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Abstract i

Abstract

This project aims to show how City Information Modelling (CIM) can develop as a tool for
collaboration and co-creation (CCC) in Norway. Global climate change and rapid urbanisation
pose some of the most pressing challenges for society. At the same time, digitalisation is rapidly
changing life in cities. Recently, the concept of CIM has emerged as an answer to this, which
describes digital representations of cities by incorporating Building Information Modelling (BIM),
Geographic Information Systems (GIS) and the Internet of Things (IoT) in a unified platform.
However, research on how CIM can facilitate CCC in practice is still lacking. To this end, this study
shows how CIM can be developed as a tool for CCC in Norway, by analysing the results of ten
interviews with Norwegian stakeholders and two case studies of the cities of Helsinki and Zurich.
To this end, this study shows how CIM can be developed as a tool for CCC in Norway, by analysing
the results of ten interviews with Norwegian stakeholders and two case studies of Helsinki and
Zurich. The results are used to highlight CIM’s position through the Multi-Level Perspective (MLP)
and to create a Transition Management (TM) framework outlining future development strategies.
The results show that CIM is at an early stage of development, without any identified applied
cases in Norway and little understanding of the term among interviewees. Instead, the term
Urban Digital Twin (UDT) is widely known and applied in Norwegian cities, with traffic and climate
resilience planning being prominent use cases. Collaboration in Norway occurs between
municipalities and both private and other public actors, while co-creation plays little role in
planning. The interviews highlight interdisciplinary thinking, data management, sustainable
planning and collaboration as benefits of CIM and CCC, while challenges of an interpersonal,
technical and organisational nature remain. This means that Norwegian planning regimes are
characterised by a set of lock-in mechanism, rooted in siloed and traditional organisation
structures, dependency on consultancies, and power structures in municipalities, which create
barriers to CIM developing from a niche innovation into a part of planning regimes. The TM
framework shows how a group of frontrunners (including Norwegian ministries, and
municipalities) can steer sustainable change by following strategic, tactical, operational and
reflexive activities. To support CIM in becoming a tool for CCC, the frontrunners need to initiate
experiments in policy (mandating BIM and co-creation locally and nationally), technology
(Artificial Intelligence (Al), loT and modelling) and planning (co-creation and Al in urban planning).
Further research should include more CIM cases for comparison and focus on the aspect of

power relations that can create barriers for CIM development.
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1 Introduction and Problem Statement

1.1 Cities and Sustainability

More and more people live in urban areas globally, with over 70% projected to live in cities by 2050
(Ritchie et al., 2024). This poses challenges for citizens and urban planners alike. In the context
of rapid urbanisation, climate change, and digitalisation, planners are under pressure to develop
new, sustainable solutions that can address the increasing complexity of problems. This
development is set to have a significant impact on societal structures and the challenges that

confront us.

The urbanisation brings forward new challenges. Housing is becoming less affordable in many
cities and as aresult citizens move further outside of city centres, where housing prices are lower,
which is leading to urban sprawl (OECD, 2018; UN, 2025). This phenomenon is still advancing in
many cities around the world, creating problems for the environment and society (OECD, 2018).
The fragmentation of urban areas necessitates the development of additional mobility
infrastructure, which creates high costs for public services and environmental impacts on a
global level (e.g., greenhouse gas emissions from construction and transport) and local level
(e.g., loss of biodiversity) (OECD, 2018). In addition, longer distances between housing and city
centres, as well as little access to public transport, have been shown to lower social cohesion
among citizens (Mouratidis and Poortinga, 2020). Conversely, high-density urban areas can
create problems as well. Air pollution levels in cities remain dangerously high, causing over 4
million deaths per year globally (UN, 2024). In Europe, 94% of urban citizens are still exposed to
levels of particulate matter above the World Health Organisation’s guidelines (EEA, 2025). This is
amplified by the fact that high-rise buildings and short distances between buildings can reduce
air flow in cities and cause accumulation of pollutants, creating additional health risks (Mei et al.,
2024). Atthe same time, the impacts of climate change endanger cities through an increasing risk
of flooding and rising global temperatures, which can lead to droughts and heat waves (UN, 2025).
Natural disasters cause major damages to infrastructure with over 100,000 critical infrastructure

units destroyed globally every year between 2015 and 2022 (UN, 2024).

These and numerous other problems put urban planners under pressure to find sustainable
solutions. The development of some of these solutions can be informed by the Sustainable
Development Goals (SDGs) created by the United Nations in 2015. The SDGs and their associated

targets form the basis for the definition of the term sustainability in this thesis. They are designed



Introduction and Problem Statement 2

to promote sustainable development as described in the Brundtland Report from 1987, where
sustainability is seen as “meeting the needs of the present without compromising the ability of
future generations to meet their own needs” (Brundtland Commission Report, 1987). The 17
SDGs identify the world’s most pressing problems, for instance, the impacts of climate change
and poverty (UN, 2015). The targets in question have been defined as concrete points of
orientation, along with indicators to measure progress towards them (UN, 2015). Goal 11
(Sustainable Cities and Communities) is of particular relevance to urban planners and political
actors, as it addresses the unsustainable ways in which cities develop (UN, 2015). Its targets
revolve around adequate and affordable housing (11.1) sustainable and inclusive transport (11.2)

or access to green and public spaces (11.7) among others (UN, 2015).

Sustainable planning becomes even more difficult when acknowledging that cities are complex
systems. This understanding demands a change in urban planning practices. Historically, urban
planners have been acting from a top-down perspective which, according to Gallotti et al. (2021),
has failed to address the complexity of social interaction in cities. Therefore, urban planners
should dedicate more attention to citizen participation in addition to traditional urban design
(Gallotti et al., 2021). As a response to this, the concept of co-creation is promoted, which refers
to the active and direct participation of citizens at an early stage of project development (see
Chapter Co-Creation). Early creative input from citizens allows urban planners to shape their
projects according to the values and perceptions of citizens and involve bottom-up approaches

more effectively than with other forms of participation (Frantzeskaki et al., 2025).

However, a main problem in urban planning revolves around citizens not being able or willing to
participate in this process. Citizen engagement and participation pose a major challenge that
needs to be overcome to enable co-creation in cities. Based on a survey on 152 cities in 50
different countries, civil society participation is low or very limited in two out of three cities (UN,
2025). In addition, specific groups of people are more likely to participate in co-creation
processes than others depending on their available resources (time, network, etc.) and on
whether they are targeted appropriately by planners (Belabas et al., 2026; Leino and Puumala,
2021). Citizen participation is often driven by the participation of older highly educated men, while
younger people, as well as marginalised groups, namely migrants, are neglected (Belabas et al.,

2026; Leino and Puumala, 2021).

Global climate change and urbanisation of complex cities bring many challenges that necessitate
climate-resilient, sustainable and inclusive urban planning. And while the global digitalisation

adds new layers of problems to this, it also offers solutions.
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1.2 Digitalisation and Built Environment

As cities grow more complex and face pressure from climate change, the built environment
undergoes atechnological transformation. Digitalisation has shaped this transformation through
the emergence of Geographic Information Systems (GIS), Building Information Modelling (BIM),

and the Internet of Things (loT).

GIS describes systems for digital cartography, geography and remote sensing, which can be used
to manage geospatial data of all kinds (ISO, 2014; Wang et al., 2019). The first GIS systems were
already developed in the 1960s in Canada and since then spread across domains and disciplines,
becoming a standard tool for urban planners (ESRI, 2026; Waters, 2018). Applications range from
simple mapping of the built environment to flood risk analysis and climate change adaptation
(Wang et al., 2019). BIM is commonly understood as the creation of three-dimensional digital
representations of a building that incorporates both its physical and functional properties over its
whole life cycle (ISO, 2025; Miettinen and Paavola, 2014; Wang et al., 2019). BIM is a relatively
new concept that emerged in the early 2000s as a tool for collaboration between stakeholders of
the built environment, including architects, engineers and planners (Miettinen and Paavola,
2014). With this in mind, BIM has evolved to be an integrated part of construction work as an
information system and is used as the basis for communication between actors (Miettinen and
Paavola, 2014). loT usually describes a network of interconnected physical objects that exchange
information with each other and other entities, for instance, humans (IEC, 2023; Lanfranchi et al.,
2025). loT is largely concerned with the use of sensors that acquire data from the physical world
and exchange it with other sensors and actuators as well as with humans, which sees application
in a large variety of fields such as air quality measurement, traffic management or agriculture

(Dorsemaine et al., 2015; Lanfranchi et al., 2025).

In this context, the term Smart City is becoming increasingly popular among academics and
practitioners (Gracias et al., 2023). Smart Cities use digital technology to improve the quality of
life of citizens in sustainable ways (Gracias et al., 2023). This can be manifested in various ways,
for example through digital citizen services, automation of buildings or transport, or energy
management (Gracias et al., 2023). Yet, there is little consensus on Smart Cities as a term which
is why it is frequently misused in practice (Gracias et al., 2023). An example of this is the concept
of Urban Digital Twins (UDT). UDTs can be seen as digital representations of cities, although what
characteristics these representations have and what they are used for drastically differs (Jeddoub
et al., 2023). In practice, this means that the term Digital Twin is interpreted differently. In some

cities, a Digital Twin might include large amounts of data, largely adopting BIM and GIS, as in the
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city of Helsinki, while others use the term for a purely visual model (Jeddoub et al., 2023; Reichel,
2026). This results in a fragmentation of definitions that is causing confusion among academics

and practitioners (Jeddoub et al., 2023).

In recent years another term has gained attention in the field of Smart Cities: City Information
Modelling (CIM). CIM emerged as a concept in the 2000s but has only been addressed extensively
since the mid-2010s as a response to the fragmentation of UDT definitions (Okonta et al., 2025a;
Souza and Bueno, 2022). Since then, CIM has developed as a tool for urban planning and is of
interest to many urban planners and scholars globally (Okonta et al., 2025a). In a review study on
89 papers about CIM, Okonta, Rahimian, et al. (2025) categorise different interpretations of CIM
into seven different clusters. The study shows that CIM is associated with the integration of BIM,
GIS and loT technology in different combinations. Wang et al. (2025) created a framework based
on a bibliometric review of 99 papers from Web of Science and describe CIM as the integration of
BIM and GIS, enhanced by urban data. The International Electrotechnical Commission (IEC) uses
a similar definition in its IEC SRD 63273 standards. According to the IEC, CIM refers to the
“development of digital representations and simulations of a city made up of large quantities of
geospatial data, often including real-time data, which enable better city planning and
management” (IEC, 2023). Geospatial data should be provided through the integration of GIS and
BIM as well as through the use of loT for real-time data, while Artificial Intelligence (Al) is used as
a supplementary tool, although not as a prerequisite (IEC, 2023). CIM can be seen as the method
used to create specific UDTs. However, these UDTs are built on the large databases formed

through the integration of GIS, BIM and loT. This relation can be seen in Figure 1.

Figure 1: Relation of UDT, CIM, BIM, GIS and loT

Note. CIMis defined by the integration of GIS, BIM and loT and represents a specific type of UDT; own
figure

Still, the concept of CIM is facing many challenges and problems. The integration of GIS, BIM and
loT for a city-wide model is technically difficult and has only been accomplished in few cases
globally (Okonta et al., 2025b). Integrating all aspects of CIM, however, is key to realising its

potentials. Integrating BIM and GIS without the use of real-time data results in outdated
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information, which can create issues concerning data reliability (Okonta et al., 2025b). Acquiring
and organising large amounts of data is a main problem in itself (IEC, 2023; Okonta et al., 2025a).
However, even when the necessary data is available, accessible and organised, it can still be
misinterpreted by users (Okonta et al., 2025b). This is especially the case for CIM, which works
on a city-scale level. The more subsystems are included into the model (buildings, infrastructure,
transport, environment etc.), the more complex the system gets, which eventually leads urban

planners to draw inaccurate conclusions from simulations (Okonta et al., 2025b).

Practicalexamples of CIM are scarce not only because of technical challenges, but also because
models that fulfil all characteristics of CIM are often promoted as UDTs, contributing to confusion
in the field (Cureton and Hartley, 2023). International standards for CIM exist, and the first ISO
standard for CIM (ISO/FDIS 37187) is currently under development, but the application of
standards in practice is very limited. This also goes for the term UDT, for which no specific
international standard could be found or was mentioned in the literature. The lack of frameworks
and standards contributes to the ongoing confusion and interchangeable use of CIM and UDT,
hindering targeted research and development of CIM. This can also cause conflicts among

stakeholders based on different expectations of CIM.

Another problem is the focus on technical aspects of CIM in research. Most studies address
technical challenges and benefits of CIM. However, little research is directed at the socio-
economic or environmental benefits (Okonta et al., 2025b). CIM primarily emerged as a support
tool for collaboration in the built environment. How CIM can support collaboration and promote
citizen engagement, however, is a major research gap and requires further development of

frameworks and experimentation in practice (Okonta et al., 2025b).

Yet, CIM possibly has its greatest potentials in its use for collaboration and co-creation (CCC).
The integration of BIM, GIS and real-time data enables new ways for data-driven sustainable
planning, following the principles of Smart Cities. The levels of detail can be adjusted depending
on the involved stakeholders. BIM and loT data can be used to collaborate with construction
companies, architects or landlords, while simplified views allow citizens to engage in open and
creative discussions, thus providing flexibility for urban planners to react to unforeseen events

more quickly.

The accumulation of data into a single platform improves communication both between and
inside organisations such as municipalities, and thereby enables policymakers and planners to
improve cooperative planning on a local, regional and national level to contribute to SDG target

11.8 (national and regional development planning) (IEC, 2023; Souza and Bueno, 2022). The level
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of detail provides better arguments to implement policies promoting sustainability, which
addresses SDG target 11.9 (policies on inclusion, efficiency and disaster reduction) (Wang et al.,
2025). Wang et al. (2019) explain that BIM provides micro-level data about specific buildings,
while GIS is usually used for macro-level representations of cities outside of buildings. This
improves holistic planning and allows for a variety of uses in climate resilience planning, which
contributes to SDG target 11.5 (natural disaster mitigation) (IEC, 2023; Wang et al., 2019). As a
city-wide extension of BIM, CIM can contribute to sustainable planning during construction and
maintenance of housing facilities over their whole life cycle, manage buildings more efficiently
and reduce costs, contributing to SDG Target 11.1 (Safe and affordable housing) (IEC, 2023).
Furthermore, the integration of loT systems allows planning with real-time data, benefitting, for
example, SDG target 11.2. (Sustainable Transport) (IEC, 2023; Souza and Bueno, 2022). And the
comprehensive character of CIM overall improves urban planning by enabling simulations of the
impacts of urbanisation and sprawl, with benefits for SDG target 11.3 (sustainable urbanisation)

(IEC, 2023). The most relevant SDG targets can be seen in Figure 2.

However, translating these targets into local contexts requires a set of technical and social

conditions that differ strongly between countries.

e
e

Figure 2: Targets of SDG 11

Note. SDG 11 targets to which CIM can contribute in different ways; (United Nations, 2026)

1.3 CIM in Norway

While the challenges of climate change, urbanisation and urban complexity require new
integrated, data-driven approaches, the responsibility to find solutions ultimately lies with
national governments and local municipalities. How the solutions can be realised, however,
depends on a variety of national and local socio-economic conditions. In this regard, Norway

presents a particularly interesting case.
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Norway is one of the most digitalised countries, particularly in the field of e-governance,
according to recent reports from the OECD and UN (Digdir, 2026; OECD, 2026). The OECD report
reviews its 38 member states based on six assessment criteria, for instance the user-centricity of
digital services or the use of data-driven approaches (OECD, 2026). While Norway ranks fourth
overall, it has a particular advantage in the “proactiveness” category, which assesses how
governments provide digital services before they are explicitly requested by users (OECD, 2026).
This also includes the ability to predict future needs and the use of Al in government, which
creates excellent conditions for the development of future technologies such as CIM. GIS
development globally started in the 1970s and has since then evolved to be a standard for
planning also in Norway (KDD, 2018; Waters, 2018). BIM development in Norway started later
than GIS only around 2010, where the non-profit organisation buildingSMART promoted BIM use
in Norway (Bui et al., 2019). In the same year, the national public construction company Statsbygg
mandated BIM for all of their projects, which had a major impact on BIM use in Norway seeing
that Statsbygg is one of the biggest landlords and property owners in Norway. (Bui et al., 2019;
Novorender, 2024; Statsbygg, 2026). Today, more and more planning applications are submitted
through the national digital application service with an increase from 37.7 % to 56.6% from 2021

to 2024, which reduces the use of resources and can increase application quality (KS, 2025).

Furthermore, Norway’s leading position in The Economist Democracy Index, as well as high
participation in elections and local citizen engagement activities, reflect a culture that is
inherently participatory (KS, 2025). This enables opportunities for new ways of participating. More
than half of all municipalities in Norway already consider sustainability in urban planning to a
large extent, and the number is still increasing according to surveys, which helps municipalities

to argue for CIM development (KS, 2025).

Still, Norway faces a number of challenges. Around 80 % of surveyed municipalities report that
the digitalisation is a difficult matter to adjust to and finding benefits of digital services is a
challenge (KS, 2025). At the same time, only about 15 % of municipalities use Al tools as of 2025.
(KDD, 2025). In addition, based on the literature review in this study, the term CIM could not be
identified in any project reports, planning documents or scientific publications related to the
Norwegian context in contrast to existing practical examples from other countries. Yet, UDTs are
becoming increasingly popular, with recent examples from Oslo, Bergen and Alesund. Given that
Norway provides good financial and cultural conditions for CIM, the lack of application in Norway

can be seen as a missed opportunity, which forms the basis for this study’s research focus.
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1.4 Research Questions

While CIM has a high potential to improve sustainable planning, there are still many uncertainties
connected to it. Technical issues, a lack of standardisation and little acknowledgement in
Norway are slowing down the development of CIM. Still, Norway is an especially fitting case for
developing CIM for CCC because of a variety of socio-economic factors. This thesis is therefore

concerned with the following research question (RQ):

How can City Information Modelling support multidisciplinary collaboration and co-

creation in Norwegian cities and improve sustainable development?

Three sub-questions (SQ) guide the thesis to answer parts of the RQ and to structure the thesis

into different sections. The first SQ is as follows:
SQ1: How are CIM and CCC currently applied in practice?

This SQ is concerned with the status quo of CIM and CCC globally and in Norway. Ten interviews
with Norwegian stakeholders were conducted to understand the status of CIM and CCC in
Norway. In addition, a case study shows approaches to applying CIM for CCC globally under

different conditions, with the two cases: the cities of Helsinki (Finland) and Zirich (Switzerland).

SQ2: What challenges and opportunities do
Norwegian stakeholders identify for CIM and CCC?

The interviews provide valuable insight to answer this question. They reveal how public and
private stakeholders collaborate in Norway, how they have worked with CIM, and which strengths
and weaknesses CIM has as atool for CCC intoday’s context. This also includes aspects of future

scenarios that play an important role in informing the Transition Management framework.

SQ3: How does CIM in Norway need to develop to support

sustainable urban planning and become a tool for CCC?

Firstly, the findings are set into the context of the Multi-Level Perspective, highlighting CIM as a
niche innovation and showing how CIM might enter Norwegian planning regimes. This knowledge
informs the creation of the Transition Management framework, which shows the necessary steps
to steer sustainable change, which actors need to be involved and how, and which other
conditions need to be met. This is the core contribution of this thesis, as it provides a guide for

policymakers, planners and scholars in Norway for the sustainable development of CIM.
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2 Methodology

This chapter outlines the methodology used to conduct the research. This presents the
conceptual and theoretical framework, and then the methods. Lastly, the analytical framework

shows how the methods, theories and concepts are applied to form meaningful results.

2.1 Conceptual Framework

This section presents the most relevant concepts for this thesis. This includes the concepts of
co-creation and complexity. The concepts are used in the results and discussion section but are
described here without direct application to the empirical context of the thesis. How the concepts

are applied is further explained in the Analytical Framework.

2.1.1 Co-Creation

In urban planning research, co-creation is generally connected to creative collaboration between
actors (Brandsen et al., 2018; Frantzeskaki et al., 2025). Brandsen et al. (2018) distinguish
between co-creation and co-production, which are often used interchangeably. Both concepts
are about collaboration in planning and involve active input from citizens. The main difference is
the planning phase in which they take place. Co-production describes the engagement of citizens
in already existing services, for example, when they actively contribute to the maintenance or
design of an existing building (Brandsen et al., 2018). Co-creation, in contrast, occurs before the
implementation of a service, for example, with the collaborative planning and design of the
building before itis built (Brandsen et al., 2018). Puerari et al. (2018) discuss these characteristics

and identify five common elements of co-creation based on a literature review:

e Purpose: The goal of co-creation can be both the development of services, innovations etc.
itself, or the learning processes during the creation.

e Formality: Co-creation can be designed as a facilitated formal process, where specific
participants, for instance frontrunners (see Transition Management), are actively chosen to
participate, or as an informal process that emerges naturally out of shared goals of a
community or a necessity to work together.

e Ownership: If there is a specific group of people who initiate co-creation processes, they are
most likely to shape the process and outcomes more than other participants. This raises

discourse about the ownership of the process and resulting practices.
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e Incentives: Actors need some kind of incentive to participate in co-creation. If the benefits of
co-creation for actors are unclear or do not outweigh the associated costs, there is little
intrinsic or extrinsic motivation, which needs to be taken into account.

e Spaces: Co-creation happens in socio-spatial contexts that can differ strongly between
processes. Proximity between actors is a key factor for co-creation as an enabler and catalyst

for innovation

Based on this, co-creation in this thesis refers to the active and direct involvement of citizens,
beginning in an early stage of development (in contrast to co-production). This can occur with

different levels of formality, timeframes, spaces and ownership situations.

In the context of this thesis, co-creation is particularly relevant as CIM offers new digital tools that
could lower barriers to participation and enable earlier citizen involvement. The adaptability of
levels of detail allows citizens to contribute through all phases of a project, including first creative

stages as with co-creation.

2.1.2 Multilayered Urban Complexity

Complexity in urban studies builds on the idea that cities are essentially socio-technical systems
and subsystems that consist of dynamically interacting elements (Alkemade and Papachristos,
2026; Gallotti et al., 2021). Alberti et al. (2018) describe complex systems by establishing four
variables that shape complexity: agents, emergence, self-organisation and criticality. Complex
systems consist of so-called agents that make decisions and by that influence the way cities
evolve (Alberti et al., 2018). These agents could be businesses, citizens or public institutions that,
for instance, decide on their residential locations or business practices. The interactions
between agents enable the emergence of recurring patterns, such as urban sprawl, which can
evolve with a degree of self-organisation (Alberti et al., 2018). Self-organisation refers to the
phenomenon that socio-technical systems and subsystems can evolve without the active
influence of external actors, but instead solely through internal processes (Abujder Ochoa et al.,
2024; Goldman and Blumenfeld-Lieberthal, 2025). This aspect of self-organisation puts socio-
technical systems into a critical state, in which small changes (both internal and external through
agents) can create a domino effect that changes existing regimes in an unpredictable way

(Abujder Ochoa et al., 2024; Alberti et al., 2018).

Drawing on Gallotti et al. (2021), this section explains how complexity can be understood in three
different layers: the complexity of cities themselves, complexity of individual human beings and

the complexity of urban planning. Based on the authors, cities are complex, since they consist of
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socio-technical systems and sub-systems that interact with each other, for example when
routing systems that are supposed to show the fastest route to a destination create congestions
along the route, ultimately slowing down traffic. In addition, the authors argue that citizens face
this complexity in their everyday lives, which can create cognitive challenges. This leads them to
simplify and create individual perceptions of cities that in return shape how cities evolve, for
instance through the emergence of self-organised mobility patterns in public transport. The third
layer is the complexity of urban planning. Planning practices historically focused on top-down
management processes while disregarding the elements of self-organisation that exist in cities.
Gallotti et al. (2021) argue that this approach has failed to address sustainability challenges,
which requires new planning methods that add complexity to planning itself in the form of self-
organisation management. Even though self-organisation adds complexity to planning, the
authors see possibilities to account for self-organisation in planning practices by, for example,
promoting co-creation and citizen engagement activities, or using gamification to trigger the
adoption of desired habits. Urban planners can aim to facilitate the interactions of agents in a
way that leads to the emergence of sustainable behaviour, but how this idea is operationalised

remains an ongoing debate.
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Figure 3: Multi-layered Urban Complexity

Note. Three layers of complexity that are interdependent and change through the phenomena of
agents, emergence, self-organisation (blue) and criticality (red); own figure
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Complexity in this thesis is a combination of the four elements described by Alberti et al. (2018)
(Agents, self-organisation, emergence and criticality) and the three layers established by Gallotti
et al. (2021) (cities, humans, planning). This provides a more holistic perspective of complexity
and shows how CIM can contribute to sustainable planning. In the following, complexity will

therefore be referred to as Multilayered Urban Complexity (MUC).

MUC is characterised by the interaction of inherently complex agents (first layer), leading to the
partly self-organised emergence of patterns in cities (second layer). Accounting for this situation
adds a third layer of complexity to urban planning, which needs to respond to self-organisation
and the resulting criticality of systems to find sustainable solutions (third layer). This relation is

displayed in Figure 3.

2.2 Theoretical Framework

This section covers the theories used for this thesis. The two main theories are Multi-Level
Perspective and Transition Management, which are explained without direct application to the

thesis context. How the theories are applied is further explained in the Analytical Framework.

2.2.1 Multi-Level Perspective

The Multi-Level Perspective (MLP) was first developed in the early 2000s as a change theory
created by Frank W. Geels. Geels explains how socio-technical systems are constantly changing
in an interplay of three different dimensions: socio-technical landscapes, socio-technical

regimes and niches (Geels, 2005).

This paragraph represents the concept of MLP according to Geels (2005). The socio-technical
landscapes can be understood as global phenomena beyond the direct impact of single actors.
This refers to macro-level events, for example the climate change or global urbanisation, that only
change over the course of many years and have a high impact on society. Socio-technical regimes
are the structures that create stability in socio-technical systems. Regimes can be seen as a set
of “rules” that define socio-technical systems and give orientation for a society, for instance in
the form of common practices, standard assumptions or regulations. These structures and rules
define politics, the economy, science, etc. and shape society. This is where transitions take place
and is therefore the centre of attention for the theory. Niches are the protected spaces where
innovations can develop before they attempt to create change in regimes. This does not refer to

physical spaces, but rather to the intellectual and organisational field of innovations. Niche
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actors, for example researchers or start-ups, can create innovations from inside organisations

that are largely driven by regimes such as universities.

The authors argue that the three dimensions vary in their level of structuration and stability, which
results in a varying resistance to change. The socio-technical landscapes show the highest level
of structuration and change only over the course of decades. They define the underlying
structures of regimes and niches, for example through sustainability as a core societal value in
response to climate change. Regimes can change more quickly. However, since they are
essential parts of society, they provide stability, especially when socio-technical systems are
well established. A recurring dynamic revolves around so-called lock-in mechanisms. Regimes
are stabilised by institutions that often possess many resources, know-how and political power.
These institutions have an inherent interest in maintaining stability, which they can enforce
through these means. However, this creates a major barrier to niche innovations. Niches are
spaces for experimentation and have a low level of structuration. This is where sustainable
change needs to start from. Yet, niche innovations regularly fail to create change at the regime
level because of the existing lock-in mechanisms. The different levels and how they interact with

each other can be seenin Figure 4.

To address this and to steer sustainable change, Geels & Schot (2007) introduced four different
ways in which change can happen as an interplay of the three dimensions. The so-called

pathways are as follows:

e Transformation: Pressure from landscape development forces regimes to change, but
there are no niche innovations that could replace them. As a response, regime actors
adjust the regime gradually with incremental innovations.

e Reconfiguration: Pressure from landscape development forces regimes to change, while
niche innovations are well developed. In this pathway, innovations are used by regime
actors as an addition to traditional ways of solving problems. Over time, this can evolve
into a regime change.

e Technological substitution: Here, tensions within a regime open a window of opportunity
for a niche innovation that replaces the regime. This can be triggered by pressure from
landscape developments or when specific niche innovations gain momentum, for

example through financial investments or political support.
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e De-alignment and re-alighment: In this scenario, landscape pressure disrupts a regime
while niche innovations are not yet well-developed (de-alignment). As a result, different
niche innovations develop in co-existence until one of them is developed enough to
replace the regime (re-alignment).
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Figure 4: The Multi-Level Perspective

Note. The figure shows the level of structuration to time, including the interplay of niche innovations,
socio-technical regimes and socio-technical landscapes; (Geels, 2011)

The different pathways show that niches play an important role in transitions, even though
according to MLP, transitions can only happen in regimes. A theory that complements MLP is the
Strategic Niche Management. Strategic Niche Management describes how niches evolve and

how the creation and development of niches can be strategically facilitated (Raven, 2026).
According to Geels (2011), niches evolve under three conditions:

e Niche actors express their expectations for their innovation openly and attract investors
and resources.
e Networks around a niche are formed, which increase the amount of resources available

for niche innovations and support the niche in moving into regimes.
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e Facilitated learning of niche innovations is most effective when designed in an
interdisciplinary way. This includes not only the learning process of actors about a
technology through testing (first-order learning), but also reflections in and about the
existing regimes (second-order learning). These learning processes should consider not

only technical aspects but also social, political and business dimensions.

A point of discussion about Strategic Niche Management revolves around the strategies used. In
the past, Strategic Niche Management was often used to analyse the development of niches and
less to steer future transition (Schot and Geels, 2008). Yet, the benefit of these theories arguably
becomes most relevant when they are used to drive sustainable change through strategically
“managing” niche development. An answer to this problem represents the theory of Transition
Management that takes aspects of Strategic Niche Management at translates them to practical

examples.

2.2.2 Transition Management

The Transition Management (TM) theory is about organising societal change with a long-term
perspective. It builds on the MLP and aims to describe how societal actors need to engage with
complex problems and how natural governance processes can be influenced by these actors to
contribute to sustainable development (Loorbach, 2010). Loorbach developed four different
types of governance activities that need to happen simultaneously. TM therefore has to be done

through strategic, tactical, operational and reflexive activities (see Figure 5).

Strategy

Monitoring Operations

Figure 5: The four types of activities in Transition Management; own figure
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e Strategic activities focus on large-scale socio-technical systems and address a society’s
culture. Activities should promote debates about ethics, values or sustainability in society,
for example through long-term goal formulation by governments. These activities aim to
change socio-technical systems in the long run (30 years).

e Tactical activities relate to the dominant structures of a socio-technical system, for instance
institutions or infrastructure, and are set for mid-term change (5-15 years).

e Operational activities are short-term practical actions that revolve around experimentation
and application of sustainability actions. These are set for 1-5 years and are strongly linked to
innovation.

o Reflexive activities are about monitoring and assessing ongoing societal change and policy
development. These activities relate to the other three categories and need to be executed
throughout the whole process to enable niche innovations to evolve. TM is put into practice

through a cyclical process with four main steps. (Loorbach, 2010)

Loorbach promotes the idea of transition arenas, where a group of 10-15 frontrunners engage in
discussions about long-term sustainability strategies. The group needs to have three different
types of members, namely problem owners (members of initiating organisation engaged with the
sustainability problem), transition management experts (interdisciplinary researchers and
facilitators), and content experts (experts on the sustainability problem itself) who are preferably
not in leading positions in their organisation to avoid conflicting interests (Notermans et al.,
2022). These frontrunners need to be able to challenge existing regimes as well as acknowledge
the need for a transition in this field, regardless of details or goals of the transition (Notermans et
al., 2022). After forming a diverse set of frontrunners, the group aims to structure the problem
associated with a specific transition issue, after which they define long-term sustainability
visions. These visions include broad objectives for sustainable development and leave room for

discussion about details.

Since the visions can be vague, the frontrunners introduce other relevant actors in the next step.
The new actors should be leaders from all organisations that are important for long-term change.
The whole group then uses the previously created visions to create transition paths that can
develop iteratively until they can be agreed on by all parties. When this is the case, the actors

adjust the paths, so they fit their organisations’ agendas.

In the third phase, innovation projects and experiments are initiated or promoted based on the
visions and agendas created. The projects should complement each other, have potentially high

impacts (which comes with high risk) and be scalable to the relevant regimes.
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Both the transition process and transition management need to be monitored constantly. The
process involves niche developments, macro-level changes and shifts in actor behaviour at the
regime level. The TM monitoring looks at whether arena actors are engaged, agendas are being

followed and that experiments are being developed further.

TM has been applied in various contexts and with different methods that all root in these four
dimensions. With this, TM bridges the gap between analysis of the status quo in theory and

proactively creating change in practice, making this the core theory for this thesis.

2.3 Methods

The methods used are literature research, semi-structured interviews and case studies, which

inform different chapters to answer the three SQs.

2.3.1 Theory of Research

This thesis follows a set of assumptions and approaches that define the research design as well
as the outcomes. The limited data availability, little understanding of CIM in Norway and the early
development stage of CIM, as well as limited documentation on Norwegian planning regimes and
niche innovations requires a qualitative approach as the only feasible option. The general
research approach is therefore inductive (Saunders et al., 2019), meaning that CIM in connection
with CCC was identified as a set of concepts to be investigated before generalisable data or
tested theories exist. The RQs form the premise, yet they are used to develop a conceptual
framework and theories that frame these premises. It was assumed that some of the methods
would reveal the exact problems in Norway only after they are conducted, for example the
interviews. Because of this, a qualitative approach using selected interviews and case studies
has been chosen as fitting to facilitate the exploratory character (Saunders et al., 2019). This
strategy aims to show the status quo of CIM in practice with the help of theory and to develop a

new framework that shows how to act on that knowledge.

2.3.2 Literature Research

The literature research in this study supports Chapters 1-5 and was done in a semi-structured
way. The starting point was general research on the topics, including CIM and CCC, as well as
theories and concepts such as complexity and Multi-Level Perspective. This initial research
provided a general understanding of the field and was used to identify key terms and research

gaps. To acquire more in-depth knowledge, different scientific databases were used, including
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Web of Science, Scopus, Google Scholar and the university library search engines Primo (Aalborg
University) and Oria (NTNU Library). Google search was used to find documents, media reports
or other grey literature. The searches were limited to publications in English, German and
Norwegian. This search followed the snowballing principle, where citations from a paper’s

reference list are used to identify additional papers (Wohlin, 2014).

2.3.3 Semi-structured Interviews

The interviews represent the core data source for this study. Perspectives on CIM and CCC vary
greatly between stakeholders globally and so does their application in practice. Semi-structured
interviews can provide deeper insights into underlying perceptions and beliefs while maintaining
comparability of answers, which creates the diversity needed to address complex problems. This
is why semi-structured interviews were chosen in line with the inductive, exploratory approach of

this thesis.

Table 1: List of Interviewees including role, organisation and type of expertise

Note. First ten interviewees from Norwegian organisations, last two from international cities

Name Role Notes
Ahmad Gashamy Urban Planning/ Municipality of Trondheim; Expertise in
Municipal consulting planning and co-creation
Andreas Amundsen Research and Municipality of Alesund; Expertise in co-
Development creation and UDTs
Anne Kristine Feltman Project Management Municipality of Baerum; Expertise in UDTs
Else Yttredal Research NTNU Alesund; Expertise in UDTs
Jorgen Stenset Restad Municipal consulting Municipality of Melhus; Expertise in planning
and UDTs
Jostein @verby Urban Planning Municipality of Oslo; Expertise in planning and
UDTs
@yvind Tanum Consulting Deloitte Trondheim; Expertise in planning,

UDTs and co-creation

Roger Henning Normann Research NORCE Kristiansand; Expertise in UDTs
Scott Young Consulting Augment City; Expertise in UDTs
Stein Moen Urban Planning Municipality of Oslo; Expertise in UDTs
Enni Airaksinen 3D Modelling City of Helsinki; Expertise in CIM

Jurg Luthy Urban Planning City of Zurich; Expertise in UDTs
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There were 10 interviews in total with different kinds of experts from Norway, who were chosen

based on several criteria. Interview partners either:

1. have worked closely with CIM/UDTs or similar technology in a leading position, or
2. have worked closely with co-creation in urban developmentin a leading position, or

3. have specific expertise in CIM/UDT and CCC from academic work.

Possible interviewees were identified through web research and then contacted via phone and/or
email. The interviews lasted between 40 and 60 minutes each. In addition, one interview with a
representative from Finland and written contact with a representative from Zurich supported the
case studies. All interviewees gave consent to create recordings and transcriptions, which are

the basis for the analysis.

Each interviewee was provided with an interview guide that was identical for everyone. The semi-
structured character of the interviews allowed interviewees to talk freely about topics and add
knowledge they felt was relevant to the study. Still, the guide was structured in four different
sections. Section 1 was concerned with the interviewees’ experiences with CCC: what benefits
they see, what challenges they have encountered and how digital tools have influenced CCC.
Section 2 was about CIM: how they understand the term, how they have worked with it, and which
challenges they have encountered. Section 3 was about imagining a future scenario where CIM is
well established in Norway, and Section 4 was focused on closing questions and
recommendations for further reading. In addition, the closing questions were used to ask for

possible further interview partners.

The structure of the interviews was similar to the structure of this thesis. The initial questions in
section 1 and 2 show the status quo of CCC and CIM from the interviewees’ perspectives. Then,
the challenges and problems the interviewees experienced are addressed. The semi-structured
character of the interviews was most prominent in this analysis of problems, for instance through
follow-up questions, since this is the basis for answering the main RQ. The future perspectives
give insights for the Transition Management framework in the discussion. The full interview guide

can be found in Appendix A: Interview guide.
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2.3.4 Case Study

A case study presents different applications of CIM in two European cities. The cases were

selected based on the semi-structured literature review and several criteria:

1) Aspects of CIM: There are reports from both cities that show the use of CIM or UDT in
practice, especially for CCC. A major point is the use of BIM and GIS in an integrated
system. The level of detail to which the cities have developed the models and used them
for planning can differ.

2) Available data: There needs to be enough publicly available data to analyse the cases.

3) Comparability: The cases need to provide knowledge that can be compared to the socio-

technical systems in Norway.

The search for fitting cases was conducted as part of the literature research through scientific
publications and web research. To date, there are no case studies specifically targeting CIM,
however some case studies comparing UDTs were used to identify models with CIM
characteristics globally. The research first provided multiple cases, including the city of
Shenzhen, Singapore and Rotterdam, which were sorted based on the previously determined
factors. Singapore, for example, was sorted out because of limited data availability. As a result,
the cities of Zurich and Helsinki were chosen as most fitting and were analysed in detail. These
cases differ not only in their application of CIM, but also in organisational structures and urban
governance culture in their respective cities. The cities are also of different sizes, with Helsinki
being the largest and Zurich the smallest, both in number of residents and area (City of Helsinki,
2025; Stadt Zurich, 2026a). The contacts from Zurich and Helsinki were asked to provide more
detailed information on the application of CIM. For the city of Zurich, Jurg Luthy, director of the
GIS department, provided insights on the use of CIM through email communication. For the case
study of Helsinki, Enni Airaksinen was interviewed in the usual interview format. The study
explores the history and future perspective of CIM in the two cities, which allows for a comparison

with Norway.

2.4 Analytical Framework

This section shows how the theories and concepts are applied in this thesis as well as the

research design.

The two concepts (co-creation and MUC) are used throughout the results and discussion to

answer the research SQs one to three, but also appear in the problem statement section, as they
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are key to understanding the underlying problems that make CIM relevant as a tool for sustainable
development. co-creation has been an integrated part of the interviews and provides insight into
citizen engagement work in Norway and in other contexts (through case studies). In the
discussion it provides guidance for recommendations for future urban planning and CIM use in

Norway. MUC is used in the discussion to analyse possibilities and limitations of CIM.

The MLP and TM theories play a major role for answering SQ three as well as the overall RQ and
are used in the discussion section. Here, global and local landscape developments, Norwegian
planning regimes and CIM as a niche innovation are first analysed through the lens of MLP. The
insights on the possible development of CIM inform the TM framework in which Strategic Niche
Management is used to recommend specific activities that support a sustainable transition. The
TM framework itself aims to answer the main RQ by showing how CIM can be established as a
toolfor CCC in Norway. This is done by following the four types of activities of TM and integrating

the analysis of MLP, co-creation and MUC. The whole Research Design can be seen in Figure 6.

Research Question
How can CIM support multidisciplinary Theories and
Methods ) R .
CCC in Norwegian cities and improve Concepts
sustainable development?
Case Study )
Sub-Question 1 - :
Literature Research How are CIM and CCC currently Co-Creation
applied in practice?
Semi-structured Interviews Yy,
I Sub-Question 2 N Co-Creation
Semi-structured Interviews What challenges and opportunities I
do Norwegian stakeholders identify Combplexit .
for CIM and CCC? bl
/ )
Sub-Question 3 Mutlti-Level Perspective
N How does CIM in Norway need to
Literature Research develop to support sustainable Transition Management
urban planning and become a tool
for CCC? Co-Creation Complexity

Figure 6: Research Design

Note. The image shows the full research design including all methods, theories and concepts and
how they are used to answer the three SQs; own figure
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3 Analysis

The results present the main findings and aim to answer the first two research SQs. First, the
results of the ten semi-structured interviews are presented to show how CIM is currently applied
in Norway, as described by the interviewees. This part also addresses the challenges and
opportunities for CIM as articulated by the participants. The next section highlights two case

studies of Helsinki and Zurich, which are based on literature and interviews (SQ1)

3.1 Interviews

This section presents the results of interviews with Norwegian stakeholders, first about SQ1 and

second about SQ2.

3.1.1 Current Practices in Norway

Collaboration and co-creation

All interview participants collaborate with other institutions on a daily basis, although from
different roles. This collaboration takes place both internally and externally and involves a variety
of stakeholder types. Municipal actors, for example, reported that they collaborate with other
public partners (international, national and regional), private partners (e.g., consultancies,
software developers) and with citizens. However, there are differences in how collaboration takes
place, depending on the stakeholder types involved. One public institution in particular was
mentioned by all urban planners as a major partner: the Norwegian Association of Local and
Regional Authorities, often referred to as KS. KS is a public interest organisation that represents
allmunicipalities in Norway, for example, in national and international political debates and wage
negotiations (KS, 2026). According to several interviewees, KS facilitates regular meetings
between municipalities in a mediating role and enjoys high authority and trust among municipal

actors.

Restad (municipal planning consultant, Melhus municipality) talks about different sizes of
municipalities and their resources. Larger municipalities often have greater capacity to develop
plans than smaller municipalities, partly because of differences in tax income. Smaller
municipalities may produce less comprehensive plans because fewer people have to deliver the
same results asin larger municipalities. Young (consultant, Augment City) adds that, despite their
limited resources, smaller municipalities such as Alesund and Kristiansund have been more

engaged in collaborative projects than larger municipalities such as Oslo. He suggests that
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planners in smaller cities are used to doing multiple tasks at the same time, which gives them a
more holistic perspective and, at the same time, better contact with citizens, who can be more

easily involved in planning.

However, in most municipalities, collaboration with citizens often works in a more one-
directionalway. Once municipalities have progressed further in a project, they present their plans
to the public for feedback. This is common practice and, even if it might work well, @verby (urban
planner, Oslo municipality) critiques the status quo. Since citizens are presented with plans that
are mostly already decided on, they often do not have sufficient possibilities to participate in
decision-making. co-creation plays a minor role in municipalities and is interpreted in different
ways, leading to a diverse set of discussions. Some interviewees use the terms collaboration and
co-creation interchangeably when referring to working with colleagues in their municipality and
with consultancies, excluding citizens from this process. Others, associate co-creation with

citizen engagement only.

Interviewees also reported on how they facilitate CCC in their work. Municipalities often take a
neutral position in collaboration, as Tanum (consultant, Deloitte Trondheim) explains. In his
experience, stakeholders have their own agendas, which are not explicit from the start. Initially
hidden agendas can lead to conflict, especially in long-term and large-scale projects. Therefore,
uncovering agendas and values has been a major concern in past collaborative projects. One
approach to this is to start with a Memorandum of Understanding. With this, all stakeholders
commit to a goal and create a common ground for discussions, for example, contributing to
SDG 11. The next step is about creating a framework that works as a guideline for the
stakeholders. An important part of this is communicating and understanding the stakeholders’
values and assumptions. A framework ensures a mutual understanding between actors and can
prevent confusion, says Tanum. As an example of this, Tanum mentions a citizen engagement
project in collaboration with other municipalities. They created a Memorandum of
Understanding, including a statement about their goals to improve Norwegian communities and
increase digital participation. This statement was used to keep a focus and continue working

together effectively throughout the project.

City Information Modelling

Regarding CIM, most interview partners used the terms CIM and Urban Digital Twin
synonymously. When asking the interviewees about their understanding of the term CIM, none
were able to connect the term with any of the prerequisite components (BIM, GIS, loT). Instead,

the common reaction to the question was confusion and a description of UDTs. However, the
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aspects of cities that they associate with UDTs and the models they have been working with differ

strongly.

The main commonalities revolved around the use cases of the UDTs they worked with. Traffic
planning, energy management and climate resilience/evacuation simulations were mentioned by
various interviewees as use cases from past or current projects. Tanum explains that, in practice,
UDTs can look drastically different depending on the desired features for a project. For example,
when modelling the amount of water that is leaking through pipes into the ground, models can be
very technical, whereas when discussing topics around demographics or public services, the
models can be less technical and more based on social approaches. Normann (researcher,
NORCE Kristiansand) reports on UDTs from the position of research on Social Digital Twins in
Bergen, Tromsg and Vadsg. The planned Social Digital Twin is intended to support municipalities,
for example, by preparing them for large-scale evacuations through a digital model of local
communities (NORCE, 2026). He explains that, in Norway, large-scale evacuations are mostly
planned without digital support. The planning involves gathering data manually by calling hotels
or hospitals and creating scenarios with the help of consulting companies. This labour-intensive
work can be expensive, especially for larger municipalities such as Bergen. The benefit of a social
digital twin would be to simulate evacuation scenarios at different times of the day, in response
to different causes and effects, such as extreme weather events, and at different locations within

the municipality.

“It matters a lot if an event happens near the harbour, the airport orin a rural area. It also
depends on the timing, for example, if it happens at midnight, in rush hour, in summer holidays
or in the winter and so forth. Having this scenario digitally developed means [we can] vary the
key aspects of the evacuation planning, [helping] the municipality and its partners on a local

level with emergency planning and training.” — Normann, 2026

Together, the interviews show that collaboration, co-creation and CIM are currently implemented
in different ways across Norwegian municipalities, especially due to available resources, existing

structures, and the limited but growing implementation of digital tools.
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3.1.2 Opportunities and Challenges

Opportunities for CCC

The interviewees addressed the benefits of CCC in different ways. Youngillustrates how CCC can
enhance municipal planning. In a past project, a local municipality instructed Augment City to
visualise a problem, which wanted to simulate how to move emergency vehicles around the
islands in case of extreme weather events. After a co-creation process with citizens, the
municipality discovered that citizens were less worried about emergencies but more about how
to reach schools to secure their children. The process highlighted how different citizens perceive
cities and identify points of interest in extreme situations. In this case, co-creation had a positive
impact on the shared problem definition between planners, consultants and citizens and led to
more holistic perspectives. This is supported by Amundsen (R&D advisor, Alesund municipality),
who sees the biggest benefits in the knowledge gained by collaborating with stakeholders.
Municipalities often do not have the means to create different solutions for a given problem, says
Amundsen. In this context, collaboration helps to map the different stakeholders, develop

connections and create a space for possible sustainable solutions.
Opportunities for CIM

Tanum sees the need for CIM. However, how these models will develop depends on many
uncertain factors. He believes that CIM models should be split into different domains, for
example transport or energy. Domain-specific models could potentially provide more structure
and organisation, where a comprehensive model might have too much data to be used efficiently.
Tanum says that large-scale projects rely to some extent on hierarchical structures to work
effectively. Using existing structures, for example the European Union’s (EU) taxonomies or
frameworks made for the project, would benefit the development of CIM-based planning.
According to Amundsen, an important goal is therefore to define relevant use cases and domains
(e.g., energy simulation), and focus on those instead of researching cases where a reasonable

application is unrealistic (e.g., social systems).

Feltman (project manager, Beerum municipality) explains that only certain groups of citizens, for
example, over 65-year-olds, are participating in CCC with municipalities. The lack of diversity in
opinions creates problems for urban planners who want to plan inclusively. Having a digital tool
could help reach other groups, includingyounger people, and getthem engaged in urban planning
activities. She adds that politicians often get a lot of data that they have to handle and interpret,

which is a challenge for decision-making. CIM could help with communicating different planning
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scenarios to politicians to improve decision-making for them. The models, however, would need
to be very detailed for that and more than a visual representation of cities, says Feltman. Data is
spread over different digital and analogue systems and is unorganised, which poses an additional
challenge. Organising the data is a necessary but time-consuming activity, as Feltman explains.
In the future, data could be gathered in one CIM system, which would improve data acquisition

and save time and costs. It can also make the access to data easier for everyone.

Amundsen specifically sees the potential of CIM to improve collaboration by increasing
awareness for MUC in this regard. Data is spread over different digital or analogue systems and
is unorganised, which poses an additional challenge. Organising the data is a necessary but time-
consuming activity, as Feltman explains. In the future, data could be gathered in one CIM system,
which would improve data acquisition and save time and costs. It can also make access to data

easier for everyone.

Yttredal sees the best use case for CIM in communicating ideas and plans. The visual aspect of
CIM can benefit collaboration in that way, although it cannot completely replace traditional ways
of collaborating through meetings, workshops or similar. In addition, since it is difficult to
integrate every aspect of a city into models, CIM should be tied to specific purposes or subjects.
A prerequisite for CIM is the quality of data, especially when working with technical applications
and simulations. Yttredal explains that regulatory data needs to be part of CIM as well. Urban
planning is heavily impacted by regulations, which need to be a major part of CIM tools to be
useful. In this context, Tanum highlights the use of Al. In order to work with CIM efficiently and
promote sustainable planning, interdisciplinary data is a major factor. Al can support the
implementation of policy, regulation and cost calculations in the models by, for example,

structuring and analysing planning documents to combine policy with technology.

According to Young, CIM models could unfold as multilayered models with different levels of
detail. Citizens could have access to a simpler 3D visualisation tool that is used, for instance, for
collaboration, while municipalities use a more comprehensive CIM tool with sensitive data that
is not public. He compares CIM with BIM in this case and explains that, in a possible scenario,

one could change between layers of detail depending on your current needs.
Organisational and interpersonal challenges

The most commonly reported challenges in CCC are interpersonalin nature. For example, Restad
notes that in the collaborative processes in which he has been involved, single actors could have

large positive or negative impacts on the whole project and the group. This is also acknowledged
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by Moen (urban planner, Oslo municipality), who describes how interpersonal conflicts can not
only create barriers for single projects, but also collaboration between departments, especially
when the conflict lies between actors in leading positions. This situation has created tensions
between staff members, as Moen reports. He also mentions that as a result of the developments
connected to the digitalisation, colleagues have expressed feeling threatened by new workforces
who acquire, for example, GIS related knowledge quickly because of digital tools, which can
increase the interpersonal tensions. To avoid this, Amundsen explains that it is important for
every actor to understand each other’s positions, values and boundaries, and with that create a
level of trust. A major task for Amundsen is therefore to find commonalities between actors, and

from there develop methods for collaboration.

At the same time, organisational structures can be a barrier for good collaboration. Restad
explains that the municipality of Melhus is organised in departments that largely work
independently. As a result, the lack of collaboration and communication between departments
is creating challenges, for example, that employees are unsure about the type of work other
departments are doing. Tanum emphasises that, in past projects, collaboration partners have
underestimated how complex their partner organisations are. The expectations did not always
meet the service that could be delivered, which led to conflicts. Especially when working with
citizen engagement, the organisational and bureaucratic systems are a challenge, also because
those systems are changing constantly. As a result, planning needs to be dynamic, and planners
need to be able to react to unexpected events, says Tanum. co-creation processes have an
additional risk of lacking commitment. In Tanum’s experience, co-creation can end up in a solely

communicative process, which does not always lead to deliverable results.

Yttredal (researcher, NTNU Alesund) and Gashamy (urban planning consultant, Trondheim
municipality) explain the relation between private companies and public actors. Municipalities
often lack the necessary know-how and resources to create plans independently. For detailed
plans, they rely to a large extent on the work of consultancies, which, for instance, have GIS and
mapping competencies that municipalities lack and that often execute collaborative processes.
Collaboration with consultancies is therefore an important part of urban planning culture in
Norway. However, this can also create dependencies and a risk for holistic planning. Gashamy
adds that workforces of consultancies are usually highly skilled architects, engineers or planners.
Gashamy critiques this and argues that consultancies therefore have limited perspectives on

cities and are shaped by similar socio-economic backgrounds.
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The unequal distribution of planning capacity between municipalities also creates challenges. As
described in the previous section, smaller municipalities often have fewer resources, which
creates animbalance in the quality of plans and how municipalities can act upon their strategies.
This is a major problem, as seen by @verby, since citizens are not involved in planning processes
enough, and because smaller municipalities are less likely to have the capacity to experiment

with new tools such as CIM.
Data-related and technical challenges

The challenges of CCC also translate to the use of CIM and UDTs. Some of the biggest challenges
in bigger UDT/CIM projects have been connected to communication with other actors, says
Feltman. Agreeing on terms such as CIM and uncovering different perceptions of actors is a
challenge, especially with previously unknown terms. As an example, Feltman recalls a situation

from a meeting with software developers about traffic simulation and congestion.

“[We] were speaking a different language. We were talking about what the average travel time
[for a route] would be in minutes, while they were talking about the length of the [congestion]

queue in meters.” - Feltman, 2026

In addition, data acquisition was anotherissue. The project managers of the Fornebu 2027 project
needed specific data, which was difficult to acquire. Getting the necessary data, despite previous
communication to the municipality, created bureaucratic problems. Some data is also not
available and needs to be gathered and analysed first in order to be useful for CIM applications,
as Amundsen explains. However, since most municipalities in Norway do not have the capacity
to work with data effectively, new positions, such as data analysts, would be needed to solve this

issue.

Other challenges are of technical nature. Tanum explains that CIM should be designed to address
MUC, which makes models very complicated. For an UDT for water pipes, Trondheim Kommune
had a team of ten people working solely on constructing the model. The associated costs can be
very high, and it requires a lot of know-how to build the models, which is a major challenge with
CIM. The complexity, however, also differs with the types of phenomena that need to be
modelled. Very technical applications can be more detailed, and therefore accurate, which
makes changes in the system more predictable. In contrast, simulations of social behaviour are

more difficult to predict because of its complexity.

Many interviewees argued that modelling social behaviour is only manageable with more

narratives and assumptions than in purely technical models. The subsequent lack of accuracy
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can therefore be a risk to the accountability of the results. Making enough assumptions to create
a useful simulation model without compromising the integrity of the data is a major challenge,
says Restad. According to Normann, in extreme situations, such as evacuation events, people
tend to do unforeseen things, for example, misinterpreting data or driving in the wrong direction.
This makes the reliability of data an issue. Yttredal shares this concern and explains that, while
planners can benefit from the level of detail of CIM, it cannot portray every aspect of the
environment. As a result, nature or other aspects might be overlooked. She acknowledges that
thisis a problem in planning already. Organisations with more resources can create CIM models
fitting their business model, and use this to have a stronger impact on development projects. This
shapes how projects are perceived by stakeholders, while other organisations, such as
municipalities, have fewer possibilities to highlight additional consequences, for instance on

nature. Yttredal sees a risk for holistic planning in this and explains:

“[CIM-like tools] represent only a part of reality. When you use this relatively simple tool for a
complex situation, like transport modelling, there are many aspects you cannot putinto a so-
called digital twin, for example, the complexity of nature or social aspects. That is the major
challenge: When you have a digital twin, you can create it with whatever is right for your purpose

as with every other planning project or way to communicate.” - Yttredal, 2026

Normann addresses this MUC-related problem with the Social Digital Twin research project. The
research group aims to create an UDT simulating social behaviour, despite knowing that a virtual
model might never fully represent its complexity. The biggest challenge in this is deciding on
which aspects are relevant for simulation and which aspects can be ignored. Normann works on
this in iterations, where the team adds more variables to the system step by step. The increase in
complexity should at some point lead to a model that is approximating well enough to be usable
for municipalemergency planning. In addition, the project revolves around three cities of different
sizes and cultures, which creates additional challenges but promises new insight into UDTs.
Normann assumes that people will behave differently based on geospatial and socio-economic

differences, which might affect the applicability of a Social Digital Twin of one city to another.

Amundsen adds that 3D visualisations have created issues because of the amount of information
embedded in the model. Amundsen explains that in past projects, the project group did not find
ways to incorporate social behaviour, governance and laws into the process. He reports that
removing or simplifying information to a 2D format can improve communication in discussions
about details or in certain situations, for example when talking about road networks. This is why

it can be difficult to find use cases for CIM:
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“I see use cases for example within buildings and energy [planning]. It is obvious because these
are closed systems that can be optimized, but for governance and collaboration, it is difficult to
find use cases. We were struggling to find the right kind of workshop for CIM, since we always
had to supplement 3D models with presentations and 2D maps to communicate well.”

-Amundsen, 2026

While most interviewees see major benefits in the development of Al for CIM, some of them also
raise concerns. The decision-making processes of Al tools are often opaque, making it difficult to
trace how specific results are generated. Since these results are used for policy, it is of high
importance to trust the data, which remains a major concern, says Normann. While trust in data
is one thing, another problem with CIM could be keeping data up to date, as described by Young.
Cities are changing constantly, which requires CIM to be updated frequently to be an accurate
representation of a city. Getting a level of detail of infrastructure is simpler with new development
projects, that can be planned over their whole life cycle. Young sees a bigger challenge in the data
acquisition for existing infrastructure. Another challenge could be connected to the dependency
of municipalities on external companies to build CIM models. A large portion of the know-how on
CIM is accumulated during the development stage. If that knowledge is not adequately
accessible to other actors, for example in a municipality, the know-how on CIM might get lost.

Reacquiring that knowledge again requires the very resources that are often lacking.

Overall, the interviews suggest that CIM and CCC can address important aspects of MUC, but
that organisational fragmentation, limited capacity and technical complexity currently prevent

CIM from being widely applied in Norway.

3.2 Case Study

The two best-case scenarios in which CIM is applied in practice are shown in this section. These
include its use for collaboration and co-creation, as demonstrated by the examples of Zirich and

Helsinki.

3.2.1 Helsinki

The city of Helsinki is the capital and biggest city of Finland, with 684.000 inhabitants and 1.6
million people in the metropolitan area (City of Helsinki, 2025). City modelling has been an
important part of urban planning already since the 1980s/90s, when the first digital 3D models
were created to support urban planning and architectural competitions (City of Helsinki, 2023).

Beginning in the year 2017, this has evolved into two different models of the city of Helsinki with
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different characteristics. One model functions as a purely visual representation of the city that
can, for example, be used for design, while the other is a more detailed model built on CityGML
standards (City of Helsinki, 2022a; Reichel, 2026). It incorporates not only GIS data, but also BIM
based buildings (City of Helsinki, 2019). A depiction of the model can be seen in Figure 7.

Tietoa rakennuksesta

Katuosoite : Kluuvikatu 2

Rakennuksen tila : voimassa

Valmistunut : 1969-12-31

Kayttotarkoitus : Muu kayttotarkoitus
Rakennusaine : Betoni tai kevytbetoni
Rakennuksen korkeus : 29.74 m
Rakennuksen pohjan korkeusasema : 2.62
Kerroksia : 9

Kerrosala : 19416 m?

Kokonaisala : 25076 m?

Tilavuus : 76495 m®

VTJ-PRT: 1030367858
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gmlid : BID_be898353-71d0-49ed-b026-6e53f770b7a6

RN )

Figure 7: City Information Model of the city of Helsinki

Note. The image shows information of a building unit through the publicly available CIM platform;
(City of Helsinki, 2023)

The interview with Enni Airaksinen (3D modelling expert; City of Helsinki) revealed current
challenges and benefits regarding the CIM model. Converting the high level of detail of BIM
models into a GIS-based system is the most pressing ongoing challenge for the city of Helsinki,
which is why the conversion from BIM models to the CityGML-based model works with the use of
the Industry Foundation Classes (IFC). The standard sets guidelines for how to transfer BIM
models to other formats (buildingSMART, 2026). From 2026 on, the city of Helsinki mandates the
use of BIM for all constructions in Finland in a format based on IFC standards (Petteri Nikki, 2026;
Reichel, 2026). Airaksinen explains that the models have to be submitted by, for instance,
developers or architects whenever they apply for a building permit, ensuring that the city can
incorporate up-to-date building data into their CIM model. With the new guidelines comes a new
automation process that integrates newly implemented IFC data into the CityGML model on a
daily basis, as Airaksinen explains. In addition, she highlights that the city currently implements

wide-scale loT sensors to improve urban planning further, for example, by providing information
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on air pollution. According to Airaksinen, the model is used especially for climate resilience and

energy planning, but it also supports urban planning in facilitating CCC.

One of the things that sets the city of Helsinki apart from other cities globally is citizen
engagement. Citizens can participate in all kinds of ways through digital tools and analogue
events (City of Helsinki, 2022b). A prominent example of effective co-creation is the OmaStadi
project, that was initiated in 2018 and has been renewed yearly since (City of Helsinki, 2026). In
this project, residents of the city of Helsinki could collectively decide on how the city should use
a portion of the available finances for the seven major districts, which was 10 million euros in
2025 (City of Helsinki, 2026). Over 1700 ideas for improvements were collected from citizens and
sorted, after which the budget was divided between the winning ideas. The ideas are either
directly implemented or go into the next stages of co-creation, including city walks or workshops,
before being integrated into the city (City of Helsinki, 2026). Helsinki is also targeting
underrepresented groups, for example, in their Youth Budget project, which aims to include 13-
17 year olds in participation, or through the 3D+ model, which shows the city of Helsinki in the
video game Minecraft making co-creation more accessible (City of Helsinki, 2026; Palkoaho,
2021). This shows that co-creation can be structured and facilitated over longer timeframes but
can still allow for creative input from citizens at an early stage of development. These approaches

directly address the SDG targets 11.3, 11.8 and 11.9.

Helsinki’s policy and governance approaches are what really set the city apart from other cities.
Yet, since Finland is part of the EU, it has to follow EU regulations, which can create challenges
for municipalities, as Airaksinen explains. However, the city’s administrative bodies also use
elements of the EU to improve citizen engagement through funded projects. Airaksinen explains
that the city aims to use Al for 3D modelling, data processing and scenario development, for

which the city applies for EU fundings.

In total, Helsinki has mandated IFC-based BIM with integration into a CityGML model, expanded
loT use for different use cases, and integrated CIM into participatory planning, in addition to the
strong efforts in co-creation. This illustrates an advanced use of CIM for CCC. Funding large-scale
co-creation processes that are supported by digital tools (including CIM) shows one way to

address the aspects of self-organisation in MUC, and to contribute to sustainable development.

3.2.2 Zurich

The CIM model in Zirich runs under the name of UDT, however, it resembles similar

characteristics as CIM and sees great efforts in development.
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The city of Zurich is smaller than Helsinki, with about 450.000 inhabitants and an area of 92 km?,
and yet the largest city of Switzerland (Stadt Zirich, 2026a). GIS use has been an integrated part
of Zurich’s urban planning work for decades, but the first 3D model was created only in the year
2011 and has since then been enhanced (Stadt Zirich, 2020). In recent years, the city has
dedicated itself to further develop the GIS-based model and incorporate BIM systematically, as
was described in the GIS 2035 and BIM 2026 strategies (Stadt Zurich, 2024, 2021). The
combination of GIS and BIM forms the digital twin in ZUrich, which consists of a single 3D model,
from which different publicly available web-tools were developed, namely “Zurich Virtuell”,
“Zurich 4D” and “Strassenlarm 4D” (Stadt Zurich, 2024). The integration occurs step-by-step
whenever the city is involved in construction projects that use BIM data. As part of this case study,
Lathy provided additionalinformation and explained that especially the integration of BIM into the
Digital Twin causes a variety of problems, for instance, harmonisation of BIM models with
standards and the integration of the data into a common platform. However, according to Luthy,
multiple city departments already work with BIM as a standard and frequently integrate BIM data
for internal and external use. To ensure that the data is up-to date, the city has been integrating
loT data into its workflows, for example for traffic simulation, although these loT systems are not

integrated into their Digital Twin as of 2026, as Luthy explains. Figure 8 shows the UDT of Zurich.

Figure 8: Noise pollution in the Digital Twin of Ziirich

Note. The image shows the Strassenldrm 4D model of the city of Ziirich; the colours indicate the
level of noise at the respective position (Stadt Ziirich, 2026b)

The models are used for collaboration with other stakeholders, for instance, in architectural
competitions, where the city uses Virtual Reality as a support tool, but also for urban and climate
resilience planning (Kissling, 2024; Stadt Zurich, 2026b). Luthy sees the most benefits for their

models in the collaboration with other stakeholders, especially since CIM can combine all kinds
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of data into a common platform. He highlights the fragmentation of data as a major problem,
which also contributes to the “siloed thinking”, similar to the situation in Norway. The UDT
effectively improves communication between departments by providing a common
understanding of the interdisciplinarity and MUC. This allows creation of sustainable solutions,
even though urban complexity is increasing, according to Luthy. The city also tests the use of
UDTs for co-creation for younger citizens through the video game Minecraft (Stadt Zurich, 2020).
Citizens could create their own ideas in a Minecraft model of the city and submit them to the city
as a passive, long-term Co-Creative process (Stadt Zurich, 2020). This shows how gamification

can be used to address citizen participation with underrepresented groups.

An aspect that might affect the efforts on co-creation is the political situation of Switzerland.
Switzerland is a special case on the European continent, since it is neither part of the EU nor part
of the European Economic Area (EEA), which provides political independence from other
European countries. In addition, Switzerland enacts aspects of direct democracy into its political
system, which is linked to an increasing interest in political engagement on a national and local
level (Salati and Ayele, 2024). According to OECD surveys, trust in public institutions as well as
local governments is high above OECD averages, with 62% and 60% having high or moderately
high trust, respectively (OECD, 2024a). Although Norway is above the OECD average as well, in
recent years these humbers have been decreasing to 52% and 50% showing high or moderate
trust in their national and regional governments, respectively (OECD, 2024b). Together with a
federalistic system allowing regions to act largely independently, the Swiss system provides
optimal conditions for co-creation and innovative approaches in the city of Zurich. This impacts
both how co-creation is addressed, the possible success of co-creation (if designed well), and

also the possibilities to develop CIM as a tool.

The UDT of Zurich stands out as a tool for interdisciplinary collaboration between stakeholders
and a progressive approach to CIM, despite political mandates, as is the case in Finland.
Furthermore, Zurich builds on high levels of trust among residents and a tradition of co-creation

through digital tools that is enacted also through its UDTs.
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4 Discussion

This section highlights the development of CIM elements (e.g., BIM and GIS) in Norway through a
Multi-Level Perspective, to draw conclusions on the current position of CIM as a niche innovation,
as well as possible future developments. In addition, discussions on how CIM can address the
complexity of cities support the Transition Management framework for CIM and CCC

developmentin Norway.

In the Norwegian context, co-creation only exists to a limited extent, since citizen engagement
occurs late in the process and is done through consultancies, as explained by the interviewees.
The case of Helsinki shows the potential for CIM and co-creation that is unused in Norway. Yet, it
also shows that implementing co-creation through CIM is less of a technical problem, but more

so a governance problem that needs to be overcome in Norway.

Improving trust and fostering a culture that inherently integrates citizen engagement is therefore
of major importance for Norway. This again shows how CIM development is dependent on a

multitude of socio-technical factors that need to be taken into account.

4.1 CIM and MLP

The analysis indicates that CIM in Norway can be situated as a niche innovation, while regimes
are defined by a variety of lock-in mechanisms. However, landscape pressures could open

windows of opportunity for CIM.

4.1.1 Regimes

As was explained by multiple interviewees, municipalities depend on consultancies for technical
skills, know-how and the execution of co-creation. In practice, this might result in tensions
between public and private actors, where private companies can hold power over municipal
actors. Since consultancies have a financial interest in maintaining this system, it can be argued
that this creates lock-in mechanisms and an inherent resistance to change, posing challenges
for new niche innovations. Consultancies also take over roles as facilitators of co-creation
processes, which still play little role in urban planning, as described before. As can be seenin the
Helsinki case study however, co-creation processes rely on the effective use of creative citizen
input, yet in a situation where consultancies possess ownership over co-creation, the input is

most likely only be used if there is a financial benefit to it or if the municipality mandates the
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implementation of the outcomes of co-creation. Still, the insight from Gashamy in the analysis
implies that co-creation has the potential to highlight the lack of diversity in perspectives that
exist in consultancies and municipalities, but if citizens are not involved in planning, there are
fewer chances that these organisations manage to identify this as a problem and find solutions.
This suggests that the organisations will proceed to act from a top-down situation, hindering them
from promoting co-creation and remaining in their planning regimes. The same situation can
occur when developing CIM platforms. The know-how about technologies means consultancies
need to play a major role in this development. This, however, points to a risk that consultancies
will shape CIM, for example through use cases that fit their kind of planning work and by that
neglect aspects of cities they cannot deliver on/they do not see a benefitin (e.g., nature). Through
the lens of the MLP, both situations are characterised by lock-in mechanisms that create

additional challenges for CIM and CCC.

Furthermore, several interviewees reported that planning is effectively not executed holistically
because of a siloed organisation. This arguably poses a risk of hindering openness to innovation,
such as CIM, and new approaches for co-creation. The fragmentation of skills could limit
workforces to work with topics outside their department’s responsibilities, and discourage them
from engaging with other departments, eventually accelerating the fragmentation further. The
organisation in silos can also be seen as a reason for the persistent perception that CIM cannot
be used as a comprehensive tool, but instead needs to be split by use case, purpose or domains.
The lack of interdisciplinarity in Norwegian planning regimes can create disbeliefs that CIM could

become an interdisciplinary tool.

The organisation of municipalities also poses other challenges for CIM regarding data
management. As was reported by interviewees, the lack of skills in municipal bodies means data
acquisition, management and security is causing bureaucratic problems. Seeing that most
municipalities struggle with digitalisation and only few effectively work with Al, this suggests that
planning regimes are still characterised by traditional and analogue methods (KDD, 2025; KS,
2025). To work efficiently with CIM, however, data-driven planning needs to be part of regimes,
including workflows and politics. The use of Al was acknowledged to play a role in this, but most
interviewees communicated more concerns and doubts than benefits of Al. The statistics from
KS underscore this, indicating a persistence to adjust to the impacts of the digitalisation as a

landscape.

At the same time, the effects of the digitalisation allow people to learn new skills more quickly

than ever. However, as Moen explained, this creates pressure on experienced personnel that
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needs to react to the changing regimes and emerging niche innovations. A problem with this is
that experienced personnel often understand the mechanisms of their regimes better than new
workforces, while being in an established position inside their departments. The already existing
resistance to change can then be enforced through the different power relations of established

personnel and new workforces, leading to additional lock-in mechanisms.

Lastly, a major theme that was present during all interviews was sustainability. The term was
understood both as a solution to all major landscape developments (climate change,
digitalisation, Al, urbanisation) as well as a challenge in itself. This shows that, although
sustainability is part of planning regimes (in the form of values), its opportunities are not used to
their full potential, and it is not entirely incorporated into workflows. This, however, needs to

change in order to promote CIM and CCC as sustainable solutions.

4.1.2 City Information Modelling as a Niche Innovation

In this thesis it is argued that positioning CIM within the MLP is necessary for answering the main

RQ, since it provides insights into the conditions for sustainable transitions.

The development of true CIM models, as defined in this thesis, is lacking in practice globally,
although some cities are developing aspects of CIM. As shown in the case studies, the city of
Helsinki is one of the leading developers of CIM on a large scale. However, the fact that few other
applied CIM cases are known globally suggests that CIM positions itself as a niche innovation in
contrast to GIS, BIM and IoT, which are to an extent part of Norwegian planning regimes. GIS is an
integrated part of urban planning regimes in Norway, while the use of BIM is still in progress to
become a standard tool, as was explained in Chapter CIM in Norway, arguably positioning it on
the way from a niche innovation to regime. loT has neither been used by any of the interviewees,
nor have they explicitly highlighted the potential benefits. This suggests that loT is a new
development in Norway and can therefore be positioned in an early niche innovation stage. All

described landscape developments, regimes and niche innovations can be seenin Figure 9.
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Figure 9: CIM through the Multi-Level Perspective

Note. The graph shows CIM as a niche innovation at an early stage of development as well as other
innovations and their position as niche innovations/regimes; it also shows how planning regimes
such as siloed structures and top-down planning persist with a high level of structuration and
stability; examples for landscape pressures influencing regimes and niches are climate change and
urbanisation

This thesis argues that CIM might follow a path of reconfiguration or technological substitution
for a few reasons. Even if the integration of BIM, GIS and loT into a common platform is not well
understood in Norway, their components already exist and are used in practice, meaning the
technology is ready to take over regimes. This is supported by the fact that interviewees had an
established mutual understanding of the three terms and were able to point to benefits and
restraints, despite some of them not being used in practice. Furthermore, UDTs do exist in
Norway and already incorporate elements of CIM, although with little consistency on the use
cases and technology. This indicates a limited possibility for a De-Alignment or Transformation
Pathway scenario, where niche innovations are not developed. The use of UDTs to address the
known problems, such as siloed organisations and thinking, was widely known among
interviewees, which indicates that the same understanding can be developed for CIM. UDTs are,
however, not yet used as a standard tool for planning, but rather as a support for 2D maps and

presentations, as Amundsen explained, while interviewees only see few use cases in the future.
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These beliefs suggest that CIM, similar to loT, is evolving as an add-on, without fully substituting
planning, to support the digital and analogue planning processes, and that way slowly highlight

benefits and opportunities in municipalities, ultimately changing planning regimes.

These insights indicate that CIM will likely develop once the opportunities and limits are known
among regime actors, which underlines the importance of networking and the expression of
expectations as part of Strategic Niche Management. However, CIM still relies on technical

experimentation and policy changes to steer a similar development as with its components.

4.2 Addressing Multilayered Urban Complexity with City
Information Modelling

The analysis shows that CIM in Norway is primarily understood as a tool for technically
‘complicated’ issues (traffic, energy, etc.) but not for complex social problems. In relation to the
research SQ three of how CIM can support CCC in Norwegian cities, this means a large part of

MUC remains unaddressed, creating a barrier for sustainable CIM use.

Interacting agents, self-organisation and unpredictability of disruptive events cannot be
simulated in advance, which raises a question about the purpose of CIM as a “comprehensive”
planning tool. In fact, debates about the development of comprehensive city models have existed
since the 1970s. In the paper Requiem for Large-Scale Models, Lee (1973) addresses research
from the 1960s on the proclaimed benefits of large-scale computer-based models. The author
highlights seven flaws of these models, some of which have still been identified as a challenge
for CIM, for example, the financial costs of creating models and the large data sets that need to
be managed (Lee, 1973). A huge problem lies in the expectations of large-scale models that are
tied to “hypercomprehensiveness” on the one side and the feasibility on the other side (Lee,
1973). Lee explains that the large data sets and the combination of complicated components
increased complexity exponentially, eventually resulting in a “black box” that does not provide
trustworthy data (Lee, 1973). As a result, the models had to be simplified and despite large data

sets, models did not provide enough information to be useful for policymakers (Lee, 1973).

The analysis shows that interviewees still doubt the capabilities of CIM and associate it with high
costs and low data reliability. CIM in Norway is therefore closer to Lee’s idea of a black box than
to asupporttool forurban planning, especially with the influence of Al. However, as Tanum noted,
Al could be a solution to the data management and simulation problems of CIM. This indicates

that Al needs to play an important role in future development of CIM, yet it can only be a feasible
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option if it keeps data management transparent. This is a major challenge for Al research and a
possible explanation for why academia and interviewees prominently frame CIM with the intent
to improve planning from a top-down perspective, leaving little room to acknowledge these

aspects of MUC and self-organisation.

Yet, some of the biggest benefits of CIM address complexity directly, with links to the SDGs.
Communicating with other actors, for instance politicians or citizens, was described as a major
obstacle during the interviews. However, the known use cases of CIM in the case studies and
analysis indicate that the integration of different layers of city data into a common platformis one
solution to this problem, as it allows adjusting the level of detail and sensitivity of data depending
on the stakeholders involved (engineers, citizens, politics, etc.). Planning can then be designed
on an interdisciplinary basis, that does not yet exist in the Norwegian context, and has been
proven to be beneficial for sustainable development planning (SDG 11.8) in other contexts (see
Chapter Case Study). This would enforce regular discussions between disciplines and form an
understanding of city complexity among all actors, as well as possibly highlight the problems
connected to the siloed organisation of Norwegian municipalities, even if it does not represent
the full scale of urban complexity. The results suggest that the improving knowledge on
complexity could benefit the design of co-creation processes that can better accommodate self-
organisation due to the increasing flexibilities. Also, the abilities regarding visualisation and data
presentation can encourage citizens to participate in a more playful way, as was shown in Zlrich
and Helsinki. Furthermore, it can be argued that using CIM as a driver for co-creation could
improve social cohesion and empower citizens to interact more with other actors in their
community. If designed well, co-creation could, in this case, promote sustainable values and
contribute to the emergence of sustainable patterns of urbanisation, for instance, the formation
of housing cooperatives (SDGs 11.3 & 11.1). Also, citizens would have the opportunity to express
their impacts on their local communities, supported by CIM, which would allow urban planners
to identify emerging patterns and react to them early on, as well as integrate this knowledge into

their CIM database for scenario development (SDG 11.8).

However, MUC implies that, to enable these benefits, CIM development requires careful planning
and necessitates technological, political and cultural advancements. If planning regimes are not
strategically challenged, CIM is arguably at risk to further consolidate lock-in mechanisms,
including little use of co-creation, siloed regimes and outsourced skills in Norway. This indicates
that CIM development is more of a governance problem than a technical one, although avoiding

that CIM is becoming a ‘black box’ is primarily a technical challenge. The design also needs to
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address the usability of large-scale models, otherwise it risks relying on support by other tools,

as Amundsen explained in the analysis.

The discussion implies that CIM has the potential to address MUC in different ways, yet, if the
development is not carefully planned, it is at risk of supporting top-down planning only and
thereby not sufficiently supporting self-organisation, co-creation and multidisciplinary

collaboration.

4.3 Transition Management Framework

Building on the analysis and the previous discussions on MLP, this section proposes a Transition
Management framework that addresses SQ three and the main RQ by outlining how Norwegian
actors can strategically steer a transition towards using CIM as a tool for multidisciplinary

collaboration and Co-Creation.

4.3.1 Strategies

The strategic activities should be done mostly by Norwegian public actors. This thesis argues that
private consultancies risk reproducing the lock-in mechanisms identified in Chapter Regimes,
based on their inherent financial interest in maintaining this system, which is why they are not
considered as parts of the frontrunner team. Furthermore, the analysis and discussion suggest
that actors from the municipalities of Melhus, Oslo, Bergen and Trondheim are necessary to
provide diversity in terms of population, skillset, and geographic conditions to form a team of

content experts and problem owners.

As KS is a main problem owner, this thesis proposes that KS takes a central responsibility in all
phases of TM. KS is addressing landscape developments, concrete municipal problems, and a
need for sustainable transition (KS, 2026, 2025). With an important role in communication
between municipalities, national and EU politics, it provides the necessary network to form a
diverse group of frontrunners (KS, 2026; Notermans et al., 2022). Part of their service is also about
supporting municipalities in the development of innovative solutions and digitalisation, which
they specifically address through their sub-organisation, KS Digital (KS, 2026). Transition
Management experts should be researchers from Norwegian research institutions that are
already connected to CIM & CCC to an extent, such as the researchers interviewed in this study

(Amundsen, Normann, Yttredal).
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The problem definition needs to be grounded in the multilayered complexity of cities and
planning, the changing paradigms connected to the digitalisation, the lack of civic engagement or
the pressure from landscape developments forcing them to find innovative ways to address
climate change impacts in line with the MLP analysis in the interview results. The experiences
from the case studies and the analysis indicate that the frontrunners should initiate local co-
creation workshops with citizens in Norwegian cities already in this step. This would benefit the
frontrunners by getting new perspectives from locals that perceive the complexity of cities in
different (simplified) ways. Such workshops would also support frontrunners by ensuring active
engagement in the processes of co-creation. It could also show how to implement co-creation
into CIM in a Norwegian context and how CIM can contribute to sustainable collaborative and co-
created planning. The resulting visions should work similarly the Memorandum of Understanding
(see Chapter 3.1.7) but translated to large scale change in socio-technical systems. The strategic

activities can be seenin Figure 10.

Frontrunners

Problem Owners
KS

TM Experts
NTNU

Content Experts
Municipalities

GIS experts

Urban Planners NORCE

Consultants

l

Joint Problem Definition

l

Visions

Figure 10: Strategic activities of TM

Note. A group of diverse actors consisting of problem owners, TM experts and content experts need
to form a group of frontrunners, that define the most pressing problems connected to CIM and CCC
in Norway; Based on this they create visions that give orientation for further work; own figure

The relevance of the proposed arena structure is exemplified by the ACES project on ports, where
Transition Management has been applied in Norway (Jgrgensen et al., 2025). In that study, a
transition arena consisting of 14 frontrunners identified the same landscape developments
highlighted in this study’s analysis and discussion as majorly impacting sustainable development

in Norway, while also pointing to the same issues on the regime level, for example, a lack of
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coordination between stakeholders because of fragmented responsibilities, a lack of holistic
thinking among actors and technological immaturity of ports (Jargensen et al., 2025). Even if the
study focused on Norwegian ports, this indicates that the TM approach is methodologically and
culturally applicable as well as transferable to CIM since both subjects are influenced by the
same public bodies, for example, municipalities and ministries. These bodies largely shape the
development of ports that are often an integrated part of cities and therefore important for CIM in

Norway.

4.3.2 Tactics

At the tactical level, this thesis proposes to involve representatives from KS, participating
municipalities and national bodies in leading positions, since they are largely responsible for
creating change in practice. It is important to include all problem owners, such as the Ministry of
Digitalisation and Public Governance, the Ministry of Local Government and Regional
Development and the Ministry of Finance. The group is split into sub-groups and creates
pathways in a “from - to” format discussing these topics in depth. It is important to include co-
creation as a core aspect of CIM in this step. Based on the analysis and previous discussions on
planning regimes and MUC, four pathways are proposed that are the basis for the transition

agendas:

e From analogue to digital planning: The digitalisation is of national interest, however, the
application in local contexts sees many challenges. This pathway is about how CIM can
change the regime to working in digital spaces, promote digital co-creation processes, and by
that improve policy making (SDG 11.9).

e From siloed to holistic planning: The lock-in mechanisms hinder the quick reorganisation of
municipalities. This pathway is about how CIM can highlight these problems, promote
interdisciplinary collaboration in municipalities and move to comprehensive, sustainable and
inclusive planning approaches as a standard (SDGs 11.3 and 11.8).

e Fromtop-down to co-created planning: Planning in Norway is defined by consultancies which
do not address aspects of self-organisation enough and promote top-down planning. This
pathway is about CIM enabling citizen engagement and integrating more bottom-up methods
in Norwegian planning regimes (SDG 11.3).

e From practice informed to data-driven urban planning: Planning is still largely informed by
traditions of experience instead of reactive data-driven approaches. This pathway is about
how cities can use CIM with simulations for climate resilience and sustainable transport

planning among others (SDG 11.2, 11.5 and 11.8).
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The resulting agenda can only be formed if there are no remaining conflicts. For example, if a sub-
group creates a pathway that involves complete independence from consultancies as a
prerequisite for CIM development, this will most likely not be considered by other parties, as this
will conflict with national goals about economic growth. The effectiveness of a Memorandum of
Understanding, as described by Tanum, indicates that the agenda should follow the same
structure, also because it might be more known to participants and would support the
organisation and goal creation throughout the process. The analysis also suggests that the
milestone system, mentioned by Tanum, benefits a clear structure during back casting. A

summary of the process can be seenin Figure 11.

Frontrunners Leaders

CE PO

Municipalities KS

Ministries

N/

Pathways

1y

Agenda

Figure 11 Tactical activities of TM

Note. The frontrunners invite leaders from problem owning organisations to discuss several
pathways and form a unified agenda; CE = Content experts, TME = Transition Management experts,
PO = Problem owners; own figure

The ACES experiment shows why it is vital to include problem owners. Haugland et al. (2026a)
report that, after finishing the transition arena, the different actors were unable to transform the
agenda into action in their own organisations because they identified other organisations, for
example ministries, to be largely responsible for change. Since these organisations were not
presentin the arenas, the group felt unable to drive the change in practice, and as a result did not
seek to follow up on the agenda with operational activities (Haugland et al., 2026b). This is why
this thesis proposes to include national ministries and public bodies throughout the whole

process of TM.
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4.3.3 Operations

This section provides the concrete short-term recommendations for developing CIM as a tool for
CCC by integrating Transition Management and Strategic Niche Management. The suggested

actions provide answers to the main RQ, as well as SQ three.

First, expectations of the niche innovation need to be expressed to draw the attention of a wide
range of actors across disciplines. Relevant actors have to agree on terms and definitions in their
context, for example, with the help of standards such as the IEC SRD 63273-1:2023 (IEC, 2023).
Still, as identified during the analysis, CIM is expressed not only through definitions, but also
through its projected benefits, limitations, use cases and practical examples that can bring
orientation for actors that are new to the topic. This suggests that media posts and newspaper
articles on CIM and the results from the joint agenda are necessary to gain attention and attract
investors for experiments. This is an opportunity to present the results again through co-creation
with citizens, showing engagement for problem solving, and getting input on how to
operationalise the broad pathways into local contexts. However, previous examples indicate
that, since this time the actors need to develop concrete actions for their municipalities, the co-
creation events should be mediated and structured in contrast to the initial co-creation
processes in the arena phase. If the process is designed without structure and alignment with
policy and regulation, there is arisk that the results cannot be used to contribute to the vision and

agenda, as was noted by Tanum during the interview and Frantzeskaki et al. (2025).

First-order learning involves CIM in Norway and revolves around learning through
experimentation and application to real situations. To address the problems regarding CIM in an
appropriate way, experiments should be done in a variety of disciplines and revolve around the
two main themes: CIM and CCC. The analysis suggests that experiments should be high risk to
challenge existing regimes, for instance, by exploring Social Digital Twin applications,

comparable to the NORCE project in Bergen, Tromsg and Vadsg.

The lack of co-creation application and understanding suggests that research on co-creation in
Norway is key to a transition to more inclusive planning. co-creation should be discussed among
municipalities as actors (through facilitation by KS), to form a common understanding of co-
creation and prevent confusion regarding definitions. The results could be consolidated, for
example, in a joint publication similar to a transition agenda. The experiments should then use
different methods for co-creation in Norway to try out conformity with Norwegian planning
culture, for example, by conducting local experiments on mandating co-creation for all projects

at an early design stage with concrete plans of how the results need to inform the projects. The
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examples from the case study and interviews imply that this would address the problems
connected to the dependencies of consultancies and the late involvement of citizens. This needs
to be tested in municipalities of different sizes and with different methods, including short-term
and long-term co-creation. A key aspect of this is the use of digital tools and the preexisting Digital
Twins in Norway, to accommodate citizens with digital creative participation and build skillsets

among municipalities that are currently preventing them from taking action independently.

Data-driven planning needs to become a part of Norwegian planning regimes to enable all the
benefits of CIM as a tool for CCC. However, as the analysis shows, this means that data needs to
be made available, accessible and organised, as well as secure. Therefore this thesis proposes
conducting experiments in the field of loT, firstly focusing on the kind of data thatis already in use,
forexample, loT systems for traffic data, and secondly on finding new use cases, for instance, for
air pollution. The MLP discussion indicates that these experiments could trigger a technological

substitution that could change regimes and empower data-driven urban planning.

Following the insights from the analysis that Al is not part of planning regimes, it is suggested to
do experiments on the use of Al in spatial planning. This could concern how to integrate Al into
data management, BIM-GIS-loT integration, or data analysis. There should also be experiments
onthe use of Al tools for creating CIM models, which could be a major benefit for the development

of CIM.

Policy research is equally important. As explained in the Case Study, other cities globally show
constant efforts to develop CIM technology. The global niche of CIM needs to be used to inform
the local context of Norway. The case study on Helsinki shows that forcing a technological
substitution (in this case of BIM) with political support is feasible, implying that experiments
should test the effect of mandating BIM, loT or CIM on a local level. This would change the existing
workflows of Norwegian stakeholders, and with that, the problematised regimes. However, the
MLP analysis suggests that this should not only include technical aspects, but also market
research, since the relation of consultancies could create unique barriers to this transition in
comparison to the example from Finland. Conformity with Norwegian data security laws needs to
be a part of research as well. All of these aspects should be developed together with Statsbygg,
who have already caused a disruptive change through mandating BIM for their projects back in

2010 (Bui et al., 2019).
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The third part is about social networks around CIM. These networks, however, do not necessarily
need to be newly created. Building on the previously highlighted position of KS’ role as a
facilitator, it is suggested to integrate CIM-specific discussions into existing networks and
facilitated meetings. This is especially relevant, as KS is likely present in all stages of Transition
Management in different roles and can therefore bridge knowledge of experts and non-experts.
This could also lead to the creation of new networks with more specificity on CIM. Networks,
however, need to extend internationally to enhance second-order learning, for instance by

participating in CIM-focused conferences.
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Figure 12: Operational activities

Note. The graph shows how operational activities need to be designed to follow the sense of Strategic
Niche Management; The extended groups need to follow three types of activities by articulating
expectations, facilitating first and second order learning (in policy, technology and planning) and
developing networks

4.3.4 Monitoring

Transitions of socio-technical systems span over years and therefore require continuous effort
and monitoring of niche innovations, regimes and actors. Lodder et al. (2024) explain reflexive
activities in detail, with the example of nature-based solutions in different cities. Monitoring
happens in cycles of six to twelve months, consisting of six steps that are led by the initial group

of frontrunners. Throughout the cycle, the group focuses on the status quo, reflecting on the
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vision toward sustainable use of CIM and co-creation, the actors thatdrive the change (Ministries,
KS, municipalities), and how they are progressing. They then fit their objectives to new insights in
an iterative process, with meetings every one to two months, before summing up the status quo
and beginning the cycle again (Lodder et al., 2024). This step is arguably the most important, yet
most challenging, also because insights from the Norwegian context are missing. The ACES
project did not proceed after the tactical activities, and reports from other cases show a highly
dynamic and iterative process, for which concrete planning can only succeed to a limited extent
(Haugland et al., 2026b; Lodder et al., 2024). The crucial part with this is the intrinsic motivation
of the different actors, who need to drive the change. The effectiveness of monitoring therefore
relies on the success of the transition arena, the transition agenda and the proactive
development of experiments since they define the actor’s motivation, self-efficacy and ultimately
their impact on the transition. At the same time, the experimentation, tactics and strategies can
only succeed if the efforts are sustained over a long period of time, which in return relies on
constant, effective monitoring. This interdependence is a major aspect for the transition to a CIM-

supported planning regime and needs to be addressed already during the first arena meetings.

To sum up: To steer the transition towards CIM as a tool for CCC, four different tasks need to be
completed. First, public institutions, for example KS or municipalities, need to initiate transition
arenas by selecting a small group of frontrunners that identify the underlying problems and create
visions for a future in which CIM is a standard tool for planning and supporting CCC in Norwegian
cities. Then, the group invites leaders of all majorly relevant organisations into discussions to
negotiate how this vision can be achieved through pathways. The actors take the resulting agenda
into their organisations to start experimentation on policy (mandating BIM and IFC for CIM,
mandating co-creation), technology (implementing loT, use of Al for modelling and co-creation),
and planning (simulating social behaviour, experiment with co-creation). These experiments

need to be monitored in cycles of six to twelve months.

4.4 Limitations

This thesis was conducted inductively and exploratorily, with a focus on qualitative data analysis,
as was explained in the Chapter Theory of Research. While this approach is fitting to answer the

initial RQs, it also comes with limitations that are discussed in this section.
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4.4.1 Research Design and Scope

A main limitation revolves around the purpose of this thesis, which is to understand the current
application of CIM through semi-structured interviews and case studies, and then develop
recommendations to steer sustainable transition. The inductive and exploratory approach means
that this thesis is supposed to open up new discussions on CIM and develop a conceptual
framework. Testing existing hypotheses is not the goal of this thesis and also not feasible,
considering that CIM in Norway is at a very early stage of development, with few publications
addressing the topic. This also means data availability is very limited and only few actors in
Norway have expertise that is relevant for this study, thus the method of conducting semi-
structured interviews instead of, for instance, questionnaires. Further studies should also
include other actor types, such as NGOs (buildingSMART) or citizens, to increase the diversity of

answers.

The semi-structured character allowed for off-topic discussions that were necessary to
understand more of the interviewees’ perceptions and values. However, this method is prone to
a set of biases affecting how interviewer and interviewees behave and how they present
themselves in an interview situation. Itis also likely that biases affected which interviewees were
chosen as interview candidates. These biases affect the comparability of the results, which is

why further studies should include a larger sample size and a more diverse set of candidates.

Another limitation is the geographical scope, with Norway as a case. Even though focusing on a
single country allows for an in depth analysis, the comparability of results to other countries
needs to be evaluated on a case-by-case basis. This is because cultural and political situations
in Norway might not be transferable to other contexts, which also limits the comparability of the
case studies, despite them being explicitly picked to showcase best cases under varying

conditions.

4.4.2 Concepts and Theories

The concepts and theories in this thesis are used to set the results into certain contexts. However,
while they allow analysis the data, they are limited to the categories they are based on. The MLP,
forexample, builds on the idea of niches, regimes and landscape to describe transitions of socio-
technical systems. Yet, this perspective risks oversimplifying complex phenomena of reality.
Concerning this thesis, the MLP is designed to describe transition processes in a retrospective,

while its use to predict future developments should be handled with caution.
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co-creation is majorly important to this study’s results, however co-creation may look drastically
different in practice depending on settings, cultures and participants. This diversity is essentially
the source of the proposed benefits as it leads to new perspectives and ultimately to holistic
thinking. And while the concept definition has boundaries, it was specifically chosen to define co-
creation with flexibilities. This was done to be able to translate the concept to local contexts.
However, this limits the comparability of co-creation processes and ability to measure success

or failure, ultimately limiting the ability to learn from past processes.

One aspect that limits this thesis to an extent is the aspect of power, that is only addressed
selectively. However, power influences how the agents of complex systems can act and, for
example, follow up on a Transition Management strategy or participate in co-creation. Involving
power into discussions was identified as not feasible because the complexity of power relations
did not allow for in-depth analysis within the scope of the thesis. This is why aspects of power
were only analysed where they were actively discussed in interviews, and thereby provide a

reasonable data source. Other aspects of power thus are outside of the scope of this thesis.
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5 Conclusion

This thesis represents the first insights into the use of and perspectives on CIM in Norway both in
general and for collaboration and co-creation (CCC). It shows how CIM and CCC are applied in
practice, what challenges and opportunities Norwegian stakeholders identify, and how CIM can
transition to a tool for CCC, based on semi-structured interviews, case studies, and the use of

the Multi-Level Perspective and Transition Management theories.

The analysis shows that urban planning in Norway is characterised by collaboration between
public actors (such as KS) and private actors, while citizen engagement and co-creation only play
a minor role for municipalities. Citizen engagement is regularly outsourced to consultancies, on
which municipalities are highly dependent, based on the lack of skills and know-how. Yet, CCC
is considered important for holistic and inclusive planning. Municipalities show varying
capabilities, depending on their size, and are shaped by the historically developed organisation
in silos. However, while smaller organisations might have fewer resources, they show signs of

more advanced holistic thinking.

CIM does currently not exist in Norway, neither in practice nor as a known concept among the
interviewed stakeholders. However, practical examples of Urban Digital Twins (UDTs) show
similarities with CIM regarding technical elements and use cases. Most interviewees project CIM
to be beneficial for their future planning work, by improving interdisciplinary collaboration, data
management, sustainable data-driven planning and citizen engagement. Yet, CIM faces many
challenges around the technical integration of CIM elements (BIM, GIS, loT), policies and
expectations for CIM as a hyper-comprehensive tool. Two case studies from the cities of Helsinki
and Zurich show how CIM can be applied in different contexts, with the CIM model of Helsinki

being the most advanced case for GIS/BIM integration.

The MLP theory reveals the underlying dynamics that shape planning in Norway. Global
landscape developments, including climate change, urbanisation, digitalisation and artificial
intelligence, influence Norway’s planning culture and create challenges but also opportunities.
The municipal planning regimes in Norway are characterised by a strong dependence on
consultancies, fragmentation of skills inside organisations, silos, and little leveraging of the
opportunities of digitalisation, including the use of Al. CIM, as a niche innovation, is projected to
develop through a technological substitution, since CIM’s individual components as well as

applications in other countries (e.g., Finland) already exist, yet planning culture in Norway is still
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shaped by traditional planning regimes, indicating that CIM will first take a supporting position

before it takes over regimes fully.

The Transition Management framework shows how Norwegian actors can steer change towards
planning regimes that use CIM as a tool for CCC. First, a group of frontrunners consisting of non-
leading actors from smaller and larger municipalities, the national organisation KS, and
researchers, needs to identify CIM-related problems and form visions that target sustainable
change. They then invite leaders from relevant organisations (e.g., KS) or ministries, that together
create paths that contribute to the vision and form agendas. The agendas are used to promote
and invest in experimentation on technological development (Al, loT, and modelling), policy
implementations (mandating BIM and co-creation), and planning (experiment with co-creation
and Al). To ensure the success of Transition Management, further processes are monitored in

cycles of six to twelve months.
Future research

Power relations influence how CIM can develop and overcome its challenges. However in-depth
analysis of power relations was outside of this study’s scope. The implementation of CIM in
regimes can have impacts on power distribution in the built environment, for example, when
citizens are more involved in planning processes and data becomes more accessible, they can
more easily understand regimes and drive change, which is a threat to companies. At the same
time, the power of political actors might be a barrier to acquiring the necessary financial and
political support if the potentials of CIM are not clearly articulated. This also includes Norwegian
laws and regulations that could not be covered in this thesis. This, however, needs to be part of
further research as it majorly defines how the results from the Transition management framework

can be translated into practice.

Increasing the number and diversity of interviewees, and adding quantitative methods, could
show a more comprehensive perspective on planning regimes in Norway. This could also
eliminate the effects of the biases. To improve transferability of the results, further research
should take other cases of CIM into account. Rotterdam, for example, was frequently mentioned
to be advanced in CIM development but there was little access to data. The same applies to, for
example, China (e.g., Shenzhen), where CIM is used as a term and applied, yet data is
inaccessible and the political system restrains comparability with Norway. While Norwegian
cities face the challenge of integrating CIM into already existing infrastructure, rapidly urbanising

countries in the Global South create urban developments from the ground up. How CIM can
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inform urban development in these countries should be a major interest of further research, as it

is key to fostering sustainable change globally.

Ultimately, CIM represents a promising tool for addressing the most urgent problems for

sustainability, yet CIM can only be as impactful as the planners who use it.
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Appendix VIII

Appendix

Appendix A: Interview guide

........................................................................................................................................................................................................................................

éThank you for participating in this study. | am Fabian Grabow, student at Aalborg University,
%researching City Information Modelling (CIM) and collaboration & co-creation (CCC) in the Built
éEnvironment as part of my Master’s thesis. The interview will take approximately 60 minutes.
;With your permission, | will record the session for transcription purposes. All data will be
%anonymised if you wish. You may withdraw at any time. Do you consent to being recorded? .

.........................................................................................................................................................................................................................................

Section 1: Collaboration and co-creation (CCC)

1) Could you briefly describe your role in the municipality/company and the type of planning
work you are involved in?

2) How do CCC typically take place in your planning work?

3) What benefits do you see from CCC in projects?

4) What challenges have you experienced when working with CCC? (organisational,
interpersonal, technical etc.)

5) How do you think CCC might evolve in the coming years?

Section 2: City Information Modelling

6) When people talk about CIM, what does that mean in your daily work?

7) Have you worked with CIM or similar digital tools in planning projects?

8) How hasthe use of CIM or similar tools affected collaboration with other stakeholders?
9) What challenges have you encountered when working with CIM or similar digital tools?

Section 3: Future Perspective of CIM

10) Letus imagine thatin 5 - 10 years CIM is widely used in Norwegian planning practice. How do
you imagine working with CIM in that situation?

11) How might this scenario influence CCC?

12) Who do you think are the key actors that must contribute to making such a development
possible?

13) What else is necessary to get to this scenario?

Section 4: Closing Questions
14) Are there any documents, publications or similar that could be helpful for this study?

15) Is there anything else you would like to discuss?
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