monitoringwerkzeuge, 
Indikatorenvergleich 

2 EINLEITUNG 

Durch globale Kontextfaktoren wie die Klimakrise getrieben, mit lokalen Entwicklungen wie dem 
demografischen Wandel konfrontiert und zugleich mit klammen Kassen ausgestattet steigt der 
Handlungsdruck auf die Kommunen sich an eine zukünftig stark veränderte Umwelt anpassen zu müssen.  

Ein wesentlich bestimmender Faktor bei der Entwicklung situationsgerechter Konzepte besteht in der 
fundierten Kenntnis der lokalen Situation. Hier gilt es eine Vielzahl von verschiedenen Informationen aus 
verschiedensten Bereichen zu einem ganzheitlichen Bild der Situation zusammenzustellen, um auf 
Grundlage einer dadurch ermöglichten holistischen Sicht auf die bebaute Umwelt und die sie belebende 
Bevölkerung, die situationsgerechten Zielstellung erkennen zu können und entsprechende 
zukunftsweisenden Maßnahmen zu ergreifen. Dabei sieht sich die Stadtplanung angesichts der 
fortschreitenden Digitalisierung in unterschiedlichen Geschwindigkeiten in den verschiedenen Bereichen vor 
die Herausforderung gestellt, die richtigen zielgerechten IT-gestützten Hilfsmittel zur Verarbeitung der 
Informationsvielfalt einzusetzen. Hinzu kommt, dass sich diese Informationen stetig vor dem Hintergrund 
komplexer werdender Planungsaufgaben beispielsweise in den Handlungsfeldern einer energieeffizienten 
und nachhaltigen Quartiersentwicklung diversifizieren.  

Zudem birgt eine jeweils situative, sich sehr heterogen darstellende Datenverfügbarkeit und -qualität bei der 
Anwendung der Tools oftmals große Unsicherheit. Dadurch wird auch die durch die IT-gestützen 
Werkzeuge designierten Hilfestellungen bezüglich der Lösungsqualität beieinträchtigt. Um diesem 
entgegenzuwirken wird ein (unverhältnismäßig) hoher Datenerfassungs- bzw. Datenaufbereitungsaufwand 
erforderlich. Gerade die auf Grundlage einer umfänglichen Kenntnis der gegebenen Situation sowie ihres 
großmaßstäblichen Kontextes erkannte Problemstellung stellt eine fundamentale Vorrausetzung zum 
adäquaten Ansetzen zielgerechter Lösungskonzeptionen im Sinne einer Integralen Planung dar (vgl. Dörner, 
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2003). Hierbei stehen insbesondere kleinere Kommunen vor dem Problem sich keine kostenintensiven und 
aufwändigen Datenerhebungen und -auswertungen von externer Hand leisten zu können, um somit ihrem 
Vorgehen eine problemorientierte Zielplanung voranstellen zu können. Des Weiteren mangelt es aufgrund 
der schmalen Personaldecke mit wenig divresifiziertem Fachpersonal in den Kommunen an eigenen 
Experten zur selbstständigen Handhabung der datentechnischen Grundlagen. Um nun diesen kleinen und 
mittelgroßen Kommunen trotz fehlender Fachexpertise ganzheitliche Situationsanalysen zu ermöglichen, 
fehlen derzeit noch Planungshilfsmittel, die bereichsübergreifende, komplexe Fragestellungen mittels frei 
verfügbaren Daten erleichtern. Dabei stehen diese Informationen zu den Kommunen in verschiedenen offen 
zugänglichen (bundesweiten) Datenbezugsquellen (vgl. beispielsweise Zensus-Daten oder Kommunaldaten 
der Bertelsmann Stiftung) zur freien Verfügung bereit.  

In der Praxis fehlt es somit oftmals nicht generell an einer Datengrundlage, sondern an (IT-gestützten) 
Hilfsmitteln, die mit analytischen Methoden eine ungünstige Ausgangslage von lücken-, fehlerhaften oder 
nur aufwändig erfassbaren Daten zu überwinden helfen. Gerade diese Hilfestellung für eine ganzheitliche 
Bestandsanslyse zur Problemerfassung der vorhandenen Situation ist jedoch wichtig, da ohne sie die Gefahr 
besteht direkt mit dem oftmals unreflektierten Umsetzen von woanders bewährten Quartierskonzepten und 
Maßnahmenbündeln zu beginnen. Indem diese Ansätze jedoch für andere Orte entwickelt worden sind, 
können darauf aufbauende Planungen teilweise oder ganz am vorhandenen Bedarf vorbei gehen. Im Rahmen 
einer, im ungünstigsten Fall dann mittels „nachträglichen“ Anpassens auf eine lokale Situation 
bewerkstelligten Zielplanung kommt generell erschwerend eine einseitige Sicht der Planenden auf entweder 
urbanes Stadt- oder rurales Landleben hinzu, die einer sich im Wandel befindlichen Lebenswelt der 
Bevölkerung nicht mehr gerecht wird (Graf & von Both, 2019).  

Um Potentiale von planungsmethodisch optimierten Vorgehensweisen vor dem Hintergrund eines Umgangs 
mit den offen verfügbaren Datengrundlagen aufzeigen zu können, werden in diesem Beitrag konkretisierte 
Problemstellungen aufgriffen, die im thematischen Fokus eines laufenden Verbundprojekt stehen. 
Bezugnehmend auf eine sich auch durch digitale Medien inzwischen angleichenden Lebenswelt der 
Bevölkerung, werden tradierte Planungsvorstellungen im Projekt mit dem Konstrukt einer Transformativen 
Zelle (TZ) zur Überwindung konträrer Planungsichten auf die Stadt bzw. das Land hinterfragt (ebd.). Von 
den verschiedenen Projektpartnern setzen im thematischen Projektrahmen an unterschiedlichen Orten 
Umsetzungskonzepte zu einer TZ an. Übergeordnete Fragestellungen zu den lokalen Randbedingungen der 
Umsetzungsorte bilden den Problemkontext auf dem in diesem Beitrag eingegangen wird. Zum einen stellt 
sich dabei die Frage nach der skalenübeergreifende Einordnung des Standorts in die Gesamtentwicklung des 
Umfelds und zum anderen ob und wie sich die in den unterschiedlichen (lokalspezifischen) 
Handlungsfeldern angesetzten Konzepte auf andere Orte übertragen lassen. 

3 METHODIK 

3.1 Zielstellung 

Für die im Rahmen der Forschungsarbeit konkretisierte Problemstellung werden in diesem Beitrag eine 
entsprechende Lösung vorgestellt. Dabei bestand das Ziel darin ein IT-gestütztes Hilfsmittel zu entwickeln, 
dass die Planenen bei der Analysearbeit im Umgang mit den offenverfügbaren Datensätzen unterstützt. In 
einfach zu bedienenden Werkzeugen des Hilfsmittels soll es Planenden ermöglicht werden jeweils eine 
indikatorbasierte Analyse auf der von ihnen selbstverwalteten Datengrundlage durchzuführen und das 
Ergebnis anschaulich aufzubereiten. Durch eine selbstständige Erweiterung der Datensätze mit 
lokalspezifisch erhobenen Informationen soll generell dabei auch eine weitere Konkretisierung der Analysen 
ermöglicht werden. Vor dem Hintergrund der beiden im Forschungsprojektrahmen aufgezeigten 
Problemfälle sollen mit entsprechenden Werkzeugentwicklungen konkrete Hilfestellungen erstellt werden. 
Zum einen soll ein Werkzeug prototypisch entwickelt werden, das die Darstellung eines Aspekts der lokalen 
Situation im Kontext seiner zeitichen Entwicklung sowie im Bezug zu entsprechenden Ausprägungen im 
räumlich übergeordneten Kontext (Stadt, Kreis, Region, Land etc.) ermöglicht. Mit einem weiteren 
Werkzeug sollen zum anderen für ein Benchmark lokaler Aspekte im Vergleich zu deren Ausprägung in 
Orten mit ähnlichen Ausgangslagen ermöglicht werden. 
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3.2 Lösungsansatz 

Gemäß der Zielstellung stellt sich der Planende zunächst für seine lokale Situation eine Datenbasis aus frei 
verfügbaren Daten zusammen. Den Ausgangspunkt hierfür bildet die Bertelsmann Stiftung mit ihren 
webbasiert, freizugänglichem Wegweiser Kommune als Datenbezugsquelle (Bertelsmann Stiftung, 2019). 
Hierbei handelt es sich um eine umfängliche Datensammlung thematisch kategorisierter Indikatoren für alle 
Kommunen1 in Deutschland. Durch jährliche Erhebungen existieren hier bereits langjährige Datenhorizonte, 
auf die die Planer in frühen Projektphasen beim Erfassen der lokalen Situation zurückgreifen können. 
Besonders hervorzuheben sind erste Auswertungen zu Kommunen in Form von kommunalen Profilen sowie 
vereinfachte Prognoseinformationen. In langen Listen können Indikatoren zu bestimmten Themen zur 
eigenen nichtkommerziellen Verwertung bezogen werden. Durch die strukturiert abrufbaren Daten ist dem 
Planenden hierdurch bereits die Möglichkeit gegben die Zusammenstellung der Daten gemäß seiner 
Fragestellungen zu verändern und beispielsweise durch eigene erhobene Jahreswerte für einen Indikator 
anzupassen. Darüberhinaus kann er generell auch die Datenbasis nutzen um diese mit weiteren selbst 
erhobenen Daten bzw. Referenzwerte aus anderen Kommunen zu ergänzen. 

Auf dieser selbstverwalteten Datenbasis können gängige Analysemethoden, wie beispielsweise ein 
interkommunales Benchmark, in einfach zu bedienenden, IT-gestützten Instrumenten aufgebaut werden. Der 
Planende kann damit dann problemorientiert bei der lokalspezifischen Grundlagenermittlung für die 
bedarfsgerechte Entwicklung von Stadtplanungskonzeptionen unterstützt werden.  

Zum Beispiel beginnt ein strukturierte Vorgehen beim Aufbauen einer Analyse der lokalen Situation mit 
einer Thesenbildung zur Darstellung eines übergeordneten Sachverhalts. Als Grundlage hierzu liegen eine 
Vielzahl von Indikatoren zu einzelnen Sachverhalten in verschiedenen Themenfeldern eingeordnet vor. 
Jahresreihen dieser Indikatoren können bereits zweckgebundene Einzelaspekte aufzeigen wie eine temporale 
Entwicklung der Bevölkerungsanzahl einer Kommune. Durch Hinzunahme eines zweiten Indikators zur 
Bevölkerungdichte kann hierauf aufbauend nun beispielsweise die These aufgebaut werden, dass in der 
Beziehung der beiden Indikatoren ein Urbanisierungsgrad der Kommune aufgezeigt werden kann. Um für 
diese Art von Thesen des Nutzers ein entsprechendes Auswertungsdiagramm zu erstellen, werden die beiden 
Indikatorenwerte jeweils auf der X- und Y-Achse eines Diagramms aufgetragen und damit ein Relationswert 
der beiden Indikatoren angezeigt. Beim weiteren Aufbereiten der Diagrammdarstellung können die 
Planenden mit zwei Ansichts-Modi in der Verdeutlichung des von ihnen designierten Sachverhaltes 
unterstützt werden: Wie in Abbildung 1 dazu zum einen im ersten Anwendungsfall verdeutlicht, lassen sich 
die in Beziehung stehenden Indikatorenwerte einer Kommune für jeden Jahreswert als Entwicklungsgrafik 
darstellen. Zum anderen können die Relationswerte der beiden Indikatoren durch die Hinzunahme 
entsprechender Werte vom weiteren Kommunen für jeden Jaheswert in einem Benchmarkdiagramm 
vergleichend dargestellt werden (vgl. Anwendungsfall 2, Abbildung 1). Indem diese einzelnen 
jahresbezogenen Diagramme dann in einer Sequenz zusammengestellt werden, können sie in einer Abfolge 
als „dynamisches Benchmark“ betrachtet, wiederum den zeitlichen Verlauf des Aspekts im kommunalen 
Vergleich verdeutlichen. 

 

Abbildung 1: Anwendungsfälle einer indikatorbasierten grafischen Auswertung im Analysehilfsmittel 

                                                      
1 > 5.000 Einwohner 
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Der Lösungsansatz sieht eine als Desktop-Applikation angesetzte prototypische Implementierung einer 
Softwarelösung vor, die auf die durch die Planenden selbstverwaltete Datenbasis zugreift und sie beim 
(nachvollziehbaren) Ansetzen von Auswertungen der zusammengestellten Daten unterstützt. Für 
indikatorenbasierten Aspekte in ihren Analysen können die Planenden dabei jeweils die beiden oben 
beschriebenen Diagrammarten (Entwicklungs- bzw. Benchmarkdiagramm, vgl. Abbildung 1) mit dem 
Hilfsmittel erstellen. Sowohl als exportierte Bilddateien sowie auch auf dem Bildschirm dynamisch 
angezeigt, können sie die Diagramme dann in ihren Planungsprozessen weiterverwenden. 

3.3 Entwicklungskontext 

Die Entwicklung des im Weiteren vorgestellten prototypischen Analysehilfsmittels gliedert sich in zwei 
Stufen. Eine erste Version wurde in einem abgeschlossenen, vom Bildungsministerium (BMBF) in der 
Initiative Energieeffiziente Stadt geförderten Begleitforschungsprojekt (vgl. Rexroth & von Both, 2016) 
entwickelt. Den in einem BMBF-geförderten Wettbewerb teilnehmenden Kommunen diente es dabei beim 
Vergleich ihrer energetischen Stadtquartierskonzeptionen untereinander (Benchmark). In Abbildung 2 wird 
in einem Screenshot ein kommunales Benchmark exemplarisch dargestellt, das mit diesem Prototypen 
„Systemische Information und Analyse für die energieeffiziente Stadt“ (SIASG) erzeugt wurde. 

 

Abbildung 2: Prototyp zur grafischen Auswertung – Systemische Information und Analyse energieeffiziente Stadt (SIASG) 

Eine auf dieser ersten Version des Werkzeugs aufbauende Weiterentwicklung des Prototyps „Systemische 
Analysen für Land und Stadt“ (SALSG) findet derzeit in einem laufenden Verbundprojekt statt, auf dessen 
Forschungskontext es angepasst wird. Dabei werden die bisher für die teilnehmenden Kommunen 
hinterlegten Informationen mit Möglichkeiten für die Anwender ersetzt, ihre eigenen Informationen in dem 
Werkzeug bearbeiten zu können.  

4 UMSETZUNG 

4.1 Technische Grundlagen und Methoden 

4.1.1 Datengrundlage 

Als Grundlage des Werzeugs dienen Daten mit Zeitreihen an soziodemografischen Indikatoren und weiteren 
Informtionen die jährlich im kommunalen Umfeld erhoben werden. Gerade mittelgroßen und kleinen 
Kommunen, für die eine Datenerhebung zu kostenaufwändig ist, bietet die Bertelsmann Stiftung mit dem 
Wegweiser Kommune (vgl. Bertelsmann Stiftung, 2019) unentgeltlich eine jährlich fortgeschriebene, 
umfängliche Datenbezugsquelle zu Informationen über die Kommunen in Deutschland.  
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Die Daten werden in Form einer Webseite zur Verfügung gestellt, in der sie strukturiert nach Kommunen 
bzw. Indikatoren in Zeitreihen angezeigt werden können. Darüber hinaus gibt es bereits erste Auswertungen 
in Form von vergleichbaren Kommunen-Steckbriefen oder kommunale Berichte zu größeren Kommunen. 
Ein einheitliches Dossierformat ermöglicht bezüglich der einbezogenen Indikatoren dabei einen Vergleich 
unter den verschiedenen Kommunen. 

Um beispielsweise die soziale Lage einer bestimmten Kommune angezeigt zu bekommen, ermöglicht die 
Benutzerfläche des Wegweisers Kommune in drei Schritten die Auswahl geeigneter Indikatoren: Im ersten 
Schritt wird die Kommune bestimmt. Anschließend stehen mehrere Hauptthemen zur Verfügung. Unter dem 
Hautpthema „Ist-Zustand“ wird ein Analysethema wie beispielsweise „Soziale Lage“ ausgewählt. Der letzte 
Schritt ermöglicht es von einem Jahr bis hin zu allen erfassten Jahren den Zeitraum festzulegen. Alle in 
diesem Thema zusammengestellten Indikatoren werden im Hauptbereich aufgelistet und können auch 
einzeln dargestellt werden. In einer ersten Spalte mit dem Indikatorbezeichner können genauere 
Erhebungsinformationen eingesehen werden, gemäß dem gewählten Zeitraum schliessen daran für jedes Jahr 
weitere Spalten mit den entsprechenden Werten an. Bei einem einzelnen selektierten Indikator sind neben 
der tabellarischen Listung zudem einfache Auswertungen abrufbar, wie seine Entwicklung in der Zeitreihe. 
Bezugnehmend zum kommunalen Benchmark des im Beitrag vorgestellten Hilfsmittels (vgl. Kap. 3.2), 
können bis zu 10 weitere Vergleichskommunen ausgewählt werden. Dabei werden jeweils die Spalten zu den 
jährlichen Werten annotiert mit dem Kommunennamen aufgeführt. 

Alle durch diese Schritte ausgewählten Datensätze zu einer Kommune können zur eigenen (nicht 
kommerziellen) Weiterverwertung in einem Tabellendokument exportiert werden. Dabei wird wie in der 
Oberfläche dargestellt in der ersten Spalte der Indikatorbezeichner aufgeführt und in den weiteren Spalten 
dann jeweils dazu ein entsprechender Jaheswert. 

4.1.2 Technologiewahl und technische Aspekte  

Herausforderungen bei der Prototypentwicklung lagen in einer plattformunabhängigen Gestaltung der 
Desktopanwendung sowie einer Wahrung der Erweiterbarkeit bzw. Migrationsmöglichkeit in eine Web-
Applikation. Durch Gestaltung der Architektur nach dem Entwurfsmuster Model View Controller (MVC) 
zur Gestaltung von skalierbaren Benutzerschnittstellen, konnten diese technischen Zielstellungen im 
Prototyp umgesetzt werden. Die Umsetzung der Benutzeroberfläche in HTML basiert hierzu auf frei 
verfügbaren Modulen und Bibliotheken, die spätere Migration des Prototyps in eine serverbasierte Web-
Anwendung erlauben. Das Open Source Framework AngularJS mit den darin veranlagten Komponenten zum 
Umsetzen des MVC-Entwurfsmusters ermöglichte es die Javascript-basierten Nutzerinteraktionen im 
Rahmen von HTML zielgerecht zu Implementierten. Zur Umsetzung dieser auch in einem herkömmlichen 
Webbrowser bezüglich Skalierbarkeit in eine Webanwendung bedienbare Programmlogik als 
plattformunabhängige Desktopanwendung wurde die Open-Source Bibliothek von Electron verwendet. Sie 
baut auf der plattformunabhängigen Browserkomponente Chromium auf und bedient sich daher des 
Rendering-Engine zur Darstellung der in HTML und CSS designten Oberfläche auf dem Bildschirm. Zudem 
nutzt Electron die in der JavaScript-Laufzeitumgebung (V8) laufende Implementierung von der 
umfänglichen Komponenten-Bibliothek Node.js. Letztere bietet eine Vielzahl an offenen Javascript 
Komponenten, auch bezüglich Interaktionen mit (lokalem) Betriebssystem und dient verschiedenen 
Bestandteilen der Software als Grundlage, beispielsweise der Abwicklung von Dateisystemzugriffen, oder 
dem Zusammenspiel von Datenmodell und Ansichten. 

4.2 Beschreibung des Werkzeugs und seiner Anwendung 

4.2.1 Datenkonfiguration (Nutzerdatenaufbereitung für den Anwendungskontext)  

Das Werkzeug wird „leer“ ausgeliefert, d.h. im Prototyp sind keine eigenen kommunalen Daten enthalten. 
Die Nutzer müssen die aus offen verfügbaren Datenquellen beschafften bzw. (selbsterfassten) Datensätze 
selber in eine vorgesehene Ordnerstruktur auf ihrem Betriebssystem einpflegen. Vor dem ersten Start der 
Anwendung werden hierfür Datensätze des Wegweiser Kommune Informationssystems der Bertelsmann 
Stiftung unverändert heruntergeladen oder an deren Struktur angelehnt eigene Datensätze erzeugt. Dabei ist 
es wichtig alle Zeitreihen der Indikatoren jeweils in einem Tabellendokument pro Kommune abzulegen und 
die gleiche Inhaltsstruktur (vgl. Abbildung 4) beizubehalten.  
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Eine übersichtliche Beschreibung der verschiedenen Stränge zur Datenaufbereitung, damit die Daten im 
Prototyp verwendet werden können, ist in den untenstehenden in BPMN abgebildeten Prozess (siehe 
Abbildung 3) dargestellt. Standardmäßig können die vorhandenen Datensätze des Wegweisers 
heruntergeladen und direkt verwendet werden. Dabei können die Nutzer jeweils einzeln bzw. gebündelt zu 
den Hauptthemen die Datensätze zu einer Kommune beziehen und in einem Tabellendokument die für ihre 
Analysen bedeutsamen Indikatoren zusammenführen. Darüberhinaus kann in einem ergänzenden 
Datenaufbereitungsstrang dieses kommunenspezifische Dokument um weitere, selbsterhobene bzw. aus 
anderen Datenbezugsquellen bezogene Indikatoren sowie entsprechende Jahreswerte erweitert werden. 
Prinzipiell können auch eigene Datenblätter zu Gebietskörperschaften neu angelegt werden, wie 
beispielsweise zu einer Kommune, weitere Stadtteile mit detaillierteren oder der Kreis bzw. die Region mit 
gemittelten Indikatorenwerten. 

 

Abbildung 3: Prozessbeschreibung zur Datenaufbereitung der Kommunen 

In Abbildung 4 wird ein Beispiel eines Tabellendokuments dargestellt, in dem auszugsweise Indikatoren des 
Wegweiser Haupthemas Demographischer Wandel sowie zwei eigene (rot markierte) Musterindikatoren  die 
obligatorische inhaltliche Struktur der einzelnen Datensätze veranschaulichen. Neben dem dargestellten 
Hinzufügen neuer Indikatoren können auch nur Jahreswerte für bereits vorhandene Indikatoren eingepflegt 
werden.  

 

Abbildung 4: Auszug einer (benutzerspezifisch angepassten) CSV-Datei der Bertelsmann Daten zu Aachen 

Alle Daten die jeweils für eine Gebietseinheit auf die sich die beinhaltenen Indikatoren beziehen in einem 
eigenen Tabellendokument angelegt sind können von dem Prototyp berückichtigt werden. Damit 
bedeutungsvolle interkommunale Benchmarks bzw. Vergleiche zu lokalen Situationen in der Software 
aufbereitet werden können ist beim Aufbau der eigenen Datenbasis auf das Vorhandensein der gleichen 
Indikatoren respektive der gleichen Jahreswerte in den einzelnen Tabellendokumenten der 
gegenüberzustellenden Gebietseinheiten zu achten. 

Alle benutzerspezifischen Daten werden generell auf dem Computer im Benutzerverzeichnis in einem 
Ordner „Data“ als Comma-Separated-Values (CSV) Tabellendokumente abgelegt bzw. erstellt und 
bearbeitet. Gemäß folgender Namenskonvention werden dabei die einzelnen Dokumente für das Einlesen in 
den Prototyp bezeichnet, damit aus den bedeutungsvollen Dateinamen die Metadaten zu den beinhalteten 
Datensätzen interpretiert werden können. Der Dateiname wird hierbei jeweils mit einem Unterstrich („_“) 
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getrennt zusammengestellt aus dem Namen der Gebietseinheit (Kommune usw.) optional gefolgt einer 
Spezifizierung der Daten, beispielsweise zum Anzeigen der Quelle und abschliessend ergänzt mit dem 
Zeitraum in Form der Jahre(sspanne) der beinhaltenen Indikatorenwerte. Eine Bezeichnung des 
Beispieldatensatzes der Kommune Achen mit Indikatorenwerten zwischen 2011 und 2013 könnte somit 
„Aachen_Musterdaten_2006-2018.CSV“ lauten. Mittels zwei entsprechender Musterdateien werden die für 
eine bedeutungsvolle Anwendung des Prototyps zumindest benötigten Daten für den Nutzer veranschaulicht. 
Darin sind jeweils zwei Indikatoren mit jeweils zwei verschiedenen Jahreswerten als Muster angelegt, die 
den Umfang benötigter Daten darstellen, damit alle designierten Programmfunktionen angewendet werden 
können. 

4.2.2 Konzepte zur Benutzerführung 

Vor der Beschreibung der einzelnen Ansichten und darin angesiedelten Nutzerinteraktionen werden im 
Folgenden die Grundkonzepte der Bedienoberfläche des Prototyps erläutert. Die Benutzeroberfläche ist 
dabei, wie in Abbildung 5 abgebildet, in drei Funktionsbereiche gegliedert: 

(1) Das „Steuerrad“ (links oben) aktiviert die Zugriffe auf die Teilfunktionen der Anwendung. Diese werden 
im Hauptfenster angezeigt. 

(2) Das Verwaltungsfenster (links unten) ermöglicht es, kontextbezogene Einstellungen zu treffen oder diese 
zu verwalten. 

(3) Das Hauptfenster (rechts) zeigt die aktuelle Teilfunktion an, beispielsweise die anpassbaren 
Konfigurationseinstellungen vom Benutzer zur Kommunen- bzw. Indikatorenauswahl, oder die 
Ergebnisse/Animation des Benchmarkingergebnisses. 

Zur Gewährleistung aller erforderlichen (auf einander aufbauenden) Konfigurationen – Projekt auswählen, 
Kommune(n) auswählen, Indikatoren auswählen – bevor den Anwenderinnen die Anzeige eines 
entsprechenden Ergebnisses ermöglicht wird, ist erst nach dem erfolgreichen Durchlauf der einzelnen 
Einstellungen in den Detailkonfigurationsansichten das zentrale Steuerrad-Element mittels Abspielsymbol 
gekenzeichnet und zur Navigation in die Ergebnisansicht freigeschalten. Wenn bereits entsprechende 
„vorkonfigurierte“ Projekte vorhandenen sind kann über dieses zentrale Element auch „abgekürzt“ in einen 
darin konfigurierten Analysefall gesprungen werden (vgl. Kap. 4.2.3). 

 

Abbildung 5: Oberflächeneinteilung und Steuerungselemente 

4.2.3 Projektverwaltung (Start- und Projektansicht) 

Beim Starten des Prototyps wird im Hauptfenster eine Willkommens-Meldung angezeigt (Abbildung 3) und 
der Benutzer befindet sich damit bereits in der Projektverwaltungsansicht In dieser Ansicht wird im 
Verwaltungsfenster eine Liste alle verfügbaren Projekte (vgl. Abbildung 3) angezeigt. Ein Musterprojekt ist 
standardmäßig bereits angelegt (vgl. Musterdaten in Kap. 4.2.1). In der Projektliste kann ein Projekt zur 
Bearbeitung ausgewählt werden und wird als aktuelle Selektion hervorgehoben (fett und orange unterlegt) in 
der Liste dargestellt. Durch die unterhalb des Fensters befindlichen Schaltflächen können Projekte angelegt, 
dupliziert und umbenannt, oder auch gelöscht werden. Neben dem Bezeichner können einem Projekt in 
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dieser Ansicht eine Beschreibung zugeordnet werden. Zu Austausch- bzw. Archivierungszwecken können 
die Projekte in die Liste ex- bzw. importiert werden, dazu werden die Projektmetadaten zusammen mit der 
Datenbasis in einer komprimierten Datei verpackt. 

Vor der Auswahl eines Projektes sind die Schaltflächen des Steuerrades nicht freigeschalten (ausgegraut). 
Bestimmt durch den Stand der Detailkonfigurationen in einem selektierten Projekt werden dann die 
Steuerad-Elemente freigeschalten. Dabei beinhaltene Konfigurationsmöglichkeiten (im Projekt gespeicherte 
Einstellungen sowohl in der Kommunen- als auch der Indikatorkonfiguration; vgl. Kap. 4.2.4 bzw. Kap. 
4.2.5), die wiederum den Konfigurationsstand des selektierten Projekts bestimmen können jeweils einem der 
folgenden drei Fälle zugeordnet werden: 

(a) Es existiert jeweils nur eine Einstellung zu der Kommunen- sowie zu der Indikatorauswahl, daher kann 
über das zentrale Steuerrad-Element direkt zur Ergebnisansicht mit der aus der Kombination der beiden 
Einstellung erstellten Analysegrafik navigiert werden. 

(b) Es existieren drei oder mehr gespeicherte Einstellungen, dabei jeweils mindestens eine Einstellung zu der 
Kommunen- sowie zu der Indikatorauswahl, durch Betätigen des zentralen Steuerrad-Elements werden in 
einem Kontextmenu alle möglichen Kombination der beiden Einstellungsmöglichkeiten zur Navigation in 
eine entsprechende Ergebnisansicht präsentiert. 

(c) Existiert keine Einstellung oder nur einseitig – entweder in der Kommunen- oder der 
Indikatorkonfigurtion – dann ist das zentrale Steuerrad-Element nicht navigierbar (ausgegraut) und es 
müssen zunächst die Detailkonfigurationen druchgeführt bzw. vervollständigt werden. 

Wenn beispielsweise ein (neuangelegtes) unvollständig konfiguriertes Projekt in der Projektliste selektiert 
wird (vgl. Fall 3) kann ein Analyseergebnnis erst angezeigt werden, wenn die erforderlichen Einstellungen 
zur Auswahl von mindestens einer Kommune (vgl. Kap. 4.2.4) sowie von mindestens zwei Indikatoren (vgl. 
Kap. 4.2.5) über die entsprechend freigeschaltenen Schaltflächen des zentralen Steuerrads. Prinzipiell kann 
dabei beliebig zwischen allen drei Konfigurationeansichten des Prototyps gewechselt werden, alle darin 
jeweils gemachten Änderungen sind direkt wirksam und entsprechend geänderte Projekte bzw. Einstellungen 
lokal abgespeichert. 

4.2.4 Auswahl der Kommune(n) (Kommunenkonfigurationsansicht) 

Durch das Betätigen der Schaltfläche „Kommunen“ wechseln die Anwender in die Kommunenkonfiguration, 
diese Ansicht wird durch das (gelb) hervorgehobene Steuerrad-Element angezeigt (vgl. Abbildung 6).  

 

Abbildung 6: Auszug aus der Kommunenansicht 

Sind im selektierten Projekt bereits Einstellungen, wie beispielsweise eine Auswahl von zwei zu 
vergleichenden Kommunen, in der Konfiguration abgelegt, werden diese im Verwaltungsfenster gelistet und 
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können direkt als ein erster Teil der Konfiguration einer intendierten Auswertung selektiert werden. Mit der 
Selektion einer Kommuneneinstellung in der Auswahlliste, ist sie bezüglich einer aktuell zu 
konfigurierenden Auswertungsgrafik aktiviert, d.h. wenn bereits eine Einstellung in der 
Indikatorkonfiguration aktiviert wurde (vgl. Kap. 4.2.5) kann direkt über das nun freigeschaltene Steuerrad-
Element in die Ergebnisansicht gewechselt werden. Durch die weiteren Schaltflächen + und – unterhalb der 
Auswahlliste können neue Einstellungen hinzugefügt bzw. Selektierte gelöscht werden. Im Hauptfeld der 
Konfigurationsansicht werden für jede in der Auswahlliste selektierte Einstellung rechts alle in den 
Datensätzen verfügbaren Kommunen gelistet, die vom Anwender zusammengestellt werden können. Die 
eigene Zusammenstellung wird dabei in der oberen Hälfte der Listung (Abbildung 6) angezeigt. Neben einer 
Checkbox „Berechnen“ zum Hinzufügen in die Zusammenstellung, sind jeder Kommune weitere 
Checkboxen bezüglich ihrer grafischen Darstellung in der Auswertungsgrafik zugeordnet. So können die 
Werte Kommune generell über die Checkbox „Anzeigen“ ein und ausgeblendet werden oder gegenüber 
anderen Werten mit der Checkbox „Hervorheben“ farblich markiert werden. Eine Mehrfachauswahl 
ermöglicht den Anwendern eine individuelle Gestaltung der in der Einstellung zusammengestellten 
Kommunen für die grafische Auswertung. 

4.2.5 Auswahl der Indikatoren (Indikatorkonfigurationsansicht) 

Durch das Betätigen der Schaltfläche „Indikatoren“ wechseln die Anwender in die Indikatorenkonfiguration, 
durch das (gelb) hervorgehobene Steuerrad-Element wird dieser Wechsel den Anwendern angezeigt (vgl. 
Abbildung 7). Analog zur Kommunenkonfiguration werden gegebenfalls im selektierten Projekt bereits 
vorhandene Einstellungen, in denen jeweils zwei Indikatoren zusammengestellt abgelegt wurden, im 
Verwaltungsfenster gelistet und können direkt als ein zweiter Teil der Konfiguration einer intendierten 
Auswertung selektiert werden.  

 

Abbildung 7: Auszug aus der Indikatorenansicht 

Somit kann bei gegebener aktiver Einstellung in der Kommunenkonfiguration mit der Selektionen einer 
Indikatoreneinstellung in der Auswahlliste direkt über das nun freigeschaltene Steuerrad-Element in die 
Ergebnisansicht (vgl. Kap. 0) gewechselt werden. Zum Erstellen bzw. Entfernen von Einstellungen stehen 
entsprechende Schaltflächen unterhalb der Auswahlliste bereit. Zur jeweils selektierten Einstellung werden 
im Hauptfenster tabellarisch alle in den Datensätzen vorhandenen Indikatoren angezeigt. Für die Auswertung 
sind vom Anwender darin dann zwei Indikatoren zusammenzustellen, in dem die entsprechende Checkbox 
„Aktiv“ angehakt und somit in der Einstellung abgelegt wird. 

4.2.6 Auswertung und Ergebnisse anzeigen (Chartansicht) 

Wenn eine Auswertung vollständig durch das Aktivieren sowohl einer Kommunen- wie auch einer 
Indikatoreneinstellung in den Konfigurationsansichten konfiguriert ist, wird die zentrale Schaltfläche im 
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Steuerrad freigeschalten und als „Abspiel“ Symbol dargestellt (vgl. Abbildung 7). Darüber kann in den 
Ergebnisansicht (vgl. Abbildung 8) gewechselt werden. Im Hautbereich wird das um 45 Grad gedrehte 
Diagramm angezeigt, bei dem  jeweils ein Indikator die X-Achse und einem Indikator die Y-Achse 
zugewiesen ist. Die Darstellung kann durch verschiedene Anzeigeoptionen im Verwaltungsfenster justiert 
werden. Generell kann dabei zwischen den beiden Ansichtsmodi eines Eintwicklungs- bzw. 
Benchmarkdiagramms (vgl. Kap. 3.2) ausgewählt werden. Zudem können beispielsweise die dargestellten 
Indikatorenwerte im Diagramm invertiert werden, wobei die hohen Werte zum Achsenschnittpunkt hin 
ausgerichtet werden. Äquivalent zu den Einstellungen in den Konfigurationsansichten können für ein 
konfiguriertes Auswertungsdiagram jeweils zusammengestellte Ansichtsoptionen in verschiedenen 
Einstellungen zur Darstellung des Charts angelegt, gelöscht, umbenannt bzw. ex- und importiert werden.  

Während die ganze Zeitreihe im Entwicklungmodus im Chart angezeigt wird, können im Benchmarkmodus 
mittels eines Schiebereglers unterhalb des Diagramms die einzelnen Jahreswerte im Diagramm dargestellt 
werden. Darüber hinaus ermöglicht eine Schaltfläche „play“ ein dynamisches Benchmark zu vergleichender 
Kommunen, in dem die einzelnen Jahreswerte nacheinander dadurch in einer Animation abgespielt werden 
können. In einen nach dem Projekt benannten Ordner im Nutzerverzeichnis können sowohl alle 
Einzelgrafiken der Animation wie auch jede einzeln navigierte Diagrammansicht als Bilddatei im PNG 
Format gespeichert werden.  

 

Abbildung 8: Auszug aus der Analyseansicht 

5 ZUSAMMENFASSUNG 

Im Beitrag wird ein einfach zu bedienendes IT-gestützes Hilfsmittel vorgestellt, das Kommunen unterstützen 
soll sich an den offen verfügbaren Datenquellen beim Analysieren ihrer lokalen Situation bedienen zu 
können. Im Rahmen von zwei Forschungsprojekten wurde eine prototypische plattformunabhängige 
Software entwickelt und frei zur Verfügung gestellt, mit der sich die Anwender auf Basis ihrer 
selbstverwalteten Datensätze eigene Auswertungsdiagramme für ihre Kontextanalysen zusammenstellen 
können. Neben dem Aufbereiten von jeweils zwei in Beziehung gesetzen Indikatoren entlang der 
vorhandenen Jahreswerte zur Verdeutlichung einer Entwicklung, können auch unter Hinzunahme der Werte 
weiterer Kommune interkommunale Vergleiche angestellt werden. Indem diese jeweils für die Jahreswerte in 
einer Sequenz abgespielt werden können wird zudem ein „dynamisches“ Benchmark durch das Werkzeug 
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ermöglicht. Für Weiterverwendung in der Planung können alle erzeugten Diagramme als Bilddateien 
exportiert werden. 
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1 ABSTRACT 

The research project called Smart Through Gender+ aims to support a gender+ appropriate urban planning 
and investigates on how new GIS based spatial planning tools can assist analysing the available data. In this 
context, gender groups are not only determined by sex, but by further factors which are considered to shape a 
person’s urban routines.1 Those groups are referred to as gender+ groups. For the case study area of Linz, a 
medium sized city in Austria, data from different sources like official statistics (Statistics Austria), Open 
Government Data (OGD), OpenStreetMap (OSM), Foursquare and TomTom have been evaluated. The focus 
is on data about infrastructure, services and facilities that are crucial for daily routines and the everyday life 
patterns of certain gender+ groups. The analysis is centred upon the principle residence of the citizens. This 
data is used to correlate supply and demand, deficits and potentials.  

Based on the “city for all” approach, different gender+ groups and their specific spatial demands were 
identified in the course of the research project. This paper demonstrates the creation of gender+ specific 
supply and demand maps. For increased readability and comparability, a unique key performance indicator 
(KPI) was developed, which evaluates the appropriateness of the urban space to the needs of a specific 
gender+ group. This KPI set is a combination of spatial, infrastructural and demographic features, the 
classification is based on median values.  

The resulting maps 1) express the current situation highlighting especially areas where the current 
infrastructure offer, and the available functions and facilities show need for improvement and 2) expel areas 
which possess the potential for an increased demand due to an already existing infrastructure for a specific 
gender+ group. Generally speaking, the resulting maps facilitate planning decisions within given spatial 
circumstances, which might range from easily adjustable services to fixed, immovable infrastructure. 

The paper further discusses the different data sources and analysis methods, as well as the workflow of 
creating the maps of the current situation. The data basis as well as generalisation and simplification – both 
in terms of map creation and formation of gender+ groups – is critically reviewed. It finally concludes with 
the potential involvement of the demand and supply maps to display and validate future demographic 
development scenarios, as well as to support accompanying urban planning decisions. Decisively based on 
open data the developed tool shall be applicable to further Austrian cities, providing planners with a first 
overview of hotspot areas concerning gender+ appropriate design of a given city.  

Keywords: Demographic Change, GIS Analyses, Urban planning tools, Open Data, Gender appropriate 
urban planning 

2 INTRODUCTION 

Cities are facing a fast change in their population, their needs and thus the requirements and demands. Social 
change processes and the global trend towards urbanization, as well as the current migration pressures on 
European cities are increasingly posing a major challenge to respond to the processes of change in urban 
planning. Although gender issues are considered important in some cities, they are often disregarded in 
planning practice due to the many other issues and the time and money spent on spatial research (especially 
in smaller and medium-sized cities). Cities always have been areas wherein different user groups, males, 
females, young and old, as well as different ethnic groups lived – and all of whom have different needs for 
urban functions. The current trend of migration even increases the requirement to cope with the different 
demands of citizens and to understand, which infrastructure and functions of a city have to be provided at 
which location. In this context, gender groups are not only determined by sex, but by further factors which 
are considered to shape a person’s urban routines. Those groups are referred to as gender+ groups in this 
paper. 

                                                      
1 such as age, household size, employment and country of origin 
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Furthermore, the role of urban planning and urban planners in shaping cities and regions changes 
increasingly as new data sources allow a more detailed insight in the spatial distribution of functions and 
forms of cities. Since the 1970s, an increasing consideration of gender-specific aspects in planning theory 
and practice has become apparent (Damyanovic and Zibell 2013). Since the gender mainstreaming strategy 
was anchored in the Amsterdam Treaty, there has also been an increased implementation of this strategy and 
thus of gender-specific aspects in urban planning. Some cities e.g. Berlin, Vienna have published guidelines 
on the integration of gender issues in urban planning and development (Stadt Wien, 2013). Only four of the 
12 bigger cities in Austria refer to the gender mainstreaming strategy, use gender-disaggregated data or point 
out the different demands of women and men (Reinwald et al., 2016).  

Digital tools for the analysis of socio-spatial structures and for the simulation of measures and their effects 
are increasingly used in urban planning. These tools though lack the integration of gender and group-specific 
aspects. Gender-sensitive urban planning is, as one of the basic principles, dependent on gender-specific 
disaggregated data.  

3 SMTG+ PROJECT AND CASE STUDY LINZ  

The project "SmartThroughGender+" (SMTG+) develops solutions for this, it investigates on how new GIS 
based spatial planning tools can assist analysing the available data. Traditional planning tools, such as local 
development concepts, have difficulty coping with the rapid changes and aligning goals and measures with 
long review periods. "SmartThroughGender+" aims in integrating gender+ aspects into a toolset to support 
urban planning. The overall objective of the project is a Proof of Concept if this toolset consisting of 
(quantitative) digital analysis and simulation tools as well as (qualitative) instruments from urban and 
landscape planning, taking into account gender+ specific requirements, enables to support gender+ sensitive 
urban planning. Thus, on the basis of a case study in the city of Linz (Austria), it examines based on 
commonly available data if and how indicators and characteristics can be developed to enable a (partially 
standardized) "rapid assessment" of social and spatial structures while taking the gender+ approach into 
account. SMTG+ develops quantitative tools on different spatial resolutions. One is developed at the overall 
level and a cell resolution of 250m*250m for the entire city to investigate “hot spots”, which possess an 
above average demand for gender+ sensitive urban planning. This quantitative tool is based on statistical 
data from the national statistic agency (Statistic Austria) and Open Government Data (OGD) and sources like 
OpenStreetMap (OSM), Foursquare and TomTom. The tool is implemented as a web application using R-
Shiny. For a district, which was chosen based on the results of a GIS analysis and stakeholder judgement, a 
quantitative tool on the level of building blocks will be developed using Rhinoceros3D/Grasshopper and a 
parametric modelling concept. In order to validate, test and clarify the results at the overall level, a 
qualitative analysis is carried out at district level in which participatory statements are examined and 
proposals for measures are worked out (combination bottom-up and top-down). This qualitative analysis will 
also be combined on district level with the quantitative parametric design tool later. The project lasts till Mai 
2021, thus in this paper we will focus on the already developed method for the GIS analyses at the overall 
(entire city) level and the first results and findings of the implementation into an interactive web application.  

4 DATA SOURCES AND EVALUATION OF USE  

In order to be able to carry out quantitative analyses at overall (entire city) level, different data sources were 
examined. The focus is on commonly available data to easily transfer the methodology to other cities. A 
good availability and standardised form of the data sets is essential for the automated processing and analysis 
of the data. In addition to the availability of the data covering a wide area, the relevance of the data and the 
implementation of updates is an essential requirement. Data sets which show the development in cities over a 
period of several years prove to be particularly helpful. In the presented project, demographic data and 
location data on selected uses were used for the analyses. 

For the demographic information on the population the data of the national statistical agency (Statistics 
Austria) were used in a cell resolution of 250m*250m for the calculations. Here there is a wide range of 
different categories (family, household, population structure, ...), which represent the population structure on 
a grid available throughout Austria. In the analysis presented, data on age, gender, ethnicity, household size 
and marital status are examined. This information is available as bundled packages and can be purchased 
commercially on individually selected regions. The principle residence is used for the evaluation of 
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population distribution and accessibility of the daily infrastructure. The availability of everyday facilities 
close to the workplace is therefore not represented. The data source Statistics Austria has proved to be very 
suitable according to the demographic data for the application in the project and the transfer of the tool to 
other Austrian cities. 

Location data was used to check the availability and accessibility of daily local supply. The following data 
sources were tested for their usability: TomTom, OpenStreetMap [OSM] and Open Government Data 
[OGD]. Location data is available in different geometrical forms [points, polygons] and therefore the 
usability of data depends on the usage. The supply of daily infrastructure (e.g. shops, education, social 
infrastructure) can be expressed geographically by points of interest [POI]. However, the sufficient supply of 
green spaces requires the outlines (polygons, areas) to include the size of the parks in the calculation. 

For the analysis of points of interest, comparisons were made between different data sources. The different 
classification schemes within the data sets form a challenge for counting and comparing characteristics 
(Hochmair and Zielstra 2013). For the project the TomTom data was bought as points (POIs) data set and the 
road network as lines for the overall city level. The POIs are available for the overall city of Linz in 2018 
with 5571 points and in 2019 with 5667 points. The structure of the data is organized by PACKNAME, in by 
LABELNAME and by SUBNAME as a clear description of the point information. By applying filters, 
selected uses from POIs can be included in the evaluation. This means the data is described in the first level 
(Package) Eating & Drinking, in the second level (Labelname) Café or Pub which is on the third level 
(Subname) differentiated in Café, Coffee Shop, Pub or Empty. 

PACKNAME LABELNAME SUBNAME COUNT 

Eating & Drinking Café or Pub Café 46 

Eating & Drinking Café or Pub Coffee Shop 3 

Eating & Drinking Café or Pub Pub 20 

Eating & Drinking Café or Pub Empty 40 
Table 1: Example on Structure of TomTom data 

It was determined that not all POIs contain information in the SUBNAME, this affects that filtering POIs in 
the third level can cause a loss of data (POI). The percentage distribution of POIs on the PACKAGES also 
shows that the focus is on business (34.3%) and shopping (31.3%). The necessary basic health care is 
represented by 10.3% of the POIs and the food & drink category by 9.8%. 

The advantage of the open source dataset of OpenStreetMap [OSM] is, a worldwide availability of data. 
However, the data is created by a user community in a different level of detail and is not validated by the 
providing company like TomTom. Hence the inclusion of this OSM POIs in the analyses can be beneficial in 
some applications. 

The amount of pharmacies in Linz can be well compared among the different data sources. The lower Figure 
1 shows the distribution of pharmacies in Open Government Data, OpenStreetMap and TomTom of the 
currently available datasets. 

 

Fig. 1: Distribution of Pharmacies [POI] in Linz – Open Government Data, OpenStreetMap & TomTom © AIT 

A comparison of the data sets showed that not only the location of the point data varies, but also the number 
of POIs in the urban area. For the general accessibility in a 250m raster the geographically exact location on 
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a few meters variance is negligible. However, the completeness of the data sets is an essential quality 
criterion. This insight raises the need for validation of the data within the research project which as a 
necessary step for a representative statement of the analyses. A detailed documentation of the processing and 
integration steps must be done in order to enable an optimized work when transferring the method. 

The analysis of the polygons (e.g. green areas and open spaces) was based on the official zoning data by 
Open Government Data [OGD]. The dataset contains the polygons by function and therefore provides 
information about the area coverage of urban green areas for the population. For the calculation of the supply 
of open spaces, not only the distance but also the size, type and quality of the open spaces are relevant.  

5 GENDER+ SPECIFIC SUPPLY AND DEMAND  

The main idea is to combine the demand based on the spatial distribution of the different gender+ groups, 
with their needs regarding infrastructure as well as green and open spaces distribution. This means a 
combination of three factors so-called scores. A demographic score, an infrastructure score and a spatial 
score (green and open space score). All together -the combination of three single scores- was integrated to 
the so-called gender+ score, a unique key performance indicator (KPI) to investigate how the demand and 
supply matches Figure 2. 

 

Fig. 2: Gender+ score schemata © AIT 

First step to analyse gender+ specific supply and demand was to create the gender+ specific groups. This was 
established based on gender experience from the projects, desktop research and the available data. The 
following table shows the chosen gender+ groups for the analysis at the overall city level. 

Gender+ Group Name Sub-groups Comments 

Unemployed male, female Source: Statistik Austria 

Persons 70+ male, female Source: Statistik Austria 

Childrens 0-9 male, female Source: Statistik Austria, age groups available in 
5-year steps (0-4, 5-9, 10-14, 15-19,…) 

Non-German mother tongue male, female Source: Statistik Austria 

One-parent families parent-male, 
parent-female 

Source: Statistik Austria 

Households with more than 5 persons - Source: Statistik Austria,  

Single households - Source: Statistik Austria, no male or females are 
available 

Table 2: Investigated Gender+ groups 

All these groups have their own set of requirements to fulfil their needs regarding all day infrastructure, 
mobility, security, health, leisure equipment etc. Which does not mean that there are no common needs for 
all, like open spaces or food shops, but with different weights in their daily life.  
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The second step was to explore these different needs for the gender+ groups regarding infrastructure and 
green and open space distribution. This step included searching for available spatial data to derive the single 
scores. The third step was to develop methods to derive the single scores and to combine them into a so-
called Gender+ Score. 

In this paper we focus exemplarily on one important group and show how this was done, namely for the 
gender+ group children females 0-9 years. The demographic data from statistic shows individual numbers of 
children which were classified into three quantiles visualized with lower case letters of “a”, “b”, “c”, as can 
be seen in Figure 3. 

 

Fig. 3: Demographic score gender+ group female children 0-9 years © AIT 

Regarding the infrastructure score a list of factors was found as important to be in close distance to the 
demand of the specific gender+ group. We used data from several sources mainly TomTom and OGD to 
calculate Euclidian distance maps to the individual factors called Points of Interests (POIs). First results have 
shown that due to the difference in the spatial distribution of some of the factors weights have to be used not 
to create biased maps. The following table shows the list of POIs as well as default weight factors chosen, to 
create the map depicted in Figure 5. 

POI category  weight factor 

Hort 0.7 

Youth centre 0.3 

Playground 0.8 

Kindergarten 1 

Park 0.8 

Day sursery 0.5 

Library 0.2 

Music school 0.5 

School 1 
Table 3: Gender+ specific POIs and default weight factors, ©AIT 

Similar as it was done for the demographic score where we categorised the euclidian distances to combined 
weighted infrastructure into three classes using quantiles. This time we used upper case letters “A”, “B”, 
“C”. The following Figure 4 shows the resulting possible combinations of the demographic and infra scores. 
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Fig. 4: Possible combinations of demographic and infrastructure score classes © AIT 

This allows to understand for each class it’s cause, e.g., “Ca” as low demand (few girls living in the given 
cell) and high supply of the relevant social infrastructure, as can be seen in Figure 5. 

 

Fig. 5: Gender+ specific INFRASCORE (female children 0-9 years) © AIT 

For the gender+ group childrens 0-9 also a spatial score (green and open space score) was calculated 
distinguishing between different sizes of green spaces. The categories were classified according to their size. 
For each category a distance was defined as the maximal acceptable distance based on expert judgement and 
former studies. The following table shows the chosen size and default maximal acceptable distance for the 
green space categories. 

Green space category Size Maximal acceptable distances 

Neighbourhood <1 ha 250m 

Residential area 1-3 ha 500m 

District: small greenery 3-10 ha 1,000m 

District: big greenery 10-50 ha 1,500m 

City region >50 ha 6,000m 

Table 4: Gender+ specific POIs and default weight factors, (Wien and Magistratsabteilung 18 2015) 

The calculated spatial score is thus a combination of the different green space categories and therefore a well 
supplied location would be one if all categories are reachable within the maximal acceptable distances. The 
first analyses showed that a simple counting does not achieve an informative result as for example the big 
green space in the case study area was accessible within all locations (250m*250m) raster cells in Linz. And 
furthermore, if for example a green space of 40ha would be in a distance of 1,750m it would be accounted as 
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not acceptable (>1500m), but 250m is only a minor deviation compared to 1500m. Taking the same 
transgression into account for the smallest green space, the neighbourhood category, this green space would 
be twice as far away as it is aimed for. To avoid this a method has been developed named inaccessibility 
transgression. This method calculates for each green space category the percentage of inaccessibility 
compared to the maximal acceptable distance. Only transgressions are taken into account. If the closest green 
space of the given category is within the maximum acceptable distance, the percentage will be 0. The 
following Figure 6 shows a schematic representation of this method.  

 

Fig. 6: Inaccessibility transgression © AIT 

The calculated inaccessibility transgression was classified in the same way as the demo and infra scores 
using quantiles into three classes. To combine the demographic score with the spatial score the following 
combinations were used (Figure 7).  

 

Fig.7: Possible combinations of demo and spatial score classes © AIT 

 

Fig. 8: Gender+ specific SPATIAL SCORE (female children 0-9 years) © AIT 
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The gender+ specific spatial score in Figure 7 shows areas with high demand and low inaccessibility, 
meaning well supplied areas but also with a high demand and thus bear no high potential to increase the 
specific gender+ group there. The map also enables to find areas currently not appropriately supplied with 
access to the green infrastructure (classes “3c”and “3b”) as well as areas with a high potential for further 
increase of gender+ specific demand (i.e. in this case more females 0-9 year). 

Last but not least, the above described scores have been combined to the Gender+ Score. The combination of 
the three criteria would give 27 different gender+ score classes, which would result in a very complex map 
(Figure 9 left). To simplify the visualisation and identify the “hot spots” we concentrated on the extreme 
values (Figure 9 middle). An additional category “0” was introduced as an indicator for areas with currently 
no demand (no specific gender+ population). This means the demand category exists of 4 categories “a”, “b”, 
“c“, “0”. So, the final possible combinations are 12 (Figure 9 right). 

 

Fig. 9: Possible combinations GENDER+ SCORE (female children 0-9 years) © AIT 

For the above chosen default values of the POI weights for the infrastructure score (Table 3) and green space 
types and maximal acceptable distances (Table 4) the following specific gender+ score map was calculated. 
This map (Figure 10) contains a lot of information depicting areas where demand and supply match “Ac1” 
(dark green), areas where a low demand but high supply indicate that a demand increase is easy to manage 
“Aa1” (light green). The same map can be used to find areas where new demand (females < 10yr) would find 
the infrastructure and green space they need “A01” (doted areas), and on the other hand areas where the 
current situation for these gender+ group seems to be very bad “C03”. 

 

Fig. 10: Possible combinations GENDER+ SCORE (female children 0-9 years) © AIT 

6 DEVELOPMENT OF A DECISSION SUPPORT PLANNING TOOL  

The section 5 demonstrates that it is a high effort and a complex procedure to create these demand and 
supply maps and furthermore some parameters influence the results significantly as the weight and green 
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space sizes etc. Additonaly, it is very difficult to define the “correct” values which shall be used. The aim of 
SMTG+ is to show as a proof of concept that an interactive simulations tool could help in several aspects. 
Firstly to reduce the effort to create this kind of maps, and secondly, to use them together with local experts 
from the city in co-creation workshops. The idea is to develop a decission support planning tool, which can 
perform the same or at least in a very similar way as GIS analysis tools and create the above discussed maps. 
As a first concept, we developed a web based application which uses the spatial data analysis capacity of R 
(Muenchow n.d.), (Lovelace et al., n.d.). To create the interactive web application Shiny was used, an R 
package that enables to build interactive web apps with less effort straight from R (R-Studio n.d.; Chang et 
al. 2017; Gebetsroither-Geringer, Stollnberger, and Peters-Anders 2018). The development of the interactive 
web application showed that the GIS analysis can be performed using R. The user interface (sliders in Figure 
11 right image) enables to interactively choose the weights for the infrastructure (Table 3). The calculation of 
a new map needs less than half a minute using a standard notebook. This is a huge improvement compared to 
calculating all the necessary steps one by one in a starndard GIS program as QGIS.  

 

Fig. 11: Interactive web application - implementation of the Gender+ SCORE (female children 0-9 years) with R-Shiny © AIT 

Furthermore, the developed application shows the single score maps at the same time, and zooming 
synchronously shows details on all maps. 

 

Fig. 12: Single synced maps - implementation of the Gender+ SCORE (female children 0-9 years) with R-Shiny © AIT 

7 RESULTS DISCUSSION AND OUTLOOK 

The result of the presented methodology is a proof of concept of a web application for the quantitative 
evaluation of the current situation regarding gender+ specific demand and supply on the overall (entire city) 
level. The dynamic evaluation and change of input data sets enables a flexible working mode, intended for 
planners in practice. This high flexibility is important, since it should be possible to create and evaluate 
different results depending on the input parameters as the weights, or discussed green space sizes. 
Furthermore, driven by the need to update the analysis with newer or more accurate data sets. This enables to 
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monitor the changes easily e.g., every 5 years with demand data from the statistic or new supply data from 
different sources. The application for other cities within Austria is possible without major adjustments by 
using standardized data sets. The application to other European cities is also considered possible through the 
use of open source data. While the development of a userfriendly web-application is considered as a possible 
next step in the future, it is this not covered by the project Smart Through Gender+ and its proof of concept 
analysis. 
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1 ABSTRACT 

Urban regions are changing at all levels. Technological and demographic change poses major challenges for 
urban planning and regional development. Evaluation from the report "Europe's demographic future" from 
2017, prepared by the Berlin Institute for Population and Development, illustrates the demographic 
development of the population 65+ by 2050. According to this, an increase of up to 55% of the population 
over 65 in Europe is forecast by 2050. Independence and the associated opportunity for a self-determined, 
autonomous life in old age is the wish of the aging population and is often accompanied by a changed form 
of living. But how can this predicted increasing demand and the associated range of infrastructure and 
services be implemented and managed in urban areas? In order to identify the parameters and necessary 
framework conditions that influence the development of an age-friendly, smart city district, this paper deals 
with the comparison of seven European smart city districts and their offers in relation to their aging 
population, for autonomy and flexibility also in old age. Modern forms of housing, shared flats, mixed 
concepts of senior and students, where the collective is lived, are reality. Flexibility of use plays an important 
role here. Common spaces, accessibility at all levels, good public transport connections and an environment 
with the best infrastructure are indicators of self-determination even in old age. A case study of seven 
selected European Smart City districts focusing on "Living in old age" will be analysed and evaluated here. 
The selected European Smart City districts: „Malmö BO01“, „Stockholm - Hammarby Sjöstad“, „Vienna 
Seestadt Aspern“, „Hamburg – HafenCity“, „Helsinki – Kalasatama“, „ Helsinki – Jätkäsaari „ and 
„Copenhagen – Nordhavn”. Here, the ratio of offers for older people to registered residents +65 is analysed 
and compared: „Vienna Seestadt Aspern“, with 6.348 inhabitants and a population density of 2.645 
inhabitants per km², has 2.39% inhabitants in the category +65, despite multiple offers, although various 
assemblies on the construction site D13 „Aspern Die Seestadt Wiens“ advertise with a focus on communal 
living. „Hamburg HafenCity“, with an average age of 35,7 years and a population density of 1.893 
inhabitants per km², has a population +65 of 9,2%. The percentage of one-person households is 37,6%. Here, 
intergenerational communal housing solutions can benefit from one another and form synergies. Another 
positive aspect in this district is the medical infrastructure, which with 13 established medical facilities, 
including a pharmacy, forms a good basis for an independent life in old age. The infrastructure and the 
necessary services are available in many districts. Society is currently undergoing a rethink, and the 
population is also willing to accept these social offers.  The percentage of the resident population +65 is still 
manageable in Smart City districts, but the result is that they are still relatively young. However, the 
population will change in the future and in 2050 there will be more old people than young people, even those 
currently under 65 will follow the demographic change with the desire to age autonomously and 
independently. 

Keywords: ageing population, Smart City districts, autonomous, flexibility, districts 

2 INTRODUCTION 

Smart City is the challenge of the new generation of the city. Digitalization is driving social change. The 
analysed target group 65+, too, is discovering the digital world and its numerous possibilities to make life 
easier in old age, more and more for itself. In the future, it will be easier for older people to live in their own 
homes for as long as possible and to participate in social life in a self-determined way. Although older people 
attach great importance to self-determination, people often have to make themselves dependent against their 
will. The older people get, the more time they spend in their home. With this reduced radius, the demands on 
the apartment also changes and the need for comfort and security increases. My thesis on this is: Old people 
prefer to live autonomously and longer in a Smart City District than in rural areas, because they can manage 
their everyday life there independently and therefore do not have to seek outside help from a nursing home. 
Accessibility, networking in old age and an appropriate infrastructure in the immediate vicinity are 
considered important factors for senior living. There are now many alternative forms of living, such as 
intergenerational living for seniors and students. Alternative concepts are the future here. Today's best agers 
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do not want to live in the home, but rather self-determined in associations that offer a social life. Therefore, 
the following part deals with the analysis of seven European Smart City Districts in relation to the population 
living in them, their percentage 65+ and the offer for independent living in old age per district.  

3 SMART CITY  

The term Smart City is the development of future-oriented urban planning programmes and strategies, in the 
form of creative networking, as well as innovative integration of different areas of a city. Its intelligent 
structure and the associated infrastructure overcome the urban challenges of the city and operate 24 hours a 
day, seven days a week. There are various interpretations and interpretations worldwide. Innovative smart 
city concepts include technical, social, economic and ecological developments. It offers its residents an 
energy-efficient and low-emission city with a high quality of life and minimal resource consumption.1 The 
use of information and communication technologies, which promise a change in cities as systems and as a 
society, can only lead to smart city development in combination with other factors. In order to bring about 
this change in living conditions, smartness must be thought through in terms of innovative ability, ecological 
sustainability and quality of life. Participative processes of participation and the integration of social aspects 
of urban society are essential here, because smart cities are committed to sustainable and integrated urban 
development at all levels in order to improve living conditions in cities.2 

4 DEMOGRAPHIC CHANGE 

Demographic change is changing European society. The world's lowest birth rate contrasts with increased 
life expectancy. Demographic change is increasing, with the increase in single households and increased 
mobility, an increasing number of people in need of care. Due to this demographic development, the aging 
population and its holistic area of life, from economy to architecture, is being brought into focus, because in 
our affluent society you not only live longer, you also age more slowly. The reasons for higher life 
expectancy are growing prosperity, advances in medicine, hygiene and health care, and accident prevention.3 

 

Fig. 1 Europe's demographic future - Percentage over 65 years old  

The graphic illustrates the evaluation from the report "Europe's demographic future" from 2017, prepared by 
the Berlin Institute for Population and Development. In this study, the demographic development of the 
population 65+ is forecast by 2050. According to this, by 2030 more than 40% of the population in Europe 
will be over 65 years old. In 2050, an increase of over 65-year-olds in Europe's population is forecast with an 
average of up to 55%. This share of the population is expected to be 44% in Norway and Denmark in 2050, 
49% in Austria and Finland and 55% in Germany. The calendar age will lose more and more meaning, 
because the population has two age values, so to speak. A value based on the year of birth and one based on 
actual skills and behaviour. One of the greatest challenges of the future will be to keep the aging population, 
economically and socially, efficient.4 

                                                      
1 Lobsiger 2015, 13 -14. 
2 Bundesinstitut für Bau-, Stadt- und Raumforschung 2017, 12. 
3 Hergott 2012, 8-11. 
4 Hergott 2012, 10-11. 
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5 LIVING IN OLD AGE 

Participation is a social phenomenon based on relationships with other people. It is an important factor in 
physical self-determination and medical health. This aspect also has a high impact, in the areas of housing 
and social integration, in relation to the satisfaction of the residents of a neighbourhood. It is also an 
important indicator in the case of supportive digitalization in order to be able to lead a certain lifestyle, 
because older people want actively designed leisure time in order to maintain physical and mental fitness as 
well as social contacts. The technical assistance systems are in a process of constant further development and 
are becoming increasingly important. These systems are used in nursing to support older people and those in 
need of care, as they allow them to stay in their own home for longer. The desire to be able to live 
autonomously in your own apartment for as long as possible often goes hand in hand with a change in living 
arrangements.5 

5.1 Living in a district 

Independent living in a familiar environment can be best achieved in a district even in old age, through 
participation and mutual help. A district is a social space and describes the individual radius of action, the 
extent of which is variable, and promotes quality of life. The radius of action is a dynamic process and is 
made up of the available offers and individual skills in everyday life. To do this, one is faced with the 
question of what skills are required to use the available offer. The radius of action can be expanded by the 
social space offered in a quarter, in the form of one's own apartment and the regularly used public space. 
Activities and interactions of everyday life take place here. The advancing digitalisation is already having an 
impact on networking in the district. In this context, older people have a local connection and digitalization 
in the district can become a concrete problem solver in everyday life. Neighbourhoods and social-spatial 
networking at the district level are essential in order to receive help when needed, because support from the 
surrounding area improves living together, reduces the need for help and increases the quality of life.6 

5.2 Survey Target group 

In order to better understand the target group 65+, a survey of 63 people aged 65+ was carried out in Austria 
and Germany. 34% of those questioned form the 65-69 year olds. 70-74 year olds are 33%. The age groups 
75-79 and 80-84 each make up 14%. The age group 90 - 94 make up 5%. For this purpose, questions were 
asked in the area of digitalization, infrastructure and mobility, in terms of habit and relevance, and the 
following findings were obtained: Basic tenor: The older population 65+ is afraid of change. 67% find 
nursing robots as not necessary and 5% find nursing robots as very important. The emergency bracelet, on 
the other hand, was rated as very important by 81%. Many do not have a PC, but a smartphone. Whats App 
is used by 62% and the mobile phone by 86% every day. 76% have never used Facebook. The target group 
rarely orders online but goes shopping regularly. 33% go shopping daily and 57% weekly. 67% have never 
ordered anything online. Small-scale infrastructures and businesses must be preserved! Public space is of 
great importance for 66%. Barrier-free accessibility as a human right. 95% find that public spaces should ne 
barrier-free. Short distances are particularly important. 62% of the respondents walk up to 2 km on foot. 
Short distances to medical aid are very important for 76%. 66% find short routes to shopping very important 
and 34% find short routes to green spaces very important. Social infrastructure in the neighbourhood is 
important. Networking in the neighbourhood has a significant impact on housing satisfaction and is an 
important quality feature. Neighbourhood relationships were rated as particularly important by 71%. It is 
important to be used. 86% find it very important to be needed. 

                                                      
5 Naujoks u.a. 2017, 9-10. 
6 Naujoks u.a. 2017, 15. 
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Fig. 2: Core data of the respondent’s target group 65 + as a diagram 

6 ANALYSED SMART CITY DISTRICTS 

6.1 Smart City districts  

In old age, one's own home is the centre of life. However, many apartments are not suitable for the elderly. 
That is why many older people, at age 65+, are considering changing their living situation. Parameters for 
selecting the new living situation are not only aspects of accessibility in the form of levels and thresholds, 
but also short distances and social aspects, such as a good neighbourhood network. That's why some move to 
a smart city district. A case study of seven selected European Smart City neighbourhoods focusing on 
"Living in old age" will be analysed and evaluated here. The selected European Smart City districts: "Malmö 
BO01", "Stockholm - Hammarby Sjöstad", "Vienna - Aspern", "Hamburg - HafenCity", "Helsinki - 
Kalasatama", " Helsinki - Jätkäsaari " and „Copenhagen – Nordhavn”. The districts were selected based on 
"Mapping Smart Cities in the EU”7 and in the Smart City publication “Technical Tours Smart Cities 2014-
2018”.8 All seven considered Smart City districts were selected according to the indicators of sustainability 
and innovative strength in the area of urban and district development and considered and defined as a Smart 
City project based on an already implemented project. 

  population 0 - 64 >65 % ha 
Malmö - BO01/ Västra Hamnen 10203 8945 1258 12,33 175 

Stockholm - Hammarby Sjöstad 18902 16564 2338 12,36 110 

Vienna - Seestadt Aspern 6.348 6196 152 2,39 240 

Hamburg - HafenCity 4.592 4168 42–4 9,20 157 

Helsinki - Kalasatama 2910 2559 351 12,06 175 

Helsinki - Jätkäsaari  6901 6432 478 6,92 68,5 

Copenhagen - Nordhavn 2896 2781 115 4,00 55,4 
Table 1: The selected European Smart City districts. (population 65+, population and district size) 

                                                      
7 Cave u.a. 2014, 180-198. 
8 BMVIT 2020, 19-20. 
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6.1.1 Malmö - BO01/ Västra Hamnen 

The project start of Bo01 - Västra Hamnen in Malmö was in 2001, through the Bo01 architectural exhibition. 
Since then, an internationally known example of sustainable urban development has established itself here. 
The Bo01 quarter is Sweden's first climate-neutral district. Malmö - BO01 / Västra Hamnen, has a very high 
number of the considered target group 65+ with 12.3%. The population of the district is 10203, of which 
1258 are 65+. The population density is 5830 people per km².9 Pedestrian zones, room sequences of different 
sizes, wind-protected inner streets and extensive urban spaces refer to the human scale. Västra Hamnen, as a 
residential and office town, has eight kilometres of shoreline with swimming areas, green areas and beach 
promenades with many beautiful parks. Pedestrians and bicycles have priority, so bus stops have been set up 
within a radius of 300 m from the residential buildings. High priority is given to public space as a lifeline and 
meeting point. The Västra Hamnen project pursues the goal of an urban district that covers all areas of life 
around the focus of diverse living and training. The mix focuses on affordable social sustainability. MKB 
Senior Accommodation is a house in Västra Hamnen for people aged 55 and over, it offers regular activities 
for residents and cafes for the elderly living there. Attendo Västra Varvsgatan senior accommodation also 
offers 53 apartments on three floors with a courtyard, terraces and balconies. 

6.1.2 Stockholm - Hammarby sjöstad  

Hammarby sjöstad on the southern outskirts of Stockholm, has 12.4% of the considered target group 65+. 
The population of the district is 18902 people. 2338 of them are 65+. The population density is 17,184 
people per km².10 Hammarby Sjöstad was planned for a balanced mix of rental and condominiums. The 
district's rainwater is collected and the waste is transported through an underground suction system. The 
focus is on public transport, in the form of light rail, bus and ferry, as well as bicycle and foot traffic. The 
green space concept provides 25m² of free space per apartment. All green areas are interconnected. 
Stockholm pays strict attention to standardized dimensions and materials in the area of barrier-free 
accessibility, such as the inclination of the streets, non-slip materials or the lowering of the curb. The ground 
floor zone of the building offers space for shops and public services such as a health centre. Hammarby 
sjöstad has its own apartments for customers aged 55 and over, which must also be sold to them. Homes for 
older people who need medical care are called Seniorgården. There are gyms for seniors and regular senior 
meetings in a cafe. In addition, a caretaker service for small-scale repairs in everyday life is offered 
throughout the city of Stockholm for seniors. 

6.1.3 Vienna – Seestadt Aspern  

The Seesatdt Aspern master plan places great emphasis on public space in the context of smart development 
processes, participation and inclusion. The Urban Lakeside is young because more than half of the urban 
residents are between 19 and 39 years old. At 2.4%, Seesatdt Aspern currently has a small number of the 
target group 65+ considered. The population of the district is 6,348. 152 of these residents are 65+. The 
population density is 2,645 people per km².11 An important point in the design of public spaces is 
accessibility. Thus, for example, all sidewalks are made in sufficient width and angle. The assemblies in 
Seestadt Aspern are very concerned about a mixed life. "MISCHA" offers communal living in response to 
demographic developments. In addition to „MISCHA“, there is also a dormitory for senior citizens. "Yella 
Yella" works with overarching concepts such as childcare for neighbours. "LiSA" - nine living spaces for 
older people who want to live in a community and are interested in integrating into a home community. 
"Gesiba" - offers 36 manageable apartments especially for seniors. "House of Life" is a cross-generational, 
barrier-free housing project that relies on neighbourhood help. There is good public transport links by bus 
and subway. A high-quality open space - with more than 30 business locations, as well as pharmacies, 
doctors, banks is located directly at the „Seepark“. 

6.1.4 Hamburg - HafenCity  

The HafenCity has an average age of 35.7 years and, at 9.2%, has a relatively high number of the target 
group 65+ considered. The population of the district is 4,592, of which 424 are 65+. The population density 

                                                      
9 City of Malmö - Business and External Relations Department (31.12.2018). 
10 Stockholms Stad - Business and External Relations Department (31.12.2018). 
11 Bundesanstalt Statistik Österreich (01.01.2019). 
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is 5830 people per km².12 The future-proof urban structure of HafenCity shows a delicate, inclusive mix of 
uses from social infrastructure, such as work, living and educational and leisure facilities with a large public 
ground floor zone. Accessibility and social meeting places as well as networks and associations are intended 
to strengthen participation here. The proportion of single-person households is 37.6%. Here, cross-
generational municipal living solutions can benefit from each other and create synergies. Another positive 
aspect in this district is the medical infrastructure, which, with 13 established medical facilities, including a 
pharmacy, forms a good basis for independent living in old age. The area division in HafenCity is 24% 
traffic areas, 31% building floor areas and 25% public open spaces, here a distinction is made between 
"green open spaces" and "blue open spaces". 41 accessible senior apartments have been rented by the 
„Martha Foundation“, in the middle of HafenCity with a view of the harbour, since summer 2009 with a 
common room and additional services such as emergency calls and caretaker services. 

6.1.5 Helsinki - Kalasatama 

Kalasatama is Helsinki's Smart City model area and, at 12.1%, has a very high number of the target group 
65+ considered. The population of the district is 2910, of which 351 are 65+. The population density is 1663 
people per km².13 The water edge with the promenade is 5 km long and the metro station is 7 minutes from 
the centre. There are common rooms and rooms for temporary use in the buildings. The offer in public space 
consists of social infrastructure such as a health centre. The focus is on foot and bike connections. A large 
number of the street blocks consist of different residential buildings, which are arranged around a 
collectively used courtyard. Special forms of living such as senior citizens' communities are also offered 
here. Kotisatama is a barrier-free low-energy house with condominiums for 85 residents 48+ and offers 
senior citizens a new type of living facility, which is partly based on the collective help of neighbours. There 
are also common rooms such as a sauna and roof terrace with a garden, workshop and kitchen. “Kalasatama 
is an innovation laboratory, so every third inhabitant has already participated in a survey. 

6.1.6 Helsinki - Jätkäsaari 

Helsinki - Jätkäsaari has 6.9% of the target group 65+ considered. The district has 6901 residents, 478 of 
whom are 65+. The population density is 5949 people per km².14 The blocks of flats in the area are usually 7-
8 stories high and there are large and sheltered courtyards between the blocks. Jätkäsaari as a test site for 
intelligent mobility solutions, is a district that is characterized by a variety of wide services, shops, a park 
with a total area of 2.4 hectares, a dense tram network and well-developed bicycle and pedestrian paths. City 
Village CO-10 is a startup for sustainable development. The “generation block” is a developed concept for 
multi-generation residential construction. The concept unites people of all ages and offers a variety of urban 
living options. 

6.1.7 Copenhagen - Nordhavn  

Copenhagen - Nordhavn has 4% of the target group 65+ considered. The population of the district is 2,896, 
of whom 115 are 65+. The population density is 5830 people per km².15 Nordhavn is planned as a green 
district on many levels. Water is the subject of the redesign of the port area. The concept of public space and 
urban planning is under the water, above the water and on the water. Temporary projects increase activity in 
the port area. The area is 600m from the Nordhavn train station. The prioritization is based on cycling. There 
is even a bicycle highway for this. The district consists of a mixed use of public and private facilities for a 
lively, varied district and active ground floor zones. HOLO operates autonomous buses for senior citizens in 
the district. The development plan is designed with a special focus on public spaces. The district consists of 
small residential units for singles, the elderly and medium-sized houses. 

6.2 District advertising strategy  

A Smart City district has many advantages for “living in old age”. In order to transport them and attract the 
65+ target group, these advantages, such as vicinity to shops and green, networking, and collective living 
solutions must also be advertised and illustrated accordingly. For this, the respective official Smart City 

                                                      
12 Hamburger Melderegister Statistikamt Nord (31.12.2018). 
13 Statistics Finland - Tilastokeskus (31.12.2018). 
14 Statistics Finland - Tilastokeskus (31.12.2018). 
15 Københavns Kommune (01.01.2019). 
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district homepage was analysed. Unfortunately, the analysed Smart City districts "Malmö BO01", 
"Stockholm - Hammarby Sjöstad", "Vienna – Seesatdt Aspern", "Hamburg - HafenCity", "Helsinki - 
Kalasatama", " Helsinki - Jätkäsaari " and „Copenhagen – Nordhavn” apply rarely or not the 65+ target 
group. The following table shows the evaluation of all SC district pages with the rating key 0-3. 

Smart City district  mobility energy 65 + family leisure business   
Malmö - BO01/ Västra 
Hamnen 0 1 1 3 3 1 www.vhamnen.com 
Stockholm - Hammarby 
Sjöstad 2 3 1 2 0 0 www.hammarbysjostad20.se/?lang=en 

Vienna - Seestadt Aspern 1 0 1 3 2 3 www.aspern-seestadt.at 

Hamburg - HafenCity 2 0 1 2 2 1 www.hafencity.com 

Helsinki - Kalasatama 2 0 1 1 1 1 www.uuttahelsinkia.fi/fi/kalasatama 

Helsinki - Jätkäsaari  2 0 0 1 2 1 www.uuttahelsinkia.fi/fi/jatkasaari 

Copenhagen -Nordhavn 3 1 1 2 3 1 www.byoghavn.dk/nordhavn/ 

Table 2: district advertising strategy (0 = not advertised, 1 = minimally advertised, 2 = advertised, 3 = heavily advertised) 

7 CONCLUSION 

Smart City districts are still very young districts, which is why it can be concluded that the population in the 
districts will change due to increasing demographic change. The key words are integration and networking. It 
is about social networks, barriers and participation of the residents through active involvement. Smart city 
districts are good places to age autonomously, as the results of the target group surveyed reflect (Fig. 2: Core 
data of the respondent’s target group 65 +). It can be derived from the survey that the desires of the aging 
population go hand in hand with the advantages offered by a Smart City district. Smart City districts would 
meet the demands of the aging population of interaction and self-determination. The percentage of the 
resident population 65+ is between 2% and 12% in the analysed Smart City districts. In the EU, the 
population of the 65+ group had already been just over 30% in 2016 (Fig. 1 Europe's demographic future). 
Thus, the population 65+ in the analysed Smart City districts is 18% to 28% lower than the European 
average of 2016 and thus strongly underrepresented. It can be concluded from the analysis that there are 
differences in the implementation and theming of the seven Smart City districts analysed in relation to the 
aging population. In order to be able to analyse these measures and focal points in depth in the analysed 
Smart City districts, a field study would be necessary to take up the feeling of the residents and the real offer 
for the participation of older people in the district. Even if these analysed districts, as the evaluations of the 
advertising strategy (Table 2) make visible, currently rarely advertise with qualities for living in old age, the 
age of the population in the district will change in the future. 
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1 ABSTRACT 

In recent years, big data has been extensively applied in urban planning and design area. However, its wider 
application is constrained by the data acquisition approach. Accordingly, many efforts have been made to 
accurately find and solve urban problems by mining legal open source internet data, which gradually 
becomes a hot topic among urban researchers. In this context, this study applies the Gaode OPEN API in the 
urban real-time traffic circle construction and fire-fighting facility planning evaluation taking Nanjing as 
example. First, a batch processing model is established on the basis of Gaode OPEN API, including 
automatic acquisition of real-time traffic data in the study area and extraction of average vehicle speed of all 
the roads during specified time period. It found that speed involves division of the whole Nanjing City into 
several characteristic zones. Then, a case study is conducted to construct the urban real-time traffic circle 
through python language and Arcgis software based on existing fire-fighting facilities. In the end, through a 
subsequent evaluation, it is found that the existing fire-fighting facility planning has a stark regional 
difference between urban central area and suburban area, which shows a low coverage rate of 22% and 39% 
for respond time of 6min and 8min respectively. This study provides an integrated approach for acquisition 
and processing of Gaode data, mining of its space-time features, and application in the planning evaluation 
practice. This approach demonstrates the advantages of streaming features and distributed processing of big 
data, effectively utilizes the real-time characteristics of big data in the emergency facility planning, and is 
expected to broaden ideas for data acquisition. 

Keywords: Gaode OPEN API, fire-fighting facility planning evalation, Nanjing, China, real-time traffic 
circle 

2 BACKGROUND 

In recent years, the growing number of public emergency causes great losses to society. Especially for 
emergency events like fire disaster, require rescue workers get to the scene with least delay possible and take 
action immediately. Low treatment efficiency could turn general emergencies into serious public incidents or 
major catastrophic accidents. Additionally, the growth of urban traffic volume and vehicle out-driving ratio 
which results from the improvement of urbanization process and socioeconomic status, brings serious traffic 
congestion. Consequently, the commuting time of fire fighting trucks gets delayed, so that the emergency 
respond time is affected. Traditional emergency facility siting is static and determined, which is calculated 
on the basis of existing road network and specified vehicle speed. However, the traditional analogy method 
is considered to be unconvincing and imprecise since its neglects on the influence of the actual traffic 
capacity on commuting time. Therefore, it is believed that real-time big data could help making more 
accurate evaluation of fire station service quality and efficiency, which contributes to sophisticated 
emergency facility siting: making sure the emergency service could arrive at designated position within 
required time so as to ensure the safety of life, property and urban operation. Based on the above, this article 
tries to analyze the real-time traffic data of Gaode API, establish real-time traffic circle by Python and 
Arcgis. Taking fire station in Nanjing as example, following the logic of “intelligent extraction of real-time 
traffic data – establishment of real-time traffic circle – evaluation of fire station planning”, this article 
explores the flow characteristic of big data and the application of distributed processing in urban planning 
practice, in order to provide reference and basis for similar study and project. Moreover, this essay will help 
EU countries where the inspire regulations are responsible for obligatory generation of huge amounts of free 
open governmental datasets. 
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3 INTELLIGENT EXTRACTION AND PROCESSING OF TRAFFIC BI G DATA BASED ON 
OPEN API 

3.1 Introduction of Gaode OPEN API 

Big data has became growing important in urban study area during the past few years. Due to the restriction 
of data acquisition, the research value of OPEN API (application programmers interface, the interface code 
that makes internet connection between two websites or databases) on big data acquisition, technology 
broaden and urban ecosystem receives increasing attention. Gaode open platform is the leading LBS service 
provider in China, which possesses advanced data fusion technique and massive data handling capacity. In 
the meantime, it also provides development kits both on the web terminal and mobile terminal to the public. 
Developers achieve functions including map display, map labeling, position search through recall 
development kits or API interface. API open the gate of open resource data for data demanders in internet 
and big data ear. The existing web service includes geocoding & inverse geocoding, route planning, POI 
search, input tip, batch request interface, administrative region enquiry, static map, IP positioning, coordinate 
transformation, weather query, road extraction, traffic situation, etc. According to the ten billion level daily 
average location requests and related actions, it is convincing that the data acquired from Gaode open 
platform could reflect the population flow, regional heat, behavioral preference and traffic characteristic in 
real world effectively. 

Traffic situation is one category of the HTTP interface, which responds traffic inquiry according to the input 
content. Massive original data with spatial position and time scale could be achieved from Gaode open 
platform through data acquisition from a database which is established on floating car data and travel data of 
over seven hundred million users, and covers 40 cities including Nanjing. Before using, it is essential to 
apply for a Gaode API account and key. Then, traffic situation data can be achieved for designated rectangle, 
roundness or roadway (it is confirmed by test that the maximum side length of rectangle is 0.6 
longitude/latitude degree). Besides, there is daily restriction for total volume and utilization frequency. There 
are detailed technical specifications for data acquisition with spatial information through Open API wed 
interface both in China and other country. Some studies have introduced APIs of online map developers such 
as Google Map or Baidu Map to estimate travel time[1-3], recently Zhou et al. [4] and Xi et al. [5] use online 
map API to obtain data on the dynamic population distribution and variation in transit time due to different 
transportation modes. In this way, researchers can make use of the dynamically updated transport network 
data and the routing rules maintained by map developers to obtain a reliable estimation of travel time. In the 
previous prediction of travel distance, Euclidean distance is often used to represent the spatial connection 
between geographical entities[6-7], and some researches also calculate the transportation cost by dividing the 
grid[8-9]. The road network distance[10-11] can be used to build a complete network, but it often takes a lot 
of time to carry out topology analysis, integrity check and manual correction. Besides, the existing handling 
method are tedious in general. Moreover, there is few detailed description for acquiring traffic situation of 
designated area by merging units and automatic data collection in different time scale. 

This study proposes to extract real-time traffic data using a Gaode Open API-based streaming processing 
method(Fig.1). Given the rectangular-shaped data extraction scope, this study first divides the urban area into 
several rectangular units according to their longitudes and latitudes, and then extracts the original traffic 
information of each unit through the traffic data acquisition program, which is subsequently archived in the 
database. After that, units are merged to form the actual regional road network, followed by pre-processing 
of the original data and linking them with the effective road condition information. Meanwhile, timers are set 
for multiple periods of multiple consecutive days to automatically acquire the road condition data, which are 
then intelligently processed in batch. In this case, urban traffic data within a specified time range are 
successfully acquired, and the processed information table can be automatically matched to the urban road 
network for related processing and time-space analysis. The presented approach fully considers flow 
characteristics of the Gaode data, which is a branch of open source big data, and achieves higher efficiency 
than the currently used more complicated manual traffic data crawling method.  
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Fig. 1: Gaode Open API-based automatic processing method. 

3.2 Intelligent traffic data extraction 

3.2.1 Request diameter settings 

Both data acquisition and processing are implemented using the Python language. The obtained data includes 
the real-time traffic speed and congestion status of the Nanjing City provided by Gaode Map, with a time 
range from May 28, 2019 to June 10, 2019 and a data acquisition spacing of 1 hour. Request parameters for 
traffic situation data acquisition in the rectangular units are input through the web service traffic situation 
API, including user permission identification, query road level, return data format, callback function, 
longitude and latitude coordinate pairs of top-left and top-right vertices of the rectangle unit to be queried 
(Table 1). The maximum distance in the rectangular unit to be queried should not exceed 10 km. 
Accordingly, the whole urban area of the Nanjing City is segmented into 230 rectangular units (0.06°by 
0.06° for each unit). Before this, the latitude and longitude coordinates of top-left and top-right vertices of 
each unit need to be converted to Gaode coordinates from WGS84 counterparts(Fig.3 and Fig.4). 

3.2.2 Data format analysis 

Returned data objects include the result status value, the request status, the request status code, and the traffic 
situation information. Specifically, the traffic situation information includes road condition overview, road 
condition evaluation, and road information, and the road information includes road name, road condition, 
direction description, driving direction, speed, sign code for a certain road segment, and road coordinate set. 
Critical information such as road name, road segment code, road status, road speed and road point coordinate 
set is obtained and archived, accompanied by recording of the real-time acquisition time. Each rectangular 
unit contains several roads, and a certain road with its specific name consists of several road segments. In 
order to avoid repeated acquisition of road segments across units, this study assigns global codes (Row_ID) 
to road segments in a certain order during the data archiving. In this case, the overall road traffic situation is 
stored in the road condition information table, while the spatial point coordinate set is stored in the spatial 
point table. Data in both tables are linked to the corresponding Row_ID. In order to facilitate recognition of 
Chinese road names, input parameters and output data encoding of the interface are unified as UTF-8. The 
sracpying function is defined to loop through coordinates of top-left and top-right vertices of each 
rectangular unit, accompanied by data acquisition in order. 
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Parameter Meaning  The rule description 

key user permission identification users applies for the Web service API type KEY on the Gaode Map 
website 

level road level 

specify the meaning of the following values for the road class: 
1>8highway 
2>8expressway 
3>8auxiliary-road of the expressway 
4>8main road 
5>8other road 
6>8anonymous road 

output format type of returned data optional type>8JSON,XML 

callback callback function The callback value is the name of the user-defined function, which is 
valid only if output=JSON 

rectangle a rectangular area is queried top-left and top-right vertices of each rectangular unit; The diagonal 
of the rectangle shall not exceed 10 km 

Table 1: Request parameters through the web service traffic situation API 

Name Meaning The rule description 

Rdstatus  result status value 0>8request failed>91>8request suceed 

trafficinfo  
 

Rdname road name  

RdOrgin 
original of the road segment’s 
name  

RdDest destination of the road segment’s 
name 

 

Rdstatus road condition 

0>8unknown 
1>8clear 
2>8slowdown 
3>8congest 

Rdspeed speed  

 RdPx;RdPy road coordinate set format>8x1,y1;x2,y2 

Table 2: Return parameters through the web service traffic situation API 

 

Fig. 3: Schematic diagram of the segmentation unit segmented units(left); Fig.4.Schematic diagram of the independent units(right) 
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3.2.3 Data cleaning and deduplication 

In order to enhance accuracy and clarity of traffic information, data in the tables are processed using the 
Pandas library of Python, including merging of all units at the same time, deduplication of overlapping road 
segments after merging, and conversion of the coordinate system. All the merging processes are 
implemented while calling the sracpying function. After data of all units are obtained, the drop_duplicates 
function is called to delete the duplicate objects through filtering road names and road segment codes. 

3.2.4 Batch data spatialization 

Cleaned traffic data are implemented with coordinate conversion to the same coordinate system as the digital 
map. In this way, the information that is simply stored in the data table is spatialized. During data processing, 
the primary key pairs for regional traffic Shapefile files at different time moments, consisting of globally 
coded Row_ID, road name, and road segment code, are converted into hash values. In other words, the 
primary key pairs are converted into non-Chinese-character primary keys. These hash values are used as 
associated values to combine road condition characteristics of the same road at different time moments, 
resulting in spatial polyline objects with attributes such as hash values, road congestionstates, transit speeds, 
and time of data acquisition. Each Row_ID corresponds to a road polygon object and several latitude and 
longitude point pairs. In this context, the roads can have data concerning both spatial attributes and road 
conditions. 

3.2.5 Timer setting 

Above procedures are shown in the left part of Figure X. In order to obtain real-time traffic data for multiple 
days in Nanjing City, these procedures need to be repeated multiple times. Using automated means to ensure 
continuous operation can reduce a lot of manpower and improve data acquisition accuracy. Accordingly, a 
main_funtion function is defined to comprehensively package abovementioned procedures including user 
request sending, data acquisition, and data processing. Meanwhile, a timer is set using the threading library 
of Python. Specifically, the function is automatically run at intervals of 1 hour (3600 seconds) for 14 
consecutive days, which enables automatic data acquisition, data pre-processing, and storage of the road 
condition data in readable shapefile format. 

3.2.6 Establishment and use of spatiotemporal road condition database 

Eventually, a spatiotemporal database concerning the road condition of Nanjing City is established, which 
consists of multiple shapfile files that document spatial road conditions at each hour (e.g. 7:00, 8:00, etc.) 
and one table that includes congestion and speed record of each road segment at all hours. In general, speeds 
of each road segmental different time moments need to be displayed in the same row. After transpositions of 
rows and columns, there should be theoretically a total of 336 (14 days * 24 hours) columns of speed 
features, which are excessively too many. It has been previously demonstrated that there are certain rules for 
residents' urban travel behavior, and thus there must be a lot of redundancy in road speed data for multiple 
periods of many days. Accordingly, the characteristic speeds related to the research purpose are extracted 
through principal component analysis to reduce speed data dimensionality of each road segment at all time 
moments. And characteristic speeds that are of interests are taken as the representative speeds of the road 
segment. 

3.3 Modeling approaches of real-time traffic circle 

On ArcGIS platform, running topology processes including intersection interruption, interface connection in 
the shapfile-format road network document, then a grid data set could be established as the real-time traffic 
circle model. Based on the real-time traffic circle model of Nanjing city, taking the location of emergency 
station as start point, and transit time as impedance, this study works out the coverage of emergency service 
within specified time. Thus, the real-time traffic circle could be evaluated by the road length and cover area 
with its scope. Through multi-plan trial and amendment, it could be suggested that stations with overlapped 
coverage area should be abolished or relocated, or new station should be built in the shadow area. Overall, 
this study helps optimizing the layout of emergency infrastructure. Specifically, it aims at reducing the 
overlapped coverage area of different stations, and improving the coverage rate especially in high risk 
regions. 
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The nature of real-time traffic model is to seek the service area of any position using Network Analyst which 
is a extended module of ArcGIS. As a matter of fact, it is a route solution program based on Dijkstra which is 
considered as a classical algorithm that solve the unisource shortest path finding in weighted graph. In order 
to find the shortest path from the initial position s to the target position d, this study originate a meeting point 
set S of which the shortest path to s is calculated by Dijkstra algorithm. Afterwards, meeting point with 
shortest estimated value would be searched repeatedly and be added to the set S. Meanwhile, the shortest 
estimated value of those adjacent points not included in the set S are being updated continuously. The 
algorithm will be executed until all expected meeting points get added to the set S. This study use the model 
as a refined stimulation that reflects the emergency response of related facilities in the research area, so as to 
lay the foundation of service area division. Basically, a traffic network model consists of road segment and 
road junction. Road segment is the edge feature of road network, which is expressed as segmental arc in 
ARC/INFO. Its attributes include normal average vehicle speed,  average congestion speed, transit time, road 
length, etc. Road junctions is expressed as nodes in ARC/INFO, associated with the turn table, it could 
stimulate real-time road condition including waiting time during red light, no straight through, no left turn, 
elevated through, etc. 

The steps are as follows: construct the road network framework with every road segment as an edge; set turn 
attribute, intersection attribute to establish connectivity; assign the value of length, vehicle speed and transit 
time to the road network according to the element attribute list. Finally, a feature dataset of all meeting 
points is generated. The existing road network is derived from Gaode open platform, and calculated with 
real-time average transit speed. Meanwhile, the planning road network is taken from “Overall urban planning 
of Nanjing” to the sub-arterial road level in principle, and partially access road if necessary. Vehicle speed 
using in the calculation is extracted from the real-time data considering different directions. 

4 THE APPLICATION OF API BASED REAL-TIME TRAFFIC CIRC LE MODEL IN THE 
EVALUATION OF FIRE STATION LAYOUT 

4.1 Gaode open API based real-time traffic status analysis in Nanjing 

The vehicle speed extracted from Gaode API model is based on real-time traffic status, which is affected by 
holidays and festivals, fatal traffic accident and rush hour. Considering that emergency facility study more 
focus on the stable traffic connection and transit time between the facility and demand point, it is essential to 
evaluate the variability and stability of the transit time extracted from Gaode API model at different time. 
Therefore, this study acquires the two-week vehicle speed data from 28th, May, 2019 to 10th, June, 2019 as 
sample, and obtains the hourly average vehicle speed after data analysis. Compared the vehicle speed data of 
the two week, it can be seen from the covariance calculation result that the two average speed curves are 
highly matched, with a correlation coefficient of 0.973 (Figure.5). It confirms that the data is representative. 

 

Figure 5: Comparison of average speeds (May 28 - June 10, 2019) 
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4.2 The space-time characteristics of road network during traffic congestion in Nanjing urban region 

According to the Web API data, road condition spatial information has two characteristics: congested 
condition and driving speed. Taking the data from 28th, May, 2019 to 10th, June, 2019 as sample, the study 
carries on the statistics. The congested condition is divided into three level according to the congestion delay 
index1: clear (congestion delay index equal or less than 1.5), slowdown (congestion delay index between 1.5 
and 1.8) and congested (congestion delay index equal or greater than 1.8). The statistics of all urban road 
data in Nanjing shows that the speed range of “clear” condition is [20, 120 km/h] with Eigen value of 35 
km/h; the speed range of “slowdown” condition is [10, 50 km/h] with Eigen value of 20 km/h; the speed 
range of “congested” condition is [5, 25 km/h] with Eigen value of 10 km/h. It is calculated that the daily 
congestion delay index in Nanjing is 1.55 with the average vehicle speed of 28.29km/h. And for rush hours, 
the congestion delay index reaches 1.81 with the average vehicle speed drops to 24.21 km/h. The calculation 
result above can be corroborated with data from the official report of traffic management department. Thus it 
can be seen that traffic congestion has been a chronic disease of Nanjing city. 

 

Figure 6: Road value of Nanjing City 

The visualization result indicates that it is evidently more congested in Nanjing central urban area than in 
surrounding rural area. Specific to the district level, and focusing on the morning and evening rush hours. It 
suggests that Qinhuai District is the most congested area. Attributed to the traffic congestion, Qinhuai city 
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dwellers spend twice as long travelling time compared with that in free flow condition. The congested 
condition is gradually improved from the center to the edge. According to the distribution characteristics of 
the two-week data, this study defines the road segment with average vehicle speed equal or less than 20 km/h 
as congested segment, the road segment with average vehicle speed between 21to 35 km/h as slowdown 
segment, and the road segment with average vehicle speed equal or over 36 km/h as clear segment. Taking a 
statistics of average vehicle speed on the 11 administrative districts of Nanjing respectively, it can be found 
that in the coral area of Nanjing central urban area including Qinhuai, Gulou, Xuanwu, Jianye district and 
their conterminous area, there is a continuous peaking traffic situation emerges in non-late-night hours while 
there are still a few road segments display slowdown situation during late night. In another word, within the 
coral area mentioned above and its 5 km extended scope, the traffic situation could be described as 
widespread “slowdown” with partially “clear”. 

To be specific, the first circle with the core location facing outward: from Xuanwu District to Qixia district, 
Qinhuai district to Yuhuadai district, Qinhuai district to Jiangning district, and Jianye to Pukou district, all 
have major input and output roads bearing a large amount of transit traffic, causing time-division congestion. 
Similiarly, Hexi district is characterized with slow traffic as well, especially Hengshan Road, Fuchunjiang 
East Street and Yurun Street. Above all, Yuhuatai district has more prominent congestion. For transition 
area: The junction of Qixia and Xuanwu district starts from Hongshan Road, reaches Keyan Road in the 
north, and reaches Huadian East Road in the west, which is the characteristic congested area of the whole 
city. For surburb area: Lishui district, Liuhe district and Gaochun district shows that most of the road are 
unblocked with a small part of the central urban streets and main transit roads has more prominent 
congestion. 

Through the two-week traffic data, 24 full-time data are automatically obtained every day. The average 
speed of the road is calculated and the congested road section is evaluated by the extreme value and average 
value of the road speed (Figure.6). In addition to the unknown state of the road, the original data is formatted 
to the effective road, and the average data availability reaches 89.8%. Considering that the traffic speed is 
limited by the road grade, the road with low traffic speed cannot be simply classified as congested state, so 
this paper retains two dimensions of average speed and congested state for comprehensive analysis. 
According to the analysis, the overall traffic situation shows the commuting characteristics of a single center 
in the city, spread to the transition area and many small centers in the suburb area; the characteristic 
congested sections in each jurisdiction are obvious; and the congested periods are also obvious (Figure 7). 

 

Figure 7: Average speed diagram of different districts (Top line for central area; the middle line for transition area; the end line for 
suburb area, the figure on the right is an example of a map of the Qinhuai region ) 

Urban real-time circles model integrate the two dimensions of time and space, which generally refer to the 
space range that can be reached within a certain time from the central location. In addition, it is a direct 
reflection of the ability of the transportation infrastructure to guide, support and secure urban and regional 
development [12]. The traffic circle can be used to assess the spatial scope of facilities and services. 
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Traditional traffic circle measurement methods are often carried out by simulating the speed of traffic [13-
15]. However, it lacks the measurement of people’s actual decision on behaviors and congestion in different 
parts of the city in real situation, thus it cannot mirror the influencing factors in real traffic congestion. 
Besides, there is no better way to quantify and extract those factors for explanation. In light of this, the 
article combines the real-time traffic conditions provided by the Gaode API, and applies Python and Arcgis 
software to extract and construct the real-time traffic circle. In other words, it divides the vehicle circle based 
on the speed of each road acquired from the Internet’s open data to evaluate the coverage of the current 
service facilities. 

4.2.1 Determination of evaluation index system 

The traffic circle generated by the real-time traffic conditions can run through the entire process in the 
practice of emergency facilities planning. this study divides it into three stages: assessment of service scope 
of current facilities, mid-term location selection model to assist decision-making, and later facility 
optimization and verification. This article focuses on the application in the first stage. Namely,  it divides the 
travel circle based on the speed of each road acquired from the Internet’s open data to evaluate the coverage 
of the current service facilities. After extracting the current vehicle speed of each road in Nanjing, accurate 
real-time traffic circle analysis on the current facilities could be performed, corresponding to the arrival time 
of various emergency facilities, and choose different times to analyze the current traffic circle. In accordance 
with different levels in prevention, control and service requirements of fire stations, real-time circles 
including 2-4-6-8mins are set for comprehensive analysisc(Figure.8). Taking the linear coverage of fire 
stations as an example, the analysis of the current coverage of fire stations in the city of the actual road 
network speed reveals that, based on the area of the city, the overall service area coverage of fire stations is 
16%. There are many blind areas in the Nanjing city, of which the core of the main urban area covers a 
continuous range, the surrounding jurisdictions mainly cover the central urban area. The lack of stations has 
become the main cause of large blind areas. Within 8 minutes, the maximum distance that can be visited by 
each fire station is 12435 meters, the minimum distance is 1085 meters, and the average service distance is 
5125 meters. Besides, the service distance of the main urban area is smaller than the surrounding 
jurisdictions. The coverage of the 8-minute station almost coincides with the high-risk area, but there is still a 
large gap to meet the national regulatory requirements of “the fire brigade shall reach its descending edge 
within 5 minutes after receiving an active command”. It shows a low coverage rate of 22% and 39% for 
respond time of 6min and 8min respectively. 

4.2.2 Evaluation of current fire service coverage characteristics 

The fire stations are rather independent and the 2-min fire service scale does not overlap. In the central urban 
area with high road density, service scope is distributed in plane shape, radiating from every fire station 
along the road network. While in the rural area with low road density, service scope is distributed in line with 
the shape of narrow belt, and the length-width ratio is pretty unbalanced. Vehicle traffic speed and road 
network density are the primary influencing factors, so that the 2-min fire service can cover 100% of the high 
fire risk area. The 4-min fire service scale are found partially overlapped. In the remote urban areas with high 
traffic speed, the patches become more diffuse, and the CONTAG rises. In the main urban area with high site 
density, the patches are even more diffuse, but connectivity increases which begins to show continuous 
characteristics. Thus in 4 minutes, the service scope is influenced by the road network density, the station 
density and the traffic speed, in which the impact of the traffic speed continues to increase. Compared with 
4-min service scope, 6-min service scope is partially overlapped in remote urban area if more stations set and 
road network density offered. In the middle and north of Hexi, in the border area of Xuanwu, Gulou, Jianye 
and Qinhuai, and those 5km range, fire service is fully covered. The layout of road density is still narrow as a 
belt. Namely in 6 minutes, station density is the primary factor, while the influence of road density is reduced 
by traffic speed. In 8 minutes, except that Gaochun and Lishui are too far away from other fire stations and 
little stations in southern Jiangning, the service coverage shows connectivity between and inside 
jurisdictions, but far behind the demand of high fire risk area. The blindness would clearly reflect that high 
traffic speed cannot make up for the lack of fire station. In other words, unless the full travel time of fire 
fighting truck increases by a large span rather than 2-min staged rise (eg. 15 mins), the current fire service 
blind area cannot be effectively filled. In order to reduce the influence of traffic speed, the density of fire 
station plays a vital role (Fig.9.and Table 3). 
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District Service area (km²) District area (km²) Ratio (%) average service distance (m) 

Xuanwu 38.8457 74.44539408 52.18% 4028.082 

Qinhuai 41.53912 48.43016978 85.77% 4044.878 

Jianye 47.29169 81.10873799 58.31% 4981.331 

Gulou 37.85746 53.04622712 71.37% 3032.16 

Yuhuatai 63.94336 128.3607192 49.82% 5366.33 

Qixia 87.12422 391.8374808 22.23% 4215.387 

Pukou 161.1523 905.7031179 17.79% 5068.42 

Jiangning 171.8731 1564.25834 10.99% 6482.437 

Lishui 56.50106 1065.229347 5.30% 7176.875 

Liuhe 361.5921 1472.001506 24.56% 6225.208 

Gaochun 47.72451 788.9013365 6.05% 4266.789 
Table 3 Service area and average service distance of each district 

 

Figure 8: Service area diagram of Nanjing city 

5 CONCLUSION 

The purpose of this study is to provide a method of automatically acquiring and processing data using 
internet open data represented by Gaode open platform through the streaming and distributed processing 
features. This method restores the authenticity of data, and provides a practical method for the application of 
big data in urban planning discipline. Compared with traditional methods, it is perspective to establish a real-
time traffic circle based on Gaode data. Besides, with the help of various government departments, it has 
been successful implemented into the emergency facility planning of Nanjing city, which helps proving its 
feasibility in practice. Speaking of the creativity, this study not only makes up the shortage of ignoring traffic 
condition in traditional emergency facility planning, but also expands thought for similar planning by 
reviewing the application of traffic circle. However, there are still some imperfections in this paper that need 
to be further supplemented in the future: firstly, the accuracy of data analysis is on hourly level which could 
be further divided in to minute level for more details. 
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Figure 9: Service area diagram of different districts (Top line for central area; the middle line for transition area; the end line for 
suburb area ) 
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Approaches of Flexible Spatial Planning to Sustainable Cities 
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1 ABSTRACT 

This paper is a literature review of approaches of flexibility in spatial planning. It is about key elements 
which provide a flexible spatial planning to sustainable cities. 

Spatial planning plays a decisive role in the implementation of sustainable adaptation measures and in 
ensuring the climate stability of spatial developments. Because urban structures have an impact on energy 
consumption and pollution, depending on how a building, park or square is designed. 

In order to explore this issue, the paper first underscore the current environmental challenges and combines 
them with current challenges in spatial planning to point out the need of flexible spatial planning; second, 
explains why flexibility is necessary and which advantages it brings for sustainable city planning; third gives 
an overview of existing approaches in the literature. Next it provides the key flexibility elements analyzed 
from literature review. In conclusion the paper presents eight key elements which provides flexibility in 
spatial planning: Planning rules and norms, Programs and Concepts, Organization, Experiments, Control and 
Limits, Utilization structures, Spatial Planner and Time. 

Keywords: space, cities, sustainability, spatial planning, flexibility 

2 CURRENT ENVIRONMENTAL CHALLENGES AND THE IMPACT OF CITIES 

Different strategies and concepts developt in countries and regions to set targets to sustainable city planning 
and designingto meet environmental targets and social needs. Because we do not know exactly what 
constitutes the environmental challenges and its consequences, it is stressed, that opportunities should be 
explored which are flexible and adaptive (van Buuren et al. 2013). 

The term flexibility in spatial planning is not uniform defined yet. Cattlin (2017) points out that there is a 
definitional problem of flexibility: “if we lack of a common idea of what flexibility consists of, or who or 
what can be flexible, or over what kind of timescales we mean spaces to be flexible, we are talking about 
different things.” (Cattlin 2017, p.1). In literature terms like adaptable, flexible, adjustable, agile, 
customizable or adapt-flexible are used. For this reason, it is necessary to find out whether the terms are used 
simultaneously or whether they are different terms with different meanings. Perhaps it is not even necessary 
to define flexibility uniformly. Because this may contradict the term flexibility per se. However, it makes 
sense not to talk past each other when it comes to the approach. For this reason, it is assumed that flexibility 
in spatial planning is “a change in the system and making the possibility of obtaining new conditions, needs, 
and frameworks” (Ardeshiri et al. 2016, p.83-84). If the definition is transfered to urban development, 
flexibility for spatial planning must achieve the following: spatial structures must be able to adapt to 
changing circumstances, new uses and also social requirements.Thus, in a next step, flexibility can also be 
integrated in the planning of cities. 

Figure 1 shows the main current challenges in urban development to sustainability: resource scarcity, 
environmental pollution, urbanization, sealing and soil compaction. Cities are responsible for 2/3 of the 
worlds emissions, thereby they account for only three percent of the surface area. But there is a rethinking in 
society, they are calling for sustainable solutions and products that adapt to viable (King and Trübstein 
2019). Social and political pressure bring about change: it is about more sustainable solutions that influence 
spatial planning and are influenced the other way round by it. These include, for example, electrification in 
the transport sector, sector coupling, the generation of sustainable energy, emission-free mobility, green 
areas and, last but not least, the structures of the built city. 
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Figure 1 Indicators of climate change and urban development: rethinking in politics and society (own figure according to Stratmann 
2019, p.1) 

The United Nation recognised the link and interaction between sustainability and cities and therefore 
developed goals and targets to promote the sustainable development of cities. According to the Sustainable 
Development Goals (SDGs) one promote Sustainable Cities and Communities (Nr. 11). One of the idicators 
to achieve this target is the ratio of land consumption rate to population growth rate (United Nations 2020). 
The goals are not only quantificabile but also qualifiable, because sustainability challenges are different 
everywhere. It has not only to depend on geographical conditions, but also on social and economic 
conditions. 

3 METHODICAL PROCEDURE AND OBJECTIVES 

The aim is to filter out and summarize the key elements for flexibility in spatial planning from literature. In 
this way a common understanding of the planning approach of flexibility can be created and this can also be 
understood as a planning tool for the future of sustainable cities. 

Designing cities with uncertainty and with gaps of knowledge means to develop innovative approaches 
(Zandvoort et al. 2019). The current challenges can be met by flexible approaches in spatial planning, as “the 
use of flexibility in designing projects is becoming increasingly common” (Geltner and Neufville 2012). As 
well van Buuren et al. (2013) called for an adaptive approach where flexibility is central. Based on these 
facts, it is necessary to take a closer look at the existing approaches to flexible spatial planning and to 
compile the most important principles to set an understanding. 

New solutions must be found to meet the growing pressure for more sustainable cities. Due to the high 
decisive influence of spatial planning, the approaches already found in the literature are analysed and linked 
more closely. In the following, the research design is posed and the methodological approach of the work is 
explained. As a process-based dynamic planning tool, flexibility creates an adaptable planning basis. 

In order to achieve this goal, it is necessary in the first step to understand why the approach requires closer 
examination. The already presented problem shows that due to the increasing pressure for sustainability in 
order to survive climate crises etc. and to offer society an adequate living space in cities, new approaches to 
spatial planning are taken. 
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Figure 2 schematically shows the procedure of literature research and analysis. First of all, an overview of 
existing approaches to flexibility in spatial city planning has been provided. To select significant flexibility 
approaches a national (germany) and international literature review was taken. Next followed by a brief 
analysis of key elements involved in each approach. After filter out the key elements a connection between 
the elements and sustainable spatial planning is created. At the end the impacts on sustainable city planning 
and the inferences are presented. 
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Figure 2 Methodological flow chart 

The outline of the paper is: First the paper establishes a connection between current challenges in climate and 
environmental challenges and current urban development problems. This leads to the conclusion why the 
approach of flexibility can make a positive contribution to reducing the negative consequences of these 
challenges. Second, an overview on the methodical procedure on the literature review is given. Next the 
necessarity and advantages of the approaches of flexibility are explained. Various approaches of flexibility 
are taken up simultaneously. Next the paper provides the key flexibility elements analyzed from literature 
review. In conclusion the paper presents the key elements which provides flexibility in spatial planning 

4 WHY DEALING WITH FLEXIBILITY IN SPATIAL PLANNING? 

Summarizing it is seen that flexibility in spatial planning is justified in order to meet sustainable goals in city 
planning. There are a lot of different arguments promoting the idea of flexibility. Besides social and 
economic reasons, the ecological benefits play an important role. Next the advanteges and also critical points 
are given. 

Flexible spatial planning brings diverse chances to urbanism (Costa et al. 2014). Cozzolino summarize 
arguments of different authors (Alfasi; Buitelaar; Cozzolino; Moroni; Rauws) towards the essential role of 
flexibility in the city: “if we recognize the essential role of spontaneity and flexibility in the city functioning 
(i.e., its creative role for innovation, the importance of localized knowledge, the need for perpetual 
adjustment and improvements of the build environment, and on) we cannot regulate the city in order to 
obtain or preserve the specific and predetermindes social-spatial configurations as we would or desire” 
(Cozzolino 2018, p. 16). More flexibility mitigate adverse effects of uncertainty (Zandvoort et al. 2019) and 
shortcomings of planning (Carr and Dionisio 2017). Because we do not know the future, agile approaches, 
like flexibility, fits into that we do not know the final result (Aurigi 2016). This brings design for unsheduled 
uses (Carr and Dionisio 2017). Moreover, it is possible that flexibility reduce resistance against further uses 
we do not know yet (Carr and Dionisio 2017). Because “adaptive landscape designs are important for heding 
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against the negative consequences of long-term commitments” (Zandvoort et al. 2019, p. 21). As well, 
flexibility supports short-term measures, while keeping options open on the long-term (Zandvoort et al. 
2019). 

Flexibility offers great opportunities to reduce resource consumption. Because multi usage is possible, less 
space is needed. Thus, the resource soil can be used sparingly (Geltner and Neufville 2012; Stiftung et al. 
2003). For this reason “flexible […] land use represents efficient land use. This also serves to ensure the 
conservation of resources and sustainability in urban development” (Stratmann 2019, p. 69). Flexibility can 
reduce natural and unnatural damages (Ardeshiri et al. 2016), e.g. in times of climate change, when it is 
necessary to design more adaptable and flexible (BBSR 2016). In times of unforeseeable natural events, 
areas can be used both as public space for societies and as space for e.g. flooding events. By reuseing space 
and materials a much smaller carbon foodprint is given (Godwin 2018). One of the most commonly used 
defintion which links flexibility with climate change points out: “the adjustment in natural or human systems 
in response to actual or expected climatic stimuli or their diem, which moderates harm or exploits benefical 
opportunities” (IPCC 2007, p.7). Flexible public space contributes to ecological sustainable cities, because it 
is adaptable for different uses, users and in different times and it consume less ground, because usage can 
happen in parallel and/or side by side and offers hybrid space organizations (Stratmann 2019). 

Likewise, flexibility offers great opportunities in social aspects. Flexibility provides potentials to society and 
achieves requirements and goals of peoples needs (Ardeshiri et al. 2016). As also mentioned by Ardeshiri et 
al. “in effect, it should be stressed that flexibility searches for selection arrays against needs” (2016). In view 
of the ever more rapidly changing demand needs, flexible spatial planning can be combined with faster 
implementation (King and Trübstein 2019). To put it briefly: flexibility is demand-oriented. 

On the one hand there are a lot of reasons to design flexible in spatial planning. But on the other hand there 
are a few arguments which call the approach into question. Carr and Dionisio explain “that flexible spaces 
may provoke a greater level of NIMBYism (Not In My Backyard) than convential land uses” (2017, p. 76). 
As well there is a risk of inferior re-use and less security of planning (Stiftung et al. 2003; Gifford 1994).  

5 KEY ELEMENTS OF FLEXIBILITY IN SPATIAL PLANNING 

In summary there are some repeated elements in literature which welcome flexibility in spatial planning. For 
this reason it is assumed that there is a consensus on these elements in literature. Therefore it can be assumed 
that flexibility depends mainly on the eight elements identified. The identified key elements are: Planning 
rules and norms, Programs and Concepts, Organization, Experiments, Control and Limits, Utilization 
strucutres, Spatial Planner and Time. 

To find out key elements in flexibility approaches, an analyse was taken. A total of 16 approaches to the 
issue have been examined more closely. The approaches have been filtered through national (Germany) and 
international literature research and do not necessarily explicitly include the approach of flexibility but 
implicitly. Nevertheless, there are already approaches in the literature that have specifically addressed the 
issue of flexibility. This spectrum of authors and also the way the term is dealt with highlight the key 
elements of flexibility through its diversity and at the same time uniformity. The analysis has been carried 
out qualitatively and is not regarded as conclusive. In the end, once the recurring elements have been 
included, it is possible to determine on a quantitative level which elements have been mentioned particularly 
frequently. From this it is concluded that the frequently mentioned elements are central elements of 
flexibility in spatial planning. Below the key elements are listed and discribed in their impacts to flexibility 
in spatial planning. 

Planning rules and norms: Rules ensure that flexibility is reduced quickly and easily and thus takes away the 
possibility of adapting. For this reason, it is necessary to make the way rules and norms are written and 
deployed flexible. Rules must be established that allow flexibility in spatial planning. This includes not only 
the flexibility of the standards among themselves, but also the context of the content. There should be 
flexibility in the rules of use in spatial planning. Conversely, the space itself should also be able to provide 
differences in rules. Without enough space for flexibility in planning rules, there is no flexibility in spatial 
planning. Any regulation should be minimal, for maximum flexibility. (Aliyha and Aulia 2019; Carr and 
Dionisio 2017; Cozzolino 2018; King and Trübstein 2019; Rauws 2015; Van Buuren et al. 2013) 
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Programs and Concepts: Traditional urban development plans and concepts have been drawn up without 
flexibility and are completed in their spatial and functional system. But flexible concepts have to be 
established which convey the concept and the handling of adaptability and flexibility in spatial planning. The 
concepts must be flexible so that the plans and measures developed and implemented on them become 
flexible. Flexibility must be conceptually anchored in order to be applicable. Flexible concepts can help 
planners to design the future. The aim is to create long-term plans and concepts that can be flexible adapted 
in short-term. (BMBVBS 2013; Cozzolino 2018; Fainstein et al. 2018; Lotto and Di Morelli Popolo 2015; 
Rauws 2015; Reicher 2014; Zandvoort 2019; Zikovic et al. 2014) 

Organization: The management, institutional context and the planning process itselfs, has to become flexible, 
summerized to the term organization. To get flexibility in spatial planning, flexibility has to be managed. 
There has to be a manager, who is responsible for flexibility. The involvement of institutions play a role to 
establish flexibility in spatial planning. For more flexibility in spatial planning, the institutional design must 
become more flexible. Institutions must not be rigid, but do welcome flexible participation. If the planning 
processes do welcome and change to flexibility. (Aurigi 2016; Friedman 1997; Van Buuren et al. 2013) 

Experiments: Flexibility can provide spaces that are suitable for experiments and pilot projects. This creates 
new opportunities and possibilities in urban planning: new solutions can be found through flexible space, 
which are effective and valuable. There are spaces for new ideas and solutions that can be try out without 
having to commit to them. Therefore, flexibility is also experimental, apart from the fact that the approach is 
innovative and experimental in itself. Therefore, flexibility in spatial planning brings spaces for 
unpredictable, improvised and ephemeral uses. (Carr and Dionisio 2017; Hetzberger 2014; Lewis and 
Schwindeller 2014; Van Buuren et al. 2013) 

Control and Limits: Flexibility is strongly influenced in spatial planning by control and limits. On the one 
hand, it can be said that the more the city is controlled and planned from above, the less flexibility. On the 
other hand, it can be said that a lack of control and limits can have a negative influence on flexibility. 
Therefore the degree of control and limits plays a decisive role in the flexibility of spatial planning. 
(Cozzolino 2018; Friedman 1997; Lotto and Di Morelli Popolo 2015; Zikovic et al. 2014) 

Utilization structures: The current utilization structures are called into question by flexibility. Flexible space 
and utilization structures must be created multifunctional, but do not claim to be fitted to all uses. The build 
environment and inventory must be flexible, offering space for other uses and users. Structural elements 
must be flexible and the utilization structure must be flexible for unsheduled uses. (BMVBS 2013; Carr and 
Dionisio 2017; Hetzberger 2014; King and Trübstein 2019; Lotto and Di Morelli Popolo 2015 ) 

Spatial Planner: If planners do not fulfil the task of flexible planning, there can not be flexibility in spatial 
planning. Planners must be more sensitive to needs in order to be able to react more flexible to changes. The 
way planners understand their task influences flexibility. Relevant suggestions from society should also be 
sought for this. A flexible space makes it unnecessary for planners to intervene at a later stage. (Carr and 
Dionisio 2017; Cozzolino 2018; Fainstein et al. 2018; Friedman 1997; Lotto and Di Morelli Popolo 2015; 
Rauws 2015; Zandvoort 2019 ) 

Time: The time frame of flexibility plays a crucial role, because flexibility creates the possibility to adapt to 
the physical and social world over time. Because there is always uncertainty about future uses and the 
requirements change over time. It is therefore important to draw up plans and concepts that are designed for 
the long term, but can always act in the short term. Changes have to be accepted in different time periods, 
only then flexibility can succeed. Sufficient space must be left for the time factor, because planning 
processes can often only be regulated over time. (Cozzolino 2018; Fainstein et al. 2018; Hetzberger 2014; 
Lewis and Schwindeller 2014; Lotto and Di Morelli Popolo 2015; Rauws 2015; Reicher 2014; Zandvoort 
2019) 

The combined eight key elements influence the flexibility of spatial planning to varying degrees. The degree 
of flexibility in spatial planning depends on how many elements are used and the value of these elements 
accoring to the conditions and case study. How to measure and determine the degree of flexibility on a 
qualitative and/or quantitative level and whether this is even necessary to achieve the goal of a sustainable 
city has not yet been considered.  
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6 CONCLUSION: FLEXIBILITY TO SUSTAINABLE CITIES  

As outline before, the spatial planning approach of flexibility influence the possibility to achieve sustainable 
cities. Flexibility is called a designing tool to reach sustainable spatial planning. The approach of flexibility 
is to see as a process which influence spatial planning as much as spatial planning influence flexibility. In 
conclusion in literature there are different terms of flexibility but in case they usually mean the same 
circumstance and there are many overlapping requirements and elements for flexible planning in the 
analyised approaches. 

By analysing the key elements of flexibility it is possible to create a common understanding of flexibility in 
spatial planning. Without the knowledge of the approach of flexibility and its elements it is not possible to 
establish the approach and create an international understanding. The eight elements illustrate the complexity 
of the influence of spatial planning on the flexibility of a city. Not only the built, the physical structures 
(such as the elements Urbanization structures), but also the temporal course, element time, the organization 
and last but not least one of the strongest elements: the social influence of Spatial Planner. Looking at the 
elements, it is obvious that they need and influence each other in order to create the goal of  flexible and thus 
sustainable cities. Without the Spatial Planner no new planning rules and norms can be established. Without 
concepts and plans, Spatial Planner cannot be guided by them. Without the organization, the approach cannot 
be executed. Without the temporal consideration, no experiments can be conducted, which in turn require 
control and limits. These relationships can be elaborated further and it becomes very clear that the elements 
are closely related and interrelated. All together, as well as each one individually, contributes to the planning 
and design of a sustainable city. 

The field of flexibility is large and certainly includes more than the eight elements presented in this paper. 
Furthermore, it is debatable whether these elements are representative, how far their influence is. Therefore, 
a closer (also spatial) investigation is needed in further steps. 
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1 ABSTRACT 

Bei Baumkontrollen werden sogenannte Baumkataster angelegt, in denen Informationen über in einem 
bestimmten Bereich befindliche Bäume dokumentiert werden. In ihnen wird unter anderem die Gestalt der 
Bäume durch die Parametern Baumhöhe, Baumkronendurchmesser und Baumkronenumfang beschrieben. Im 
Rahmen dieses Beitrages wird ein in Python entwickeltes Analyse- und Transformationswerkzeug 
vorgestellt, welches erlaubt, Baumdaten in unterschiedlicher, strukturierter Form (CSV, XML) einzulesen, 
tabellarisch darzustellen und zu analysieren. Weiterhin ermöglicht es, aus den Gestalt beschreibenden Daten 
ein 3D-Modell abzuleiten und dieses im standardisierten Datenformat CityGML unter Verwendung des 
Vegetation-Moduls als geometrisches 3D Modell mit den vorhandenen Sachdaten zu exportieren. 

Keywords: Digitalisierung, CityGML, 3D, Baumkataster, Python 

2 EINLEITUNG 

Im Rahmen der Verkehrssicherungspflicht ist diejenige Person, die Verfügungsgewalt über ein Grundstück 
ausübt, dazu verpflichtet sicherzustellen, dass von den auf dem Grundstück befindlichen Bäumen keine 
Gefahren ausgehen. Daraus resultiert, dass Bäume im öffentlichen Raum in regelmäßigen Kontrollen auf 
Standsicherheit und Beschädigungen überprüft werden müssen. 

Dabei werden sogenannte Baumkataster angelegt, um der Dokumentationspflicht nachzukommen, in denen 
neben einer Bewertung jedes Baumes auf einem Grundstück dessen genaue Lage sowie Metadaten erfasst 
werden. Einige dieser Metadaten beschreiben den Baum in seiner Gestalt, z.B. die Baumhöhe, der 
Stammdurchmesser oder der Baumkronendurchmesser. 

Die Daten eines Baumkatasters lassen sich abgesehen von der Dokumentation aber auch noch für andere 
Einsatzgebiete nutzen. Aus den erfassten Parametern lässt sich die Gestalt der Bäume in parametrisierter 
Form beschreiben und damit für die Visualisierung oder für Simulationsberechnungen einsetzen. In einer 
Abschattungsanalyse kann beispielsweiße der Schatten berechnet werden, der von einem Baum auf ein 
Gebäude geworfen wird. Diese Informationen können für eine Solarpotentialanalyse oder für thermische 
Gebäudesimulationen genutzt werden. Um solche Berechnungen durchführen zu können ist ein digitales 
dreidimensionales Modell der Bäume notwendig. Viele Softwarelösungen zum Verwalten solcher 
Baumkataster unterstützen einen Export dahingehend jedoch nicht. Das am Campus Nord des KIT 
eingesetzte Programmsystem Arbokat® unterstützt beispielsweiße lediglich einen Export in die Formate 
CSV, PDF, KML, Shapefile und INGRADAweb, sodass die Entwicklung eines Werkzeuges, welches aus 
den Baumkatasterdaten dreidimensionale Geometrien ableitet und diese im standardisierten CityGML-
Format exportiert, notwendig ist. 

3 GRUNDLAGEN 

3.1 Baumkataster 

Ein Baumkataster ist ein raumbezogenes Verzeichnis, in dem Informationen zu Bäumen innerhalb eines 
bestimmten Gebietes erfasst sind (Stadt Stuttgart, 2020). Ein solches Gebiet kann zum Beispiel ein einzelnes 
Grundstück sein, aber auch ein gesamtes Stadtgebiet umfassen. Sie werden zu Dokumentationszwecken 
regelmäßig stattfindender Baumkontrollen angelegt. Solche Kontrollen müssen regelmäßig von sowohl 
öffentlichen als auch privaten Grundbesitzern stattfinden, die Verkehr eröffnen oder auf einem Grundstück 
zulassen. Der Grund hierfür ist, dass ein Baumbesitzer der Verkehrssicherungspflicht nachzukommen muss, 
die er gegenüber Dritten hat (Wessolly und Erb, 2014). Bei diesen Baumkontrollen wird der Zustand des 
Baumes erfasst und bewertet, um beispielsweise Sach- und Personenschäden durch baumkrankheitsbedingte 
Sturmschäden zu vermeiden. Im Jahr 2004 hat die Forschungsgesellschaft Landschaftsentwicklung 
Landschaftsbau e.V. (FLL) erstmals die Anforderungen an Baumkontrollen in den Baumkontrollrichtlinien 
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normiert. Diese Baumkontrollrichtlinien der FLL wurden über gerichtliche Urteile dem aktuellen Stand der 
Technik der Baumkontrolle zugeordnet. Mittlerweile wurden die Baumkontrollrichtlinien überarbeitet, 
sodass diese seit 2010 in einer neuen, aktualisierten Fassung zur Verfügung stehen (Forschungsgesellschaft 
Landschaftsentwicklung Landschaftsbau e.V., 2010). Während dieser Baumkontrollen werden Daten über 
die untersuchten Bäume erfasst, wie z.B. der Gesundheitszustand, der Standort, die Höhe, der 
Stammdurchmesser oder der Baumkronendurchmesser. 

Alle während der Baumkontrolle erfassten Daten werden danach zu Dokumentationszwecken im 
Baumkataster festgehalten. In ihnen werden also neben Daten zum Gesundheitszustand des Baumes und 
Standortinformationen und auch Daten über die Gestalt des Baumes festgehalten. 

Es existieren einige Software-Programme, um die Erstellung und Verwaltung eines digitalen Baumkatasters 
zu erleichtern. Die am Campus Nord des KIT verwendete Software zur Erstellung und Verwaltung des 
digitalen Baumkatasters heißt Arbokat® und wird von der Firma iNovaGIS und dem Sachverständigenbüro 
Peter Klug konzipiert und entwickelt. Dabei werden alle in den Baumkontrollrichtlinien der FLL 
festgelegten Kriterien berücksichtigt (iNovaGIS, 2016). 

3.2 CityGML 

Das Datenformat City Geography Markup Language (CityGML) ist das Datenmodell, in das das 
Baumkataster überführt werden soll. Es ist ein semantisches Datenmodell zum Speichern und Austauschen 
digitaler dreidimensionaler (3D) Stadtmodelle (Gröger et al. 2012). 

Das CityGML-Datenmodell wird seit 2002 von der Special Interest Group 3D (SIG 3D) entwickelt. Die 
Arbeitsgemeinschaft besteht aus mehr als 70 Firmen, Gemeinden und Forschungseinrichtungen. Ziel ist, ein 
standardisiertes Datenformat zum Speichern von 3D-Stadtmodellen zu schaffen, um den Austausch von 
Stadtmodellen zu erleichtern (Kolbe, 2009). Im Jahr 2008 wurde das CityGML-Datenformat (damals in der 
Version 1.0.0) auch vom Open Geospatial Consirtium als Standard (OGC) anerkannt. Aktuell liegt CityGML 
in der Version 2.0.0 vor und wird von vielen Städten weltweit (z.B. Berlin, München, Paris, Monaco, 
Istanbul, Doha) dazu verwendet, 3D-Stadtmodelle bereitzustellen (Gröger et al. 2012). 

CityGML verbindet dabei eine geometrische Modellierung von Städten mit einer semantischen 
Modellierung. Das bedeutet, dass ein Stadtmodell im CityGML-Format sich nicht nur zur Visualisierung 
einer Stadt eignet, da nicht nur eine geometrische Repräsentation von einzelnen Objekten einer Stadt 
vorliegt, sondern dabei die einzelnen Objekte auch klassifiziert und aggregiert werden können, sowie mit 
verschiedenen, das Objekt näher beschreibenden, Attributen versehen werden können. Eine solche 
semantische Modellierung ermöglicht in Kombination mit der geometrischen Modellierung weitreichende 
Analysen (Gröger et al. 2012). 

Das CityGML-Format ist modular aufgebaut. Es besteht aus dem zwingend erforderlichen Core-Modul 
sowie aus thematisch gegliederten Erweiterungs-Modulen. Das Core-Modul umfasst alle dem Datenmodell 
zugrundeliegenden Konzepte und Komponenten, die von jedem der Erweiterungsmodule genutzt werden. 
Mit den thematisch voneinander abgegrenzten Erweiterungsmodulen findet dann die eigentliche 
Modellierung der Objekte einer Stadt statt. Das Stadtmodell besteht dann aus der Gesamtheit der einzeln 
modellierten Objekte. In CityGML 2.0 existieren Erweiterungsmodule für z.B. Gebäude, Brücken und 
Stadtmöbelierung. Es existiert außerdem ein Modul für Vegetation, welches im Folgenden genauer 
vorgestellt wird (Gröger et al. 2012). 

Unterschieden werden im Vegetation-Modul zwei verschiedene Klassen von Vegetation. Während die 
Klasse PlantCover dazu verwendet wird, eine größere Ansammlung von Vegetation zu modellieren wie z.B. 
eine Wiese oder einen Wald, können über die Klasse SolitaryVegetationObject einzelne Vegetations-Objekte 
beschrieben werden wie z.B. einzelne Bäume, Sträucher oder Büsche. Beide Klassen erben von der 
abstrakten Klasse _VegetationObject, die wiederum von der abstrakten Klasse _CityObject des Core-Moduls 
erbt. Abbildung 1 zeigt das UML-Klassendiagramm des CityGML-Vegetation-Moduls. 
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Abbildung 1: UML-Klassendiagramm des CityGML Vegetation-Moduls (Gröger et al. 2012) 

Ein Objekt der Klasse PlantCover besitzt die Attribute class, welches die Vegetationsgruppe beschreibt, der 
das PlantCover-Objekt angehört. Die Attribute function und usage beschreiben den angedachten und 
tatsächlichen Zweck eines Objektes. Zudem besitzt die Klasse PlantCover das Attribut averageHeight, in 
dem die durchschnittliche Höhe der Vegetationsgruppe gespeichert wird (Gröger et al. 2012). 

Auch ein Objekt der Klasse SolitaryVegetationObject hat die Attribute function und usage, die hier die 
gleiche Verwendung haben. Das Attribut class wird bei SolitaryVegetationObject jedoch dazu verwendet, 
um das Vegetations-Object genauer zu klassifizieren (z.B. Baum, Busch, Gras). Ein Objekt der Klasse 
SolitaryVegetationObject besitzt außerdem das Attribut species, in welchem der botanische Fachname der 
Spezies (z.B. Abies alba für Weißtanne) als CodeType gespeichert ist. Das bedeutet, dass jeder Baumspezies 
über eine sogenannte Codelist ein Zahlencode zugeordnet ist, und nur dieser Zahlencode im CityGML-
Stadtmodell gespeichert wird (Gröger et al. 2012). Diese Codelist ist in der CityGML-Spezifikation definiert, 
sodass die verwendeten Codes programmunabhängig interpretiert werden können. 

Des Weiteren besitzt die Klasse SolitaryVegetationObject einige Attribute zur parametrisierten Beschreibung 
der Geometrie. So kann im Attribut height die Höhe des Vegetations-Objektes gespeichert werden, im 
Attribut trunkDiameter der Durchmesser des Baumstammes (falls das modellierte Objekt ein Baum ist) und 
im Attribut crownDiameter der Durchmesser der Baumkrone. Alle Attribute der Klassen PlantCover und 
SolitaryVegetationObject sind jedoch optional und nicht zwingend erforderlich, was auch die Modellierung 
sehr flexibel macht. So können z.B. mit der Klasse SolitaryVegetationObject Bäume als auch Sträucher und 
Büsche modellieren, obwohl z.B. das Attribut trunkDiameter bei Büschen nicht sinnvoll einzusetzen ist. Es 
macht aber auch dann eine thematische Modellierung möglich, wenn nicht alle Attribute eines Vegetation-
Objektes erfasst sind oder erfasst werden können. Weiterhin ist es möglich, jedem Objekt der Klasse 
_CityObject eine beliebige Anzahl frei definierbarer Attribute hinzuzufügen, sogenannte Generic Attributes, 
um eine thematische Modellierung über Attribute zu ermöglichen die nicht vom Datenmodell vorgesehen 
sind (Gröger et al. 2012).  

Zur Visualisierung der Vegetation sowie zur Durchführung geometrischer Analysen ist es außerdem 
möglich, jedem Objekt der Klasse PlantCover und SolitaryVegetationObject Geometrien im Level-Of-Detail 
(LOD) 1 bis LOD4 zuzuweisen (Gröger et al. 2012). 

4 ANALYSE 

In diesem Kapitel werden zunächst die Ausgangsdaten, die im CSV-Format vorliegen, analysiert. 
Anschließend wird untersucht, welche Anforderungen an das zu erstellende Softwarewerkzeug gestellt 
werden 

4.1 Baumdaten im CSV-Format 

Das am KIT Campus Nord zur Verwaltung eines digitalen Baumkatasters verwendete Programmsystem 
Arbokat® unterstützt einen Export der Baumdaten in das Datenformat Comma Seperated Values (CSV) 
(iNovaGIS, o.D.). Dabei handelt es sich um eine Textdatei zur Speicherung strukturierter Daten, die sich 
aufgrund der Einfachheit des Datenformats leicht automatisiert verarbeiten lässt. 

Die von Arbokat® generierte CSV-Datei enthält alle im Baumkataster gespeicherten Bäume. Jede Zeile der 
Datei enthält dabei die Informationen für je einen Baum. Innerhalb einer Zeile stehen, durch Semikolons 
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voneinander getrennt, verschiedene Attribute, die den Baum näher in seinem Standort, seiner Gestalt und 
seinem Gesundheitszustand beschreiben. Um die einzelnen Baumattribute interpretieren zu können stehen in 
der ersten Zeile der CSV-Datei die Namen der Attribute. Für die Erstellung eines dreidimensionalen 
Baumkatasters sowohl als geometrisches als auch als parametrisiertes Modell im CityGML-Format sind 
dabei die folgenden Informationen wichtig, die in der CSV-Datei gespeichert sind: 

·  Genaue Position des Baumes: Rechts- und Hochwert im Referenzsystem Gauß-Krüger-Zone-3 

·  Lateinischer Name der Baumart 

·  Gestalt des Baumes: Baumhöhe, Baumkronendurchmesser, Stammumfang 

Auffällig ist, dass den Bäumen in der CSV-Datei keine ID zugewiesen ist, über die ein Baum identifiziert 
werden könnte. Es existiert lediglich eine Baumnummer, die jedoch mehrfach vergeben wurde. Allerdings ist 
jedem Baum ein Bereich zugewiesen ist, in dem er steht und bei näherer Betrachtung fällt auf, dass die 
Baumnummer innerhalb eines Bereiches eindeutig ist. Somit ist es möglich, einen Baum anhand einer 
Kombination aus Bereichsnummer und Baumnummer eindeutig im gesamten Datensatz zu identifizieren. 

4.2 Anforderungen an das Programm 

Im Allgemeinen soll das in Python geschriebene Programm Baumdaten verschiedener Datenformate einlesen 
und verarbeiten können. Die Daten sollen analysiert, validiert und aus ihnen ein parametrisches als auch 
geometrisches Baummodell generiert werden können. Dieses soll im CityGML-Format exportiert werden 
können. Diese allgemeinen Anforderungen, die im Folgenden konkretisiert werden, legen die 
Rahmenbedingungen für die Entwicklung des Programms fest. 

·  Einlesen der Baumdaten: Das Programm soll Baumdaten in zweierlei Datenformaten einlesen und 
verarbeiten können. Es soll Baumdaten im CSV- als auch im XML-Format einlesen, verarbeiten und 
interpretieren können. Dabei soll eine gewisse Flexibilität beim Einlesen der Daten hinsichtlich ihrer 
Modellierung im jeweiligen Datenformat möglich sein. 

·  Graphische Benutzeroberfläche: Das Programm soll zur vereinfachten Bedienbarkeit über eine 
graphische Benutzeroberfläche verfügen. In ihr sollen die eingelesenen Baumdaten tabellarisch 
angezeigt werden, damit der Benutzer sich einen Überblick über den Datensatz verschaffen kann. 
Über die Benutzeroberfläche sollen alle Funktionen des Programms aufgerufen werden können. 

·  Analyse der Daten: Die eingelesenen Daten sollen analysiert werden können, damit der Benutzer 
sich einen Überblick über die Qualität der Daten schaffen kann. Die Daten sollen sowohl nach ihrer 
ID als auch nach ihrer Position auf Duplikate überprüft werden können. Weiterhin soll eine 
Validierung der Gestalt beschreibenden Parameter der Bäume stattfinden. 

·  Ableitung einer Referenzhöhe:  Da in Baumkatastern häufig keine Referenzhöhen zu den Bäumen 
gespeichert sind, diese aber für weitere Analysen wichtig ist, soll es eine Möglichkeit geben, für 
jeden Baum im Datensatz eine Referenzhöhe aus einem DGM abzuleiten. Diese soll in der 
Datenstruktur gespeichert und bei der Weiterverarbeitung der Daten zu berücksichtigt werden. 

·  Export in das CityGML-Datenformat: Das Programm soll die Möglichkeit bieten, das Baumkataster 
im standardisierten, semantischen Datenformat CityGML unter Verwendung des Vegetation-Moduls 
zu exportieren. Dabei soll ein parametrisiertes als auch ein geometrisches Modell des Baumes 
erstellt und exportiert werden. 

5 KONZEPT UND IMPLEMENTIERUNG 

In diesem Kapitel soll zunächst das theoritische Konzept, auf welches das Softwarewerkzeug aufbaut, 
vorgestellt werden. Im Anschluss wird kurz auf die technische Umsetzung dieses Konzeptes eingegangen. 

5.1 Konzept 

Den Ablauf des entwickelten Programmes zeigt in schematischer Darstellung der Programmablaufplan in 
Abbildung 2. Es ist möglich, sowohl CSV- als auch XML-Dateien zu interpretieren und in eine räumliche 
Datenbank, die als interne Datenstruktur fungiert, zu überführen. Von dort aus werden die Daten in der GUI 
angezeigt, können analysiert, mit Höheninformationen angereichert und ins CityGML-Format exportiert 
werden. 
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Abbildung 2: Programmablaufplan (eigene Darstellung) 

Während der tabellarischen Anzeige der Daten hat der Benutzer die Möglichkeit, die Reihenfolge der 
Tabellenspalten anzupassen sowie einzelne Tabellenspalten ein- und auszublenden. Weiterhin hat er die 
Möglichkeit, die Spaltenwerte auf- und absteigend zu sortieren, um so einen besseren Überblick über die 
Daten erhalten zu können. 

Während der Datenanalyse ist es möglich, die Daten auf zweierlei Arten auf Duplikate zu untersuchen. 
Einerseits wird dazu die ID des Datensatzes untersucht, wobei ein Duplikat potentiell dann vorliegt, wenn 
eine ID mehrmals im Datensatz vergeben wurde. Andererseits ist es möglich, den Datensatz auf Duplikate zu 
untersuchen, indem die Position eines Baumes betrachtet wird. Ist der Abstand zweier Bäume des 
Datensatzes geringer als ein zuvor vom Benutzer eingestellter Schwellwert, handelt es sich potentiell um ein 
Duplikat. Werden Duplikate festgestellt hat der Benutzer die Möglichkeit, die Duplikate von einem späteren 
Export ins CityGML-Datenformat auszuschließen.  

Eine weitere Analysemöglichkeit der Daten ist die Validierung der Gestalt beschreibenden Baumparameter 
(Baumhöhe, Stammdurchmesser, Baumkronendurchmesser). Dafür sind verschiedene Kriterien 
implementiert, anhand der die Validität der Parameter geprüft werden kann. Bäume werden als ungültig 
eingestuft, wenn folgende Kriterien verletzt werden: 

·  Es existiert ein Wert für Baumhöhe, Stammdurchmesser und Baumkronendurchmesser 

·  Die Werte für Baumhöhe, Stammdurchmesser und Baumkronendurchmesser sind größer als null 

·  Der Stammdurchmesser ist größer als der Baumkronendurchmesser 

·  Der Baumkronendurchmesser ist größer als die Baumhöhe 

·  Der Stammdurchmesser ist größer als die Baumhöhe 

Für jeden als invalide eingestuften Baum wird dem Nutzer anschließend in einer kurzen Meldung auf der 
Benutzeroberfläche die ID des ungültigen Baumes ausgegeben, sowie eine kurze Erklärung, warum diese 
invalide ist. Beim späteren Export der Daten ins CityGML-Datenformat werden die als invalide eingestuften 
Bäume zwar als parametrisiertes Modell exportiert, jedoch nicht als geometrisches, da für sie kein 
geometrisches Modell erzeugt werden kann. 

Bei der Datenanreicherung ist es möglich, die vorhandenen Baumdaten mit weiteren Informationen 
anzureichern, um die vorhandenen Daten entweder um weitere Informationen zu erweitern oder um 
vorhandene Informationen zu verbessern. Es ist dabei möglich, eine Referenzhöhe für jeden Baum aus einem 
digitalen Geländemodell (DGM) abzuleiten oder eine einheitliche Referenzhöhe für jeden Baum festzulegen, 
falls dem Nutzer kein DGM vorliegt (was aber nur in flachen Gebieten sinnvoll sein kann). 

Zur Ableitung der Referenzhöhe wird in einem ersten Schritt das digitale Geländemodell in die räumliche 
Datenbank importiert. Jeder Höhenreferenzpunkt des DGMs entspricht dabei einer Zeile einer neu 
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angelegten Tabelle. Diese Tabelle hat die Lage des Höhenreferenzpunktes als 2D-Geometrie gespeichert, die 
Höhe als numerisches Attribut. In einem zweiten Schritt wird zunächst für jeden Baum untersucht, ob er 
innerhalb der konvexen Hülle aller Referenzpunkte liegt. Ist das nicht der Fall, kann zu diesem Baum keine 
Referenzhöhe aus diesem DGM abgeleitet werden, da zur Position des Baumes keine Höheninformationen 
im DGM vorliegen und keine Extrapolation der Höhe erfolgen soll. Liegt der Baum aber innerhalb der 
Konvexen Hülle, werden die vier Höhenreferenzpunkte, die dem Baum am nächsten liegen, extrahiert. 
Zwischen ihnen wird anschließend mit der Inverse-Distance-Weighting-Methode interpoliert, um die 
Referenzhöhe des Baumes zu bestimmen. Dabei handelt es sich um eine gewichtete Mittelwertbildung, 
wobei räumlich näher liegende Datenwerte stärker gewichtet werden als weiter entfernte Datenwerte (Bill, 
2016) 

Beim Export des Baumkatasters in das CityGML-Format wird jeder Baum, der im Baumkataster vorhanden 
ist, als SolitaryVegetationObject ins Stadtmodell exportiert. Dabei wird einerseits ein parametrisiertes 
Baummodell erstellt und exportiert. Der Nutzer trifft dazu vor dem Export eine Zuordnung über die GUI, in 
welcher er die Baumattribute des programminternen Datenmodells in der Datenbank den Attributen der 
CityGML-Klasse SolitaryVegetationObject zuordnet. Andererseits wird auch ein geometrisches Baummodell 
erstellt und exportiert, das aus den Gestalt beschreibenden Baumparametern errechnet wird. Der Nutzer hat 
dabei die Möglichkeit, den verschiedenen LODs unterschiedliche geometrische Baummodelle zuzuweisen. 
Diese geometrischen Baummodelle unterscheiden sich erheblich in ihrer Komplexität. Je nach Komplexität 
der Geometrie wird dabei nach Laub- oder Nadelbaum differenziert und unterschiedliche Geometrien 
generiert. Alle möglichen Arten der Baumgeometriemodelle, die der Nutzer den LODs zuweisen kann, sind 
im Folgenden nach aufsteigender Geometriekomplexität geordnet aufgelistet: 

·  Linie (Abbildung 3a): Es wird an der Position jedes Baumes eine senkrecht im Raum stehende Linie 
generiert. Der Anfangspunkt der Linie liegt dabei auf Höhe der Erdoberfläche, der Endpunkt auf 
Höhe der Baumhöhe über der Erdoberfläche. 

·  Zylinder (Abbildung 3b): Es wird an der Position jedes Baumes ein senkrecht auf Höhe der 
Erdoberfläche stehender Zylinder generiert. Die Höhe des Zylinders entspricht dabei der Höhe des 
Baumes, der Durchmesser des Zylinders entspricht dem Durchmesser der Baumkrone. 

·  (texturiertes) Rechteck (Abbildung 3c):  Ein (texturiertes) Rechteck im Raum wird auf Höhe der 
Erdoberfläche an der Position jedes Baumes generiert. Die Höhe des Rechtecks entspricht der Höhe 
des Baumes, die Breite entspricht dem Baumkronendurchmesser. Auf Wunsch des Nutzers können 
pro Baum mehrere, sich in der Mitte überkreuzende Rechtecke generiert werden, um die Sichtbarkeit 
auf das Baummodell aus verschiedenen Blickwinkeln zu ermöglichen. 

·  Kontur beschreibende Polygone (Abbildung 3d): Es werden Polygone generiert, die die Kontur des 
Baumes beschreiben. Diese Polygone überkreuzen sich in der Mitte, um die Sichtbarkeit auf das 
Baummodell aus verschiedenen Blickwinkeln zu ermöglichen.  

·  Stark vereinfachte Baumgeometrie (Abbildung 3e): Zur Repräsentation des Baumstammes wird ein 
Quader generiert. Länge und Breite dieses Quaders entsprechen dem Stammdurchmesser. Für die 
Baumkrone eines Laubbaumes wird ein Würfel oberhalb des Quaders generiert, für Nadelbäume 
eine vierseitige Pyramide. Sowohl bei Quader als auch bei Pyramide entsprechen deren Längen und 
Breiten dem Baumkronendurchmesser. Die Summe der Höhen von Quader und Würfel bzw. Quader 
und Pyramide entspricht der Höhe des Baumes. 

·  Vereinfachte Baumgeometrie (Abbildung 3f):  Zur Repräsentation des Baumstammes wird ein 
Zylinder auf Höhe der Erdoberfläche generiert. Dessen Durchmesser entspricht dem 
Stammdurchmesser. Für die Baumkrone eines Laubbaumes wird eine Kugel, für Nadelbäume ein 
Kegel oberhalb des Zylinders generiert. Kugeldurchmesser bzw. Kegelgrundflächendurchmesser 
entsprechen dem Baumkronenradius. Die Summe von Zylinderhöhe und Kugeldurchmesser bzw. 
Kegelhöhe entspricht der Baumhöhe. 
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Abbildung 3a-f: Die zu erzeugenden Geometrien in den verschiedenen Detaillierungsgraden für Laub- und Nadelbäume (eigene 
Darstellungen) 

Da das von CityGML verwendete Geometriemodell nur ebene und keine gekrümmten Flächen zulässt 
(Gröger et al. 2012), müssen Kugel-, Zylinder- und Kegeloberflächen durch Kombination von Polygonen 
angenähert werden. Der Benutzer kann dabei die Genauigkeit dieser Annäherung bestimmen, wobei die 
Komplexität der Geometrien mit steigender Annäherungsgenauigkeit ebenfalls zunimmt, da zu einer 
Steigerung der Genauigkeit die Anzahl der Flächen zunimmt. 

5.2 Implementierung 

In diesem Abschnitt wird kurz dargelegt, wie das zuvor vorgestellte Konzept technisch umgesetzt wird. Zur 
Implementierung des hier vorgestellten Programmes wird die Programmiersprache Python der Version 3 
verwendet. 

Als Datenbank, die zur Verwaltung des internen Datenmodells genutzt wird, kommt SQLite zum Einsatz. 
Bei SQLite handelt es sich um ein frei verfügbares SQL-Datenbanksystem, und hat den Vorteil, dass keine 
Serverarchitektur benötigt wird sondern die komplette Datenbank als seine Datei auf der Festplatte 
gespeichert ist (SQLite, 2020a). Unterstützung für SQLite-Datenbanken ist direkt in die Python-
Standardbibliothek implementiert (Python Software Foundation, 2020), somit sind keine zusätzlichen 
Softwarebibliotheken nötig, um SQLite-Funktionalität in einem Python-Programm nutzen zu können. In 
dieser Anwendung verwendet SQLite zusätzlich die Erweiterung SpatiaLite, eine quelloffene 
Programmbibliothek, die SQLite um Funktionalitäten einer räumlichen Datenbank erweitert (Furieri, 2020). 
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Die graphische Benutzeroberfläche wird mit der Bibliothek wxPython realisiert. Der Programmcode für eine 
Standardbenutzeroberfläche wird dazu mit dem Programm wxFormBuilder automatisiert generiert. Diese 
Standardbenutzeroberfläche wird dann durch eigenen Code ergänzt und angepasst. 

Da die im Baumkataster vergebenen Baumnummern lediglich innerhalb eines Bereiches eindeutig sind, ist es 
möglich, eine ID aus einer Kombination der Bereichsnummer und der Baumnummer zu generieren. Dem 
Nutzer wird also beim Import der Daten die Möglichkeit gegeben, zwei Spalten auszuwählen, die dann 
miteinander durch einen Unterstrich verbunden werden. Hat ein Baum in Bereich 04 beispielsweiße die 
Baumnummer 4394, wird daraus die ID 04_4394 generiert. Diese ID wird in einer neuen Spalte IAI_TreeID 
in der Datenbank gespeichert. Da bei der weiteren Benutzung des Programmes häufig auf einzelne Bäume in 
der Datenbank zugegriffen werden muss, wird aus Gründen der Effizienz ein Index für die Spalte 
IAI_TreeID generiert. 

Für den Fall, dass in den eingelesenen Daten keine ID vorhanden ist, ist es außerdem möglich, die von 
SQLite automatisiert generierte ROWID als ID zu verwenden. Es handelt sich dabei um eine Integer-Zahl, 
die automatisiert von SQLite vergeben wird, über die jede Zeile in einer Datenbanktabelle angesprochen 
werden kann (SQLite, 2020b). 

Im Datenansichtsfenster des Programms werden nach dem Einleseprozess die Daten aller Bäume tabellarisch 
angezeigt, wie Abbildung 4 zeigt. Vom Programm automatisiert generierte Spalten (wie z.B. die der ID) 
werden dabei mit gelber Farbe hinterlegt um dem Nutzer anzuzeigen, dass diese Spalte nicht dem 
Baumkataster entstammt. 

 

Abbildung 4: Datenansichtsfenster des Programmes unter Windows 8.1 mit tabellarischer Anzeige der Baumdaten des KIT Campus 
Nord (eigene Darstellung) 

Über einen Rechtsklick auf eine Spaltenüberschrift hat der Benutzer die Möglichkeit, die Tabelle nach dieser 
Spalte auf- oder absteigend zu sortieren oder diese Spalte auszublenden. Außerdem kann er per Drag-and-
Drop die Reihenfolge der Spalten verändern. Über das Hauptmenü können alle wichtigen Funktionen des 
Programmes aufgerufen werden, wie z.B. das Einlesen einer Datei mit Baumdaten, den Export eines 
Datensatzes als CityGML, die Analyse der Daten und die Erweiterung der Daten. Zum jetzigen Zeitpunkt ist 
lediglich ein CityGML-Export des parametrisierten Baummodells möglich, Generierung und Export eines 
geometrischen Baummodells ist noch nicht möglich.  

6 FAZIT UND AUSBLICK 

Wie in diesem Beitrag gezeigt wurde, wird mit diesem Programm ein Werkzeug geschaffen, das es 
ermöglicht, strukturierte, nicht-standardisierte Baumdaten in das standardisierte, semantische Datenmodell 
CityGML zu überführen. Da das Datenformat der OGC-Standard für 3D-Stadtmodelle ist, kann es von vielen 
Programmen eingelesen und weiterverarbeitet werden. Es stellt also das Bindeglied zwischen Programmen 
zur Baumkatasterverwaltung und Programmen der Visualisierung und Analyse von Stadtmodellen dar. 

Im weiteren Verlauf der Entwicklung dieses Programmes soll zunächst der Export der 3D-Baumgeometrien 
in den verschiedenen LODs realisiert werden. Der Nutzer soll außerdem auswählen können, ob weitere 
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Attribute, die zwar im Baumkataster erfasst aber nicht von der CityGML-Klasse SolitaryVegetationObject 
abgebildet werden können, als generische Attribute ins Datenmodell eingefügt werden sollen. Es sollen 
außerdem weitere Funktionen zur Anreicherung der Baumdaten implementiert werden. So soll es möglich 
sein, die im Baumkataster gespeicherte Baumhöhe mithilfe eines Laserscanning-Datensatzes aus einer 
Befliegung des Geländes zu verifizieren. Um realitätsgetreuere 3D-Modelle der Bäume zu erstellen, ist es 
außerdem notwendig die Höhe des Laubansatzes des Baumes zu kennen. Diese wird allerdings bei den 
Baumkontrollen häufig nicht erfasst und ist daher nicht im Baumkataster gespeichert. Daher soll untersucht 
werden, ob es möglich ist, diese ebenfalls aus den Laserscanning-Daten der Befliegung abzuleiten. 
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1 ABSTRACT 

This paper presents a comprehensive overview about methods and practice cases regarding behavioural 
change initiatives towards sustainable mobility triggered by nudging techniques. “Nudges refer to purposeful 
changes in the choice architecture that influence peoples' behaviour by making changes in the environment 
that guide and enable individuals to make choices almost automatically. This can be done by simplifying the 
information provided or by offering default choices in a way that facilitates socially desirable decisions. 
Thus, nudges do not try to change one's value system or increase information provision. Instead they focus 
on enabling behaviours and private decisions that are beneficial for society and usually in the individual's 
long-term interests, as well.” Lehner et al. (2016). Four types of tools are part of nudging: 1) simplification 
and framing of information, 2) changes to the physical environment, 3) changes to the default policy, and 4) 
the use of social norms. The objective of nudging originally is to promote certain behaviour, which is 
beneficial for individuals as well as the society and increases the effectiveness of policy. All these techniques 
are well known, successful and applied in many areas such as for super markets selling their products or in 
politics campaigning for the next elections. Surprisingly, such techniques are less known in the field of 
mobility aiming at leading people towards a more sustainable behaviour. Nevertheless, isolated activities 
were successfully applied already as pilot actions. 

Regarding 1): Simplification and framing mean that information is made more straightforward. It fits the 
information processing capabilities and decision-making processes of the target group because not only the 
amount or accessibility of provided information matters, but also how the information is presented. 
Therefore, it matters how the situation/nudge is presented or with what words. E.g. people in a rush will try 
to reduce complexity regarding the information they use to make a decision. As examples in the area of 
sustainable mobility information about public transport such as time tables need to be visible and easily 
understandable, e.g. not only at the bus stops, but at public places, restaurants, hotels, working places as well, 
ideally online screens with departures. Nudging through changes in physical environment is well known, for 
example in placement of preferred products in shelves in supermarkets. Good examples are to place 
sustainable mobility options with a higher priorisation on a homepage and leaflet, or to put the bus stop area 
closer at a destination as the car park. Defaults are set standards, which determine the result as long as the 
addressed person does not take action and insist in making changes, e.g.: “print double sided copy” as 
standard instead of “print single pages” at a printer. An example in the area of sustainable mobility can be 
the strategy, if one asks in a tourism office or at the hotel reception, how to reach a specific destination, 
he/she get explained how to reach by means of public transport or bicycle and not by car instead of. Social 
norms are a strong force that influence human behaviour. However, social norms can influence human 
behaviour if they are salient and visible for the target group. Examples are announcements such as “in our 
company already xx km were cycled this month for commuting with the bicycle already, saving xx CO2 
emissions at the same time” which are send out to the employees in the course of an active mobility 
campaign in a company. 

Keywords: Intervention, Behaviour change , Sustainable Mobility, Nudging, Tools 

2 INTRODUCTION 

Within the project SMACKER - funded under the Interreg Central Europe programme - mobility issues 
related to peripheral and rural areas, and main barriers are assessed and addressed by providing solutions that 
draw on the best international know-how. SMACKER promotes demand-responsive transport services to 
connect local and regional systems to main transport corridors and nodes such as the TEN-T network: soft 
measures (e.g. behaviour change campaigns) and hard measures (e.g. mobility service pilots) are used to 
identify and promote eco-friendly solutions for public transport in rural and peripheral areas to achieve more 
liveable and sustainable environments, better accessibility for the population to main corridors and better 
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feeder services. SMACKER also encourages the use of new transport services through motivating and 
incentivizing campaigns (Batiajew et al. 2019). The direct beneficiaries of the actions are residents, 
commuters and tourists. This paper presents a comprehensive overview about methods regarding behavioural 
change initiatives based on nudging techniques. This overview will allow to identify suiting methods for 
supporting the implementation of new mobility offers or promote existing, but underused supplies of 
sustainable transport. In the first part of this paper a definition about nudging is given and the target groups 
of the methods are described. Different channels for the communication of the nudging methods are 
explained as well as potential points of contact, which may act as entry point for the introduction of a 
nudging method. In the second part a comprehensive overview presents all the methods and an overview is 
given. 

3 THE CONCEPT OF NUDGING 

3.1 Definition 

“Nudges refer to purposeful changes in the choice architecture that influence peoples' behaviour by making 
changes in the environment that guide and enable individuals to make choices almost automatically. This can 
be done by simplifying the information provided or by offering default choices in a way that facilitates 
socially desirable decisions. Thus, nudges do not try to change one's value system or increase information 
provision; instead they focus on enabling behaviours and private decisions that are beneficial for society and 
usually in the individual's long-term interests, as well.” Lehner et al. (2016) based on Thaler and Sunstein 
(2008). According to Lehner et al (2016) these four types of tools are part of nudging: 1) simplification and 
framing of information, 2) changes to the physical environment, 3) changes to the default policy, and 4) the 
use of social norms. Regarding 1): Simplification and framing mean that information is made more 
straightforward. It fits the information processing capabilities and decision-making processes of the target 
group because not only the amount or accessibility of provided information matters, but also how the 
information is presented (Lehner et al. 2016). Therefore, it matters how the situation/nudge is presented or 
with what words (Lehner et al. 2016). E. g. people in a rush will try to reduce complexity regarding the 
information they use to make a decision. Nudging through changes in physical environment is well known, 
for example in placement of preferred products in shelves. Defaults are set standards, which determine the 
result as long as the addressed person does not take action and insist in making changes, e. g.: “print double 
sided copy” as standard instead of “print single pages”. According to Lehner et al. (2016) social norms are “a 
strong force that influence human behaviour”. However, social norms can influence human behaviour if they 
are salient and visible for the target group (Chialdini and Goldstein 2004). The objective of nudging 
originally is to promote certain behaviour, which is beneficial for individuals as well as the society and 
increases the effectiveness of policy (Thaler and Sunstein, 2008 in Lehner et al. 2016). 

3.2 Target groups 

Target groups relevant for nudging towards the use of flexible transport are residents, commuters and visitors 
(tourists) of a specific region, which may need to be addressed in different ways and through different 
channels. Residents are very open for interventions in regard to their mobility choice, if changes in their 
individual stages of life take place, like starting at a new school or workplace, relocation of the place of 
residence, the household size is extended (e. g. children were born), the household size was decreased (e. g. 
grown up children were leaving the household, divorce), medical reasons, which implicate the need to 
change mobility patterns. These framework conditions often cause the reflection of usual activity patterns 
and the need to adapt individual behaviour. Each new stage of life offers the possibility to nudge residents 
towards the use of sustainable mobility. Mobility patterns of commuters are highly repetitive and thus have a 
high potential to provoke sustainable behaviour. In particular, employees that change their work place are 
open to new mobility options due to changed framework conditions. Contrary to this, tourists usually do not 
have habitual trips at their holiday destination. They often have to find their way themselves in a new area, 
thus, they are open for mobility options offered (especially, if they do not have their car available at the 
holiday destination). Addressing tourists offers a high potential to nudge towards sustainable mobility and 
could stimulate them to rethink their mobility at home as well. 
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3.3 Channels of communication 

This chapter includes a description of channels which can be used as starting point for nudging. These 
channels describe ideas how to get in contact with the target groups. At first there is an alternative to directly 
contact your target group or indirectly via a third party. Direct ways of contact are direct written information 
paper based or electronic. This includes sending an information letter and a registration postcard for further 
information to potential participants by post or email. An alternative, but more costly are direct face-to-face 
information. One can get in touch with potential participants directly on local events or by creating an own 
event, knocking on the door, at public meeting points etc. A third alternative are direct phone contact and 
getting in touch with potential participants directly by phone. But usually, telephone lists are outdated or 
incomplete and there are some legal restrictions. So there need to be a strategy established to collect the 
phone numbers, either via direct contacts or via mail (which usually includes the agreement to contact these 
persons via telephone). 

Indirect ways of contact means to include a trustful third party to convey the nudgings, ideally local 
stakeholders, employees in contact with the envisaged target group or any other multiplier or role model who 
is getting into direct contact with the target group. If these persons play a main role in the campaign, they 
need to be prepared and trained for this task. Not to let others do too much work, sending an information 
letter/ email and/or face-to-face contact from such persons could be a door opener (by creating a friendly 
background for the direct contact with the participants) and then get in direct contact with the target groups. 
Other indirect channels (but only supporting a more interactive campaign) can be the usage of info boards, 
which can provide relevant information for the target group in different settings, (preferably local) radio or 
TV providing relevant information for the target groups, so many potential participants can be reached. 
Ideally the messages are not reduced on advertisement jingles only but embedded in infotainment sections of 
the programme, e.g. interviews or editorial contributions. 

4 NUDGING INTERVENTIONS FOR SUSTAINABLE MOBILITY 

The different types of action and intervention are described below. All of these were already carried out in 
different target areas, reference is given in each chapter. 

4.1 Mobility stand on local or regional event 

At regular local events (e.g. farmer’s market) a mobility stand provides general explanation of sustainable 
transport modes and in detail the following question get answered: How to get the information I need, e. g. in 
the case of flexible transport offers in the area: How to get a bus picking me up? How much will the using of 
(flexible) PT cost for the customer? The information is provided by trained staff for individual dialogs and 
consultation but also via infofolders and other information material to take away. Specific information for 
commuters, pupils etc. can be provided. An example is the Verkehrsverbund Rhein Sieg, Germany, see 
www.vrs.de/fileadmin/Dateien/downloadcenter/VRSundNVR_gemeinsam_fuer_die_Region_2014.pdf. 

4.2 Self-organized event about sustainable local mobility 

Self-organized events about sustainable local mobility supported by the municipality or the PT/mobility 
provider take place. Presentation and discussions about local PT provide information and insights. Contrary 
to measure 3.1, an additional task is to motivate people to visit the event by including an attractive program 
for this event (e.g. games, demonstrations of vehicles, presentations, discussion rounds etc.). A location 
needs to be organised: An accessible site within the municipality, e.g. municipal office. Often the 
municipalities or local organisations (social clubs, health care centres, schools, homes for elderly and 
similar) can offer relevant infrastructure. Depending on the target group, daytime, duration and kind of day 
need to be arranged, ideally a date which is not favouring a specific group. Trained staff from a mobility 
agency or PT/mobility provider or project partner need to provide adequate presentations, depending on the 
target group. It is important, how the invitations to the event will be sent out. Often the municipalities can 
assist because they are owning relevant address lists (if not selective, excluding some groups of citizens), but 
also can publish the event in their media or at their homepages. Additionally, local media can be contacted to 
report about the event. Prepare layout and contents of the presentation. When sending out an invitation letter, 
participants can be asked for the most important information they want to hear. This can be a valuable input, 
if preparing the presentations. Typical topics to be presented are: Understanding the operation times, maps of 
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area of operation, tariff information (specific and general), how to book or modify a trip (if flexible system is 
in operation), how the local bike sharing system works, the bicycle infrastructure in the area etc. Hand out 
material should be provided for the event. Gaming elements, lotteries, the presentation of vehicles and test 
rides or other mobility related demonstrations can accompany the event. An example of this action is the 
Project Midas, see https://ec.europa.eu/energy/intelligent/ projects/en/projects/midas. 

4.3 Presentations at periodic local meetings, establishment of a local mobility forum 

Open periodic discussion rounds/open meetings about important local concerns in the municipality (or within 
a bigger company) provide a good platform where topics about sustainable local mobility are attached. 
Target groups get addresses by the local municipality. This could be either a regular meeting series, where all 
topics residents are concerned with, are included or periodic meetings with a focus on mobility within the 
municipality (or within a bigger company). A regular meeting is chosen, which guarantees an “open” 
characteristic, so that no citizens are excluded in these events and various issues are discussed. Local 
stakeholders/multipliers should be included in the meetings attracting citizens/employees to attend. An 
example of this action are the partner regions of the SMACKER project, see https://www.interreg-
central.eu/Content.Node/SMACKER.html. 

4.4 Empowering pupils to use public transport 

Trained staff presents threats of car usage and highlights alternatives in schools. Pupils learn how to use PT, 
biking or even walking including the legal situation. If possible, try out activities are provided in cooperation 
with the transport providers. Discussions with pupils about e. g. daily mobility patterns in a playful way shall 
encourage the process of reflexion. Schools need to be contacted to provide time and space for the event 
(directors and teachers, where the activity could be integrated in the courses). In case, try out activities are 
planned, local transport providers need to be contacted as well. If there exists an initiative for sustainable 
behaviour already (e.g. Fridays for Future), representatives of this initiatives within the school can be 
integrated in the activities. Trained staff needs to provide a presentation, which is well tailored for the target 
group (preferably children in primary school or young children in high school due to openness for new 
mobility options and the need to establish new daily mobility routines). Information material is a must have 
to bring, to provide information not only for the pupils but also for their parents. Gaming elements could 
support the usage of public transport (e.g. traffic snake game, where classes are compared with regard to 
their sustainable mobility). An example of this action is the Staffordshire County Council case study, see 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/575323/ 
Home_to_school_travel_and_transport_guidance.pdf. 

4.5 Mobility managers in companies, institutions or other organisations 

Work places or organisations like schools, tourist accommodations set up a representative, who is a contact 
person to provide help for individual mobility concerns but also to provide information about alternatives to 
car usage in general (e. g. through presentations or include aspects in newsletters). Preferably, this 
representative acts as a role model (uses PT or the bicycle for way to work), but actively contacts the 
employees to put sustainable mobility on the agenda within the company or organisation. Furthermore, 
organisations implement a bonus system, which encourages the usage of PT and active transport modes. 
Work places and organisations need to be contacted and empowered to highlight the importance of the 
action. Benefits need to be pointed out and the work places and organisations need to be supported by 
developing and implementing a strategy for mobility management. Information material and options of 
concrete actions (job ticket, commuter lottery for sustainable mobility) need to be provided for the 
representative to forward these actions within the companies or organisations. An example of this action is 
the Travel Smart Initiative in Singapore http://viajeoplus.eu/wp-content/uploads/sites/4/2015/11/ 
Viajeo_PPT_Travel-Smart-LTA.pdf. 

4.6 Guided PT, walking or cycling tour per target group 

This event takes the target groups on a tour. The tour can be combined with (small) touristic events. If 
focusing on PT, timetables, tariffs and ticketing are explained and tested, as well as safety rules. The tours 
are designed for specific target groups like elderly people, pupils, parents and commuters so attention is 
drawn to specific needs of the target group, e. g. usage of PT by wheelchair or walking frame for elderly 
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people. This event can either be attached to an existing local event (e. g. farmers market) or established on its 
own. Either way, trained staff needs to be found and information for the target group needs to be prepared. 
Potential points of contact are the following: schools, local municipality, at home, work places, doctors, 
participation at local events, self-organized events, club associations and radio. If the event is established on 
its own, a meeting point needs to be organised per target group. Club associations or local municipality and 
schools can provide sensible meeting points. An example of this action is an initiative in Münster, Germany, 
see www.stadtwerke-muenster.de/privatkunden/busverkehr/kundenservice/bustraining/vorschulkinder.html. 

4.7 Personal mobility assistants for elderly people at major transport interchanges 

This measure involves the provision of a personal assistance service at major public transport interchanges. 
The measure will help older citizens to travel independently and increase the attractiveness of PT for older 
people. Project staff should be located at one or two public transport interchange points for certain time slots. 
A group of young, trained persons are positioned ready to help older people at the bus and tram stops at 
public transport interchanges. These staff help older people to enter and to exit buses and trams, based on 
previously defined rules and advice. They can also provide information about PT connections and bus and 
tram schedules and assist with the use of ticket vending machines or apps. Assistants are available e. g. in the 
morning, every day from Monday to Friday. In order to be properly recognized, they should wear colourful 
jackets or T-shirts with logos (ideally provided by the local PT/mobility provider). They should also have 
special ID-cards that are kept visible. The idea is not only to help older people directly, but also to raise 
awareness among others and to encourage travellers to assist each other. As a result, it is expected that more 
and more younger people will help older people to enter and leave the vehicles, provide information about 
available connections, and help with ticket purchase, etc. Potential points of contact, which inform the target 
group about this service can be: Local municipality, at home, doctors, local events, self-organized events, 
radio, TV, club associations. An example of this action provides the AENEAS project, Krakow Poland, see 
http://www.eltis.org/resources/videos/krakow-assistance-service-older-people-major-public-transport-
interchanges. 

4.8  “Car-free day”/EU Mobility week 

The EUROPEAN MOBILITYWEEK campaign provides the perfect opportunity to present sustainable 
mobility alternatives to local residents and to explain the challenges that cities and regions are facing. By 
taking part, towns and regions can showcase the benefits of cleaner transport choices and make progress 
towards better mobility in Europe. Local authorities are strongly encouraged to use the week to test new 
transport measures and get feedback from the public. It is also an excellent opportunity for local stakeholders 
to get together and discuss the different aspects of mobility and air quality, find innovative solutions to 
reduce car-use and transport emissions, and test new technologies and planning measures. (see 
http://www.mobilityweek.eu/the-campaign/). Interested towns and regions register for the European mobility 
week. Every European mobility week uses a special topic, which is the theme of the week throughout Europe 
(e. g. ”Safe Walking and Cycling” for 2019). Participating towns can either organize activities, which 
promote public transport, cycling and walking and other forms of sustainable mobility or can implement 
permanent measures during this week. Finally yet importantly, towns can carry out a “Car free day”, 
preferably on “World car-free day”. The chosen activities are promoted through all points of contact. 
Depending on the chosen activities, different cooperation partners needs to be contacted. An example of this 
action is the city of Igoumenitsa (Greece), which is the winner of the EUROPEAN MOBILITY WEEK 
Award 2017 for smaller municipalities, see http://www.mobilityweek.eu/fileadmin/user_upload/ 
materials/participation_resources/2018/2018%20EMW%20Best%20Practice%20Guide%20LR.pdf. 

4.9 Public transport try-out activities (free PT test ticket etc.) 

With this measure, potential public transport users get in contact with the public transport system either for 
the whole trip or in combination with other feeder systems (incl. flexible transport). With the free try-out 
ticket there is no financial risk for the user (e. g. that she/he did not purchase the correct ticket). 
Nevertheless, the persons receiving a try out ticket for public transport should be contacted again after the 
usage of the try out ticket asking them to report (and discuss) their experience made. At least a return ticket 
should be offered to test a trip to a destination within a pre-defined area. If budgetary resources are available 
or a sponsor can be found, full day or weekly tickets would increase the attractiveness of the measure. This 
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measure can be accompanied by a social media campaign, encouraging people, who try out PT the first time, 
to “post” a picture or similar at social media, about their experience travelling with public transport. This 
measure can also be extended to other sustainable modes of transport. An example of this action was carried 
out in the city of Salzburg, Austria, where 20.000 test tickets were distributed, https://salzburg-
verkehr.at/pa_file/presseinformation-testticket-gewinnspiel-vom-testfahrer-zum-
gewinner/?download=650983d5b3b7919354a5fb32fe5a1968. 

4.10  “Trips for Trash” & other local charity activities  

Free PT tickets are exchanged for recyclable materials like plastic bottles and paper (e. g. one ticket per 5 kg 
plastic waste). The measure can be extended to other charity activities too, where credits can be earned for 
obtaining a public transport ticket (like assisting senior citizens, doing voluntary community work etc.). 
Information about PT is given as well at point of exchange credits/waste against the public transport ticket. 
Depending on the format, companies need to be contacted to create an incentive (e. g. waste collection, 
social institutions etc.) A place for the exchange needs to be organised, the local municipality can probably 
help to find a suitable place or take over this task. In case no trash is returned and instead other social efforts 
are supported, these need to be proven (e. g. via notification). In case trash is returned, it is necessary to 
provide suitable containers for the trash. The local waste collection company or the municipality can provide 
these. An example of this action is carried out in the is the city of Rome, see Trips of Trash, 
https://www.thelocal.it/20190725/you-can-now-trade-plastic-bottles-for-metro-tickets-in-
rome?fbclid=IwAR3-H5vWt_OCwAcpSnaiCkHesFAKu9Gau0Zz5TMuZ85WcllY-E-SVH2o-sk or the city 
of Almada (Portugal), see Trips for Trash, http://www.epomm.eu/old_website/ 
study_sheet.phtml?sprache=en&study_id=2887. 

4.11 With PT/bicycle/on foot to work/school competition with lottery 

A competition with lottery is set up with a competitive character, in which people are acknowledged if using 
sustainable modes of transport on a specific day or can collect “kilometres” or “points/kilometre” travelled 
by sustainable modes and have the chance to win prizes, which, at best, encourage further travelling with 
sustainable modes (e. g. high quality rain jackets, umbrella etc.). Potential participants (pupils, employees) 
need to be contacted, e. g. via schools or work places. A website and/or app is created to give the opportunity 
that participants can record their travelled kilometres and with this create a basis for the lottery. Prizes of the 
lottery can be contributed by local PT/mobility provider or local municipality. Alternatively, to the collection 
of mileage approach a randomly selected day can be the reference day and all registered players win or are in 
the drawing of the lottery, who used sustainable modes of transport that day. Examples of this action are the 
“Austria cycles” initiative in Austria, https://www.radelt.at/, the LOVE TO RIDE activity, 
https://www.lovetoride.net/global?locale=de-DE or the Travel Smart Initiative, Singapore, 
http://viajeoplus.eu/wp-content/uploads/sites/4/2015/11/Viajeo_PPT_Travel-Smart-LTA.pdf. 

4.12 Bonus mile programme for PT 

Kilometres travelled by PT are collected via smartphone or social media and get rewarded with discounts at 
local shops or other goodies. Ideally, the bonus mile programme is accompanied by a social media 
campaign: e. g. a winner is selected each week/month etc. and gets honoured on (social) media. In principle 
the system works as any other customer loyalty program, e. g. of telephone companies, supermarkets etc. 
Potential participants (e. g. pupils and employees) need to be contacted through all points of contact, but 
especially via work places. Participants will register themselves to start to collect, e. g. by downloading an 
app or receiving a booklet. An app is created to give the opportunity that participants can record their 
travelled kilometres with PT and create a basis for the discounts in local shops. As low tech alternative a 
booklet (for stamps) or sticker album can be used, where conductors or bus drivers (in rural areas with less 
crowded buses advisable only) confirm the usage. If electronic ticketing system is in use (e. g. electronic 
check-in and checkout), this technology may be used for the recording as well. Interested local shops, 
museums, pubs  or other potential cooperation partners need to be contacted, for preparing discounts or little 
presents ready to offer to the participants or other goodies need to be purchased. The handing over process 
needs to be defined. Selected winners, who enjoy using social media can be encouraged to post about being 
selected on social media. Therefore moderation of the activities need to be clarified (host of social media). 
Potential followers and participants need to be contacted. Examples of this action are the Bella Mossa 
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campaign, Bologna, Italy, https://www.bellamossa.it/ or the Better Points campaign, Wroclaw, Poland, 
https://www.wroclaw.pl/wroclawskie-wyzwanie-mobilnosc. 

4.13 Gamification for sustainable modes 

The use of sustainable modes and the collection of “kilometres” or “points/kilometres” is implemented with 
a playful approach. In this approach the use of sustainable modes is encouraged by visualizing the user’s 
scores allowing the user to reach different levels, collecting “trophies”, geocaching etc. (e. g. comparable to 
“Pokemon Go”). Progress bars, which show the amount of CO2 or money saved by using sustainable modes 
shall further encourage the behaviour. An app with gamification needs to be developed. Therefore, 
guidelines about the goal of the app and target groups need to be clarified. A system, how to record the 
mileage need to be included in this app, possibly using interfaces with other tools such as electronic 
ticketing. Maybe responders in the buses are needed (e. g. blue tooth or nfc) to confirm the usage. In case, 
winners are selected, similar to measure 3.12, awards need to be organised and the handing over procedure 
need to be specified, preferably accompanied with a (social) media campaigning. Examples of this action are 
Bolzano in South Tirol, Italy https://www.masstransitmag.com/technology/press-release/12270742/onyx-
beacon-gamification-in-public-transportation-passengers-quit-using-own-vehicles-and-participate-in-
ecological-competition-based-on-kilometers-of-bus-travel-measured-by-onyx-beacons or the Viaggia Trento 
e Rovereto Play&Go, Trentino, Italy, https://www.smartcommunitylab.it/apps/viaggia-trento-e-rovereto-
playgo/. 

4.14 Use of social media to make sustainable modes visible 

Sustainable modes will be visible in social media through its users by putting pictures and stories on the 
social media page e.g. of the regional/local public transport operator, etc. or at the users´ page themselves, e. 
g. by using a specific #hashtag. Cooperation with regional media (e. g. online magazines or print) may be a 
further option. Participating people can get rewarded and encouraged to join social media challenges. 
Moderation of the activities needs to be clarified (host of social media). Potential followers and participants 
need to be contacted. If foreseen, awards need to be organised for competition, e. g. for the best pictures etc. 
Rewards can be based on number of shares or likes. Ideally, the campaign gets recognition in regional media 
as well. Therefore regional media needs to be contacted. Examples of this action are the Youth Alpine 
Interrail initiative, see http://yoalin.org/challenges/, https://www.instagram.com/p/BwRO2OmAMF-/ and 
http://yoalin.org/do-the-yoaling/ or the Austrian federal railways ÖBB, see http://blog.oebb.at/schaumalraus-
macht-mal-gemuetlich/ and https://www.facebook.com/unsereOEBB/posts/ fotowettbewerb-wir-rufen-unter-
dem-motto-175-jahre-eisenbahn-alle-hobbyfotografi/248421711927148/. 

4.15  “Thank you” – Incentives for current users of sustainable transport modes 

Current users of sustainable transport modes receive a little present (like coffee, cake, flowers etc.) e. g. 
before or after leaving the PT or at the cycle path to show appreciation for the persons effort to actually use 
sustainable transport modes. PT or mobility providers or the local municipality need to be contacted, to 
request interest in this measure. If these institutions show interest, they can support the measure by providing 
staff for the distribution of the presents or sponsor such items. Points of distribution should be chosen 
carefully: e. g. PT interchanges, (touristic) destinations or in the PT vehicle or cycle paths itself. Activities 
can be done at any day, but typically to select a specific day, e. g. a jubilee of the bus line concerned, a 
modification or upgrading of a line or the time table, in the course of events such as the European mobility 
week or local events, etc. Alternatively the beginning of a typical season, e. g. school start, semester start of 
the university etc. can be selected as well, if the target group is defined as pupils or students. An example of 
this action is the Bike breakfast, Bologna, Italy, see http://salvaiciclisti.bologna.it/bike-breakfast. 

4.16 Entertainment event at PT 

Stand-up entertainers perform for current PT users in the PT vehicle in an unexpected way (e.g. little 
concerts, circus, “pub quiz” etc.), preferably at off peak time like in the evening. Alternatively interested 
people can participate at a “surprise ride” with PT, where they use PT on a certain day and time and PT takes 
them to interesting sites. An example of this action is the Verkéiersverbond Luxembourg, 
https://www.mobiliteit.lu/de/uber-uns/verkeiersverbond/ or the so called Staukonzert in Salzburg, Austria, 
see https://www.fraeuleinflora.at/salzburg/fraeulein-flora-staukonzert/. 
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4.17 Customized information packages on paper about selected topics 

Interested people order customized information packages on paper in which they are interested, e. g.: ticket 
purchase, usage of flexible transport, receive individual time table information online & offline, PT network 
map or cycling network map. In a first step, they receive an order form, where they select the required 
documents. Some of these can be tailor made as the foot path to the next PT stop, an individual time table of 
their specific trip demand, an orientation map of their place of residence, a calculation of the ticket costs for 
their individual travel needs etc. Based on this feedback (via online form, paper form or telephone contact), 
the people only receive the information, which is relevant to them and do not have the burden of researching 
this information by themselves. An example of this action is the project SmartMove, see 
http://www.smartmove-project.eu/. 

4.18 Welcome kit - information packages for new residents about sustainable mobility 

Providing comprehensive information regarding the range of PT options/sustainable mobility available in the 
region/neighbourhood for new residents. A welcome kit info package will be sent individually to new 
residents in the area. The main objective is to inform new residents and take advantage of the change in 
personal life to foster the use of sustainable mobility. The target group can be accessed during the handing 
over the keys of a new housing development (in cooperation with the developers) or with a cooperation with 
other institutions like cable tv providers, water or energy providers as they know about new residents even in 
exisiting buildings. An example of this action is carried out in the Portuguese city of Almada, see 
https://www.eltis.org/discover/case-studies/new-residents-mobility-welcome-kit-almada-portugal. 

4.19 Folder for specific target groups such as commuters/tourists/elderly persons/pupils 

Creation of a folder, which promotes and informs about special tickets or other offers for different target 
groups (tickets for: commuters, tourists, elderly persons, pupils). The folder(s) will be available at all points 
of contacts, to reach each target group. An example of this action is the VOR – Youth ticket folder in the 
Eastern region of Austria, www.vor.at/fileadmin/CONTENT/Downloads/Folder/Infofolder/ 
Jugendticket_Flyer_2019-20.pdf. 

4.20 Sustainable mobility guidebook with comprehensive information for sustainable mobility of a 
whole region 

A comprehensive guidebook including information about public transport, taxi, cycling, walking, vehicle 
sharing, ride sharing, taxies, micro mobility community and hiking bus offers etc. is put together. This 
measure aims at improving people´s mobility through the provision of information and guidance all in one. 
Occasionally, by sending in a reply-card, further information material can be obtained free of charge (e. g. 
customized PT information). Another option is to include touristic or other practical information about the 
region as well. The guidebook should be additionally available at important points, e. g. touristic 
destinations, transport nodes, in the buses at the driver, travel agencies, etc. Mobility guidance on the phone 
is delivered as well if requested. An example of this action is the Lungau Tälerbus, Austria, see 
http://www.taelerbus.at/. 

4.21 Salient implementation of PT information on webpages of destinations 

Work places, tourist accommodations, municipalities, tourist destinations etc. offer salient implementation of 
PT information on webpages. “Arrival” with PT is displayed. The nearest PT station and an interface for 
journey planning regarding national, regional and local PT is implemented. Where possible, the option to 
make a booking for PT on the webpage itself (e.g. webpage of a tourist accommodation) is provided, to offer 
an easy booking experience. Links to other local mobility options like flexible PT, bike/car-sharing systems, 
bike/car rental, etc. are displayed, too. This section should be found easily at the start page of any web pages 
of organizations creating transport demand. Priority should be given to sustainable modes in the web design 
and order of link lists. An expert should be available to support and train the organisations how to implement 
these information at their webpages. An example of this action is the tourist association Tyrol, Austria, see 
https://www.tyrol.com/good-to-know/arrival/by-train#anchor-anker-journey-planner. 
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4.22 Eco-labelling of organisations supporting sustainable mobility 

An eco-label about sustainable mobility for municipalities and tourist accommodations highlights the efforts 
of the municipalities and tourist accommodations regarding sustainable mobility. Participating organisations 
provide the following information on the webpage and on-site: e. g. booking options for PT, information 
about PT (time tables etc.) before and during the stay of tourists etc. Other criteria regarding sustainable 
mobility are possible, e.g. offer bicycles for the guests or cooperating with a bike renting system. 
Participating entities receive their eco-label at a media-effective ceremony. The ceremony also can be part of 
a social media campaign forwarded by local municipality, tourist associations etc. It is important, criteria to 
receive an eco-label can be influenced by the organisation itself, e.g. if talking about hotels, pt information at 
the rooms available, trained staff at the recption, a poster with the time table etc. An example of this action is 
the Stars for mobility initiative in Tyrol, Austria, https://www.klimabuendnis.at/tiroler_mobilitaetssterne. 

4.23 Time table and other information as APP for mobile devices 

Provision of a journey planner, time tables, reservations and real-time information and if further 
development is wanted, the inclusion of payment and booking etc. via one App for PT and all other transport 
modes (like car-sharing, taxi etc.). An example of this action is the Whim APP in Finland, see https:// 
helpcenter.whimapp.com/hc/en-us/articles/115003538029-Whim-and-the-Mobility-as-a-Service-concept. 

4.24 Making public transport and other sustainable mobility visible on public places and places were 
people meet and likely need mobility supply 

This measure can be manifold, e. g. basic information on public transport such as a network map & phone 
number for flexible transport on coasters at bars, at tickets for concerts, museum tickets etc. This measure 
shall inform potential customers about the offer, especially to present an alternative to car usage. The idea is, 
to be visible at places were people have time to receive such information und a big group of people can be 
reached. Special flyers or giveaways can be produced and distributed at places where people meet or stay, 
such as in waiting rooms of doctors or other social services, administrative offices etc. At these places 
explanations videos about how PT works are also an option. QR-Codes on flyer or at public places can link 
to explanation videos, flyers etc. An example of this action is the coasters as ticket for PT in Hamburg, 
Germany, see https://www.horizont.net/marketing/nachrichten/eins-noch.-aber-dann-ist-bus-wie-die-hvv-
und-astra-ein-bisschen-bvg-magie-nach-hamburg-holen-174343. 

4.25 Training events for multipliers 

Staff with contact to residents, pupils, employees or tourists, acts as a “multiplier” and participate in training 
events to be able to provide the necessary knowledge in upcoming situations. The following jobs can be seen 
as “multiplier”: teacher, hotel receptionists, PT drivers, staff at tourist destinations etc. These persons are the 
contact persons, with which people of the target group can directly communicate and therefore can provide 
highly relevant information about sustainable mobility. This measure can be accompanied by a (social) 
media campaign, in which the “multipliers” post about their engagement and at its best, also act as role 
models and post this as well. An example of this action is the mobility manager training in Tyrol, Austria, 
see https://www.tirol2050.at/de/geschichten-des-gelingens/mobilitaetscoach/. 

4.26 Provision of sustainable mobility related information for touristic destinations at public places 
or where tourists meet 

Information for touristic attractions (like information boards or signposts for hiking, cycling etc.) also 
provide information about the next PT station, operating times of PT, links to relevant APPS and e. g. phone 
number for booking flexible transport (for cyclists the options for bicycle transport as well). Recommended 
hiking routes and bicycle routes in info folders (and at the sites itself) are created in a non-circular way so the 
usage of a car becomes less attractive. Information about next PT station and time tables need to be provided 
with the information about recommended routes in any case and were accessible (web, boards, flyers etc.). 
An example of this action is the presentation of different hiking routes in Styria, Austria, see 
https://www.verbundlinie.at/freizeit1/freizeit/wanderfolder. 
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4.27 Mobility packages for tourists  

At origin: The idea is that tourists receive a package about sustainable mobility at the tourist destination 
before they start their travel and therefore can decide whether travelling by car is an appropriate choice or if 
sustainable transport modes might offer an acceptable or even a better option. Therefore, tourists receive a 
package directly after their booking with detailed information about sustainable mobility at the travel 
destination, including e. g. luggage transport, pickup service from PT etc. At destination: An information 
package is displayed in each room and/or at the reception desk of the tourist accommodation. In these 
mobility packages, tourists can find detailed information about all local sustainable mobility options. If 
possible, free tickets for PT are provided for the tourists, as well (included in the room price). An example of 
this action is the Lungau Tälerbus in Salzburg, Austria, see http://www.taelerbus.at/. 

5 CONCLUSIONS 

The options choosing appropriate measures nudging residents, tourists or commuters towards the use of 
sustainable mobility are manifold. There is a big variety of options available. All of them were implemented 
already in different places and environments and have proven succesful applications. Ideally - based on a 
complete offer of sustainable modes without any gaps in a region - these various activities accompany this 
integrated offer and motivate people to behave in a sustainable way. Because of the ongoing discussion due 
to the obvious climate crises, the majority of people are especially open to these topics and are willing to use 
sustainable modes in principle. In particular, if the information is easily accessible, the targeted persons 
would feel a social norm to use sustainable modes and to receive positive feedback when using sustainable 
modes, and that will break the ice. Additionally, if most of the measures described above can be 
implemented within the region on a permanent level, the effect will be stronger compared to single and 
isolated activities, because residents, commuters or tourists would be confronted with sustainable mobility on 
a daily basis. 
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1 ABSTRACT 

By 2050, around two-thirds of the global population will live in an urban environment. Urban growth is 
currently prevailing in the developing world, and in this context informality is seen as a general mode of 
urbanisation. The patterns of growth vary regionally, and the resultant urban fabric is expected to become 
more complex in various world regions in the years to come. In addition, not only are many regions facing 
dramatic and unforeseeable changes in the environment, but non-renewable resources are also becoming 
increasingly scarce; thus, concerns regarding sustainable and resilient development have been internationally 
voiced. Therefore, understanding and managing urban growth has become of general concern to a wider 
public. 

In particular in the Global South, a dichotomy between formal and informal urbanisation has prevailed that 
has hindered a sustainable and resilient development in various ways. What comes to mind, here, is the 
often-used image of a São Paolo favela segregated from the city's wealthier neighbourhoods—a common 
phenomenon in many cities of the developing world. Against this background, many efforts have taken a 
more social and political approach in order to overcome this dichotomy and, thus, to promote more inclusive 
development—a cities for all approach. At the core of these approaches are co-ordination and 
communication between top-down and bottom-up approaches, the reduction of tensions between formally 
and informally developed urban areas, and modes of participation and co-production that consider local 
action as well as long-term and large-scale effects. However, what does participation and co-production 
mean and which are the framing conditions under which they can be implemented? The paper pursues these 
questions for the medium-sized City in Tarija, Bolivia, where a massive urban expansion has overwhelmed 
formal planning instruments in recent years. Moreover, it aims to contribute with practical experiences to the 
conference on how social segregation in fast growing city regions could be overcome.  

The paper describes Tarija's urban expansion from a historical perspective and identifies critical 
environmental as well as social challenges as well as the shaping dynamics. Furthermore, the literature and 
development plans review is enhanced by semi-structured interviews and by two transdisciplinary workshops 
that where held in 2018, in the city of Tarija, in the framework of a real-world laboratory. This paper argues 
that urbanisation as it transpired in Tarija was highly inefficient and that the main benefactors were land 
traffickers, which has promoted the formal/informal dichotomy even further. The paper discusses three main 
points to tackle this issue. First, it identifies an institutional gap between the central and local government, 
which is considered the main cause for this formal/informal dichotomy. Second, it proposes the real-world 
laboratory as a more dynamic and adaptive instrument for urban development than formal planning, as well 
as a mediator between top-down and bottom-up approaches. And third, it discusses the framing conditions 
under which informally developed urban areas could be further developed. 

Keywords: adaptive urbanism, informal settlements, Latin America, Urbanisation, real-world laboratory 

2 INTRODUCTION 

By 2050, around two-thirds of the global population will live in an urban environment. Urban growth is 
currently prevailing in the developing world, and in this context informality is seen as a general mode of 
urbanisation (Roy 2005). The patterns of growth vary regionally, however, and the resultant urban fabric is 
expected to become more complex in various world regions in the years to come. Not only are many regions 
facing dramatic and unforeseeable changes in the environment, but non-renewable resources are also 
becoming increasingly scarce; thus, concerns regarding sustainable and resilient development have been 
internationally voiced (UN-Habitat 2014 & 2017, WBGU 2016). As a consequence, understanding and 
managing urban growth has become of general concern to a wider public. 

Latin American rates of urbanisation are among the highest in the world, and it is expected that the region's 
cities will continue to grow (UN-WUP 2018). The increasing social inequality and environmental damage 
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following this trend have been identified and widely discussed (Butterworth 1981, Angotti 1995, 
Hall/Pfeiffer 2000, Rodgers et al 2012), especially at UN-Habitat III in Quito in 2016. What comes to mind, 
here, is the often-used image of a São Paolo favela segregated from the city's wealthier neighbourhoods – a 
common phenomenon in many cities of the developing world. In this context, two points of view are 
commonly discussed: one of crisis and misery, and one of heroism; both, however, contemplate informality 
as fundamentally separated from formality (Roy 2005, p. 148). For instance, spatially the informal city is 
differentiated as the urban poor build their own city with no regards to existing formal planning and 
regulatory frameworks. Furthermore, the urban poor are excluded from trading their assets in the formal 
sector, which also strengthens this fundamental separation. Challenging this dichotomy of formality and 
informality, Roy argues that urban informality can be seen as a series of transactions that connect different 
economies and spaces to one another – an organising logic – and that learning from emerging solutions 
should be of particular interest to urban studies (ibid.).  

Likewise, McGuirk (2014) argues for a 'learning from approach' and, in the latest research, discusses radical 
solutions in Latin American cities that address rapid urbanisation and resource scarcity with approaches that 
are both more social and political; approaches that question the modes of modernist planning that have 
dramatically shaped Latin American cities until recently. With a 'needles instead of scalpels' approach, urban 
informality has been addressed in various ways (McGurik 2014, p. 14f); for instance, the transformation of 
the cities of Bogota and Medellin in Colombia. Two aspects were key to this development: firstly, civic 
education programmes for rehabilitation of the public realm, as introduced by the Mayor of Bogota, Antanas 
Mockus; secondly, innovative mobility concepts that allowed for the creation of social relations through the 
linkage of the informal city with the formal city (McGurik 2014). In particular, Alejandro Aravena's 
approach to social housing in Chile has been much discussed. He proposed an open-ended approach that 
provided families with half of a house, leaving the other half to be built according to their means and within 
a defined structural framework; moreover, where public money should be spent was co-decided 
(Aravena/Iacobelli 2016). At the core of these approaches are co-ordination and communication between 
top-down and bottom-up approaches, the reduction of tensions between formal and informal urban areas, and 
modes of co-production that consider local action as well as long-term and large-scale effects (McGuirk 
2014, Aravena/Iacobelli 2016, Brillembourg/Klumpner 2019, Forman/Cruz 2019). 

The paper operates on the premise that there are uncertain and manifold outcomes to planning. As such, 
planning should not be thought of as absolute, but rather as an open process of discovery – but under which 
framework could such a discovery process be operationalised? Three points are relevant to address this. 
Firstly, cities need to be thought of as a process where decisions are made along the way involving manifold 
perspectives as well as sustainable and resilient development (WBGU 2016). Secondly, local actions and 
long-term and large-scale effects need to be considered together (McGuirk 2014, Aravena/Iacobelli 2016, 
Moroni/Cozzolino 2019, Krebs and Tomaselli 2019). Thirdly, urban studies could learn from on-site and 
problem-solving experiences (Roy 2005). These aspects are put into relation with the urban expansion of the 
city of Tarija in Bolivia, which is described from a historical perspective in Section 3. In doing so, this paper 
identifies a contested situation between spaces within formality and spaces within informality in Tarija 
(Section 4). In this context, the paper sees overcoming this dilemma as a central challenge and, as such, 
proposes a more adaptive framework for Tarija in Section 5 based on a transdiscplinary approach.  

Thie paper argues that urbanisation as it transpired in Tarija was highly inefficient and that the main 
benefactors were land traffickers, which has promoted the formal/informal dichotomy even further. The 
paper discusses three main points to tackle this issue. First, it identifies an institutional gap between the 
central and local government, which is the main cause for this formal/informal dichotomy. Second, it 
proposes the real-world laboratory as a more adaptive instrument for urban development with a mediator role 
between top-down and bottom-up approaches than formal planning. And third, it discusses the framing 
conditions under which informally developed urban areas could be further developed. 

3 URBAN GROWTH IN THE CITY OF TARIJA, BOLIVIA  

The city of Tarija is located in a valley in the south of Bolivia, about 1,850 metres above sea level, in an area 
that is defined by the South American Andean Mountains. Founded in 1574, the city alongside the 
Guadalquivir River was a strategic location for the expansion of the Spanish Empire towards the south. The 
city's urban layout and expansion followed a traditional grid-iron urbanism, with a north-south and east-west 
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orientation of its streets, typical to monocentric Latin American cities. This development can be better 
understood from three periods of time: the colonial, from 1574 to 1825; the republican, from 1825 until 
1952; and the modern, from 1952 onwards (Lea Plaza Dorado et al 2003, Trigo O'Connor d'Arlach 2017, de 
Mesa Figueroa et al 1998). 

During colonial and republican times, city development was framed by the Spanish semi-feudal regime. 
Commodities were produced in rural areas and traded in the city, and housing and political participation in 
the city was mainly reserved for aristocrats and wealthy members of society. In 1825, Bolivia proclaimed its 
independence from Spain and became a republic; however, the semi-feudal regime continued to define 
society as in colonial times (Trigo O'Connor d'Arlach 2017). Indigenous and farmers' communities lived and 
worked in haciendas in rural areas, with no right to own property (Larson 2017). Urban growth was low in 
terms of the surface area the city covered; in terms of population and built structure, however, the city 
became denser as the plots were subdivided due to growing families and migration (Lea Plaza Dorado et al 
2003). In the early 1930s, this dynamic was slightly disrupted by an increase in migration triggered by the 
discovery of oil in the southern region of Gran Chaco. The new neighbourhoods with lower population 
densities that emerged around the city's centre (GAMT 2008) are now considered as the formal city as they 
concur, to a certain degree, with zoning plans and building codes. 

In 1952, Bolivia saw great transformations in citizenship, political participation, land distribution, and state 
control of the national economy and natural resources (Vargas Gamboa 2016, Urioste 2012). Furthermore, 
the right to vote was universalised, which gave women and indigenous and farmers' communities a new role 
in society. After the agrarian reform in 1953, everyone was able to own property. Moreover, the state 
provided fiscal land to families as non-transferable and indivisible private property (Urioste 2012). However, 
over time these large properties were either sold to developers at low prices or sub-divided by the families 
themselves. Particularly during the dictatorial military regimens of the 1970s and early 1980s and the 
neoliberal governments in the early 1990s, land with no arable value from indigenous and farmers' 
communities was freely distributed to political supporters and foreign investors. This led to the establishment 
of a land market that freely operated on rural territory with few governmental constraints (Urioste 2012, pp. 
61-64). A lucrative business developed for those who re-sold land they had acquired from the state for free or 
for very little money. Moreover, in the mid 1990s, the election of a neoliberal government led to the closure 
of state-owned mines in the city of Potosí. As a consequence, thousands of unemployed miners migrated in 
search of new economic opportunities. This, combined with the discovery of natural gas reserves in the 
Department of Tarija, led to a pattern of heavy migration towards the city of Tarija. As a result, the existing 
regulatory frameworks and municipal capacities were overwhelmed by the influx and the compact structure 
of Tarija collapsed (PNUD 2015, GAMT 2008 & 2016, GADT 2015, Vargas Gamboa 2014).  

In 2006, a socialist government, represented by Evo Morales, assumed office, and since then Bolivia has 
seen profound socio-political changes (Lazar 2013). Furthermore, Bolivia was termed a pluri-national state 
in 2007 with 34 indigenous nations (Estado Plurinacional de Bolivia 2007). Of particular relevance to 
urbanisation in Bolivia were shifts in policy addressing land ownership and housing as they reacted to the 
great demand mentioned above. A revised agrarian reform was promulgated to tackle neoliberal decisions 
and corruption from previous periods; now the state had the capacity to secure land for indigenous 
communities and to expropriate unproductive lands so as to avoid land speculation (Urioste 2012, p. 64). 
Moreover, the construction of social housing was intensified and accessible financing systems were 
developed (AEVIVIENDA 2019). Further, the state, through its Ministry for Development Planning, 
promulgated the law N° 247, which addresses regularisation of land tenure in urban environments and the 
right to adequate housing (Ministerio de Planificación del Desarrollo 2012).The law did not only apply to 
urban environments, however, and settlements and squatters outside the urban radius could also legalise 
tenure after demonstrating five years of permanent residency (ibid., p. 7). In consequence, municipal zoning 
plans experienced modifications and urban radiuses were expanded several times, but the monocentric 
structure remained. Furthermore, legalisation processes led to heavy discussions. For instance, urbanisation 
of the municipal park 'Las Barrancas' in Tarija, after being squatted for more than five years, was heavily 
criticised by the general public (El Periódico 2019). It was seen as an invasion of public and private land and 
counterproductive to development, which remains a general discussion up to now and often carries a 
discriminatory tone. However, a critical issue is missing in this point of view: the main benefactors of shifts 
in policy were land speculators and land traffickers, as people who previously did not have the resources to 
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buy land could afford it now and rural land could be transformed into urban without having infrastructure or 
being envisioned as such (Vargas Gamboa 2014).  

It was during this period that Tarija grew the most in terms of covered surface area, and its expansion was 
primarily shaped by land speculation and with little institutional control (Bayro-Kaiser, forthcoming). This 
has had critical effects on the natural environment, as land speculation has deprived the city of valuable 
natural land and bodies of water, and biodiversity has been destroyed in the process. As Figure 1 shows, the 
emerging surroundings are approximately four times larger than the actual consolidated city. These emerging 
surroundings are, nowadays, considered as informal settlements. In conclusion, analysing urban expansion in 
Tarija from a historical perspective has shown the tension between the formal and informal city, and that the 
spaces in between are contested. Moreover, through the analysis it can be visualised that the city of Tarija is 
predominately informal and that formal planning and regulatory frameworks played a minor role in the 
recent expansions.  

 

Figure 1: The consolidated city of Tarija, urban expansion, and localisation of the community of San Andres. Source: DigitalGlobe 
2019 (edited) 

The year 2025 marks the bicentennial of Bolivia's founding. For this occasion, the Ministry of Autonomy of 
the Pluri-national State of Bolivia proposes a patriotic agenda with thirteen pillars for development towards a 
dignified and sovereign Bolivia, based on international agreements on sustainable development. The 
Ministry, moreover, has identified the role of each level of government for the operationalisation of these 
pillars (Ministerio de Autonomías Estado Plurinacional de Bolivia 2014, p. 13-14). At the centre of this 
agenda is the promotion of an inclusive, participative, and democratic society and nation – without 
discrimination, racism, hatred, or division. Furthermore, the agenda proposes an inclusive and strategic 
collaboration between the four levels of government: central, departmental, municipal, and native indigenous 
peasants. In particular, the key role of the autonomous territorial entity (ETA) in achieving such goals is 
stressed. The pillars range from the eradication of extreme poverty through universal provision of basic 
infrastructure, the right to adequate housing, and the protection of the natural environment. It is under this 
scheme that Tarija is to be further developed and, thus, existing planning and regulatory frameworks ought to 
be reformed accordingly. 

4 BETWEEN URBAN TRANSFORMATION AND EVERYDAY PRACTICES  

In Tarija, two realities clash: the formal, which is within the urban radius, and the informal, which has 
emerged outside of the urban radius. Furthermore, there is no institution responsible for the spaces in-
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between the urban and the rural. The central government attends to the needs of the rural dwellers, whereas 
the municipal government only to those within the urban radius. As a consequence, people who bought a 
parcel of land in the informal market lack formal property titles and are unable to develop their habitat in a 
formal manner; thus, dwellers of these contested spaces find themselves between constitutionality and 
illegality (Vargas Gamboa 2016). The approach of the local government has been to modify zoning plans 
and impose building codes, i.e., to expand the urban radius in order to legalise tenure. However, building 
codes do not concur with existing practices of construction and, in this respect, are outdated; this also hinders 
the process of legalisation. Moreover, issues such as infrastructure and liveable environment are rarely 
discussed. The stages of development are visualised in Figure 2. From the city centre towards the periphery, 
development has mainly happened on a self-organised and incremental basis, i.e., in an informal manner. 
This development does not have the scale or complexity of cities such as Sao Paolo or Mexico City, but it 
concurs with the perspectives initially discussed (see Introduction). A fundamental separation between the 
formal and the informal city can be observed in Tarija, and this has been underpinned by associations of 
informality with disorder, poverty, criminality, and vulnerability by the general public (El Pais 2013 & 2019, 
El Períodico 2019). Furthermore, planning in Tarija has mainly followed a top-down approach of imposing 
formality through the restructuring of existing settlements in order to include them in municipal zoning plans 
(Bayro-Kaiser, forthcoming).  

   

Figure 2: Different stages of self-organised and incremental development can be found in the informally developed areas from the 
centre towards the periphery. Source: Author 

In this contested situation, a desired and undesired situation is constructed: from an informal perspective, the 
formal is desired as it is the solution to everything that is wrong (especially infrastructure), and from a formal 
perspective, the informal is undesired as it risks everything that has been solved (disorder, criminality, and 
land encroachment, among others). This binary point of view, however, hinders addressing the complexity of 
urban expansion and, in turn, development. Moreover, this critical construction often leads to the social and 
spatial segregation of the informal city and, thereby, to the closure of the formal city from the emerging 
surroundings – a situation of contestation that can be observed in many cities around the world. Following 
this reflexion, a central question arises: what does participation and co-production mean and which are the 
framing conditions under which they can be implemented? 

5 CITIES FOR ALL THROUGH TRANSDISCIPLINARITY  

This research draws its findings from a real-world laboratory approach in the city of Tarija initiated in 2018 
– the Real-World Laboratory: San Andrés and surroundings. This approach was proposed as framework to 
understand and manage urban growth in Tarija and was developed in collaboration with the UAJMS 
University of Tarija, the Municipal Government of Tarija, and the RWTH Aachen University. As such, it 
opened the planning discussion to manifold perspectives by gathering researchers from academia and actors 
from practice and civil society, and has had a co-ordinating role between formal institutions and informal 
organisations and initiatives in Tarija. It aims to reform existing planning and regulatory frameworks in 
Tarija to be more open to what is on offer in informal areas and, also, to raise awareness within the general 
public regarding sustainable and resilient urban growth. Here, resilience is understood as a precondition for 
sustainable development and as being able to respond to changing conditions, both reactively and proactively 
(Bott et al 2019, p. 13f); thus, openness, responsiveness, and the ability to learn and to adapt are central to 
this approach. It focuses, in particular, on San Andres Road, which connects the urban centre with the rural 
community of San Andres (see Figure 1), and addresses neighbourhood, city, and regional development in 
Tarija. This initiative is at its infancy and, therefore, the discussion presented here cannot be seen as 
concluded and, instead, should be seen as a contribution to more open discussions around development in 
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cities facing similar challenges. The results of two experimental and transdisciplinary workshops held in 
2018 will be discussed in this section.  

 

Figure 3: Housing on top of a ravine. A situation of vulnerability and environmental damage produced by uncontrolled urban 
expansion shaped by land speculation. Source: Author 

Within the laboratory’s first year of operation, two transdisciplinary workshops were held. They raised 
questions of regional, city, and neighbourhood scale addressing issues such as infrastructure, mobility, 
housing, public space, and natural environment. The workshops were visited by researchers and students 
from the collaborating universities, representatives from the municipal government, representatives from the 
farmers and the neighbourhood associations, practitioners from various disciplines, and the general public. In 
particular, the dialogue between the municipal government and citizen-driven initiatives was of importance. 
During the workshops, input on the status-quo of urbanisation in Tarija was given by institutional actors, 
which was then discussed based on on-site surveys as well as residents' testimonies and participation. As 
described in Section 2, urban expansion in the city of Tarija is shaped by land speculation, which has been 
out of control for the last three decades and has thus deprived the city of valuable natural land. Furthermore, 
urbanisation has destroyed important water bodies and biodiversity has suffered greatly. This is, thus, a 
highly inefficient way of achieving urbanisation. In response, two overall goals were formulated: firstly, 
restoration and preservation of vital water-bodies and the region's biodiversity, and, secondly, spatial and 
social integration of the informal city. To achieve this, transformative actions and everyday-life practices 
have to be negotiated on various spatial scales and levels.  

Additional effort was put into round tables, where the overall goals were intensively discussed and the 
strategies and instruments needed to achieve them were elaborated. To be more specific, a multi-scale model 
for development was proposed in which the real-world laboratory plays a central and mediator role on the 
city level (see Table 1). The inclusion of manifold perspectives is possible when the regional, city, and 
neighbourhood development is considered together. Moreover, various fields of action were identified. In 
this particular context, there are five: development, biodiversity, mobility, inclusion, infrastructure, and 
densification. They all have to be thought in accordance to national, regional and local development and 
zoning plans; however, plans need to be updated and, thereby, become more adaptive to unforeseeable 
changes. Besides development and zoning plans, (revised) urban codes and co-production are important 
instruments. They allow, firstly, for a relational production of habitat and, secondly, a learning process. The 
discussions concluded with an ambitious agenda combining local actions and long-term and large-scale 
effects. 

The need for housing and the promotion of low-density development in Tarija created favourable conditions 
for a profitable land market; therefore, actors involved in land speculation and development have promoted 
this type of model. The laboratory, which challenges this model, puts tackling land speculation on the agenda 
of the local governments. In doing so, it proposes densification and adaptation of existing structures as a 
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more economical and sustainable way of achieving urbanisation. It is, however, important to consider site-
specific circumstances, and trade-offs between institutions, actors, and future dwellers. The co-operation of 
national, regional and municipal governments, and indigenous and farmers' organisations is fundamental to 
this approach. Moreover, first experiences have shown great acceptance by the public, as different actors 
were able to stress their concerns and to participate in discussions previously unreachable to them. However, 
two risks were identified. Firstly, corruption and client-politics are a common thing and they hinder inclusive 
and community-based development. Secondly, land speculation, which promotes individual interests over 
the common good has severely damaged vital water bodies and biodiversity and has been an attractive 
business in Bolivia. Therefore, creating an institution with the necessary legal competences to address 
contested spaces and capable of mediating between top-down and bottom-up approaches is proposed; and as 
such, the real-world laboratory will continue to play a crucial advisory role. 

 Strategies Instruments Agenda 

Region Sustainable and resilient 
development 
Restoring and preserving 
bio-diversity 
Regional connectivity 
Inclusive urban 
communities 
Infrastructure and basic 
services 
Densification  

National and regional 
development plans and 
zoning plans 

Lively and healthy environment 

City Municipal development 
plans and zoning plans 
Urban codes 
Real-world laboratory  

Inclusion of the informal city  
Tackling land speculation and land 
traffickers 
Dialogue between national, regional and 
municipal governments 

Neighbourhood Neighbourhood 
development plans  
Co-production 

(Re)development of leftover spaces 
(Re)naturalisation of eroded land  
Attractive public spaces and walkability 
Mixed-use and new typologies 

Table 1: Strategies, instruments, and agenda. Open planning framework for the city of Tarija. Source: Author (based on Kaiser and 
Bayro-Kaiser 2019) 

6 CONCLUSION 

The formal/informal dilemma outlined in Section 4 is a consequence of an institutional gap: the central 
government manages the rural land and the local government manages the urban areas; thus, the contested 
spaces cannot be developed and an undesired situation is produced. This has had severe effects on the natural 
environment and has produced discrimination within society towards newcomers. The paper argues that in 
order to sustainably develop the city of Tarija, and cities that face similar challenges, it is crucial to 
overcome this dilemma and that municipal planning and regulatory frameworks should be reformed towards 
a more-integrated approach (as presented in Table 1). In particular, development should be looked at from 
various spatial scales and levels, transformative actions should be considered, and everyday-life practices 
included as well. This is essential for promoting an open city discourse, and underscores the importance of a 
median between top-down and bottom-up approaches. So far, this has not been achieved institutionally in 
Tarija and this initiative remains an informal instrument. As such, however, it is more responsive and 
capable of producing knowledge in the short-term. Therefore, it has been anchored in teaching and research 
activities at the local university where, we believe, it will contribute more efficiently to structural changes in 
local institutions as well as in the general public opinion towards informal urbanisation. Both dimensions are 
important when thinking about a more adaptive urbanism. Above all, the promoted transdisciplinary 
discussions and transparency have dramatically changed the mindset around development in Tarija, which 
has set off a new dynamic. In the future, different perspectives will have to be integrated, the natural 
environment will have to play a role, and development plans will have to be socialised before being 
operationalised. This means, development will have to be negotiated on various spatial scales and levels, but 
also how knowledge—that sustains our actions—is produced and acquired needs to be discussed. 
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1 ABSTRACT 

Minerals play an important role for the European economy, hence the secure and sustainable supply of 
minerals is of political importance for the EU and its Member States (MS). Despite the fact that Europe has a 
potential for minerals development, access to minerals is, however, influenced by different stakeholder 
interests, often reflected in competing forms of land-use and institutional complexity of two policy streams 
of minerals and land use planning. Recent public sector responses in EU MS introduce new instruments such 
as safeguarding or protection of minerals deposits or valorisation schemes for minerals development, both 
aiming to bridge the two policy streams. However, there are significant challenges for governments and 
public administrations on all levels to achieve the effective integration of the two policy streams: 
Institutional and administrative fragmentation, unclear roles and duties, coordination deficiencies between 
levels of governance (departmentalism) or lack of willingness or ability to collaborate (Endl, 2017; Gugerell, 
2019).  

Thus, our research identifies different approaches to policy integration of minerals and land use planning 
policy based on a qualitative analysis of 12 case studies from 11 different EU MS. Against this background, 
the article conceptualises and analyses policy integration with regards to: 1) instruments for horizontal and 
vertical integration; 2) degree of integration - full versus partial integration (e.g. for horizontal integration: 
considering integration ex-ante/in the design versus ex-post/during implementation); 3) which aspects of 
horizontal or vertical policy integration are outlined (e.g. protection of deposits or design of land use plans); 
and 4) the capacity and willingness for policy integration by different actors. 

The results indicate two central characteristics for policy integration: (i) the mix of different types of 
instruments for horizontal and vertical integration and (ii) capacity of the involved actors. Across the 12 case 
studies we identified a mix of regulatory, economic or informative instruments, national strategies/ policy 
guidelines across horizontal as well as vertical policy integration. However, we recognised a trend across all 
11 countries: instruments that signify full integration of minerals and land use planning on both horizontal 
and vertical levels; the application of soft rather than coercive instruments; and a prevalence for instruments 
in the form of planning tools and/or maps with the objective of enhancing knowledge of potential land use, 
mitigate land use conflicts and/or integrating minerals into land use planning processes.  

Our research shows that across 11 countries policy instruments are assembled to policy mixes for integrating 
minerals and land use planning policy combining regulatory, economic (fiscal) tools, (national) strategies 
and guidelines and information-based instruments. In the specific context of instruments for minerals 
planning (e.g. multi-criteria assessment, safeguarding) the results indicate that in order to support the 
integration of land-use and mineral policy, instruments should be adapted to the land-use planning system 
and a good fit with the actual processes on the lower level of implementation (local and regional). Moreover, 
the results illustrated that willingness and capacity of actors play a crucial role for policy integration and 
implementation. Against this backdrop, more centralised public administration can more readily support 
lower levels to manage policy challenges: they can support lower levels by providing expertise, capacity 
building activities and create platforms where the different policy sectors can meet. Conversely, in 
decentralised systems and systems where policy design and implementation are dispersed among different 
levels of government the willingness to collaborate between higher and lower levels of government is 
important to support later policy implementation. 

Keywords: Policy instruments, Mineral policy, policy integration, Mineral resources, Land-use planning 
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2 INTRODUCTION 

European economies are dependent on the secure and stable supply of raw materials and minerals. The 
access to raw materials for sectors such as the construction, chemicals, automotive, aerospace, machinery 
and equipment are estimated to be connected to the existence of 30 million job opportunities in Europe 
(European Commission, 2013). Import dependency and the need for minerals (including Critical Raw 
Materials, CRMs) for the transition to cleaner technology are necessitating a coherent and comprehensive 
minerals policy framework in the EU and EU Member States (MS) (Dooley, & Leddin, 2005; Tiess, 2010; 
Thomashausen et al. 2018, Fraser Institute, 2018). 

A national policy framework can either enable or hamper the development of sustainable mineral production. 
Due to the cross- spatial, temporal, and sectoral nature of mineral- and raw material production, minerals 
policy constitutes a particularly “wicked” policy problem (Endl, 2017). Defined as intractable, ill-structured, 
fragmented and contested a wicked policy problem resists standard approaches to problem solving (Daviter, 
2019). The governance of wicked problems constitutes an administrative challenge too complex to be tackled 
by prevalent sectoral silo thinking and specialisation (Daviter, 2019). Avoiding silo-thinking and engaging in 
coherent policy approaches, is particularly relevant in the context of land-use planning (LUP) and mineral 
policy for achieving access to and protecting minerals resources, managing the contested nature of 
exploitation and exploring new approaches for integrated policy design and implementation. Up until today, 
there are significant challenges for public administration on all levels to achieve the effective integration of 
the two policy streams: Institutional and administrative fragmentation, unclear roles and duties, coordination 
deficiencies between levels of governance (departmentalism) or lack of willingness or ability to collaborate 
(Endl, 2017; Gugerell, 2019). The paper gives an overview about concrete examples of EU Member State 
policy instruments for integrated minerals and LUP policy and their design and implementation experiences 
in order to address above-mentioned challenges. 

3 BACKGROUND 

3.1 Mineral resources in mineral and land use planning policy 

Several EU MS have established more strategic policy approaches to secure minerals supply from primary 
sources. However, public disapproval, incoherence with other policy areas and lack of business incentives 
constitute barriers and challenges to ensuring effective policies and implementation (Everingham et al., 
2013, Moffat & Zhang, 2014). Governing the secure and sustainable supply of minerals from primary 
production faces particularly “wicked” dynamics. Minerals policies need to address various factors such as 
multiple stakeholder interests, competing land-use interests, as well as conflicting agendas and objectives. 
Hence, studies focusing on governance of wicked policy problems often focus on the need for government 
coordination and/or collaborative governance to challenge existing patterns of sectoral responsibilities 
(Askim et al., 2009; Christensen & Laegreid, 2007, 2008; Flynn et al., 2011; Kavanagh & Richards, 2001; 
Bryson et al., 2006; Ferlie et al., 2011; Weber & Khademian, 2008).  

The complexity of minerals policy-making warrants the consideration and application of different policy- 
and decision-making instruments; voluntary, regulatory and strategic, whilst recognising stakeholder and 
public interests (Clausen & McAllister, 2001). Nevertheless, studies on resource governance often tend to 
focus on the effectiveness of a single policy instrument rather than underlying factors of policy governance 
for managing the complex dynamics of primary mineral production (Söderholm, 2015; Endl, 2017). Hence, 
this paper explores the notion of a more integrated and comprehensive approach to minerals policy which 
addresses the instruments for horizontal and vertical policy integration; as well as degrees, aspects and 
capacity of such integration in the 14 EU MS case studies, thereby extending research on minerals- and land 
use policy integration beyond ‘environmental trade-offs’ to recognise inclusion of present (and future) 
socioeconomic and political needs in society.   

Overall, LUP deals with assessments of potential land-use options serving the demands and needs of 
communities while managing natural resources of that option. These natural resources cover, for example, 
water(sheds) (Boschet and Rambonilaza, 2015), forests and agriculture (Ayambire et al., 2019; Gosnell et al., 
2011), ecosystem services (Grêt-Regamey et al., 2017) or mineral resources (Bax et al., 2019; Lopes et al., 
2018). Against this backdrop, LUP systems (i.e. instruments and processes) are expected to manage 
competing demands (e.g. nature protection, residential, agriculture (Ga
a� , 2017; Mitchell et al., 2004; 
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Mitchell, 2016) and integrate them into the socio-spatial context (Gustafsson and Scurrah, 2019; Roth and 
Howie, 2015).  

The current literature on land-use planning and mineral resources largely investigates valuation of mineral 
resources for LUP decision making (EUROMINES, 2011), modelling of decision support tools (e.g. for 
Strategic Environmental Assessments) considering different social, environmental and economic aspects 
(Lechner et al., 2017; Ustaoglu et al., 2018) and LUP instruments (e.g. Gustafsson and Scurrah, 2019). 
Altough research on linking or integrating mineral resources into LUP policies exists (Baker and Hendy, 
2005; Roth and Howie, 2015; Wagner et al., 2006; Wrighton et al., 2014), there is no comprehensive 
overview that provides a more nuanced picture on different approaches in EU Member States. This article 
address this gap by looking into 11 EU MS and their setup of policy instruments covering a wide range of 
different aspects of minerals and LUP policy and outlining their success in integrating these two policy 
streams.   

3.2 Forms of policy Integration - horizontal, vertical, diagonal 

Policy integration can be understood as “the replacement of specific elements of existing policy ‘mixes’ or 
‘regimes’ – the goals and objectives and calibrations of existing policy tools and goals – by a new policy 
mix, in the expectation of avoiding the counterproductive or sub-optimal policy outcomes that arise from 
treating interrelated policy regimes and components in isolation from one another”(Rayner and Howlett, 
2009, p.99).  

Policy integration can take place at different moments and/or periods of the policy cycle: either in the policy 
design and –development process, implementation, evaluation or in the re-design or update of a policy 
(Kivimaa and Mickwitz, 2006). Prior research advocates that the policy design and decision-making phase 
might be better suited for policy integration than later stages of the cycle, such as implementation (Jordan 
and Lenschow, 2010a; Uittenbroek et al., 2013). Two lines of arguments are supporting that consideration: a) 
early integration efforts are assisting the consideration of other actors/stakeholders’ interests and policy 
objectives in the policy design and the development of implementation actions and measures; b) 
administrative procedures and routines of other administrative units might differ and thus sufficient time for 
coordination and administrative and pre-information is needed. However, the implementation phase and 
implementation actions and measures are the ones where the actual impact of integrated policies is created 
(Kohlhoff et al., 2016). 

Horizontal policy integration is often understood as pertaining to organisational and institutional interactions 
across distinct sectors or, the extent to which a central authority has developed a comprehensive cross-
sectoral strategy (Di Gregorio et al., 2017; Lafferty and Hovden, 2003). Horizontal policy integration can 
thus be seen in converging two (or more) policy streams to obtain a coherent approach, as policy streams 
with conflicting goals and objectives may undermine long-term alignment of overarching objectives across 
sectors (Nilsson, 2005). Horizontal policy integration is particularly addressed as paramount in ‘naturally’ 
cross-sectoral topics such as environmental- or climate policy (Di Gregorio et al., 2017; Jordan and 
Lenschow, 2010; Nilsson, 2005; Lafferty and Hovden, 2003) but also for minerals and raw materials policy 
(Endl, 2017; Clausen and Mcallister, 2001). Vertical policy integration, on the other hand, takes place among 
different levels and hierarchies across political administrative levels and/or territories (Endl, 2017). Hence, 
vertical policy integration involves actors from different levels of government such as, for example, national 
ministries, regional authorities and local governments, thereby increasing the need for capacity within and 
between such actors to achieve integration. Vertical policy integration can involve processes of devolving 
responsibility to local levels, and can foster coherency, consistency and learning between different levels of 
government (Nilsson, 2005). When the coordination efforts are crossing policy streams and administrative 
level, one speaks of diagonal policy integration: such cases can become apparent in strongly decentralised or 
federal systems, where setting the policy goals and their implementation is dispersed over different levels of 
government and policy sectors. Steurer and Clar (Steurer and Clar, 2015) are stressing, that, in such settings 
early agreements and commitment between the different administrative levels and the actors responsible for 
implementation are crucial in policy design and goal setting.  
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3.3 Enabling factors of policy integration: tools, capacity and willingness 

In order to be effective in terms of delivering policy goals, policy integration is subject to the availability of 
tools, and the capacity and willingness of public institutions to employ these tools. With regards to tools, we 
will mainly draw on EPI (Environmental Policy Integration) research done by Runhaar (2016), which has a 
long tradition and has produced a strong body of knowledge on policy integration. Runhaar (2016) 
distinguishes four types of integration tools: 

(1) Regulatory tools (restricting/allowing certain options, actions and behaviour), 

(2) Information tools (steer by providing information and guidance) 

(3) Economic tools (e.g. change cost-to-benefit ratios) 

(4) Organisational tools (organisational conditions such as capacity/willingness, procedures, etc.) 

Regulatory tools are regulating choices: Runhaar (2016) also introduces regulatory tools relying on 
interactive governance modes (e.g. voluntary agreements, covenants). Voluntary agreements are criticised 
for their limited capacity to unfold implementation and integration pressure, due to too much flexibility and 
ambiguity (room for interpretation), lack of enforcement mechanisms, limited compensation measures 
(Glasbergen, 1998; Wu et al., 2018). 

Information and voluntary tools are considered to drive behaviour through learning and grants of the 
addressed audience with a large freedom of discretion and freedom to act on the provided information. 
Voluntary usage of indicators (such as environmental indicators) is challenging in practice, due to language 
asymmetries (e.g. planners/policy makers) or insufficient involvement of planners (or other end-users) in the 
indicator development, which subsequently results in limited, fragmented or no application later on (Brown, 
2003) or a mismatch between indicator scale and user-needs (Graymore et al., 2008).  

Typical incentive structures are economic tools. Economic tools are supporting integration by either setting 
financial incentives, rewards or punishments. They are on the interface of top-down steering and voluntary 
behaviour: they might be put in place by higher levels of administration or government but depend on the 
voluntary behaviour (by contracting) of the involved actors and stakeholder. In EPI different studies have 
shown the effectiveness of market-based tools: their effectiveness depends on the financial reward and the 
enforcement power and possible trade-offs with other policy objectives and issues. EEA emphasises that 
economic tools should only be one part of a broader package and toolset that steers policy integration (EEA, 
2005). 

Organisational tools are stressing the importance of organisational structure and organisational practises, as 
well as the establishment of partnerships and networks that are supporting integration in different stages of 
the policy cycle. However, also those partnerships are assessed critically by stressing that they “seem to 
solve some problems but also create new ones”. Partnerships and networks are long-term voluntary 
engagements that need trust building efforts and the willingness to share duties and responsibilities (Klijn 
and Koppenjan, 2016). 

Capacity and willingness are key for effective policy integration (Fleurke and Hulst, 2006; Wu et al., 2018; 
Zuidema, 2016). Capacity (ability) refers to an organisation’s or unit’s capacity to perform certain tasks and 
objectives. Prud’homme (Prud’homme, 1995) explains that it cannot be assumed that (local) units are in 
command of all technical and managerial expertise and skills to perform certain tasks. This observation is 
important considering mining and mineral extraction is a very specific and technically sophisticated topic. 
Zuidema (Zuidema, 2016) is emphasising so called ‘economies of scale’ where larger (e.g. central 
government) units might have greater resources or the ability to attract and/or allocate resources to handle 
broad and complex policy issues. Ostrom (Ostrom, 2015) is noticing the importance of the central 
government to support local (and regional) authorities to handle and overcome possible challenges and 
hindrances. 

4 METHODS 

In our paper we screened a total of 16 case studies originally compiled via two MINLAND Horizon 2020 
project reports for evidence of integrated minerals and LUP policy approaches (Luodes  et al., 2019; Endl et 
al., 2019). Complementary information on case studies was retrieved from additional sources, such as 
summaries and minutes from MinLand Local Workshops and descriptive policy networks (Gugerell, 2019). 
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As a result the authors identified a total of 12 MINLAND cases that described 13 policy tools dealing with 
different aspects of minerals and LUP policy, and addressing different phases in the policy cycle. The 
identified policy instrument types are listed in the table below. 

P
ol

ic
y 

to
ol

  

Regulatory: demanding compliance equally, steering predictability of governmental decisions (rule of law) and 
often followed by sanctions for non-compliance. 

Economic or fiscal: designed to encourage investments into exploration and access to raw materials, e.g. tax 
rebates for research activities (prospecting and exploration) 

National strategies/ policy guidelines: proposing a framework and/or identifying suggested criteria for 
consideration of minerals in e.g. land use planning 

Information-based: maps, data and tools to be utilised (on a voluntary or regulated basis) for the integration of 
minerals/land-use plans. 

Table 1: Policy tool types differentiated for analysis. 

Drawing insights from the literature review on policy integration and respective challenges dealt within 
minerals and LUP policy, the authors set up the following analytical framework where distinctions were 
made between ‘low degree’ and ‘high degree’ of integration efforts and potential:   

 Degree of integration  

Vertical 
Policy 
Integration 

Low:  national voluntary or non-mandatory tools 
addressing minerals (often related to safeguarding 
objectives) 

C
ap

ac
ity

 fo
r 

po
lic

y 
in

te
gr

at
io

n 

Technical capacity is referring to 
content-specific knowledge and skills, 
existence of other supportive policies 
(e.g. project subsidies, rewards, 
regulatory instruments) 

High: considers of minerals in land-use planning (input 
into land use planning originates from other levels of 
governance) 

Horizontal 
Policy 
Integration 

Low:  Land-use (or mineral) issues integrated into 
minerals (or land-use) planning documents, primarily in 
ex-post or in the implementation stage 

Managerial expertise is referring to 
sufficient expertise regarding 
integrated policy approaches and/or 
expertise and skills for collaboration 
and working across departmental and 
governmental organisational borders 

High: considers minerals in preparation or design stage 
of land-use plans/ zoning documents or considers land-
use planning in minerals planning documents. 

Table 2: Analysis framework for forms of policy integration, degree of integration and capacity. 

The distinction between ‘low’ and ‘high’ degree of integration efforts was based on emprical findings from 
the cases, as well as evidence from the literature on minerals- and LUP policy integration. ‘Low degree’ in 
the vertical level hence refers to the existence of a tool with the intention to include e.g. minerals 
safeguarding into land use plans, whereas a ‘high degree’ is evidence of actual consideration (and inclusion) 
in the design and development phase of land-use planning.  Similarly, with regards to horizontal integration 
again ‘low degree’ was used to describe practices of integrating mineral aspects into land-use (or vice versa) 
ex-post or in the implementation stage, rather than considering integration on a preparation or design phase, 
which was then deemed to display ‘high degrees’ of integration efforts and practices. 

5 RESULTS 

5.1 Policy instruments for minerals and land-use policy integration 

12 MINLAND casess were assessed for horizontal and vertical mineral and land-use policy integration. 
Furthermore, following the framework of policy instrument type, instruments for vertical and horizontal 
policy integration were grouped according to: (i) strategies and regulatory instruments, or; (ii) informative 
policy instruments.    

5.1.1 Vertical policy integration instruments 

In Finland and Ireland mineral interests outlined in the national guidelines and planning frameworks directly 
fed into regional and local planning documents, thereby indicating high vertical integration. In Sweden, the 
regional level (municipalities) preside over the discretion to weigh the ‘areas of national’ interests (defined 
through horizontal/sectorial integration) with their regional land-use objectives, thereby signalling this as a 
low (and flexible) degree of vertical integration. See table 3 below for an overview. 
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Country Policy Tools Aspect of Vertical Policy Integration Degree of 
integration 

Finland National land use guidelines stipulate 
policy streams and strategic goals 
(including mining and deposits) in a 
centralised approach.  

Top-down implementation in the regions – 
although regions can contribute to goals and 
objectives through setting their own priorities. 

High 

Ireland Planning and Development Act 
complemented by a National Planning 
Framework (addresses objectives of 
minerals policy horizontally on a national 
level).  

Top-down regulatory framework: general 
objectives are translated into regional and 
county level land-use plans. 

High 

Sweden System of ‘national interests’ 
(horizontal/sectorial) definition of land-
use interests and objectives. 

Local levels responsible for land-use plans, 
system of ‘national interests’ can be weighed 
(partial vertical integration) on a local level 
and chief mining inspectorate or national 
levels can be involved if conflict arises. 

Low 

Table 3: Vertical policy integration in strategies and regulatory instruments. 

The informative and voluntary tools by Austria, Portugal and Spain are all subject to challenges of vertical 
integration as they are designed on a national level but with the intention to support minerals policy (and 
safeguarding) integration in local and regional land-use plans of federal or decentralised systems. All cases 
discussed the need for coordination and communication between national and regional/local levels of 
government in achieving ‘uptake’ and integration of the tools on lower levels of government. A specific 
challenge that was brought up in the cases was the need to involve regional/local authorities already in the 
design-process of instruments as this would ensure ‘ownership’ and thus, willingness to integrate the tool or 
outcomes thereof in regional/local land-use plans. Two more MINLAND cases addressed the design and 
implementation of an informative policy tool (from a national to a regional level), similar to the cases 
outlined above. The tool from Greece was implemented in a centralised (top-down) manner, thereby, 
ensuring integration into spatial plans. In Norway the case study showed that the integration of the land-use 
management tool was successful in the county of Nordland (high integration).The pilot will now be extended 
to other municipalities and regions (no integration currently known). See table 4 for an overview. 
Country Policy tools Aspect of Vertical Policy Integration Degree of 

integration 
Greece National level policy tool for safeguarding the 

exploitation of primary aggregates – focus on 
framework applied for delineation of conflict free 
(land-use) aggregates extraction areas 

Top-down implementation of national safeguarding policy 
(aggregates) in regional/local land use planning (spatial plans). 

High 

Norway National land-use management tool with the 
objective of mediating potential land-use conflicts 
and safeguarding mineral resources of possible 
current and future value 

Responsibility of planning lies with municipal council and 
regional authorities. Nordland case used as a pilot; the instrument 
contributed to increased awareness of mineral safeguarding on all 
levels of governance and is set to be implemented in all municipals 
and regions 

High 

Austria Austrian Raw Materials Plan (ARMP). Soft-
policy informative tool designed on a national 
level to avoid land-use conflicts and ensure 
mineral safeguarding 

Local levels responsible for land-use plans – consultations 
between different levels occur in the form of checks and balances, 
review of the proposed plan on regional level and partly on 
national level if related to responsible department. 

Low 

Portugal National voluntary instrument (land use planning 
methodology for mineral resources – LUP-MR) 

Municipalities responsible for land-use planning, some have used 
the sub-categories of land proposed by the LUP-MR. National 
authorities approach municipalities not adopting the LUP-MR in 
an effort to increase understanding of the importance of minerals 
safeguarding 

Low 

Spain National informative and voluntary instrument of 
mining-environmental planning map intended to 
be used as a starting point of defining mineral and 
mining strategies in regional land-use plans. 

Challenges of vertical integration in a decentralised system where 
regional levels are responsible for land-use plans. Implementation 
met with challenges and is yet to be seen 

Low 

Table 4: Vertical policy integration in informative instruments. 

5.1.2 Horizontal Policy Integration instruments 

Regulation, strategies, informative instruments (land use planning or zoning) were most common 
instruments for horizontal policy integration during the implementation phase. Mineral issues integrated at a 
design stage (of land-use planning or a policy) were considered to signal a high degree of horizontal 
integration. Other instruments where minerals issues were considered (more ad-hoc) in the implementation 
stage were considered as evidence for low degree of integration. The information in table 5 outlines 



Andreas Endl, Sara Louise Gottenhuber, Katharina Gugerell 

REAL CORP 2020 Proceedings/Tagungsband 
15-18 September 2020 – https://www.corp.at 

ISBN 978-3-9504173-8-8 (CD), 978-3-9504173-9-5 (print) 
Editors: Manfred SCHRENK, Vasily V. POPOVICH, Peter  ZEILE, Pietro ELISEI,  
Clemens BEYER, Judith RYSER, Christa REICHER, Canan ÇELIK 

101 
  
 

strategies and regulatory policies that address horizontal integration of minerals resources in land-use policy 
(or vice versa) and the different aspects thereof. 
Country Policy Tools Aspect of Horizontal Policy Integration Degree of 

integration 
Finland Regional development 

strategies  
Preparation phase of regional land use plans considers minerals exploitation via 
regional development strategies; consultation is conducted and regional strategy zoning 
updated/proposed.  

High 

Finland Flexible zoning plans Land use planning processes allows for re-evaluation of land use zoning according to 
development possibilities; e.g. re-evaluation can be conducted based on company plans 
for exploitation 

High 

Sweden System of ‘national interests’ National interests determined through sectorial integration – minerals and other land 
use interests determined through mechanisms of horizontal integration (respective 
authorities and actors involved).  

High 

Norway Planning and Building Act 
(National)  

Revised to include mineral resources as a specific topic (design) in the Norwegian land 
use legislation, mineral resources must be considered in the land use planning process.  

High 

Italy Regional land-use and 
minerals strategy / 
municipality mining plan 

Mapping geological heritage, flora and fauna with the intention of modifying the 
current planning instrument to consider e.g. touristic possibility of geological heritage.  

High 

Ireland Planning and Development 
Act complemented by a 
National Planning 
Framework 2040 

One policy objective of the national planning framework addresses ‘rural development 
through the sustainable and economically viability of extractive industries, bio-
economy and accelerating other sectors whilst protecting the natural landscape and 
cultural heritage. The case still indicates that the integration of minerals policy in land-
use planning appear modest.  

Low 

Table 5: Horizontal policy integration in strategies and regulatory instruments. 

Our results indicate that some countries cover instruments that weigh different land-use interests in the 
design phase of the policy on different levels of government: for example, whereas in Italy this was done on 
a regional level, in Sweden it was on a national level. Some cases also showed evidence that mineral 
resources have been integrated to a high (Norway), or low degree (Ireland). Finland also included an aspect 
of having flexible zoning plans that allowed for ‘reformulated’ strategies and land-use processes if new 
deposits were discovered (thereby integrating minerals into land-use plans in a flexible and on-demand 
basis). The cases, thus, indicated that horizontal integration of minerals and land-use planning represent 
different shapes and forms and can occur on different levels of government.  

Similar to the section on vertical integration was the prevalence of informative policy instruments for 
horizontal integration. As outlined above, these instruments were characterised by a varying degree of 
vertical integration success in the different EU MS. Utilising a high degree of horizontal integration as 
pertaining to integration in the design of the policy instrument, the majority of informative instruments were 
considered to achieve a high degree as they often accounted for different land-use and societal interests 
already in their design phase. In one case, the informative instrument integrated aspects of already existing 
policy streams to achieve coherency and compliance, this was considered as low instead of a high degree of 
integration (Austria). 

Country Policy Tools Aspect of Horizontal Policy Integration Degree of 
integration 

Greece National Policy for 
Minerals Safeguarding 
(Quarrying Areas).  

Designed for vertical integration into regional spatial plans this 
policy tool considers minimisation of environmental footprint, 
the national spatial strategy, socioeconomic factors and 
protection of archaeological and cultural heritage. 

High 

Spain National mining-
environmental mapping  

Early phases of environmental land use assessment: territorial 
analysis factoring in environmental inventory, exploitable 
resources, cultural heritage, and visible impacts on landscape.  

High 

Portugal Land use planning 
methodology for 
mineral resources 
(LUP-MR) 

LUP-MR refers to the practice applied by the mining authority 
when contributing to Land Use Planning review processes of 
municipal land use plans. Full-integration of minerals 
safeguarding into land-use plan processes on a national level but 
modest implementation on sub-levels of government (vertical).  

High 

Austria Austrian Raw Materials 
Strategy and Austrian 
Mineral Resources Plan 

Coordinating parts and components of other policies such as 
Land-Use and Nature Protection into a Raw Materials Plan.  

Low 

Table 6: Horizontal policy integration in informative instruments. 
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5.2 Capacity for policy integration  

Technical and managerial capacities are necessary to support and perform coordination and policy 
integration. Technical capacity is referring to content-specific knowledge and skills, existence of other 
supportive policies (e.g. project subsidies, rewards, regulatory instruments). Managerial expertise is referring 
to sufficient expertise regarding integrated policy approaches and/or expertise and skills for collaboration 
and working across departmental and governmental organisational borders.  

Our data on policy tools illustrate a differentiated perception regarding ability and capacities of involved 
actors, covering the entire scale from perceived low to high capacity. While respondents with geological 
and/or mining background consider LUP technical capacity in general rather low (e.g. Spain, Finland, 
Norway). On the other hand, MINLAND project meetings are illustrating a rather modest LUP knowledge 
(objectives, approaches, tools etc.) from many involved actors affiliated with geology or mining. This 
situation emphasises the importance of projects like MINLAND, to establish platforms for capacity building, 
knowledge sharing and as meeting space for involved parties.  

Our results indicated that the availability of data for GIS and the necessary skills and knowledge for the 
integration of provided GIS data into LUP practise was prevalent in the planning departments and LUP 
authorities (see table 7 below) for most countries: GIS applications are standard applications in GIS practice, 
hence suitable interfaces and low-threshold download options with the necessary data provide a suitable base 
for LUP activities and support the integration of mineral resources in LUP practise (e.g. Austria). 

Country GIS tools and skills 

Portugal GIS tools assisting planners, all data in GIS systems  

Austria GIS processing tools are in full use, interface   

Greece Sufficient expertise and tools  

Sweden  GIS data sharing  

Italy Specific data base is existing, assisting the mining and LUP  

Finland Each organisation relies on their GIS resources  

Hungary Data provided for GIS applications & National or Regional Development and Spatial Planning Information  
Table 7: Technical skills for GIS and Information Systems for mineral resources and LUP, outlined in the MINLAND case studies 

Among the abovementioned countries there are, however, differences regarding the general availability to 
mining experts and/or geologists in public administration and for immediate availability for LUP authorities: 
while in some cases geologists are available in public administration on regional or provincial level (e.g. 
Austria/Styria/Tyrol) in other cases they are not (e.g. Poland). Minerals, quarrying and mining is considered 
a delicate topic with very specific questions, which cannot be covered in house but experts are needed. The 
MINLAND cases show, that for authorities it is not always possible to have an expert on site, but it becomes 
clear that they either collaborate with experts or with geological surveys to tackle specific and complex 
questions they cannot cover by themselves (e.g. Ireland, Spain, Sweden). 

6 CONCLUSION 

Our paper indicates that in EU Member States a diversity of policy tools are assembled into policy mixes 
combining regulatory, economic (fiscal) tools, (national) strategies and guidelines and information-based 
instruments. One challenge of introducing new policy tools is their evalution in the context of the existing 
policy regime, and how the different tools work and fuction together. Existing research (e.g. Howlett and del 
Rio, 2015; Rayner et al., 2017) points out, that the mere adding or replacing of policy tools can result in a 
situation in which the policy tool and/or the entire policy mix cannot unfold its expected performance and/or 
can lead to underperformance and inefficiencies (e.g. resource expenditure).  

The tools addressing vertical integration indicate the importance of coordination and communication 
between different levels of government. This is of high importance in decentralised and federal systems 
where involvement of lower levels of government early on in the design of tools were mentioned as key to 
ensure integration and implementation (e.g. Norway, Spain). It was apparent that a high degree of vertical 
integration was more prevalent in centralised systems where regulatory tools demanded integration of 
objectives or goals in lower levels of government planning. Interesting to note is the mandate of local 
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authorities to prioritise (Sweden) or identify own pathways toward realising national goals and objectives 
(Finland), which also gives flexibility of prioritising local interests and may increase legitimacy and 
ownership of policy and responsibility over connected challenges (Nilsson, 2005).  

Our results on horizontal (sectorial) integration most commonly outline nationally developed policy tools 
with the intention of integrating mineral resources into land-use planning. However, there appears to be a 
deficit in vertical integration of such tools in systems where regional and local levels of governments have 
land-use planning mandates, as seen in the examples from Portugal and Austria. This suggests that although 
a high degree of integration can occur on a horizontal level, challenges remain to successfully achieve 
vertical integration in such systems. As seen from literature on policy integration, this again strengthens the 
notion that both dimensions of horizontal and vertical mechanisms are needed to achieve ‘full policy 
integration’ (Jacob and Volkery, 2004). 

Capacity for policy integration plays a crucial role for effective policy implementation and delivery, which 
should be considered in both policy design and its translation into policy instruments. As regards the capacity 
of public authorities for policy integration, MINLAND cases indicate that for particular questions experts are 
needed to advise public authorities. Support, exchange and capacity building is considered particularly 
important for municipalities and regions which have no long tradition as an industry player and where public 
authorities and public administration were not engaged with mining earlier (e.g. cases Spain, Austria/Styria). 
Aligning with Zuidema (2016) and Ostrom (2015) we can see that the support of the central government or 
higher levels of government are needed to provide such resources and that smaller units (e.g. regions, 
municipalities) often do not have the capacities to utilise such resources (e.g. hired geologist). The cases of 
Sweden and Austria show that geological surveys provide support. For example, the Swedish Geological 
Survey provides particular support for the industry. Hence, it is important to note, that for advising public 
administration unbiased consultancy is required, apart from lobbying activities of industry, since LUP is 
expected to weigh, value and integrate various needs, expectations and policy streams. 
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1 ABSTRACT 

In accordance with international documents, European regulations and standards, recent documents of spatial 
and urban planning in Serbia promote the objectives of an integrative and territorial approach for the 
protection and planning of cultural heritage. This is intended as a cross-institutional, cross-sectoral approach 
and extending the scope of the protection of single monuments to wider spatial entities. Institutional and 
legal frameworks of the cultural heritage protection and planning have not yet been harmonised with 
international recommendations and do not support achieving these goals. Cultural Property Law (1994) is 
still in force and does not recognise the categories of cultural landscape (although the European Landscape 
Convention was ratified in Serbia in 2011) and of urban landscape (as the UNESCO's Recommendation on 
the Historic Urban Landscape from 2011 has not been ratified yet, although the scientific and professional 
community has been acquainted with it). In accordance with the current law, single monuments dominate the 
structure of the Central Registry of immovable cultural properties. Considering that registration is not legally 
binding, there is a lack of additional research to recognise the architectural and urban heritage that is not 
under institutional protection. This has resulted in the decline of valuable buildings and ensembles, including 
entire urban settlements that represent important constituents of the cultural and urban identity of Serbia. 
Furthermore, Reports on the Implementation of the Spatial Plan of the Republic of Serbia from 2010 point to 
an unequal spatial distribution of registered cultural goods, which is not related to the factual cultural and 
historical importance of certain areas, but to the degree of economic development and the activity of certain 
regional protection services. This sets an additional task for the planning documents on enhanced urban 
protection measures in these areas. The preparation of the Spatial Plan of the Republic of Serbia 2021-2035 
is underway, which affirms that cultural heritage is a resource of sustainable development as well as of 
national, regional and urban identity as one of the general objectives of spatial development. This paper is a 
summary of an initial analysis of the draft plan. It indicates the need to establish a common platform for the 
protection, planning and sustainable use of cultural heritage in Serbia. This platform should act on three main 
levels, firstly gathering data on cultural properties; secondly compounding all formal and informal 
documents relating to cultural heritage, especially s regards its spatial dimension; and last but not least, 
inolving a wide range of participants in the protection, planning and management of cultural heritage.  

Keywords: Spatial plan of the Republic of Serbia, protection, planning, use, cultural heritage, sustainable 
development, spatial dimension 

2 INTRODUCTION 

In accordance with international documents, European regulations and standards, recent spatial and urban 
planning documents in Serbia promote the objectives of an integrative and territorial approach to the 
protection and planning of cultural heritage. Such a cross-institutional, cross-sectoral approach extends 
extening the scope of the protection of individual monuments to wider spatial entities. Servian institutional 
and legal frameworks of cultural heritage protection and planning have not yet been harmonised with 
international recommendations and do not support achieving these goals. Cultural Property Law (1994) is 
still in force and does not recognise the categories of cultural landscape (although the European Landscape 
Convention was ratified in Serbia in 2011) and of urban landscape (as UNESCO's Recommendation on the 
Historic Urban Landscape from 2011 has not been ratified yet, although scientific and professional 
community has been acquainted with it). In accordance with the existing law, individual monuments 
dominate the structure of the Central Registry of immovable cultural properties (Republic Institute for the 
Protection of Cultural Monuments of Serbia, 2017). Considering that this is not legally binding, there is a 
lack of additional research to recognise the architectural and urban heritage that is not under institutional 
protection which would be needed to review the boundaries of cultural properties and protect the adjacent 
units. This situation has resulted in the decline of valuable buildings and units, including entire urban 



Building a Common Platform: Integrative and Territorial Approach to Planning Cultural Heritage within the Framework of the 
Spatial Plan of the Republic of Serbia 2021-2035 

108 
 

   

REAL CORP 2020: SHAPING URBAN CHANGE  
Livable City Regions for the 21 st Century – Aachen, Germany  

 
 

settlements that represent important constituents of the cultural and urban identity of Serbia. Furthermore, 
Reports on the Implementation of the 2010 Spatial Plan of the Republic of Serbia point to an unequal spatial 
distribution of registered cultural goods, which is not related to the factual cultural and historical importance 
of certain areas, but to the degree of economic development and the activity of certain regional protection 
services. This sets an additional task for the planning documents to enhance urban protection measures in 
these areas. The preparation of the 2021-2035 Spatial Plan of the Republic of Serbia is underway, which 
affirms the cultural heritage as a resource of sustainable development as well as of national, regional and 
urban identity as one of the general objectives of spatial development. This paper presents the results of one 
of the initial analyses of the draft plan. It indicates the need to establish a common platform for the 
protection, planning and sustainable use of cultural heritage in Serbia. This platform should act at three main 
levels; firstly gathering data on cultural properties; secondly  compounding all formal and informal 
documents relating to cultural heritage, especially its spatial dimension; and last but not least, involving a 
wide range of participants in the protection, planning and management of cultural heritage. 

In accordance with the contemporary debate on the conservation and planning of cultural heritage, 
sustainability is one of the common denominators of conservation and urban planning. However, there is a 
lack of a balanced and holistic approach to managing development and focusing on sustainability. In doing 
so, conservation would be a major componeont, not an ‘elitist niche’, and conservationists would be 
important stakeholders in the planning and decision-making process (Chakravarty, 2017). This problem is 
particularly obvious in developing countries (Steinberg, 1996). In addition, it is important to note that 
neglecting the spatial dimension of cultural heritage in terms of character and place identity remains a global 
problem, mostly due to institutional and sectoral division that has negative spatial effects (Samuels, 2010; 
Bienstman, 2011). 

The paper primarily points to the relationship between the international and national frameworks for the 
protection, planning and use of cultural heritage and to the existing capacities for reviewing the spatial 
dimension of cultural heritage in current spatial development policies and strategies of the Republic of Serbia 
(RS). It then presents strategic planning of cultural heritage in Serbia in the spatial plan instrument. 
Particular attention is given to the treatment of cultural heritage in planning documents that are adopted in 
accordance with higher order plans and their strategic goals, whose implementation directly affects changes 
in space.  

3 THE RELATIONSHIP OF THE INTERNATIONAL AND NATIONAL FRAMEWORK FOR 
THE PROTECTION, PLANNING AND USE OF CULTURAL HERITA GE 

3.1 Current international guidelines and trends 

The following international charters in the field of the protection of cultural heritage have been ratified in 
Serbia: Convention Concerning the Protection of the World Cultural and Natural Heritage (UNESCO,1972, 
ratified in 1974); Convention for the Protection of the Architectural Heritage of Europe-Granada (Council of 
Europe, 1985, ratifed in 1991), European Convention on the Protection of the Archaeological Heritage 
(Council of Europe, 1992, ratified in 2009), Convention on the Value of Cultural Heritage for Society (Faro 
Convention, Council of Europe, 2005, ratified in 2010); European Landscape Convention (Council of 
Europe, 2000, ratified in 2011). 

3.2 Current development policies and strategies 

The map of strategically important public policy documents of the RS (available on the website of the 
Government of the RS, the Public Policy Secretariat) includes various planning areas. There are still no 
documents in the field of culture (the Draft Strategy for the Development of Culture of the RS from 2019-
2029 is in process). In the field of urbanism, spatial planning and construction, the Sustainable and Integrated 
Urban Development Strategy of the Republic of Serbia until 2030 was adopted, in which the theme of 
protection and planning of cultural heritage was addressed within the framework of urban settlements, with 
the overall goal of improved and harmonised quality of urban organisation and accessibility of urban space. 
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3.2.1 Policy of Cultural Heritage Development  

The Strategy for the Development of Culture of the RS 2019 - 2029 defines three priorities: personnel 
development (education, digitalisation, development of creative industries); infrastructure development 
(development of new and reconstruction of existing objects and spaces in the function of culture, 
improvement of the conditions of protection of cultural heritage, information and communication 
infrastructure, physical relations and networking with digital technologies); and European integration and 
international cooperation (participation in EU programmes and projects, conformation to international 
standards). The Strategy points to the need to improve the legislative framework in the field of protection of 
immovable cultural heritage and aligning it with the international charters in the field of cultural heritage 
protection that have been ratified in Serbia so far. 

The Sustainable and Integrated Urban Development Strategy of the Republic of Serbia until 2030 is a public 
policy document, addressing the topic of protection and planning of cultural heritage within the framework 
of urban settlements, and defining the overall goal as improved and harmonised quality of organisation and 
accessibility of urban space. Development policy is in line with the binding policies and documents of the 
United Nations and the European Union. 

3.2.2 Spatial aspect of the policy of cultural heritage development 

The Strategy for the Development of Culture of the RS 2019 - 2029 suggests the digitalisation of heritage, a 
cross-sectoral approach, stronger partnership between administrative and professional institutions for the 
protection of cultural heritage and urban and spatial planning, in particular by adopting management plans 
for certain types of cultural heritage and enacting spatial plans for certain types of immovable cultural 
property. The strategy indicates that due to incomplete decentralisation and a non-unified system of 
protection services, the immovable cultural heritage in the RS is in an unequal position, i.e. it depends on the 
financial and personnel capacities of individual institutes and municipalities, which differ significantly and 
are insufficient in many cases. 

In accordance with the spatial dimension of the Sustainable and Integrated Urban Development Strategy of 
the Republic of Serbia until 2030, priority areas of urban intervention have been identified, linking identified 
development problems with concrete locations thus directing local integrated urban development strategies 
to priority funding projects. Spatial units with cultural and architectural heritage and important reference 
points of cultural and historical development of urban settlements and groups of urban settlements were 
singled out, due to the need to extend the subject of protection and the notion of cultural heritage. The 
following interventions are proposed: rehabilitation and revitalisation of buildings and architectural heritage 
units, an integrative approach to the protection of cultural property and urban protection of buildings and 
entities which are not under institutional protection, especially from the second half of the 20th century, 
adaptation of architectural heritage facilities to modern requirements, such as energy efficiency. Measures to 
achieve the objectives of the Strategy are combined and applied to: urban reconstruction of central urban 
areas; urban regeneration of parts of urban settlements exposed to devastating processes; reactivation and 
development of brownfield zones, complexes and sites with industrial heritage; protection of buildings and 
units which are not protected as cultural assets; more efficient use of units with underutilised structures; 
landscaping and preservation of public spaces; and use of renewable energy sources. 

4 STRATEGIC PLANNING OF CULTURAL HERITAGE IN SERBIA T HROUGH THE 
SPATIAL PLAN INSTRUMENT 

The planning system in Serbia has similar procedures as in most countries with a comprehensive planning 
approach and the principle of hierarchical integration of different spatial plans - from a larger scope of spatial 
plans to a smaller scope of urban plans. The Spatial Plan Instrument is a strategic document defining the 
goals and principles of spatial development of larger spatial units. In particular, it defines the planning units 
of common spatial and developmental features, for which smaller scope planning documents will be adopted 
(typological classification of areas), as well as the spatial development of transport and infrastructure 
systems of general importance. Prior to the Spatial Plan currently under development, the 1996 and 2010 
Spatial Plans of the RS were adopted. 
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4.1 Key objectives, planning solutions and priorities for development in the field of cultural heritage 
protection in the previous Spatial Plans of the RS  

In the 1996 Spatial Plan of the RS, besides preserving material remains of different cultures developed on 
Serbian ground, the emphasis is on the importance of preserving national identity through strengthening 
awareness of cultural heritage and the importance of continuity in the development and use of immovable 
cultural assets, through their reintegration into the contemporary context of life. The protection of 
immovable cultural property is considered an integral part of the development of society, and cultural 
heritage is considered an activator of the development of various activities that can have economic effects. 
The protection includes not only registered immovable cultural property, but also a heritage which was not 
included in the regime of protection, especially complexes, objects and places from 19th and 20th centuries. 
This implies a revaluation of cultural heritage and an even territorial presence of protection. 

In the 2010 Spatial Plan of the RS, the development of cultural identity and territorial recognition and the 
promotion and protection of natural and cultural heritage as a development resource is one of the general 
principles of Serbia's spatial development, which forms also part of other general principles: sustainability, 
territorial cohesion, formation and strengthening  of networks of cities and towns that can provide 
development of complementary functions and public-private partnerships. Cultural heritage is subject to 
protection, regulation and use (controlled and sustainable) in accordance with European regulations and 
conservation standards and is treated integrally with natural heritage and landscape protection. An integrative 
territorial approach implies further systematisation of cultural heritage and the development of networks of 
natural entities and cultural landscapes that are protected or have special values. 

4.2 Basic concept of spatial development in the field of cultural heritage protection in the previous 
Spatial Plans of the RS 

The 1996 Spatial Plan of the RS provides planning protection measures for three types of areas: protected 
urban structures and urban environments, rural architecture and sites, and archeological sites. This 
classification corresponds to the categories of immovable cultural property in the system of valorisation of 
the protection services and in that sense facilitates implementation. It is important that the previous 1996 
Protection Plan of the RS suggests additional explorations of the territory of the RS in order to fully record 
cultural assets, especially in large spatial units such as e.g. the valleys of large rivers (Danube, Morava, Ibar), 
etc. Also, additional research is needed to review the protected environment of cultural property to include 
other spaces relevant to the experience and presentation of the property. Given the uneven distribution of 
cultural property on the territory of the Republic, greater attention is suggested regarding planning protection 
in areas of poorer heritage. Important advances in the field of planning protection under the previous 1996 
Spatial Plan of the RS relate to the importance of identifying and delimiting a territory into parts that have 
homogeneous features, according to certain criteria. This further enables the planning of settlements by 
historical and topographical units in the way they were created. Particular emphasis is given to the 
importance of harmonising transport and infrastructural corridors with cultural heritage zones, as well as 
ensuring the accessibility of cultural monuments located in hard-to-reach sites (medieval and early antique 
fortifications). 

The 2010 Spatial Plan of the RS introduces an integrative territorial approach to the protection of cultural 
and natural heritage and landscapes, in accordance with European standards of protection. This implies the 
introduction and definition of cultural areas, which will then be divided into zones with varying degrees of 
protection and treatment of cultural heritage. Priority cultural areas have been identified that should receive 
special treatment, regardless of their status within the protection services. Although this approach contributes 
greatly to the recognition of cultural heritage as a resource for sustainable development, the problem remains 
of a legal and institutional framework of protection that is still inconsistent with contemporary conservation 
approaches, which raises the question of the possibility of implementing planning recommendations. In 
accordance with the general principle of territorial cohesion, the division of the territory of Serbia into 7 
large spatial units with their particular geographical, historical, functional and cultural characteristics is 
relevant for the planned protection of cultural heritage. In addition, the previous  2010 Spatial Plan of the RS 
identifies three development directions whose development would incite spatial integration and functional 
connectivity of regional entities. Particularly recognisable are the key characteristic entities and objects/ 
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They are: urban centres, points of intersection of important corridors, objects of cultural and natural heritage, 
objects of social infrastructure, symbols of statehood. 

4.3 Assessment of the realisation of the concept of spatial development in the field of cultural heritage 
protection  

The reports on the implementation of the Spatial Plan of the RS (2011, 2012, 2013, 2014 and 2016) show the 
state of spatial development indicators of the RS, realisation of priority strategic projects from the Spatial 
Plan of the RS and the spatial planning documentation, based on which the assessment is given of the status 
of spatial development of the RS. Indicators are the number of protected cultural assets in the area (source: 
the Republic Institute for the Protection of Cultural Monuments of Serbia) and the number of immovable 
cultural assets enjoying prior protection (source: regional institutes for the protection of cultural 
monuments), according to legally defined categories and degree of protection. 

The Report on the Implementation of the 2010 Spatial Plan of the RS (2015) estimates that there are 
significant differences in the number of protected cultural assets between administrative districts and that, in 
general, the number of cultural assets is increasing, whereas trends of disparity and spatial cohesion are 
stable. The number of cultural heritage sites and integral entities under previous protection is declining, 
whereas long-standing value trends are stable. It is pointed out that, in order to gain a better understanding 
and a more reliable assessment of the realisation of this indicator, additional spatial development criteria 
should be provided in the future. The largest number of recorded cultural assets is concentrated in the 
Belgrade and Vojvodina regions (the Danube Region), which are the most economically developed, while 
the sites on the World Heritage List are concentrated in other regions (south, east, west).  

There is a constant increase in the number of recorded and declared cultural property, whereas the number of 
cultural property under previous protection is in stagnation or declining. This is a consequence of the slow 
process of declaring property, as well as the uneven methodology of record keeping in all protection 
services. There is a need for additional reconnaissance of the terrain. For spatial development, the property 
enjoying prior protection must be treated in the same way as the protected cultural property. Conversely, the 
preparation of spatial plans should include the recording of cultural assets, whereas  planning documents that 
are directly implemented (urban planning, special purpose spatial plans and spatial plans of local self-
government units) should define the rules of regulation and construction. 

The following strategic priorities are defined in the sub-area of Protection and Sustainable Use of Cultural 
Heritage: arrangement, presentation and management of Roman sites in Niš and Mediana; development of 
national and regional "cultural pathways"; development and adoption of management plans for cultural 
property on the World Heritage List; preparation of nomination files and management plans for cultural 
property on the preliminary UNESCO World Heritage List; drafting the Strategy for the Development of 
Culture of the RS; revision of the status of identified immovable cultural property and compliance with 
applicable legislation; preparation of an analysis of the condition of industrial heritage facilities (complexes) 
for the purpose of defining criteria for industrial heritage valuation in order to determine the protection 
measures for industrial facilities (complexes) in the RS; identification of characteristic authentic types of 
rural settlements in all regions of the RS; elaboration of protection proposals for five selected types of the 
most preserved authentic rural entities with monumental features. 

5 CULTURAL HERITAGE TREATMENT IN PLANNING DOCUMENTS 

Planning documents incorporate data on protected cultural property and conditions for their preservation 
together with instruments for their preservation. Planning is based on the results of the work of the protection 
service which classifies cultural assets in the territory of the RS into 4 types of monuments: spatial cultural-
historical units; cultural monuments; archeological sites and landmarks; and objects under previous 
protection. The regime of space protection, the instruments of protection, the size of the protected space, etc. 
is determined based on valorisation.  

5.1 Regional spatial plans 

In regional spatial plans, the area of cultural heritage protection represents a structural part of the integral 
protection of space and environment. The concept of protection and improvement of the environment is 
based on the projection of spatial development, which is harmonised with the specific regional character of 
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the landscape and the physical structure of the settlements in the territory of the plan; promotion, protection 
and sustainable use of declared natural and cultural heritage (landscapes and natural and cultural values in 
settlements), their integration in space (local, regional, national ecological and cultural networks), and 
strengthening and promoting the existing and creating new values in the spaces in which the value of 
landscapes and ambient of settlements is of particular importance for the development (tourist, cultural areas) 
that represent the part of international networks and border areas. The regional spatial plan is implemented 
by elaboration of planning solutions and spatial plans of the special purpose areas, spatial plans of local self-
government units, urban plans and sectoral plans and programmes in accordance with the law, respecting the 
principle of horizontal and vertical connection.  

Cultural heritage in the higher order plans, especially in the spatial plan of the RS, is unequally distributed on 
the territory of the Republic (See Fig.1 in: Nikovi�  and Mani� , 2018). The lower order plans lack the results 
of additional research in the planning process that would predict urban protection for valuable objects and 
entities that are not subject to institutional protection and possess architectural, urban, historical, ambient and 
other values. 

5.2 Spatial plans of special purpose areas and spatial planning in local self-governments 

In addition to 9 regional and municipal spatial plans, several special purpose spatial plans for cultural 
landscapes (Ba� ), archeological sites (Viminacium) and areas with outstanding natural features and cultural 
and historical heritage (Sremski Karlovci, Radan, Ov� ar-Kablar Gorge) were adopted.  

In the spatial plans of the areas of special purpose, the concept of spatial development is based on the 
determination of measures for the protection of cultural property in accordance with the data of the 
competent protection services, as well as on the designation of the protective zone of cultural assets in 
accordance with detailed reconnaissance in the field. The most common developmental conflicts are the 
uncontrolled construction of protected areas and urban sprawl that disrupts the existing compact settlement 
structures. 

5.3 Spatial planning in local governments 

The spatial plans of the local government units mainly incorporate data obtained from the competent 
protection services and provide an overview of the cultural assets in the scope of the plan, together with 
protection measures. The protection zone of immovable cultural property generally coincides with the 
boundary established by the competent protection service, although it often does not cover other areas of 
importance for the experience and presentation of the property. 

6 GENERAL ASSESSMENT OF THE SPATIAL DEVELOPMENT OF CU LTURAL HERITAGE 
IN SERBIA 

In Serbia, as in most developing countries, there is a problem of inconsistency of the institutional and legal 
framework with international recommendations, despite the existence of favorable preconditions for the 
improvement of the already developed system of protection. Cultural heritage still includes primarily 
individual monuments that dominate in number the structure of registered cultural assets. In this context, 
buildings of vernacular architecture, industrial heritage, modern architecture and valuable ambient units are 
not usually subject to conservation and restoration programmes, although they have significant architectural, 
urban, civilizational values and/or represent important reference points of cultural and historical 
development. 

On the one hand, the current approach to the valorisation of the created structure leads to the neglect of the 
environment of the protected entities, and very often to the degradation of ambient entities, especially by 
illegal construction, which is a distinct problem in urban development in Serbia. On the other hand, we have 
the problem of decaying urban settlements and valuable examples of architecture that are not recognised 
through institutional protection, plans and strategies. These problems must be addressed by applying an 
integrative and territorial approach to cultural heritage planning. 
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STRENGTHS (advantages) WEAKNESSES (disadvantages) 
• Rich cultural heritage and cultural diversity 
• Urban settlements with specific typological characteristics 
• Recognizable architectural typologies 
• Developed system of the protection of cultural property 
• Trend of steady increase of the number of protected cultural assets in the 
Central Register of ICP (immovable cultural property)  
• Programs to encourage the preservation of old crafts 
• Serbia's representation in programs and projects for the rehabilitation of 
the architectural and archeological heritage of Southeastern Europe, under 
the patronage of the Council of Europe and the European Commission 
• The project "Digitalization of immovable cultural heritage" – Ministry of 
Culture and Information and Serbian Academy of Sciences and Arts has 
started   
• Several international charters in the field of cultural heritage protection 
have been ratified 
• International cultural cooperation proclaiming Novi Sad the European 
Capital of Culture for 2021; participation of Belgrade, Novi Sad, Sremska 
Mitrovica and Smederevo in EU program for culture - Creative Europe 
 
 

• Insufficiently developed database on cultural assets 
• Non-alignment of the institutional and legal framework for the 
protection of cultural heritage with international recommendations, 
conventions and ratified charters 
• Long-lasting processes for the declaration of cultural property, 
especially those under prior protection 
• Insufficient cooperation of the professions involved in cultural 
heritage protection, planning and management - lacking practical 
guides and methodologies 
• Inadequate treatment of immovable cultural property in planning 
documents - lack of contextual analysis and valuation of the building 
stock and spatial verification of individual sites 
• Directing funds intended for the maintenance of cultural monuments 
primarily to the technical protection and maintenance, without 
emphasizing the elaboration of development programs and projects 
that would contribute to the integration of cultural monuments in the 
environment and contemporary life 
• The typology of urban structure is not sufficiently recognized 
through planning documents 
• Declining urban settlements that represent important reference 
points of Serbia's cultural and historical past - especially smaller 
ones, in less economically developed parts of the country 
• Decay of valuable examples of urban architecture types (especially 
buildings and urban units from the other half 
of the 20th century and Industrial heritage) 
• Inadequate funding for heritage protection, cultural infrastructure, 
cultural programs and projects 
• Insufficient capacity of the cultural heritage protection service 
• Underdeveloped interpretation, animation and mediation at the 
immovable cultural heritage sites and cultural institutions 
• Low level of citizen participation  

OPPORTUNITIES (chances, potentials) THREATS (risks) 
• The availability of digital technologies to integrate cultural property data 
into a single, central database 
• Awareness of the scientific and professional public on the importance of 
culture and the protection of cultural heritage  
• Liaison between educational institutions and institutions dealing with the 
protection and planning of cultural heritage; creative educational programs 
for raising awareness of cultural heritage from the earliest age 
• Diversification of the financing system and ensuring greater involvement 
of the private sector, public-private partnerships, donations and funds from 
various European and international programs and funds (greater 
representation of urban settlements in the EU program for Culture - 
Creative Europe, etc.) 
• Strengthening urban identity based on cultural diversity 
• Realization of projects in culture and heritage protection in individual and 
groups of urban settlements and their rural environment - projects in the 
Danube area, wine routes, roads of Roman rulers, etc. 
• Development of cultural tourism and urban tourist destinations with 
cultural heritage offering cultural content and natural heritage in the 
destination 
• Development of promotion of cultural heritage sites, programs and 
projects in culture 
• Encouraging the development of old crafts 
• Promoting good practice examples 
• Active participation of citizens, cultural and artistic societies and 
representative associations in decision making on cultural development and 
heritage protection 
• Development of international cultural cooperation 
• Improvement of cultural heritage management instruments 

• The system of protection of immovable cultural heritage is 
decentralized in an incomplete manner - it does not allow for a 
uniform approach to the protection of heritage in accordance with the 
cultural and historical significance of particular areas 
• Sectoral approach to the protection and planning of cultural heritage 
• Insufficient cooperation between protection and planning 
institutions and insufficient awareness of the need of modernizing 
protection and planning procedures 
• Decay of valuable objects and entities 
• Economic underdevelopment of areas with important cultural 
potential 
• In urban development planning and management procedures, 
insufficient recognition and differentiation of important features of 
urban structure that represent elements of their identity and potential 
for development 
• New typologies that violate the identity of urban settlements due to 
the dominance of investors' economic interests - partial construction, 
illegal construction, etc. 
• The unresolved issue of improving funding for heritage protection, 
cultural infrastructure, cultural programs and projects 
 

Table 1: SWOT analysis of the spatial development of immovable cultural heritage in Serbia – prepared for the Sustainable and 
Integrated Urban Development Strategy of the Republic of Serbia until 2030 (by authors) 

7 GENERAL OBJECTIVES, PRINCIPLES AND CONCEPTS OF SPATIAL DEVELOPMENT OF 
CULTURAL HERITAGE IN THE 2021-2035 SPATIAL PLAN OF THE RS  

The overall objective of spatial development in the field of protection and planning of cultural heritage is to 
affirm cultural heritage as a resource for sustainable development and a factor of national, regional and urban 
identity. The principles of spatial development in the field of protection and planning of cultural heritage are: 

·  Integrative approach to the protection and planning of cultural heritage: cultural heritage consists not 
only of individual monuments and registered cultural assets, but also of objects of vernacular 
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architecture, industrial heritage, modern architecture and valuable ambient units, including the levels 
of the cultural area and cultural landscape; 

·  Harmonisation with international regulations: Serbia's cultural heritage is part of the international 
cultural heritage and, accordingly, protection and planning must be in accordance with international 
recommendations and standards; 

·  Sustainability: continued use of facilities that enjoy the status of cultural property saves resources 
and energy; 

·  Cultural heritage is a resource for sustainable development and a significant impetus to the 
development of urban settlements in Serbia, becoming a benchmark on tourist routes and 
contributing to the economic development of the community; 

·  Active public participation: the planning process takes place through a continuous dialogue between 
professionals and residents / users of the space;  

·  Respect for the context is the basis for improving the planning methodology in protected areas and in 
protected cultural assets; valorisation criteria must be applied to the overall physical structure in the 
environment of cultural property for the purposes of determining the precise protection zone; 

·  Digitalisation of cultural heritage for the purpose of more fruitful interdisciplinary cooperation, 
creation of a digital platform with a database and a map of cultural goods and cultural areas, with the 
possibility of filtering the database according to different attributes of cultural goods; in this way it is 
possible to assess the harmonised distribution of cultural property in the territory of Serbia and, 
through planned protection, to further affirm the lower category heritage in economically less 
developed areas, which in Serbia represent areas with rich culture and history (e.g. southern and 
eastern Serbia); 

·  Promotion and presentation of cultural heritage: national, regional and local identities are enhanced 
by raising awareness of cultural heritage and the responsibility of local and regional communities to 
their environment; 

·  Territorial approach to heritage conservation: cultural heritage is an integral part of broader spatial 
units to which it belongs, together with their ecological and landscape values, which imposes the 
need for integrated spatial management and development of holistic strategies and coordinated 
actions of all participants involved in urban development processes of contemporary cities in 
accordance with international documents dealing with the sustainable development of modern cities. 

·  Public-private partnership. 

The expected effects of implementing an integrative and territorial approach to the protection and planning 
of heritage are: 

·  Connecting institutions through digitalisation of cultural heritage, better cooperation and awareness, 
transparency and visibility of cultural assets that are protected, in the process of protection or 
proposed for protection;  

·  Formation of networks and sub-networks, cultural routes and cultural areas through a territorial 
approach, which opens the possibility for project financing, special programmes (especially cultural 
tourism) for the regeneration and revitalisation of certain areas, which creates economic effects; 

·  Recognition of architectural and urban heritage and their inclusion in planning and institutional 
protection in accordance with the most recent international recommendations and charters; 

·  Strengthening of national, regional and urban identity as an important lever for sustainable 
development - increase of tourist appeal and consequently economic effects;  

·  Inclusion of Serbia in international cultural routes recognising its cultural potential, especially as part 
of its international cultural heritage. 
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8 CONCLUSION 

Integrative approach, territorialisation and digitalisation were the 3 key topics of the principles of spatial 
development of Serbia in the field of protection and planning of cultural heritage. They are related to charters 
and recommendations adopted at European level since the adoption of the previous spatial plan (2010), 
primarily the UNESCO Recommendation on the Historic Urban Landscape 2011 and the Territorial Agenda 
of the  European Union 2011. 

The principle of an integrative approach to the protection and planning of cultural heritage is in line with the 
first topic. Therefore, not only individual monuments and registered cultural assets are included in cultural 
heritage, but also objects of vernacular architecture, industrial heritage, Modern architecture and valuable 
ambient units, including the levels of the cultural area and cultural landscape. Respect for context represents 
the basis for advanced planning methodology in protected areas and in protected cultural assets. In order to 
determine precisely the protection zone, valorisation criteria must be applied to the overall physical structure 
in the environment of cultural property.  

The principle of a territorial approach to heritage conservation is in line with the second topic: cultural 
heritage is an integral part of the wider spatial units to which it belongs, together with their ecological and 
landscape values, which imposes the need for integrated space management and the development of holistic 
strategies and coordinated actions of all participants involved in urban development processes of modern 
cities in accordance with international documents dealing with the sustainable development of modern cities. 

The principle of digitalisation of cultural heritage is in line with the third topic. For the purpose of more 
fruitful interdisciplinary cooperation a digital platform is suggested with a database and a map of cultural 
goods and cultural areas, with the possibility of filtering the database by different attributes of cultural goods. 
In this way, it is possible to assess the uniformity of distribution of cultural assets in the territory of Serbia 
and, through planned protection, to further affirm the lower category heritage in economically less developed 
areas, which in Serbia represent areas with rich culture and history (e.g. southern and eastern Serbia). 

The access analysis of the drafting of the new 2021-2035 Spatial Plan of the RS indicates the need of a 
common platform for the protection, planning and sustainable use of cultural heritage. This platform should 
operate on three levels, first linking data on cultural property; second, all formal and informal documents 
relating to cultural heritage, and above all its spatial dimension; and last but not least, a wide range of 
participants engaged in the protection, planning and management of cultural heritage. 
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Campus Development of the IDEA League Universities 
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1 ABSTRACT 

The university campus – for centuries an important urban building block and also in our future cities of 
tomorrow: it is impossible to imagine life without it. But what does modern campus planning look like in a 
re-mixing city of tomorrow and what concepts are being followed to integrate the university campus in the 
21st century and to adapt it to digitalization and networking and develop it further?  

What concepts can be derived from networks, such as strategic alliances like the IDEA League, an 
association of five leading technical universities in Europe? How do these universities help to shape our 
European cities, what urban development ideas do they follow and how can they serve as a motor for urban 
development? 

Based on the IDEA-League partners: Delft University of Technology (Netherlands), ETH Zurich 
(Switzerland), RWTH Aachen University (Germany), Chalmers University of Technology (Sweden) and the 
University Politecnico di Milano (Italy), these research questions will be examined and analysed in detail 
with the aim of developing a design guideline for campus development. 

Based on current plannings, such as the campus redesign in Milan by Renzo Piano, the Science City at the 
ETH Zurich and the RWTH Aachen extensions Campus Melaten and Campus West, first results of the 
analysis are presented below. Important aspects that will also form the first cornerstones of the design 
handbook are the “24-student campus”, “outdoor space” and the “recreational area”. 

Keywords: IDEA League Universities, campus development, redesign, future cities, urban development 

2 INTRODUCTION  

What exactly is meant when we talk about “Future Cities”, “Re-Mixing the City: Concepts and Perspectives 
for Mixed Use in Future Cities?” (REAL CORP 2020) What are the uses, the building blocks, the contents 
that put together such a future city?  

Especially in Aachen, one of the most important and largest urban building blocks is the university, namely 
the RWTH Aachen University. Campus development and planning is not only in Aachen a current topic of 
urban development. Universities are growing, student numbers are increasing and more and more people are 
deciding to study after school. Society is increasingly transforming itself into a knowledge society. 

Growth, digitalization and new media have an impact on the teaching units of the universities and force them 
to adapt and change again and again, regardless of their sometimes centuries-long traditions, such as the 
RWTH Aachen University, which is celebrating its 150th anniversary this year. Universities are thus 
involved in constant processes of change, which not only affect aspects of content or the further development 
of curricula, but are also physically manifested in the expansion of campus areas in the urban space. Despite 
digitalization, the physical presence of the universities remains untouched, current surveys show that demand 
for student learning jobs and places to stay at the universities is constantly growing, and that digitalization 
itself requires increasing space. This is because servers and technical infrastructures also require university 
buildings, and despite the fact that more and more lectures are available on the Internet, new research 
clusters and university departments are being developed and built. 

Not only are new research areas increasingly emerging, but digitalization also leads to ever new networks. 
University departments and research institutions are combining forces in an interdisciplinary way, even 
beyond national borders. One example is the IDEA League, an association of the leading European technical 
universities. Technical and scientific exchange, which is currently already taking place in the field of 
traditional engineering subjects, also represents a great potential to be used on an architectural level.  

All of these five universities have faculties of architecture and the question that now arises is how these 
renowned universities can help to shape their home towns and cities and thus be a motor for urban 
development? Can this network be used to develop guiding principles for urban development and what goals 
can be identified and how can future urban planning benefit from the knowledge gained? 
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In summary, the objective is to analyse the aforementioned research questions in more detail with regard to 
the IDEA League locations and to derive guiding principles from them as to how future campus development 
should be designed. In this process, we will take a closer look at how campus development and urban 
development concepts of the European university network of the IDEA League work and how they can be 
mutually dependent on each other to develop future design principles and concepts. 

This goal is to be achieved by analyzing the existing literature and planning documents, by on-site research 
and interviews with planners, in order to be able to map the developments and active planning in the field of 
campus development. 

3 CAMPUS DEVELOPMENT  

By definition, the campus is the site, the field on which the university with its entire number of faculties is 
housed, but how does one develop such a campus area in terms of urban planning today?  

From historical sources, universities have developed in urban locations with an exposed location of their 
main building (Kruschwitz 2011: 218). The inner-city connection between university and city was not only 
identity-forming for university life but also for the entire city. 

However, the question that now arises is, how can these same old inner-city universities develop in the future 
and what will future university development models and campuses look like?  

The IBA Heidelberg is running from 2012 to 2022 under the heading “Knowledge Creates City”. The IBA is 
concerned precisely with the question of how university and city and the associated development work 
together.  

But where exactly is the campus development going? Today the campus is no longer just the former field - it 
is much more the outdoor space around the individual university buildings that is gaining in importance. The 
public outdoor space is increasingly becoming a place for living and working through digitalisation and 
mobile user terminals. 

On the one hand, our teaching is also becoming increasingly digitalized, with lectures being retrievable and 
traceable from the Internet. The time students spend on campus is being reduced, but at the same time a 
contrary development can be observed, with students increasingly visiting study and work rooms on campus 
to meet and let ideas grow through chance encounters. The world is becoming increasingly networked, the 
campus of tomorrow will be different from the mere place where knowledge is absorbed, but what does this 
mean in terms of urban planning and architecture, how can one learn from such networks there as well? 

These campus development analyses are to be examined and executed on the basis of five leading technical, 
European universities, which have joined together to form the IDEA League University Network. 

4 THE IDEA LEAGUE UNIVERSITIES 

4.1 The Idea of the IDEA League 

The IDEA League is a strategic alliance of currently five leading European universities, which pursue the 
goal of representing Europe as a leading technology and innovation location worldwide. The five research-
oriented partner universities have a high international reputation and educate future generations of engineers. 

The title of the IDEA League goes back to the names of the four founding universities. These include 
Imperial College London (United Kingdom), Delft University of Technology (Netherlands), ETH Zurich 
(Switzerland) and RWTH Aachen University (Germany). In addition, ParisTech (France) joined the league 
in 2006. Imperial College London and ParisTech have already left this network and were replaced in 2014 by 
Chalmers University of Technology (Sweden) and the University Politecnico di Milano (Italy) in 2016. 

For Imperial College London, the reasons for leaving the alliance were financial, and for ParisTech, the 
reorganization into Université Paris-Saclay (UPS). (Schlaefli 2014) 

The League is an alliance whose name “IDEA” stands for its basic attitude, namely to act less out of 
lobbistic, political interests and more with the motivation of a common exchange of ideas. (Schlaefli 2014)  

In addition to the function of the best possible European representation, the network aims to link research 
and teaching and to promote technological exchange and knowledge sharing between leading European 
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technical universities. Through exchange programs and summer schools, for example, students and scientists 
in many fields of study come together to network the universities. 

4.2 Urban Development in the European Context 

Especially in the field of architecture and urban planning, however, very little discourse takes place in the 
context of the IDEA League, which means that the potential of different urban development ideas and 
concepts within the university network is not exploited. Especially with regard to the urban development 
planning of the campus areas in the individual IDEA League cities, synergies could be used and strategies 
could be exchanged and thus mutual inspiration and learning could take place. 

What role do urban planners play in these development strategies and which actors work together in these 
campus development processes? 

The intention is not only to achieve a functioning campus planning, but also to create a “livable city” in 
which there are no urban parallel societies between university and city society. The aim is to create a “city 
for all” that integrates knowledge into the city and thus allows the public welfare of an interlocking and 
multi-layered urban society to be experienced. 

Furthermore, it is not only the spatial integration of the university into the city that must work, but also a 
social integration is crucial. The university must not see itself as an elitist, difficult-to-access urban 
component, but rather it must be accessible at various levels, to all social classes, in order to be able to 
integrate itself really actively into the city structure. Recent efforts such as children's universities, summer 
schools or the concept of study courses for senior citizens contribute precisely to such an opening of the 
university and create integration and networking with the city. Due to the subliminal use of the university in 
the everyday life of the non-university urban population, a natural and true integration of the university into 
the urban fabric is achieved. 

This aspect also leads to the fact that the urban fringes of university campuses, which often show hard urban 
breaks, begin to intertwine with the usual urban fabric, because the campus areas are then also used by the 
entire urban population. A prerequisite for this, however, is that the university understands and designs the 
areas around its research buildings as atmospheric outdoor spaces and recreational areas of the city and does 
not see them as purely functional, as a park or a rubbish dump. The integration of gastronomy, sales and 
recreational areas, as an extension of the urban mix of uses, especially at the edges of the campus, will allow 
the campus to be successfully linked to the city. 

4.3 Future Campus 

“The identity of a city cannot be measured” (Reicher 2019: 27), but it is particularly the interplay of the 
individual city components that makes up the identity of a city. A university is also one of these city building 
blocks and the example of the five IDEA League universities shows how campus planning and development 
can be thought of in very different ways in connection with the city.  

How do these five differently sized cities of the League deal with the challenge of campus development and 
how can a university influence an entire region or metropolis?  

The examples of Aachen, Zurich or Delft show how globally identity-giving for the entire city are their 
universities, whereas Milan or Gothenburg are not necessarily known primarily through them.  

However, the connecting element of these five universities is that they are constantly growing and also have 
to expand spatially, resulting in five very different campus development systems, which are to be analysed 
and compared. 

A campus development is currently taking place in Milan. Milan is not only known for its university, but 
increasingly sees itself as a city of science, and the Politecnico di Milano with its inner-city locations the 
Campus Leonardo and the younger Campus Bovisa shall be complemented by the Renzo Piano Campus. The 
Renzo Piano Campus will be created by redesigning the campus areas along the Via Bonardi. The decisive 
design element is to connect the individual solitary university buildings by means of new buildings and to 
open up the intermediate areas, the exterior space by means of intensive greenery. This will create a liveable 
campus and a completely new urban area of knowledge. 
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What exactly is the so-called “Science City” (Schmitt 2004: 3) as propagated by the ETH Zurich as a campus 
and urban development system and what exactly is the implementation of this idea of a sustainable city 
district that includes knowledge locations? 

In 2010, the new ETH Zurich Hönggerberg campus was awarded the European Science Culture Prize. This 
campus area, located on the outskirts of the city just outside the city centre, is aimed to become the new 
flagship of ETH Zurich as "Science City". As an expansion opportunity for the university, which is actually 
located in the city centre, an attempt was made to directly shape the aspect of the stay on the campus through 
its location in a former natural recreation area, through living and sports facilities. 

In the same way, the example of RWTH Aachen University also raises the question of how campus 
development clusters in Aachen West or Aachen Melaten function detached from the innercity campus.  

RWTH Aachen University is a constantly growing group of new faculties and comprised 32,240 students in 
the winter semester 2010/2011, which has now increased to 45,628 students in the current winter semester 
2019/2020. (RWTH Aachen University 2020) 

Particularly in so-called university cities such as Aachen, the university is the largest employer and closely 
interwoven with the city. But campus expansions are increasingly being relocated to peripheral locations, 
which means that the city loses the positive influence of demographic change and thus also part of its 
identity as a university city.  

Another question that can be derived from this aspect is the question of if a university in its function as an 
economic real estate player and employer would not have to intervene much more strongly with its campus 
development in the context of urban development in order to do justice to its identity-forming role?  

An example of this would be the campus developments at RWTH Aachen University. With its newly built 
research clusters on the Melaten campus, the university has moved away from Aachen city centre. But 
RWTH Aachen University is continuing to expand, and in June 2018 it purchased the Aachen West area, a 
disused railway area at Aachen’s Westbahnhof station. The university now has the opportunity to build a 
completely new campus in the link between the original inner-city Mitte campus and the new Melaten 
campus, and to build a new piece of the city as a developer, so to speak.  

RWTH Aachen University will thus not only become one of the largest research campuses in Europe, but 
will also have the opportunity to connect its campus areas. In contrast to the campus development in the 
Melaten area, the goal was once again defined: not only to create more university and research clusters that 
are completely empty at night as on the Melaten campus, but also to revitalize the west campus with housing, 
shops, restaurants and cultural offerings. The question that now arises is whether RWTH Aachen University 
will be able to create the so-called 24-hour campus and if it creates an integrated new urban quarter with the 
campus. 

Furthermore, the question arises if an integrated urban district is created when living on the campus is only 
planned for students or university members. On the one hand, this would create a ghettoising, planning 
definition, while on the other hand, it would help to tackle the acute housing shortage for students. However, 
in view of the prospect of the Re-Mixing City, an attractive residential area should be created on campus for 
all parts of the city’s population to ensure that this part of the city is not only busy during the semester.  

5 CONCLUSION 

In summary, the first results of the campus analysis in Milan, Zurich and Aachen show the aspect of a re-
mixing city. An essential component of a functioning, high-quality campus structure is the integration of 
mixed use. City and campus development must be thought and developed together so that they are positively 
interlinked. The campus must be designed like a piece of quality city and not like a collection of faculty 
buildings that seem abandoned at night. 

The often mentioned and demanded 24-hour campus is based on exactly this model of mixed use. It is 
especially the main attraction of living that leads to a 24-hour revitalization of a campus area. A positive 
side-effect of the residential use is a public transport connection that must be guaranteed 365 days a year, 
whereby learning rooms and, for example, sports facilities on the campus are also well connected at 
weekends. 



Hanna Potulski 

REAL CORP 2020 Proceedings/Tagungsband 
15-18 September 2020 – https://www.corp.at 

ISBN 978-3-9504173-8-8 (CD), 978-3-9504173-9-5 (print) 
Editors: Manfred SCHRENK, Vasily V. POPOVICH, Peter  ZEILE, Pietro ELISEI,  
Clemens BEYER, Judith RYSER, Christa REICHER, Canan ÇELIK 

121 
  
 

Through a connection with gastronomy, utilities and cultural offers, living on the university campus itself 
becomes an attractive area of public life and is included in the urban space.  

This makes it clear that living is the guarantee for a 24-hour lively quarter and that this aspect should be 
taken into account in new campus developments or extensions. Regardless of whether it is an inner-city 
campus area or a spin-off, the remixing city aspect is essential for a qualitative atmosphere on the campus. 
From an inner-city point of view, the campus must be seen as a piece of the city and try to develop it further 
in a peripheral location, otherwise industrial area-like structures will be created and the homogeneity of the 
campus landscape will break up urban structures or prevent them from being created. It is precisely this 
homogeneity of a single use that is responsible for the creation of a ghost campus, where after the end of 
lectures and on weekends areas lie fallow and the potential of urban building blocks is not used. 

This aspect leads to a further analysis result, the residence areas. As banal and simple as this aspect may 
seem, it is also decisive. The aim is to increase the quality of life on the campus. Because it is precisely the 
intermediate areas between the lecture hall and the seminar rooms that allow time for creativity to develop 
and create space for encounters. It is about creating a campus where people like to be in the city and even 
spend their free time. Because this is the breeding ground for new ideas, initiatives and start-ups. Various 
studies show that boredom promotes creativity and how important it is in the development of children to 
awaken their own creative will and fantasies. Large corporations have also taken this insight on board and 
create consciously atmospheric lounges and areas to stimulate their employees’ idea development through 
brief relaxation phases. The campus therefore needs areas where people like to get bored and simply linger. 
Today's working time models are becoming more and more flexible and longer, so places to relax on the 
campus are essential, and it is also essential to offer catering in the later evening hours. It is not acceptable 
that elitist research is carried out on the university campuses of today and that new research clusters are 
constantly being created, but that the essential infrastructural aspects of daily needs do not grow with them. 

This aspect also leads to the third result of the analysis, the external space / interspace. What may have been 
simple pathways or traffic areas in the past is now used much more naturally as outdoor space. Public places, 
but also open staircases are becoming meeting places and recreational areas in public urban space. The 
outside space is getting prominent. Since working and learning is no longer limited to libraries or power 
connections due to the progressing technology, this is now possible on the entire campus and especially in 
the outdoor areas. Some university campuses have managed to create and secure atmospheric outdoor spaces 
or even green spaces, but many campuses are an accumulation of different solitaires from different decades. 
The challenge now is to combine them into an atmospheric campus by upgrading the exterior and 
intermediate areas and creating recreational spaces.  

These initial results of the analysis will serve as basic building blocks for the design guidelines and will 
provide a more in-depth analysis of how the different university cities deal with these issues. Country-
specific planning ideas and approaches on the urban planning level will be considered and worked out in 
further steps in order to create a design guideline for inner-city campus development as an objective and 
imlication of research.  
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1 ABSTRACT 

Sustainable campus development has gained the attention of several policymakers and urban planners within 
the past decades with different campuses across the world claiming to be sustainable or have adopted 
initiatives of becoming sustainable. The different tools for assessing sustainability in higher education cannot 
be utilised in all institutions across the globe due to factors such as regional variation. This paper established 
and formalised a systematic approach to comprehensively review sustainability indicators identified in 13 
campus sustainability assessment tools. Thereafter, Twitter social media and an online big data analysis tool 
were utilised in selecting environmental-based sustainability indicators for higher educational institutions in 
Nigeria. The rise in the use of social media amongst tertiary institution stakeholders ensures that a better 
understanding of environmental challenges can be derived from the perspectives of these stakeholders. The 
findings from the comprehensive review of the selected 13 tools reveal that there are variations in the sets of 
their sustainability indicators and selection process. None of the tools have compatible indicators for campus 
sustainability appraisal and none of the tools utilised social media and big data technology to arrive at the 
adopted set of indicators for their appraisal framework, threshold, and rating. We identified energy, 
environment, transport, infrastructure, waste, and water as the major categories for sustainability indicators 
in Nigeria. The current research gap identified from literature strongly justifies the purpose of this study that 
setup sustainability indicators that are peculiar to tertiary institutions in Nigeria that will bring about an 
appraisal framework and also give room for campuses to compare their sustainability performance and 
interchange of standard practices. 

Keywords: Elastic stack, Campus sustainability, Social media data, Nigeria, Sustainability indicators 

2 INTRODUCTION 

For several decades, campus sustainability appraisal (CSA) has been identified as a paramount initiative in 
different academic disciplines such as urban planning, urban design, environmental design, landscape 
architecture, social sciences, and others. Research on CSA differs based on methodology, aim, objectives, 
nature of the study and the local conditions of the location where it is being carried out. Different researchers 
in academic fields have an interest in multiple aspects of CSA, therefore its implementation has been 
initiated, conceived and measured differently over time. While some scholars are interested in the appraisal 
of sustainability courses in tertiary institutions' curriculum, research, scholarships, and campus operations; 
others are paying attention to sustainability accounting and outreach to the larger society. According to 
Sonetti et al. (2016), CSA “have been used for more than a decade, as tools for identifying best practices, 
communicating goals and experiences, and measuring progress towards achieving the concept of a 
sustainable campus” p.2. A sustainable university is defined by Velazquez (2006) as ‘‘a higher educational 
institution, as a whole or as a part, that addresses, involves and promotes, on a regional or a global level, the 
minimisation of negative environmental, economic, societal, and health effects generated in the use of their 
resources in order to fulfil its functions of teaching, research, outreach and partnership, and stewardship in 
ways to help society make the transition to sustainable lifestyles“p.30. 

Different scholars at university, non-governmental, country-level in addition to the United Nations 
Environment Programme (UNEP) have established toolkits, ratings, models, frameworks for CSA as a tool 
to evaluate the level of environmental, social, economic and institutional sustainability in higher educational 
institutions (HEI) campuses. In such an appraisal, the first task is usually the identification of the various 
dimensions and attributes of the CSA in HEIs settings.  In general, the CSA attributes are categorised into 
main criteria, sub-criteria, and indicators. The hierarchy and number of CSA criteria and indicators specified 
and addressed in different tools are numerous and differ from framework to framework. However, despite 
various definitions of CSA, a larger percentage of researchers in the area of campus sustainability tend to 
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always conduct their studies with the approach that the CSA framework is multidimensional. They also agree 
that CSA tools have subjective and objective attributes and that these should serve as the foundation of CSA 
as a whole. 

CSA studies in HEI campuses have been driven by the United Nations Environment Programme, Education 
for Sustainability Development Innovations Programmes for Universities in Africa (Lotz-sisitka 2013) and 
many more. This trans-continental, extensive development and utilisation makes the CSA an effective, useful 
and practical approach of measuring and rating the impact of campus developmental and sustainability 
policies. As a result, CSA can be referred to as a pragmatic tool that gives a broad base of information for 
HEIs authorities, administrators, campus planners, and local policymakers. For instance, the outputs of CSA 
exercise can be utilised by HEIs policymakers to evaluate the accomplishment of their policies and action 
plans. The appraisal of sustainability at the HEI level can also be perceived as a way of monitoring changes 
in HEI stakeholders’ view of the level of importance for improving campus life and direction for future 
development in developing nations like Nigeria. 

Nigeria is a country located in West Africa with huge crude oil and gas reservoirs and is among the countries 
with the highest Gross Domestic Product (GDP) in Africa. The country was transformed from an 
underdeveloped sub-Saharan African country to a powerhouse in Africa mostly due to huge revenue from the 
sales of crude oil. The spontaneous development of university campuses to meet the demand of the huge 
population of the country and the migration of people from the hinterland to the urban centre for the 
acquisition of higher education degrees had led to the difficulties of initiating and implementing new and 
adequate facilities and infrastructure. These challenges have been creating some significant impacts on the 
people residing within these HEI campuses and their environs. Urban planners and government officials have 
been formulating plans and policies to curb these challenges without any significant improvement leading to 
the need for CSA research. In approaching these challenges, there is a need for the establishment of an 
assessment tool/framework for the appraisal of campus environmental development within the HEI 
campuses in Nigeria with a corresponding policy manual on campus environmental sustainability. To 
achieve these enormous tasks, there is a need for setting up sustainable appraisal indicators that are in line 
with the situation on campuses within Nigeria.  

Despite the high investment in planning, designing and establishment of HEI campus across the geopolitical 
zones in Nigeria, there is an absence of metrics to appraise the environmental sustainability of these 
campuses for adequate quality of life. A comprehensive review of the literature reveals that studies using 
social media data and or big data analysis tool to ascertain the peculiar sustainability indicators of the region 
where CSA techniques are being implemented has not been conducted before. Despite the focus of some of 
the targets of the Sustainable Development Goals (SDGs) on information and communication technology 
(ICT), it can be observed that this has not been fully implemented. This study utilised a technology-driven 
(open-source software and social media data) methodology that bridges the gaps in existing research and 
produces an outcome that has the potential of ensuring liveable campuses and cities for all. The findings of 
this study are also very useful for all professionals in the built environment as well as researchers in the area 
of sustainable and green campus planning. It will also serve as the foundation for studies, projects, and 
research on CSA in Nigeria HEI campuses. 

3 LITERATURE REVIEW 

3.1 Social media Data and Campus Sustainability Appraisal Research 

The social media has completely changed the way people communicate within the last decade. Different 
social media platform provides a huge volume of information which has led to a new field of research known 
as big data. Researchers are now relying on a large amount of data from various social media channels to 
conduct social science projects rather than wasting huge financial cost and time on ethnographic trips, 
questionnaire survey or interviews. This is because the social media is currently the most preferred means of 
communication which do not restrict the users the expression of their feelings within their comfort zones and 
available time, unlike conventional survey and interview that will require that the interviewer book an 
appointment with the interviewees or encroach on their privacy and busy schedule. At present, virtually 
everyone with access to the internet has at least a social media platform for interacting with family and 
friends, colleagues, groups, news channels, organisations, politicians and institutions administrators. 
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Moreover, social media is now gradually eliminating the print media, television channels, and other media 
channels. There are currently more than 2.82 billion of the world population with internet service on social 
media making social media one of the highest means of communication and sharing of online information 
(Pitrov and Krej� 2019). The increase in the use of social media can also be related to the wireless internet 
connection to tablets and smartphones which are easy to move around and easily accessible unlike laptops, 
personal computers, and desktop computers. The connection of the internet to different devices is no more a 
daunting challenge in the current age and time in most developed and developing countries of the world. 

The social media is now transforming communication from physical (face to face) interaction to virtual 
interaction on different electronic gadgets. The dramatic decrease in the price of electronic gadgets and a 
corresponding increase in the performance of software/hardware, wireless connection, computer processing 
unit and application that is being witnessed across the globe have given rise to the concept of social media 
big data analytics and artificial intelligence. This has also led to the implementation of projects in various 
fields like transportation, e-tourism, e-commerce and construction and environment. Presently the huge 
volume of social media data mined by different researchers, analytic companies and institutions are much 
easier to clean, filtered and interpreted in different cloud storage environments to bring about new services or 
approaches to conduction business or designing transportation route, etc. These new discoveries emanating 
from the use of data from social media is opening new commercial, investment, sustainable planning and 
construction opportunities. The era of experiencing difficulties with the storage of a huge volume of social 
media is gone as there are several cloud storage environments that can be utilised for free or via the payment 
of subscription fees. Now, the vital aspect of the social media big data research is the development of 
models, framework or logical approach towards efficient utilisation of the data to bring out excellent 
outcomes. 

In the nearest future, there is a high tendency for the adoption of social media data in several fields will 
escalate. A comprehensive review of literature on tools and framework for the assessment of sustainability in 
HEIs across the globe reviews that the utilisation of social media data is lagging. Studies conducted by 
Carpenter et. al., (2016) and Hamid et. al., (2017) recommended the promotion and the awareness of social 
media roles in sustainability in higher education. This study seeks to bridge this gap identified in the existing 
literature and advanced the studies of environmental sustainability in Nigeria higher education with the 
incorporation of social media data. Currently, there are several conferences, workshops, and seminars on 
several social media research outcomes. Although, there are difficulties with the use of social media data for 
conducting different types of research, the most prominent one is the trade-off between privacy and utility. 
The difficulties of accessibility and privacy were eliminated in this study by obtaining a Twitter developer 
account application as well as the use of a Python 3 library in addition to a complementary codes/command 
lines for accessing old Twitter data. 

3.2 Elastic Stack for Campus Sustainability Appraisal Research 

The three powerful online open-source software for a huge volume of data analysis from single or multiple 
sources which are (i) Elasticsearch, (ii) Logstash and (iii) Kibana are jointly referred to as Elastic Stack. 
Each can work independently but more reliable and efficient when incorporated together. The Elastic stack is 
designed to work as a software as a service but it can also be used on other premises/platforms (Bajer 2017). 
The first plugin-based which is known as Logstash is designed to mine different or single data source in the 
form of HTTP API, CSV file, etc. once or simultaneously; and thereafter, to modify and transfer the data to 
other software, devices or plugin-based features (Bajer 2017). The mining and transformation of data takes 
place usually in a three-phase process of (a) inputs (b) filters and (c) outputs. In most cases, the filtered data 
are shipped to Elasticsearch despite having the power of sending the processed data to other database or 
analytics algorithms. The second which is called an Elasticsearch performs simple and or complex search 
operations such as query in newline delimited JSON, statistical and CRUD (create, retrieve, update and 
delete) operations. The third powerful tool called Kibana is a visualisation internet-based platform for 
analysing, searching and viewing data that are contained in Elasticsearch assemblage.  

In summary, Logstash can be referred to as a collecting and parsing tool; Elasticsearch, a storage, and 
searching tool while Kibana is a visualising tool. A fourth product known as Beat has been recently added to 
the stack. A comprehensive review of the literature shows that the integration of huge open source and 
commercial data sources, user-generated content on a various online platform, Internet of Thing (IoT) data, 
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energy data, and open government data via the use of Elastic Stack for resolving different commercial and 
development projects have been conducted. Findings from this review reveal that the utilisation of these 
three online tools and technologies is lagging in the projects, studies, and research on CSA. None of the 13 
CSA tools reviewed in this study utilised this software in mining, filtering or visualising social media data 
for conducting and implementing sustainable or green campus research. 

3.3 Measuring Sustainability in Campuses: Indicators and Categories 

Although there are several appraisal tools for measuring the level of sustainability in different parts of the 
world, it has been observed that a common approach of assessment exists among these tools. Assessment via 
the use of indicators remains the most widely adopted approach by many scholars in the field of 
sustainability in higher education (Alshuwaikhat et. al., (2017). CSA indicators can be regarded as the 
paramount component to be considered when conducting an appraisal of HEIs sustainability performance. 
This is due to their provision of reliable, useful and relevant information on specific attributes of HEI 
campuses. However, virtually all the CSA tools have a framework that is based on hierarchy in such a way 
that assessment indicators are categorised under criteria, dimensions, modules, aspects, principles, strategies, 
etc. A comprehensive review of 13 documents of the existing CSA tools reveals that there are diverse 
approaches to classifying the adopted indicators into a hierarchy. Findings show that three CSA tools 
adopted the criteria approach, five adopted the categories approach, two adopted the strategies approach and 
the remaining adopted the module, dimension, and principle approach each. In addition, a review of several 
works of literature on the subject of sustainability in higher education also shows that different scholars 
come up with a diverse classification of assessment tools into indicators as well. For instance, (Alghamdi et. 
al., (2017) adopted the hierarchy of assessment tools into criteria.  

Also, there are multiple approaches that have been adopted by scholars in selecting suitable indicators for the 
development assessment tools for appraisal purposes. The two most widely adopted approaches are theory-
driven and data-driven. Other approaches include but are not limited to policy-driven, reference values for 
indicators, ecological-based and spatial based indicators (Niemeijer 2002). The theory-driven approach to 
selecting indicators for sustainability assessment is based on the selection of sustainability indicators that are 
in line with a certain philosophical approach or theoretical framework. On the other hand, the data-driven 
approach is based on the availability and ease of accessing reliable and relevant sustainability data. It was 
discovered that the most widely adopted approach is data-driven.  

A comprehensive review of 13 CSA tools shows that seven of these tools did not provide an explanation of 
the selection criteria for the adopted indicators. One of the tools adopted a subjective view of what the 
developers of the tools feel appropriate for sustainability in higher education with yearly modification. 
Another arrived at the adopted sustainability indicators for their tools by modifying the sustainability 
indicators contained in the Global Reporting Initiative (GRI) Sustainability Guidelines and thereafter 
validate the selected indicators at workshops on sustainability in higher education. The remaining two CSA 
tools conducted a comprehensive review of existing tools to extract sustainability indicators, thereafter 
adopted and developed a convenient filtering process for the selected indicators. After the filtering process, 
their final selection of indicators was concluded with the local expert analytic hierarchy process (AHP). It 
was observed that despite the involvement of local experts in the process of indicators selection by two of the 
existing CSA tools, none utilised the social media data, big data analytics tools and wide coverage of local 
stakeholders in HEI in arriving at the selection of sustainability indicators for their appraisal process. As such 
this study was designed to fill the existing gap in the literature. The next section presents the methodology 
adopted for this research. 

4 METHODOLOGY  

There are many well-known established assessment tools with the tendency of witnessing more in the 
coming years. After conducting a comprehensive review of extant literature, several CSA tools were studied 
and examined. However, the selected tools for this study were selected based on the following criteria: (1) 
they are all available in the English language and easily accessible on the internet. The tools that were 
identified but not written in English such as one developed by the German Commission for UNESCO was 
excluded from the list. (2) they are indicator-based appraisal frameworks. The selection of tools based on 
indicators was because they provide platforms for easy measurements and comparison. Appraisal tools based 
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on narrative assessment and an account of sustainability status were excluded. (3) they are developed 
specifically to be utilised in HEIs. These tools are mostly addressing specific requirements within HEIs 
campuses. (4) they are not designed for individual tertiary institutions but rather for institutions at either 
global, continental, regional and national level, and (5) their design approach, structure, background 
information, adopted criteria and indicators are all available in the form of either a technical manual, reports, 
documents or articles. Those tools that are online-based or well-known (such as The Green Plan and 
Benchmarking Indicators Questions – Alternative University Appraisal) but without their reference sources 
were excluded.  

The comprehensive list of sustainability indicators that are peculiar to HEIs across the world was carried out 
by identifying and extracting all the various categories, indicators, and sub-indicators in the 13 CSA tools. A 
total of 55 categories, 220 indicators, and 266 sub-indicators were successfully identified (see Table 1). 
Thereafter, the indicators were subjected to exclusion criteria to ensure that the indicators that are only 
relevant to the scope and focus of this study were identified. The focus/scope of this study is on campus-wide 
(spatial) planning and measurable environmental pillar of sustainability that affect HEIs campuses in 
Nigeria. This is because HEIs campuses in Nigeria have substantial geographical areas (Adeniran, 2015; 
Adeniran, 2014) with severe impact and certain campus spatial data could be extracted without reliance on 
official data. The study also focuses on environmental and spatial-based indicators due to an increase in 
spatial decision support systems research which has not been extensively covered in campus sustainability 
research. As such, all the indicators that focus on aspects such as sustainability curriculum in HEIs, socio-
economic sustainability and accountability and many more were excluded from the list. 

CSA Tools Version 
Reviewed 

Categories Indicators Sub-
indicators 

Sustainability Assessment Questionnaire 2001 7 - - 

Graphical Assessment of Sustainability in University 2006 4 8 59 

Sustainable University Model 2006 4 23 - 

University Environmental Management System 2008 3 8 23 

Assessment Instrument for Sustainability in Higher Education 2009 5 30 - 

Unit-based Sustainability Assessment Tool 2009 - 9 - 

Three dimension University Ranking 2009 3 15 - 

DPSEEA-Sustainability index Model 2011 5 20 56 

Graz Model for Integrative Development 2012 5 15 - 

Sustainable Campus Assessment System 2013 4 25 34 

Adaptable Model for Assessing Sustainability in Higher Education 2014 3 9 25 

UI’s GreenMetric University Sustainability Ranking 2019 6 39 - 

Sustainability Tracking, Assessment and Rating System 2019 6 19 69 

Total   55 220 266 
Table 1: Overview of the 13 CSA tools analysed in this study 

The stage that follows merged all the repeated indicators and then structured the reduced lists into only two 
hierarchies. This was done to eliminate the challenges of users of the proposed appraisal model of not being 
able to understand or utilise it due to complexities. For instance, (Lozano 2006) observed that the GRI 
indicators are too large and made it difficult for benchmarking and longitudinal comparison. In the process of 
structuring the sustainability indicators to fit the scope of this study, the authors carried out minor changes 
although the categorisation adopted in the 13 CSA tools was taken into considerations. The uniqueness of 
each sustainability indicator was investigated based on their operational definitions. This was considered to 
eliminate the challenges of differences in defining and measuring the indicators across the selected tools. 
Finally, the remaining indicators that are in line with the scope of the study were used as keywords to filtered 
the Twitter social media data that were mined from twitter handles of 142 Nigerian universities (34 Federal, 
44 states and 64 private).  

In ensuring that scholars conducting studies on big data and machine learning related topics, Twitter, Inc. 
made available data that the users have decided to release with people from around the globe for researchers 
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after an application is granted. At the initial stage of this study, Logstash was utilised to extract tweets from 
Twitter via Twitter Application Programming Interface (API). After several attempts without substantial 
data, a Python 3 library (GetOldTweets3 0.0.11) in addition to specific command lines and a specific 
timeline was used to mine around a million tweets in CSV format from 142 universities in Nigeria. 
Thereafter, Python 3 library was utilised again with another set of command lines to ensure piping to another 
file in nlJSON format and run yet another command (Logstash: configuration file to cloud with key). This 
was because the CSV file format extracted data are not in the proper configuration for data analysis. Then, 
Logstash was used to feed the mined data into Elasticsearch for data cleaning while Kibana was used for data 
analysis. As for the identification of indicators for sustainability peculiar with Nigerian HEIs, the approach 
adopted at this stage of the study is the identification of tweets that contain the environmental-based 
sustainability indicators that are line with the scope of this study. The final filtering/selection process in 
ensuring that only tweets containing the targeted indicators were carried out on the Elasticsearch interface, 
Elastic Stack 7.5.0  version. 

5 RESULTS AND DISCUSSION   

Table 1 shows the displays of the breakdown of the selected 13 CSA tools. While the oldest version of the 
reviewed tool was designed in 2001, the latest version of the tools was modified in 2019. The categorisation 
of the indicators and sub-indicators into categories and hierarchies varies across the tools. The adopted 
indicators and sub-indicators amongst the tools also diverse from the indicators ranging from 8 to 39 while 
that of the sub-indicators is from 0 to 69. While some of the tools were designed solely for indicators, others 
are established with the classification of the indicators into categories. The remaining further sub-divided the 
indicators into sub-indicators. However, it was observed that one of the tools was designed as a questionnaire 
survey classified into seven categories. There are 55 categorisations of indicators across the 13 tools of 
which no single categorisation was used in all the tools and more than 10 categories were used in only one 
tool. This vividly shows a lack of uniformity in the categorisation of indicators across the CSA tools. Similar 
variations are observed in the adopted indicators and sub-indicators. This finding is interesting because most 
of these tools are developed and utilised mostly by the campuses of higher education in developed countries 
with closely related values. The authors are of the view that these variations are due to the tools differences 
in scope as well as accessibility and availability of data on selected indicators. The comprehensive review of 
the 13 tools reveals that the majority of the tools are establishment based on the availability of sustainability 
indicators for the appraisal process and not on the basis of public participation via social media. Although 
two of the tools invited local experts’ contributions in the selection of indicators for these tools, only one 
reported that eight local experts were involved which is small and cannot be regarded as being representative 
enough.  

The filtering process towards the identification of peculiar sustainability indicators for the establishment of 
the appraisal model and evaluated started with removing all indicators and sub-indicators with their 
categories that are not campus-wide, spatial and environmental in nature. This led to the reduction of the 
attributes to 13 categories, 50 indicators, and 66 sub-indicators. At the end of this stage, there are campus-
wide, spatial-based and environmental indicators that could (i) not be measured (ii) repeated across the tools 
and (iii) too generic and complex for sustainability appraisal. This led to another round of filtering that 
reduces the categories to seven (i.e., operations, environment, setting and infrastructure, energy and climate, 
waste, water, and transportation) and 29 indicators. After the identification of indicators that are in line with 
the scope of this study, the indicators were then validated to the case of universities in Nigeria. Rather than 
relying on validation of the indicators by consulting members of Nigerian university management, 
administrators or local experts in the area of a sustainable campus, validation based on social media was 
utilised in this study. When the seven categories were used as keywords to determine their peculiarity with 
the situation in Nigeria, six unique categories were finally identified. They are (1) environment (2) 
infrastructure (3) energy (4) waste (5) water and (6) transportation. On the other hand, the 29 indicators were 
reduced to 11 unique indicators peculiar to HEIs within the context of Nigeria. The data from twitter social 
media shows that the HEIs stakeholders in Nigeria did not discuss and pay attention to the issue of campus 
operations, settings and climate. Table 2 shows some indicators which relate to the planning and 
management of campus functions and space, thus have a spatial dimension. It indicates how GIS and 3D 
modelling software can assist in measuring the spatially-related indicators that have been compiled from the 
13 existing CSA tools and validated to the case of Nigerian HEIs. 
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 Category  Indicator Role of Spatial-based Software in Indicator Measurement 

1 Energy  Energy consumption quantity of electricity per source, area and percent of buildings 
that generate greenhouse gases   Greenhouse gas emissions 

2 Environment  Open space area area and percent of land use, acreage of green area, acreage of 
landscape area   Forest vegetation 

  Landscape 

3 Infrastructure  Buildings area of buildings 

4 Transportation  Campus fleet length of walkways, bicycle lane, and communication route 

  Pedestrian and cycling 

5 Waste  Waste management quantity of waste per source 

  Sewerage disposal 

6 Water  Water consumption  quantity of water per source 
Table 2: Spatially related indicators for assessing campus environmental sustainability 

6 SPATIAL-BASED INDICATORS IN THE CASE OF NIGERIA  

The use of campus-wide, environmental and spatial-based indicator framework in the case of Nigeria will 
provide an accurate and spatially referenced data set that will act as a fact-based establishment for the 
decisions that are required to be carried out to achieve a sustainable campus for both present and future 
generations. As Nigeria moves forward with ensuring to create a more sustainable regional development 
across all regions where the current generation can meet their needs without compromising the ability of the 
future generations to do the same, the swiftly expanding HEI campuses across the country are becoming the 
centre of attention due to an increase in demand of staff and students, energy, waste generation, housing, etc.  

Given the national increase in the number of universities and colleges in Nigeria between 1990 to 2015, 
many considered HEI campuses to be the epicentre of several challenges. Despite these challenges, 
campuses provide a better life and economic chances for many stakeholders. Herein lies the opportunity to 
look at campuses afresh and to shift the focus of their development and assessment to a spatial-based model. 

In Nigeria and other developing countries, access to data is very difficult, thus undermining the conduct of 
sustainability assessment. After review of literature, it became apparent that there is no use of 3D and spatial-
based technology by decision-makers to assess campus sustainability as well as the creation of a more 
sustainable campus policy based on those assessments. However, with regards to measuring the indicators 
for environmental sustainability and conducting the assessment, the GIS-based approach can play a vital 
role. A campus-wide and spatial-based integrated framework can be primarily used to assess campus 
operations and management as this dimension of sustainability consists of spatially related indicators. As 
such, a Cityengine and other conventional 3D modelling software database should be developed for the 
indicators after which sustainability assessment can be easily conducted. When remote sensing images are 
incorporated into the  3D modelling software database, it can facilitate the extraction of data from satellite 
sources. These spatial data can then be used to measure some spatially-related indicators. Because indicator 
selection is context-dependent. In this study, the selected indicators are prioritised due to local context via 
the use of Twitter social media.  

7 CONCLUSION 

This paper established and formalised a systematic approach to comprehensively review the level of 
sustainability indicators identified in 13 CSA tools. Thereafter, Twitter Social Media and an online big data 
analysis tool (Elastic stack) were utilised in selecting environmental-based sustainability indicators for 
universities in Nigeria. The findings from the comprehensive review of the selected 13 CSA tools reveal that 
there are variations in the sets of their sustainability attributes and selection process. None of the tools have 
compatible attributes for campus sustainability appraisal and no different tools can assess the level of 
sustainability across university campuses with the same appraisal framework, threshold, and rating. This 
strongly justifies the purpose of this study that calls for the adoption of setting up of environmentally-based 
sustainability attributes that are peculiar to the geographical locations with similar challenges and 
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requirements that will bring about an appraisal framework that gives room for campuses to compare their 
CSA performance and interchange of standard practices. 

The outcomes of this study have some pragmatic implications for scholars in the field of CSA. It also reveals 
how projects dealing with the identification, setting-up and developing CSA in developing and developed 
worlds can be enhanced. Firstly, this study shows that CSA attributes should focus more on the needs, 
preferences and the level of importance that the stakeholders within which the appraisal will be conducted 
rather than a comprehensive or long list of indicators based on developers' opinion. The comprehensive 
review of the 13 CSA tools reveals that there is no strong justification between the set of attributes adopted 
by each of the tools and their corresponding scope (the local area where it will be implemented). Findings 
from the literature also classify CSA tools with a long list of sustainability attributes as being complicated 
and difficult to use for users. Hence, this study established well-balanced sustainability attributes that are 
peculiar to the end-users and their campuses. 

Secondly, the hierarchy of the CSA framework should not be extensively long and detail. Two-level (i.e., 
categories and indicators) makes it convenient and efficient to conduct a level of importance of the attributes 
using approaches such as the AHP and social media-based campus sustainability indicators preference 
model. Multiple levels will make the assessment process become complicated and difficult for adoption by 
other scholars. Thirdly, scholars conducting the setting-up of CSA attributes should ensure that a wide range 
of all environmental and spatial-based sustainability attributes was first considered before finalising the final 
set of indicators that meet the need of their study's scope, aim, and objectives. Selecting the adopted 
indicators without an initial full range coverage might introduce some scepticism in the final output of the 
appraisal. 

Another finding of our research that has implications for CSA studies is the fact that setting-up or 
establishing a set of CSA indicators to be adopted for the specific geographical unit does not necessitate the 
development of a completely new set of indicators. Rather, they should be established by studying a 
comprehensive list of existing attributes and modify them to suit the new scope based on the requirements of 
that geographical region. How GIS, City Engine, and 3D modelling software based sustainability assessment 
for academic campuses and demonstrating its uniqueness as compared to other campus sustainability 
assessment frameworks and approaches was also discussed. For the said purpose, Geographic Information 
Systems will be used to develop a campus sustainability model within its sphere of operations. The use of 
GIS and CityEngine is primarily due to its application and ability to incorporate huge datasets within its 
program. Secondly, it has made more infiltration, than any other spatial application due to the increased 
awareness among policy and decision-makers to rely on these systems for public policy formulation. GIS, a 
computer-based system, can process the data from a variety of sources and integrating it with the 
geographical location while providing the user or the decision-maker with the information necessary for 
making informed decisions (Han and Kim 1989). 

Lastly, the outcomes of this study show the importance of utilising social media data and Elastic Stack as a 
reliable, more efficient and intelligent way for selecting and setting-up CSA indicators for university 
campuses in both developed and developing countries. The approach as well as the findings of this research 
display paramount contributions that bridge the identified knowledge gap in the literature. 
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1 ABSTRACT 

Making international headline news, the uncontrollable forest fires that have devastated much of Australia in 
the summer of 2019/2020 have added a dramatic sense of urgency to the focus of this paper on cultural 
controversies in Canberra – controversies that relate to key themes of the REALCORP 2020 conference: the 
links between climate change and immanent natural disasters; the problematic co-ordination of urban 
development among urban and regional authorities; the conflict-ridden connections between public planning 
and real estate interests; and the role of civil society in the  urban transformation process.  

The Australian Federal Capital has come a long way from its conception as a physical expression of 
parliamentary democracy designed in 1911 for a new, progressive nation, hailed at the time in Germany as 
‘The Social Continent.’ Cultural controversies on ideals and issues such as urban vs. suburban ideal 
concepts, leasehold vs. freehold land, and welfare state politics vs. market-led development were reflected in 
the growth and change of the capital during the 20th century. By 1988, urban development under conditions 
of high planning control on leasehold land had led to the production of a city that could be summarized as ‘a 
perfectionist garden city metropolis.’ 

This paper focuses on transformations that have eroded this ideal in recent years through a combination of 
dysfunctional inter-governmental relations, neoliberal policies, power plays among public and private actors, 
and superficial populism. In 1988, withdrawal of the Federal Government from most of its responsibilities 
for Canberra plunged the city into a fundamental crisis in term of its role and identity, its administration and 
its finance throwing up questions such as: Do we need a national capital at all? If so, which functions should 
the capital cater for? Should certain government departments be relocated to regional districts (preferably at 
the seat of the Federal politicians lobbying for such a strategy)? Does it make sense to maintain the 
ambitions the founders of Canberra had for creating a model city, ‘The Pride of Time’ or should Canberra 
pursue a path of ‘normalization’ by following the ‘business as usual’ pattern that characterizes urban 
development in most other Australian cities? Isn’t public planning an expression of ‘nanny state’ ideologies 
anyway? And above all, how should the burden of national and local expenses for the capital be divided? 

At the administrative level, Canberra was subjected to years of turbulent change, with negative consequences 
at many levels including poorly devolved responsibility for forest management. This contributed to the 
conditions for a devastating bush fire in 2003, a harbinger of the fires of 2019/2020, played out in a political 
climate of climate change denial. Establishment of new suburbs on the burnt-out western flank of the city, 
exposed to the same threat of wildfire as in 2003 are an ominous sign of a development ethos that has put 
real estate interests above sound planning principles. In another instance, independent review by the Auditor 
General of the Australian Capital Territory (ACT) exposed a serious “lack of transparency and 
accountability” in the way in which the ACT government mingled public and private real estate interests – an 
issue of continuing concern, particularly given the ACT’s recent agreement to cross-border development on 
rural lands long-held by land owners in the state of New South Wales. 

A core issue is that Federal Government divestment of all responsibilities beyond core national capital 
functions has meant that a substantial part of Canberra’s local government revenue has been financed 
through the sale of greenfield land. Since this approach is unsustainable given the limited extent of 
developable land in the ACT, strategies have been adopted which have culminated in densification through 
high-rise luxury apartment blocks. The upshot has been an intense cultural controversy driven by a 
remarkably crude and aggressive campaign by local politicians in unison with one of the biggest local 
developers ridiculing the planning approaches of the past and literally smashing the long-established image 
of Canberra as ‘The Bush Capital, ’ a city oriented on the Australian landscape. Even the way in which the 
introduction of light rail is linked into this process does not come as the desired triumph of sustainability. 
One of the many issues there is that it is partly financed through the relocation of public housing to bushfire 
prone areas at the edge of the city. In the context of these cultural controversies, Canberra’s civil society is 
beginning to raise its voice, but is still struggling to do so in a way that ensures more than sporadic victories. 
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2 CANBERRA – CULTURAL CONTROVERSIES AND URBAN CHANGE IN A CAPITAL 
REGION  

2.1 Introduction – the significance of Australia, Canberra, the fires and the climate change debate 

This paper begins with a perspective on the recent dramatic fires in Australia and its capital city. It does so 
not in order to wallow in sensationalism over the tragedy but to explore the significance of the cultural 
controversies confronting us in this context. These are controversies that relate to key themes of the 
REALCORP conference: the links between climate change and immanent natural disasters, the problematic 
co-ordination of urban development among urban and regional authorities; the conflict-ridden connections 
between public planning and real estate interests; and the role of civil society in the urban transformation 
process. These are themes that are confronting us on a global scale – in Australia no less than in Germany. 

Uncontrollable forest fires burning in a continent at the other end of the world that made international 
headline news in the Australian summer of 2019/2020. Far away from the location of our Aachen 
conference, the bush fires were threatening not just any Australian city but Canberra, Australia’s capital – a 
city that took pride in its name ‘THE BUSH CAPITAL.’ Even as the constant sea level rise diminishing the 
habitat of civilizations in the Pacific and elsewhere are continuing as silently as the expansion of the African 
desert, it was the roaring inferno of the Australian fires that added a dramatic sense of urgency to the threat 
of climate change – at least among those who believe that climate change is a reality.  

The significance of Australia in the current international debate is that it has been the first country in which, 
in a short period of time, regions one third the size of Germany have gone up in flames killing dozens of 
people, destroying homes, leading to the possible extinction of entire species of animals and threatening the 
livelihood of the nation’s big cities.1 A dramatic wake-up call. Closer to the themes of our conference on 
planning and urbanism, the significance of Canberra lies in the fact that it directs our attention to the cultural 
controversies shaping the processes of urban and regional development. 

Seventeen years before the current disaster, in 2003, Canberra had experienced a fire storm of similar 
ferocity, with 4 lives lost, more than 500 houses burnt and the historic Mt. Stromlo observatory destroyed. 
Built in 1924, the observatory had been part of the Research School of Astronomy of the Australian National 
University. Since its founding in 1946, the ANU has been a beacon of international research. In fact, research 
is one of the fields in which the small country with today 25 Million inhabitants has gained and maintained 
international recognition ‘punching above its weight,’ to quote a somewhat corny metaphor much used in 
Australia.  

Research on climate change has been carried out at the ANU and in Australia’s excellent national research 
organization, the Commonwealth Scientific Research Organisation CSIRO. But in the debate about climate 
change or global warming, its former professor of political studies and Chairman of the National Capital 
Authority, the body responsible for planning Canberra’s areas of national concern, took a definite stand not 
long after the fires. Declaring himself an agnostic towards the findings of the Club of Rome, he urged 
everyone to ‘keep a cool head’ in the debate about the alleged connections between climate and ‘the burning 
of coal and oil. ’ Significantly, he did so in his address to the Planning Institute of Australia.2 The following 
years saw budget cuts to the CSIRO which ‘cut to the bone’ of the organization’s capacities for climate 
research.3 

At the level of National politics, the Federal Minister Tony Abbott, later Prime Minister, has been quoted as 
saying that ‘the science of climate change” was ‘absolute crap’4 and ‘coal is good for humanity’5 And at the 
level of symbolic Government actions, the enthusiastic advocacy of coal found its most curious expression in 
a spectacle staged by the then treasurer Scott Morrison. In order to demonstrate the innocent nature of the 
                                                      
1 The fires in the Amazon rainforest are another tragedy of global dimensions. 
2 Aitkin 2008 
3 Duffy 2014. https://www.abc.net.au/news/2014-12-12/csiro-cut-to-the-bone-after-funding-cuts/5963994  
4 Yaxley 2017. https://www.abc.net.au/news/2017-10-10/tony-abbott-says-action-on-climate-change-is-like-killing-
goats/9033090  
5 Anon 2014. https://www.abc.net.au/news/2014-10-13/coal-is-good-for-humanity-pm-tony-abbott-says/5810244 
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fossil fuel he took a lump of coal to Federal Parliament. The admiration of his party members would later 
propel him into his current office as Prime Minister. 

 

As late as July 2019, Abbott proclaimed that there were no problems with coal, that indeed windmills were 
the ‘dark satanic mills of the modern era. ’6 

Beyond the ludicrous spectacle at Parliament, where the unresolved climate change issue had led to chronic 
instability with six Prime Ministers succeeding each other since 2010, the processes in which new and 
expanded coalmines are allowed to operate are experienced as frightening. This is so not only because of the 
environmental damage but also because of the perceived reduction of civil liberties, in particular with regard 
to protest.7 In a recent major development, a one-billion-dollar subsidy has been granted to Indian coal 
mining giant Adani for the construction of a railway line connecting the mine in Queensland to newly 
created port facilities near the Australian Barrier Reef. The links between national politics, the ‘uncertainties 
for the longer-term outlook for coal exports’8 and the alleged ‘end of Australia’s resources boom’ 9 are all 
objects of controversial discussions in Australia. 

We should not dismiss these developments as fringe phenomena with little relevance for Germany.10 
Siemens is right now selling its train signalling equipment to Adani in the face of international protest, 
obviously displaying a similar instinct for disastrous involvement with noxious industries as Bayer did with 
its purchase of Monsanto. Bayer is now facing enormous claims for compensation in connection with the use 
of Roundup (Glyphosat). And of course, we must not forget the piles of Australian coal on the wharves of 
Hansa Port, Hamburg, delivered to Germany, the 5th largest market of Australia, by the world’s largest coal 
exporter.  

 

The controversies around climate change and other global challenges are taking a significant share of the 
Australian public discussion in politics, academia, think tanks, and the media. The latest contribution is an 
open letter of 3 February 2020, signed by 274 climate scientists, which outlines the scientific basis for the 
links between climate change and bushfires in Australia.11 The Murdoch Press, which publishes most 
Australian newspapers, has been propagating the view that ‘it has never been shown that human emissions of 

                                                      
6 Remeikis 2019. https://www.theguardian.com/australia-news/2019/jul/19/dark-satanic-mills-tony-abbott-continues-
his-crusade-against-wind-turbines 
7 Gotsis 2015. https://www.parliament.nsw.gov.au/researchpapers/Pages/protests-and-the-law-in-nsw.aspx 
8 Cunningham et al.:2019, p.33 
9 Pearse 2019.. 
10 Germany is the fifth largest importer of Australian coal. Australian Mining 2016. 
https://www.australianmining.com.au/features/where-does-australias-coal-go-infographic/ 
11 Abram et al 2020. https://australianbushfiresandclimatechange.com/ 
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carbon dioxide drive global warming. ’12 The most important of its daily papers, The Australian, has engaged 
eminent figures such as geologist (and director of multiple mineral exploration and mining companies) Ian 
Plimer, who proclaimed ‘There are no carbon emissions. If there were, we could not see, because carbon is 
black! ’13 

Cultural controversies such as these have always found their expression in the processes by which cities have 
grown, be it as a consequence of central planning or through incremental planning by individuals and groups. 
They can be traced from antiquity via the periods of the emerging industrial city through the transformations 
between the politics of the Welfare State to neo-liberalism, the age of modernism to whatever we want to call 
the phases coming thereafter.  

3 CANBERRA 

Similar to a majority of cities globally, planning discourse and politics in Canberra circle around themes such 
as: sustainability14; heritage and strategic planning15 relating to fields such as urban renewal and 
densification; public and private transport16; and urban economics. As elsewhere, they are shaped by 
broadly-based cultural controversies such as those addressed in this paper.  

Specific features of Canberra, a city of 460.000 in 2020, lie in its character as one of the great planned 
capitals of the 20th century and in its identity as a Garden City and ‘Bush Capital.’17 The term addresses 
Canberra’s character as an inland city situated in the typical savannah landscape of south east Australia – the 
Australian Bush. Originally deployed in the early 20th century as an ideological expression of nation building 
and later as a shorthand formula for a low-rise ‘City in the Landscape, ’18 the label of ‘The Bush Capital’ has 
become an object of serious cultural controversy in the last decade.  

Remarkably aggressive strategies for re-branding the city and of transforming the image of Canberra from 
what is depicted as a boring garden city and ‘bush capital’ into an exciting metropolis of luxury high-rise 
apartments were set in motion in 2010 by a twitter campaign by the then Planning Minister Andrew Barr19. 
In this perspective, Canberra is depicted as the product of a quirky, out-of-date plan, an escapee from a 
Simpsons’ Family cartoon, unfit for adaptation to today’s challenges and defended only by senile locals 
above the age of 40 (incidentally Barr’s age at the time).  

Although internationally recognized as one of the great metropolitan plans of the 20th century20, the 1911 
design by Chicago architects Walter Burley Griffin and his wife Marion Mahony Griffin has locally been an 
object of cultural controversies and has been subjected to a remarkable mixture of iconic reverence, ridicule 
and crude exploitation as a real estate branding device.21 While the competition drawings have been 
inscribed in the UNESCO memory of the world heritage, the endeavours to recognize the ACT as National 
Heritage as a necessary step for UNESCO world heritage, have been thwarted. Similarly, at the level of civil 
society, the success of community-based campaigns has remained limited. A case in point is the campaign to 
recognize the biophysical resources of the ACT as a UNESCO biosphere reserve. This was defeated by local 
commercial interests – a strategic defeat of the informed scientific basis of Canberra’s society.22  

The attacks on the Bush Capital image reached a climax in a 2019 video clip by one of the biggest real estate 
developers, GeoCon.23 In the commercial, a young female athlete wielding a pick runs towards a sign 
inscribed “Bush Capital,” her face contorted with disgust and anger. She smashes the sign. Immediately, the 

                                                      
12 Gillingham et al 2017. https://climatefeedback.org/evaluation/commentary-australian-ignores-evidence-
misrepresents-research-falsely-claiming-humans-not-responsible-climate-change-ian-plimer/ 
13Plimer 2019. https://www.theaustralian.com.au/commentary/lets-not-pollute-minds-with-carbon-fears/news-
story/1a215e8b9d2d958f597654ea7b591bcc 
14 Fischer and Weirick 2014 
15 Fischer and Weirick 2018; Sinclair & Straw 2016 
16 Fischer and Weirick 2019 
17 Pegrum 1983 
18 Taylor 2006 
19 Barr 2010; Wensing 2013a 
20 Bacon: ‘a statement of world culture’1968; Stretton 1970 
21  Stockland 2005; UDIA 2008, p. 79 
22 Wensing 2013b, Weirick 2018 
23 Geocon 2019 
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black-and white images of Canberra we saw before turn into technicolour; all around the lake, high-rise 
towers shoot out of the ground; sparsely dressed young people with champagne glasses in their hands jump 
in the pool to make love. 

 

Above: screenshots from the GeoCon video “Breaking Ground”  https://www.youtube.com/watch?v=rUJohv6hgEo  below: Launch 
of Envie apartments http://www.canberratimes.com.au/story/5993525/snakes-alive-geocon-ups-the-ante-with-glamorous-launch-of-

envie/]. Car: https://geocon.com.au/events-archive/high-society-vip-launch-event 

 

The film sequence of the ‘pick-runner’ quotes the famous Apple Mackintosh commercial produced by 
Ridley Scott shortly after his film Bladerunner.24 In Scott’s 1984 spot, athlete Anya Major throws a 
sledgehammer into the screen on which Big Brother is giving a speech. Waking up, the moronic audience in 
front of the screen can now buy Apple instead of IBM computers. 

 

                                                      
24 Apple 1984 
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15 years on, people in Canberra wake up to realize that they need no longer listen to the fake news of the 24 
hours news cycle as the gloomy voice of the narrator points out. GeoCon, so the film explains, have made 
their own market analyses and calculations. Thus the light rail introduced by the government in 2019, they 
were saying in another video, would connect GeoCon’s Brave New World of luxury apartments in the 
nearby New Town with the City Centre in under ten minutes travelling time – in contrast to the 
transportation planners’ assessment of a travel time of 25 to 30 minutes.25 And the calculations appear simple 
and sure-fire: “When you buy off-the-plan at Metropol, you’re buying today’s prices; so in two years’ time 
when it’s finished, you’ve actually made money because the value of the property has increased.”26 The fact 
that it may not be wise to rely on such prognoses is evidenced by you-tube videos demonstrating that the 
newly erected luxury “Wayfarer” building was suffering from severe damage such as cracks in walls and 
floors and rain water leaks.27 

 

These observations came at a point in time when the evacuation of the 35-storey Opal Building in Sydney 
was making headlines.28 Shortly thereafter, structural damage in Sydney’s Mascot Tower blocks sparked 
widespread concerns about new apartment buildings across the city. In Canberra, too, analyses indicated that 
“the overwhelming majority of high-rise apartment buildings… are likely to have major defects.” With 
Canberra experiencing “its biggest housing boom since records began,” it appeared that the territory's 
construction industry “had reached a crisis point.”29 

There is a close connection between high-rise development, real estate marketing, the transformation of the 
bush capital image, the (belated) introduction of light rail and the mode of financing the associated 
infrastructure. The inauguration of the first light rail line in 2019 was a success of sorts and was due in part 
to the new dynamic introduced in 2009 through a Labor-Greens political alliance. The results are 
nevertheless not broadly seen as the desired triumph of the persistent struggle for sustainability they might 
have been. The reasons lie in a combination of issues in the narrow field of transportation planning and the 
wider, more complex economic and urban development context.  

At the heart of this problematic lies the strategy of financing light rail infrastructure largely through the sale 
of government owned land occupied by public housing and through value capture from the new high-rise 
development, which will spring up on up-zoned properties along the light rail route. The focus on public 
housing land is not only a consequence of the fact that this is the major source of land over which the 
municipal government can dispose. Another important factor lies in a central (Commonwealth) government 
policy of rewarding the ‘recycling of public assets’ by awarding national subsidies. This is a major basis for 
financing light rail, which, as pointed out, is in turn a motor for urban renewal through high-rise tower 
blocks.  

When the public housing tenants are relocated in the city, they are sent to locations not served by the light 
rail and in most cases badly served by buses, often far away from the inner city support structure in the form 
of job centres, help centres, cheap clothes shops etc. Among the locations where we find them are the edges 
of town, such as the city’s western fire prone edge, exposed to the hot westerly winds, which carried the 
embers of the 2003 bush fires.  

One of the sites we might look at was originally identified as definitely bush fire prone in the maps issued by 
the ACT Emergency Services. However, following the decision to relocate the public housing tenants to this 
                                                      
25 Inman & Nowroozi 2019. https://www.abc.net.au/news/2019-05-20/canberra-geocon-apartments-light-rail-to-city-in-
10-minutes/11128076. The video has since been removed from the web. 
26 Peppas 2017 
27 Trondhjem 2018 https://www.youtube.com/watch?v=Mnjqd0mYtx8 
28 Farrelly 2019. https://www.smh.com.au/national/welcome-to-the-faulty-towers-state-where-any-mug-s-an-engineer-
20190117-p50s14.html. 
29 Jervice-Bardy 2019 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































