
Vol.:(0123456789)

Asia-Pacific Journal of Regional Science (2021) 5:191–222
https://doi.org/10.1007/s41685-021-00193-9

1 3

THE SCIENCE OF SPACE

City intelligence for enhancing urban performance value: 
a conceptual study on data decomposition in smart cities

Karima Kourtit1,2,3,4,5 

Received: 19 May 2020 / Accepted: 23 January 2021 / Published online: 19 February 2021 
© The Author(s) 2021

Abstract
The contemporary ‘digital age’ prompts the need for a re-assessment of urban plan-
ning principles and practices. Against the background of current data-rich urban 
planning, this study seeks to address the question whether an appropriate methodo-
logical underpinning can be provided for smart city governance based on a data-
driven planning perspective. It posits that the current digital technology age has a 
drastic impact on city strategies and calls for a multi-faceted perspective on future 
urban development, termed here the ‘XXQ-principle’ (which seeks to attain the 
highest possible level of quality for urban life). Heterogeneity in urban objectives 
and data embodied in the XXQ-principle can be systematically addressed by a pro-
cess of data decomposition (based on a ‘cascade principle’), so that first, higher-
level urban policy domains are equipped with the necessary (‘big’) data provisions, 
followed by lower-ranking urban governance levels. The conceptual decomposition 
principle can then be translated into a comprehensive hierarchical model architec-
ture for urban intelligence based on the ‘flying disc’ model, including key perfor-
mance indicators (KPIs). This new model maps out the socio-economic arena of a 
complex urban system according to the above cascade system. The design of this 
urban system architecture and the complex mutual connections between its subsys-
tems is based on the ‘blowing-up’ principle that originates from a methodological 
deconstruction-reconstruction paradigm in the social sciences. The paper advocates 
the systematic application of this principle to enhance the performance of smart cit-
ies, called the XXQ performance value. This study is not empirical, although it is 
inspired by a wealth of previous empirical research. It aims to advance conceptual 
and methodological thinking on principles of smart urban planning.
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1  Introduction: ‘Urbi et Orbi’

Human settlement systems are not the result of random forces, but reflect regu-
larity and order that is partly imposed by the physical geography of our world, 
but is also partly the result of complex economic, social and political forces. For 
example, the geographical division of the space-economy into urban and rural 
areas is not purely a natural phenomenon, but is functionally co-determined by 
demographic developments, technological progress, smart specialisation, and 
economic scale advantages. This division into ‘urbi et orbi’ is not a strict and 
fixed geographical division that is crafted in stone, but shows a time-varying 
development pattern determined by human choices. This is clearly reflected in the 
changes in degrees of urbanisation in various countries over the past centuries, 
which show a great diversity in outcomes in different countries or continents and 
in different time periods (Nijkamp et al. 2020).

Nowadays we live, according to United Nations (UN), in the ‘urban century’. 
This means that our world is becoming increasingly urbanised, with more peo-
ple living in urban areas (including suburbs and metropolitan areas) than in rural 
areas. Not only are the shares of urban vs. rural inhabitants changing, but also 
the socio-geographic composition within these two groups of people. For exam-
ple, several villages in rural areas are at present reinforcing their economic posi-
tion by attracting highly educated residents, while many  large cities and urban 
areas are moving up into  the class of mega-cities with mass labour pools. This 
profound dynamism between urbanity and rurality is called by Kourtit (2019) the 
‘New Urban World’.

This ‘New Urban World’ manifests itself as an unprecedented reinforcement 
of large urban agglomerations. These ‘big cities’ are becoming the new power-
houses in our world and, in a recent publication, have even been called ‘urban 
empires’ (see Glaeser et al. 2020). But the pressing question is: What makes these 
urban agglomerations powerful? What are the critical success factors for the 
enhancement of these cities’ socio-economic performance or for their creation of 
world-class value by these cities? What are the consequences of drastic changes 
in the ‘urbi et orbi’ patterns in our world? And how should urban governance be 
organized so as to ensure an urban planet that meets the well-known UN SDGs 
(Sustainable Development Goals)?

There is no doubt that big cities and urban agglomerations act as powerful 
magnets for human activity, as a result of possessing a great variety of urbanisa-
tion advantages. But not all urban areas share the benefits of city formation and 
expansion to the same extent. Several cities (e.g., New Delhi, Beijing, Djakarta, 
Lagos, Sao Paulo) are even suffering from severe negative scale externalities 
caused by pollution, congestion, or crime.

In addition to the global urbanisation trend, there is another powerful meg-
atrend, viz. the rise of information and communication technology (or digital 
technology). This revolutionary change in information handling technology has 
already had far-reaching implications for urban planning (see e.g. Kourtit 2020), 
and will drastically change the practice of smart urban planning in the future.
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The present study seeks aims to develop and present the cornerstones and con-
tours of an appropriate methodological and conceptual framework for smart city 
governance in a data-rich urban environment. It also seeks to identify the critical 
success factors that are necessary to build intelligent urban management and stra-
tegic policy directions for large cities, so that they can play a significant role at the 
national or even worldwide platform of urban competitiveness, against the back-
ground of unprecedented advances in digital technology.

In our contribution, we argue that—even though a digital orientation or revolu-
tion in cities and their institutional fabric may be a necessary condition—the digital 
fix is by no means a sufficient condition. For a city to achieve the ambitious targets 
of positioning itself as a creator and accelerator of world-class added value (in terms 
of, e.g., SDG performance), it is necessary to have a different mindset, which meets 
at least two conditions: (1) an organised structure of data systems and data-handling 
capacities, following a decomposition or cascade architecture; (2) a hierarchical 
governance system of city intelligence that is able to reap the fruits of the current 
digital age for the urban economy. The overriding goal of cities in the digital urban 
century would need to be the achievement of the highest possible quality of urban 
life in cities (an idea called the XXQ-principle by Nijkamp 2008).1 Consequently, 
obtaining the label of a ‘smart city’ is only a privilege for a limited number of dedi-
cated cities; a smart city is not based on an unspecified goal or a governance dream, 
but on a testable achievement as compared with other cities. Thus, to become (and 
to remain) a high-performing and world-class smart city, a strategic and operational 
framework for urban governance is needed that is based on goal-oriented transpar-
ency, reliable and systemic information management, flexible and resilient policy 
behaviour in uncertain times, and a critical monitoring of the paths forward.

It is thus clear that in the digital era urban planning is ‘work in progress’. While 
old problems have not yet been sufficiently solved, problems (e.g., pandemics, dis-
asters, lack of security) are coming up. Thus, the question emerges: how to develop 
a new data-driven architecture and methodology that will support sustainable and 
inclusive urban development goals?

This study is not an empirical research paper, although it is inspired by a wealth 
of previous empirical research; it aims to advance conceptual and methodological 
thinking on principles of smart urban planning. The paper provides a conceptual 
architecture for smart urban policy and is organised as follows. In Sect. 2, we will 
sketch out briefly digital promises for smart city policy. Section 3 will present some 
elements of world-class value creation based on the so-called XXQ-principle, fol-
lowed by a brief review of selected relevant literature in Sect. 4. Next, Sect. 5—the 
core of our study—maps out in more detail the conceptual architecture of world-
class performance management by smart cities, in which the methodological core 

1 The XXQ-principle refers to the collective urban goal to realise the highest quality of urban life (Q 
stands for quality, and XX for the highest value). This goal is not achieved by a single measuring rod, but 
represents a multidimensional set of urban performance indicators, whose integrated and aggregated val-
ues signify the degree to which the complex XXQ value is achieved. The underlying assumption is that 
a city is a complex multi-actor system that is driven by the generic objective of creating or enhancing a 
maximum quality of urban life (XXQ).
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concept of what is here called the ‘flying disc’ will be introduced and developed into 
the new ‘blowing-up model’. This will then lead to a discussion of smart city princi-
ples, followed by a retrospective and prospective conclusion.

2  Digital promises

In the past decades, a new term has entered the urban science, viz. ‘smart cities’. 
A fundamental and systematic description of the multiple dimensions of this con-
cept was provided by Giffinger and Haindl (2009), who distinguished six prominent 
dimensions of smart cities. The current rise of ‘smart cities’ is a clear manifestation 
of the relevance of advanced urban data management and intelligent city governance 
that is stimulated by the current digital age. Smart cities use the fruits and opportu-
nities of the digital era to reinforce their economic, social, technological or political 
position in a nation-wide, continental or worldwide arena (see an original study by 
Komninos and Kakderi 2019). ‘Big data’ analytics, machine learning and artificial 
intelligence, data mining, and IoT applications have become the new buzzwords for 
urban management and policy. But will all this ensure a winning position for cit-
ies from a global or national perspective? Clearly, the ultimate question is whether 
smart cities have a higher performance. In other words, do smart cities and smart 
urban policies contribute to a higher efficiency in the provision of public services 
and in the advancement of private activities? A recent study (Tureckova and Nevima 
2020) advocates a cost–benefit approach to answer this cumbersome question.

It goes without saying that cities need to have professional and up-to-date data 
systems in a multi-actor setting to make good and transparent decisions and to 
develop smart and shared actionable strategies. The increasing complexity, diversity 
and volatility in managing modern smart city systems all seem to lead sometimes to 
‘fata morgana’ images of future cities, without considering the real and hard facts. 
This is often aggravated by the permanent flux of unstructured, multiple-source and 
multidimensional data (‘big data’) systems (often uncontrolled), the permanent pres-
sure to improve the current weak data transformation and data analytics approaches, 
and the frequent unfortunate misinterpretations, as well as poor strategic alignments 
with planned policies and strategies that are subject to changing external conditions, 
fuzzy goals, and speculative policy actions. The complex arena of multiple dimen-
sions, diverse stakeholders, and different geographical and network scales add yet 
another complication for a solid sustainable strategy for cities.

Nowadays, the trend breach caused by digital technology, the pervasive use of 
modern information systems, and the rise of intelligence tools and data analytics 
provide a unique cognitive opportunity and actionable capability for many urban 
policymakers, actors and stakeholders to use and analyse large volumes of multi-
dimensional data (often ‘big data’). A wealth of professionally structured data may 
provide cities with a reliable evidence-based basis for developing and offering 
a structurally improved quality of life, better overall health and safety conditions, 
and an unprecedented intensity of knowledge, on the basis of smart and intelligent 
solution strategies. This new data era forms a powerful strategic and smart data-
handling driver, moving from fuzzy and disconnected dimensions towards reliable 
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information systems and data-driven strategies. In this way, an urban system may 
become more accountable, efficient, and actionable with a view to gaining a strong 
and clear competitive edge in a supra-regional or even global urban system.

Digital technology provides various stakeholders in the city system with inter-
nal and external up-to-date information for designing and using intelligent evalu-
ation frameworks for location-based smart decision-making and spatial strategies 
(see Kitchin 2015). It helps city leaders to manage new types of applied data analyt-
ics—from ‘policy analysis to policy analytics’ (Kourtit and Nijkamp 2018)—which 
can further enhance actionable, evidence-based and accountable policymaking by 
developing and evaluating cognitive-based alternative policy options, conditions and 
criteria so as to manage the issues of a championing smart city.

In the light of the great opportunities of digital technology, the present study 
draws up the principles and cornerstones for smart data analytics and city intelli-
gence capability (interpreted here in the sense of Sen 1999). Here, we design the 
architecture of a professional data-based urban future development strategy, on 
the basis of a decompositional framework in the form of an information cascade 
for smart city policy, in particular from the viewpoint of creating world-class or at 
least high-quality value. Data-driven smart urban policy does not aim to acquire a 
maximum volume of data, but to filter massive data so as to obtain a useful, sys-
tematic and fit-for-purpose database. This is what we call in our study digital ‘city 
intelligence’.

Our study is mainly methodological and conceptual in nature. It is however, 
inspired by a wealth of literature (see the Reference list), but has its roots in research 
practice in various cities (see e.g. Kourtit and Nijkamp 2018).

3  Championing smart cities: setting the scene

The wide array of emerging powerful digital and related network—opportu-
nities and their positive externalities for smart city systems—as a result of the 
overwhelming supply of modern and interconnected ICT artefacts and perma-
nent inventions—is changing the governance landscape and managerial practice 
concerning how cities can orchestrate their efforts in creating added value and 
enhancing their performance in an open globalising system. Nowadays, to gener-
ate a highly synergetic and sustained added value to obtain a world-class perfor-
mance position that maximises urban XXQ, smart cities have to address several 
challenges in building up a transparent space–time information framework so as 
to obtain and ensure the high quality of knowledge-based information that is nec-
essary for managing and enhancing urban wellbeing and competitiveness. This 
goal-achievement strategy seeks to design a new image of the city, viz. a ‘sustain-
able smart home’ (see Kourtit 2019) for an urban community, together with mul-
tiple stakeholders and urban science experts. Modern citizen science (see, e.g., 
Riesch and Potter 2014; Ceccaroni and Piera 2017; McKinley et  al. 2017) tells 
us that the strategic partnerships of interested parties and the commitments of 
socially-aware citizens are the cornerstones to develop a reliable and balanced 



196 Asia-Pacific Journal of Regional Science (2021) 5:191–222

1 3

action framework supported by decision support tools in the form of socio-eco-
nomic ‘health checks’—for instance, by means of actionable dashboards—of the 
city system concerned.

Today, most large cities operate nowadays in an open and often competitive 
global system seeking to maximise their XXQ. In this context, to achieve the 
(competitive) performance such a championing city requires a complete picture 
of the city’s strategic future achievements and value creation from a balanced 
multidimensional view (Ho and McKay 2002; Kourtit 2019; Kourtit and Nijkamp 
2018). Clearly, the search process for a successful or new road towards a high-
performing championing city, and for a concerted strategy for smart and intelli-
gent decisions—ranging from day-to-day to long-range strategic decisions, while 
continuously anticipating changing circumstances—has drastically changed in 
recent years (Kitchin and Perng 2016).

It is noteworthy that evidence-based policies are nowadays increasingly 
data-driven. Ongoing efficient data collection, the subsequent intelligent data 
transformation, and smart urban governance and evaluation on the basis of evi-
dence-based city ‘health checks’ are necessary from both an economic and non-
economic perspective (e.g., mobility, health, safety and security, public amenities, 
public transport, quality of life, tourism, climate change). Smart city governance 
thus presupposes information on past and anticipated future achievements; neces-
sary policy handles and measures; and unforeseen external trends and drivers, in 
using modern (digital) technologies. Clearly, this process needs to be supported 
by sophisticated digital and information methods and intelligent decision tools to 
monitor urban achievements, and to design and suggest new and unknown stra-
tegic policy directions and related (sometimes preventive) actions, as well as to 
identify both important gaps and real threats and opportunities (as stimuli for 
added value) that may take place in a competitive urban environment (see Batty 
2013).

As already mentioned, the present paper aims to shed new light on the signifi-
cance of modern data and information systems for smart spatial planning, espe-
cially in the spirit of a smart city context. In particular, the study aims to intro-
duce multidimensional data (‘big data’) tools for assessing aligned values and 
conditions in the relationship between managing smart urban (or spatial) strate-
gies and solutions and maximising the achievement of a sustainable and healthy 
city. Such a city should have a focus on well-being and quality of living and 
working in a broad sense (see also the above-mentioned XXQ concept, referring 
to the achievement of the highest quality of urban life, as introduced by Nijkamp 
2008). A consistent XXQ-orientation may be seen as the key for becoming and 
staying a high-performing successful smart city (Nijkamp and Kourtit 2013). The 
challenging question in modern city governance is not how many different types 
of data to collect and to use in urban management and policy, but how to organise 
the rich information base for enhancing XXQ, so that the smart city becomes a 
championing (i.e., intelligent) city (see Kourtit et al. 2020b). This ambitious task 
calls for a systemic data-driven view on city governance. This challenge will be 
addressed in Sect. 5, after a concise literature discussion in the next section.
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4  Literature review

The literature on urban development and planning is vast and too wide-ranging 
to be summarised here (see for an overview e.g. Baycan et al. 2008). In the pre-
sent section, we will only zoom in on a selection of studies devoted to smart city 
policy. Our study on smart city’s value added is embedded in several research 
orientations, ranging from urban and regional planning to urban design theory. 
Thus, multiple disciplines provide the conceptual cornerstones of the present 
study. Such basic ingredients have to be incorporated into urban economic devel-
opment and smart city strategy, so as to support the evaluation of the complex 
urban multi-level quality of life (the XXQ-principle), which is essentially based 
on place-making theory on cities. It should be noted that in particular, quanti-
tative data-driven and evidence-based studies are useful for a solid assessment 
of urban performance, including in particular citizens’ perceptions and values 
regarding the public space in a smart city.

The literature on smart cities has a broad coverage ranging from methodologi-
cal principles to case studies (see also Caragliu et al. 2011). Our study adopts a 
meso-/macro-oriented development perspective on cities, and is inspired by sev-
eral recent spatial and urban dynamics studies (see, e.g., Capello and Nijkamp 
2009; Stimson et  al. 2011). In particular, we refer in this context to the impor-
tance of spatial innovation theory—which is associated with spatial endogenous 
growth theory (see e.g., Kourtit et al. 2015a, b, 2017, 2019; Stough et al. 2018)—
and modern agglomeration theory—usually associated with the New Economic 
Geography (Brakman et  al. 2011; Kourtit et  al. 2011; Fujita and Thisse 2002, 
2012; Acs and Armington 2006; Crescenzi and Rodriguez-Pose 2008; Karlsson 
et  al. 2011; Redding 2010). These studies have been source of inspiration for a 
broad range of complementary empirical studies (see, e.g., Kourtit and Nijkamp 
2013a; Kourtit et al. 2020a) which proposed the application of these conceptual 
and theoretical frameworks for monitoring and assessing the performance of 
urban space in smart cities (Stough et al. 2018). The overall objective of a smart 
city’s system would then be to optimise its XXQ, seen from the angle of both its 
local and its global potential, as well as from its capability to ensure citizen-ori-
ented, socio-economic and sustainable development in a balanced and sustainable 
way (see Kourtit et al. 2014, 2015a).

In the remaining part of this section on smart cities, we will focus in particular 
on: definitional issues, the new data orientation of smart cities, the use of data for 
smart urban design, and the assessment of urban performance from the perspec-
tive of the XXQ-principle.

The notion of smart cities is nowadays gradually becoming a new paradigm 
for enhancing sustainable urban development through intelligent decision tools to 
gain a competitive advantage in terms of their XXQ value, which entails the stra-
tegic redirection of aligned choice options for urban developments. The rational 
expectation is that the smartness of a ‘power city’ or a ‘world-class city’ will 
reinforce the strategic position of that city in an arena of fierce competition and 
unanticipated—and sometimes unexpected—transformations (Caragliu et  al. 
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2011; Chourabi et  al. 2012; Neirotti et  al. 2014; Cocchia 2014; Albino et  al. 
2015). There is a wealth of literature on the definition of a smart city; in most 
cases, the smart city concept—and its many variants and extensions—emphasises 
the importance of institutional and social elements in the city in relation to the 
potential of digital technologies in serving as an advanced tool for intelligent sus-
tainable city management (Coe et  al. 2001; Berry and Glaeser 2005; Hollands 
2008; Shapiro 2008; Caragliu et al. 2011).

Defining, measuring and managing the performance capacity of sustainable 
smart cities have received major attention in recent years in the literature (see also 
Giffinger and Haindl 2009; Hollands 2008; Cohen 2014; Kourtit and Nijkamp 2018; 
Komninos and Kakderi 2019). In the same spirit, various studies have focused 
on assessing the intrinsic spatial dimension and land use in smart cities (Komni-
nos 2011; Lombardi et al. 2012; Kourtit and Nijkamp 2013b; Angelidou 2014), for 
instance, through the use of geoscience and visualisation techniques. It is noteworthy 
that—given the broad spectrum of interest in modern smart cities—there is in fact 
not one single analytical and operational conceptualisation and operationalisation of 
smart cities; the various smart city notions used in the literature represent a complex 
array of different meanings and sets of (sometimes uncoordinated) critical perfor-
mance predictors [in particular, key performance indicators (KPIs)] and assessment 
systems (e.g., SWOT analysis, multi-criteria analysis) in evaluating and predicting 
the level of managerial maturity and the smartness content of a city’s performance 
strategy from a multidimensional, partly non-economic, valuation perspective (e.g., 
Cohen 2014; Martens and Weijers 2000).

In the age of digital technology development, one of the most recent, and rap-
idly growing research challenges is the potential to monitor and measure the ‘health 
system’ of a city, comprising, inter alia, indicators for urban quality of living and 
working, opportunities, safety and security, access to public amenities, as well as the 
residents’ perception of happiness. Here, digital orientation plays an important role, 
and therefore, the use of urban computing (Zheng et  al. 2014) or urban informat-
ics (Foth 2008) has drastically increased, inter alia, by introducing and supporting 
spatial data-based tools for assessing and measuring the perception of the city and 
the constituents of quality of space and urban systems. This novel approach is also 
a source of inspiration for client-oriented and individualised modern assessment 
methods and models in the context of a multi-dimensional performance analysis, as 
will be shown hereafter.

The operational bases for a solid data-driven quantitative assessment of key fea-
tures, as defined by prominent urban theorists and urbanists (e.g. Gottdiener 1985; 
Castells 1996; Lefebvre 1947, 1969, 1991, 1996, 2003; Saunders 1981; Brenner 
2013; Harvey 2014) and used by prominent ‘place-makers’ (e.g. Jacobs 1961, 1969, 
1998; Whyte 1956, 1989; Gehl and Gemzøe 2001), were recently put forward by 
Ewing and Clemente (2013), amongst others, to assess the significance of critical 
performance indicators for determining, in a relative sense, the success of the intel-
ligent management of a city and of urban space. Meanwhile, a similar approach was 
advocated for estimating the citizens’ perception of quality of life in a quantitative 
way (cf. the above XXQ concept), to map out the broader capability and action arena 
of a city that will cause it to qualify as a world-class city (e.g. Nadi et  al. 2016). 
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Many urbanists (e.g., Park et  al. 1925; Zorbaugh 1929; Wirth 1938) have been 
searching for answers to what characterises a high quality of urban space, which at 
the same time ensures a liveable space and an interactive system (social urban capi-
tal) that brings people together. In particular, Lynch (1960), Jacobs (1961), Cullen 
(1961), Alexander (1964), Alexander et  al. (1977), and Gehl (1987) have tried to 
define which key elements of the urban structure determine the performance of city 
spaces or shape the residents’ urban perceptions.

Starting from traditional theories, Ratti et al. (2010, 2016) have recently delved 
deeper into the subject of the ‘sense of place’, human cognitive processes and, even 
more important, the perception of the built environment in the city (Silberberg et al. 
2013). These new research challenges and concerns have provided the basis for 
understanding the important role of place-making, also reflected in ‘people-centred 
planning’ (Friedmann 2010; Tuck et al. 2014; Tuck and McKenzie 2015; Courage 
and McKeown 2019). This notion may, in principle, be extended to a new urban 
design characterised by a ‘sense of place’ framing that is created by historical and 
site-specific interests and impressions (see, e.g., Corner 1999; Bianca 2001; Allison 
and Peters 2011; Kasprisin 2011; Bartolini 2013; Erkan and Ceccarelli 2017; Kropf 
2017; Mosler 2019).

In the age of the development of sophisticated digital tools, the potential for 
measuring health, well-being and quality of urban design and the perception of 
urban ‘love’ (see Kourtit et al. 2020a) is growing. Interesting contributions on the 
quantitative assessment of the elements of the critical urban performance factors 
can be found in the informative book of Ewing and Clemente (2013). The authors 
reviewed the urban design literature and identified eight essential quantitative met-
rics (viz. imageability, complexity, coherence, enclosure, human scale, legibility, 
linkage, and transparency) that may have a significant effect on the health and qual-
ity of city space and the urban perception of attractiveness in a modern network 
society. The conceptualisation of the urban design qualities used in their research 
framework can be further used as a useful input for an operational representation 
of a framework for how to manage a championing city’s high performance, which 
is: (1) geared towards the highest possible long-term added value; (2) characterised 
through various dimensions of important linkages with different core functions; and 
(3) put together in a new general conceptual framework.

This section has summarized a wealth of literature on urban planning challenges 
in the new digital era. Knowledge on a rich variety of reflective and empirical stud-
ies has inspired us to design operational principles for intelligent urban governance, 
which may be seen as signposts for modern data-driven city governance. This will 
be further articulated in the next section.

5  Architecture of world‑class performance management of cities

As argued in a recent study (Glaeser et  al. 2020), in the age of urbanisation, 
cities tend to act as ‘empires’, with a strong sense of competitiveness in many 
respects (growth, quality of life, tourism, culture, education, recognition etc.). 
To provide systematic policy-support information for the great variety of urban 
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development goals, an integrative architecture is needed where policy strate-
gies and tailor-made information come together. Smart city policy seeking to 
enhance the performance of cities and aiming at urban value creation calls for 
a structured underpinning. In the present section, we will design and present a 
systematic methodology for achieving a high(er) urban performance value (see 
Fig.  1). The elements of this architecture (an ‘intelligent city fabric’) will be 
next elaborated in Sects. 5.1, 5.2, 5.3, 5.4 and 5.5.

Fig. 1  Integrated building blocks for an intelligent policy constellation of a complex city fabric
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5.1  An urban information decomposition and cascade approach

In the current era, smart cities in our world meet at the cross section of the ‘urban 
century’ and the ‘digital data century’. At this cross section of mega-trends, two 
important questions arise: (1) does the trend towards more and bigger cities also 
lead to an upscaling in the quality of urban settlements (ranging from towns to 
mega-cities)?; (2) does the deluge of masses of data also lead to better urban deci-
sions and policies (both private and public)? Thus, smart cities face the challenge to 
enhance their XXQ by the intelligent use of the unprecedented avalanche of (‘big’) 
data (see Kourtit et al. 2020b).

An unstructured use of tonnes of data [ranging from official urban statistical data 
(e.g., from population registers) to informal social media data (e.g., on visitor’s 
perceptions of the quality of a local museum)] does not add to a systematic insight 
into the necessary information for complex policy issues in a city (e.g., the housing 
needs of migrant workers, human health conditions in densely populated districts 
in the city, the happiness of elderly citizens, etc.). Therefore, the proper systemic 
organisation of data for public and private use in a city is a sine qua non.

In the present section, we address the complex urban data fabric in a modern 
digital-driven city by advocating a novel architecture of available or required data, 
based on the cascade principle. Just as running water in a mountainous area fol-
lows certain predictable routes (determined by physical areal conditions and the law 
of gravity law), the complex collection and use of many heterogeneous data needs 
to follow the route towards concerted decision and policy needs, where, in the first 
place, high-priority urban policy domains are served with tailor-made data, while 
lower-order priority needs will be served in the later stage of the urban data cascade. 
This data decomposition is visualised in Fig. 2.

Figure  2 illustrates that higher-order (often aggregate strategic) data are first 
employed at the higher—often strategic—policy level of a city (e.g., urban expan-
sion, traffic management), while more detailed (e.g., street, group or individual) data 
are used in the lower levels of policy interest (e.g., improvement of the construction 
of a high school, repair of a street pavement).

The previous cascade model has an elegant logic, but one important issue needs 
to be addressed, viz. the priority ranking of different fields of urban interest. Here, 
we resort to the decomposition principle advocated by Simon (1955, 1962) who has 
addressed a systemic view of complex decision-making. Any dynamic and inter-
dependent system can be decomposed into individual subsystems which incorpo-
rate some degree of autonomic governance or functional independence. Examples 
of such systems in a city are: local taxation systems, demographic growth, labour 
and housing market systems, availability of open public space (e.g., parks), medical 
health care systems, and so forth. These urban subsystems can then be decomposed 
into smaller sub-subsystems on the basis of the cascade principle. The decomposi-
tion principle ensures an integrated and functionally determined view, with real-time 
situational (internal and external) interfaces, in the hierarchy of urban structures.

In the remainder of this section, we will use the cascade and decomposition prin-
ciples as building blocks for the cognitive-oriented operation of an intelligent city. 
We provide a stepwise presentation of the overall data architecture of a smart city by 
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specifying successively: the policy-support conditions (Sect.  5.2); the urban value 
creation process (Sect.  5.3); the long-term XXQ performance analysis (based on 
what is called the ‘flying disc’ model) (Sect. 5.4); and, finally, a novel methodologi-
cal design based on the ‘blowing-up’ principle in relation to the cascade and decom-
position approach (Sect. 5.5).

5.2  Smart decision‑support indicators

To highlight the scope of this study, a useful conceptual framework is provided for 
developing appropriate high-performing management and assessment systems. As 
indicated in Sect.  5.1, this architecture seeks to synthesise and present a multiplic-
ity of interlinked cornerstones for competitive spatial performance policies of smart 
championing cities. This issue has also been dealt in the recent literature—in combi-
nation with various (real-time) evidence-based data sources—with a view to ensuring 
and improving future urban performance (Miller 2005; Stratigea 2012; Nijkamp and 

Fig. 2  A cascade of hierarchical urban data use
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Kourtit 2013). The organisation of our new conceptual framework is inspired by what 
is called the ‘flying disc model’, originally introduced as a navigation tool for urban 
policy by Kourtit and Nijkamp (2013c). This tool will be further developed here for the 
purpose of providing a systemic tool for intelligent data-driven urban policy. This will 
be done by focusing on the functional spatial dimension and the functional division of 
smart cities by connecting, communicating, involving, and managing a wide variety of 
actors’ functionalities and stakeholders’ interests. A crucial tool here is the use of mod-
ern digital information systems, as well as intelligence policy tools and data analytics, 
to keep the modern city and its actors on track in an efficient way, while operating in an 
open and turbulent environment.

Our conceptual system consists of internal and external critical conditions and/or 
driving forces [critical success factors (CSFs)] represented by measurable key perfor-
mance indicators (KPIs) as the ‘drivers’ for reliably assessing the competitive XXQ 
performance of smart cities. For both layers of conditions, a different but complemen-
tary methodological approach is employed. The external urban conditions are predomi-
nantly focussed on an analysis of macro- and meso- KPIs on a city scale, while the 
internal functional factors are generally based on a location-based geoscience analy-
sis which provides for spatially detailed results. For example, this framework should 
enable us to assess the liveability conditions of districts, neighbourhoods or even streets 
in modern cities, so that a detailed picture of sound, safe and sustainable urban environ-
ments and achievements can be obtained. The related aim of this study is to highlight 
the question where (i.e. in which type of district or neighbourhood) the highest quality 
of urban space in a smart city can be found or created, and under which conditions. The 
analytical model of an outstanding performance framework may help us to understand 
how a certain type of policy analysis may have to be conducted with a view to evaluat-
ing the competitive XXQ performance of smart cities that is based on detailed assess-
ments of mutually connected socio-economic and spatially or functionally connected 
sub-systems in a city (see also Sect. 5.4).

Our archetype model seeks to provide a strategic navigation mechanism—based on 
the above-mentioned cascade and decomposition principle and to suggest operational 
guidelines across multiple levels of (prioritised) urban quality conditions and factors 
in a comprehensive and systematic hierarchical micro-meso-macro framework (Kourtit 
and Nijkamp 2013c). Furthermore, this approach is also helpful for different types of 
interconnected key actors in the urban system to identify the critical options for an effi-
cient adaptation and ‘intelligent transformation’ (instead of, for instance, an ‘intelligent 
lockdown’) and to define their responses to different types of short- and long-run dis-
turbances, disruptions, crises or shocks, and stressors. Furthermore, it also mobilises 
multiple strategic resources that are able to generate the highest possible long-term syn-
ergetic added value that leads to sustainable and resilient societies or cities.

5.3  Framework composition for urban value creation

Our analysis framework consists of external critical success factors (“drivers”) 
and internal factors (internal ‘control variables’) for assessing the competitive 
spatial performance of smart cities to enhance sustainability—or, in general, their 
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XXQ—and to transform cities or communities in an intelligent way (in terms of 
new ways of living—e.g., health, safety, cohesion—and governance). The exter-
nal drivers, a vital part of the multi-scale world-class capabilities framework, 
contain a complex set of key indicators at the macro, meso and micro level in 
terms of, for example, productivity, resource use, safety, health, sustainability 
advantages, etc. (Daniels and Moore 2002; OECD 2008). The internal dynamics 
in the complex city-economy is, in particular, based on an XXQ assessment at a 
disaggregated level of districts and neighbourhoods, including their resources or 
inputs that may contribute to enhance urban vitality and the overall sustainability 
at a region or city level (see, e.g., Santagata 2002; Gallopin 2006; Guzman 2017; 
Kourtit 2019). Smart cities have potential options or opportunities to respond and 
anticipate with a selected mix of intelligent resources, to the multiplicity of urban 
challenges—often called ‘possibilism’ (Vidal de la Blache 1903)—at different 
territorial levels. This ‘possibilism’ approach depends on their various socio-eco-
nomic backgrounds and how much and which combination of resources they are 
able to use—i.e. ‘the judge of their use’—(Johnston et  al. 2000, p. 609)—that 
determines their ‘capability’ to enhance their competitive performance and their 
wellbeing and sustainability (e.g., Sen 1980, 1999).

The internal and external forces and linked multiple resources may induce a 
pathway towards solving long-range (global) issues and exploiting society-rel-
evant assets (both economic and non-economic). They may also add sustained 
value for shaping and managing modern world-class smart city systems for 
increasing the well-being and the sustainable competitiveness (through maximis-
ing the creation of the overall XXQ value (which consists of both tangible and 
increasingly of intangible assets) of the city’s collective well-being (see Nijkamp 
2008; Kourtit 2020).

The relevance of the notion of ‘XXQ value creation’ in the context of creating 
high value for multiple (from micro- to macro-) layers of actors and structures will 
be illustrated in this study by means of the presentation of an integrated systemic 
panorama of the intelligent ‘power’ of smart cities. Modern cities are complex and 
pluriform ecosystems that need both thorough scientific treatment and sustainable 
policy care. They need to be understood from their fundamental architecture, their 
composition, and their functioning, at all scales ranging from micro to meso/macro. 
Smart cities in a data-rich environment call for new and advanced systematic and 
operational data-rich intelligent decision-support tools, in particular, a systematic 
methodological interactive ‘power of information’ contribution for urban sustaina-
bility policy on the basis of extensive multivariate big data in a smart urban decision 
support system (see, e.g., Mayo and Steinberg 2007). This intelligent methodologi-
cal systems approach is based in particular on:

• The use of systemic decomposition tools for the urban, suburban, semi-urban 
and rural space (the ‘microcosmic city’, in a decomposition perspective (see 
Mumford 1961; Hall 1998; Taylor 2004; Bettencourt et al. 2007)

• The use of (big) data metrics on small-scale hierarchically organised units in the 
city, as knowledge-based building blocks for understanding the real essence and 
dynamics of the modern city (the cascade structure).
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The microcosmic approach takes the cascade and decomposition argument fur-
ther by arguing that the structured organisation of micro units in a city is a sine 
qua non for developing a comprehensive and interconnected view of the city. This 
microcosmic perspective is related not only to functional and smart specialisation 
in a city (including its morphology and land use), but also to the collection, storage 
and use of a multiplicity of relevant data. This multidimensional approach typifies 
the notion of ‘unweaving’ the poetry of a rainbow (Dawkins 1998) which allows us 
to strip the ‘fata morgana’ of the world-class smart city system of its wondrous veil 
of mystery and superior mirages. This is especially relevant in the context of novel 
research approaches to tackle global urgent or sensitive issues (e.g., poverty, climate 
change, viruses)  through decomposing the main issue into smaller research ques-
tions and effective interventions in understanding a particular situation at all relevant 
scale levels. In this way one may arrive at a systematic and manageable mapping 
and improvement of the constituents of a long-term ‘XXQ value creation’ at various 
geographical scale and time levels.

This approach bears some similarity to the original research approach (‘experi-
mental science’) of the 2019 Nobel laureates Banerjee, Duflo, and Kremer geared to 
‘alleviating global poverty’ with reliable results and answers (based on truth values 
of the premises) from the research field (viz. deductions from theory; see also, e.g., 
Popper 1959). In this way, one may increase the high ‘sources of value’ of highly 
qualified information and thus advance the production and validation of socio-eco-
nomic knowledge. This systematic decomposition approach may significantly trans-
form and stimulate the methodology of various research programmes. This is clearly 
reflected in the emerging interest in what is called ‘hierarchical decomposition’ in 
the form of a multilevel cascade structure of aligned directions (i.e. the functional 
deconstruction) of the development of physical, and social and economic systems, 
as well as of cities’ planning and policy constellations, into operational powerful 
sub-functions (even at the individual and disaggregate level, e.g. street-level infor-
mation) (see, e.g., Simon 1955, 1962; Batty and Longley 1994; Frankhauser 1998; 
Chen 2011, 2012, 2016; Pumain and Moriconi-Ebrard 1997; Pumain 2006; Kourtit 
and Nijkamp 2018). This approach helps us to identify important patterns and effec-
tive strategic options and choices, and to understand the challenges, driving and sen-
sible forces and other important stimuli on the ‘body’ and ‘soul’ of the city (see, 
e.g., Kourtit et al. 2020a; Wahlstrom et al. 2020a, b), and specific local needs that 
altogether are responsible for the economic and liveability achievements and support 
the ‘XXQ value creation’ of smart cities for the long-term.

In recent years, the importance and effects of scaling analysis, hierarchical mod-
elling and the hierarchical organisation of complex (urban) systems (see, e.g., Zipf 
1949; Christaller 1933; Beckmann 1958; Davis 1978; Woldenberg and Berry 1967) 
have prompted a widespread interest in systemic urban studies (see, e.g., West et al. 
2002; Pumain and Moriconi-Ebrard 1997; Bettencourt et al. 2007; Batty 2006, 2008; 
Chen 2012; Bettencourt 2013; Frankhauser 1998; Pumain 2006; Rybski et al. 2009).

This new way of understanding and managing city dynamics, complex policy 
issues, functional flow networks, bilateral and multilevel connections and coor-
dination efforts between (sub)functions and levels in the urban space-economy in 
combination with ‘intelligent transformation’ (ranging from big data to smart data 
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management) is also represented in the recent ‘collective intelligence’ concept (see 
Dicken 1998; Dick 2005; Beaverstock et  al. 1999, 2000; Nijkamp 2008; Nijkamp 
and Kourtit 2012; Kourtit 2019). Over the last 2 decades, it has prompted entirely 
new forms of urban communication and spatial interaction (e.g., in a citizen science 
context), with a significant and unprecedented impact on modern planning strate-
gies and daily life in smart cities (Latour 1992; Verbeek 2006; Neal 2012; Waelbers 
2009).

The benefit of the ‘XXQ value creation’ is that it helps modern cities discover the 
hidden or unknown opportunities and to anticipate ‘grand’ challenges at all relevant 
scale levels, so as to create and capture value for enhanced sustainability and intel-
ligent governance, including a transformation through alternative ways of living, 
working and recreation, in order for them to become and stay successful world-class 
or high-performing smart cities. This will be further illustrated in the next sub-sec-
tion by means of an experimental outline of sustainable smart city management for 
generating a high synergetic and sustained added value for urban world-class perfor-
mance, with a view to encouraging a ‘sustainable smart home’ for citizens.

5.4  Integrative ‘XXQ value creation’ model architecture

The architecture of the long-term ‘XXQ value creation’ model, as described above, 
is based on a balanced combination of interconnected internal and external key driv-
ers and is mapped out in greater detail in Fig. 3. This figure is inspired by earlier 
empirical smart urban modelling studies, in particular, Wahlstrom et al. (2020a, b) 
and Östh et al. (2020).

The ‘umbrella’ model depicted in Fig. 3 incorporates the cascade and the decom-
position principle from Fig.  2, in terms of a systemic structure of hierarchically 
organised urban subsystems defined in terms of connectivity (C), functionality (F) 
and morphology (M) (internal factors) and moderated by various urban assets (or 
capital provisions). They all serve to enhance the city’s performance, while being 
driven by human, institutional, and technological factors.

This model represents the balanced manoeuvre space for an ‘XXQ value crea-
tion’ mechanism—illustrating a balanced combination of prioritised endogenous 
and exogenous explanatory drivers and factors, also often called decision and con-
dition variables (inputs and outputs, as well as linkages). Hence, the use of such 
a model may influence the multidimensional structures and levels of the overall 
value-added-based productivity and performance (XXQ) of smart cities. The model 
reflects the role of integrated contextual factors in a particular context, including the 
urban ambiance and regional profile. It links endogenous urban or regional develop-
ment—in terms of innovation ecosystems and networks on knowledge and informa-
tion as well as the local actions and synergy of all stakeholders—to better anticipate 
and exploit the smartness and intelligence of the city (e.g., Lundvall 1992; Malecki 
2007; Huggins 2010; Storper 1997; Cooke et al. 1998, 2000; Winters 2011a).

This new development towards ‘intelligent transformation’ helps to present 
aligned strategic guidelines and actionable recommendations, with a strong stimula-
tion of interfaces (systemic as is the nature of cause-and-effect chains), relationships 
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and hierarchies, for increasing the XXQ value and for developing sustained cham-
pioning break-out strategies (e.g. due to differences between urban, semi-urban or 
rural areas and their constellations) in different institutional constellations, man-
agement processes, functional-economic segments, and public functions. This will 
result in a better and smartly restructured local governance, a participatory society, 
and data-accountability mechanisms (Rondinelli et al. 1989; Kulipossa 2004; Lange 
2010; Rodden and Wibbels 2019). Such intelligent urban areas may form contigu-
ous socio-economic spaces and corridors (Dicken 1998; Dick 2005; Bunnell and 
Maringanti 2010). The recent drastic advances in systematic and operational data-
rich intelligent decision-support tools may help to bring and integrate the various 
urban segments together, with the support of, for example, a blockchain blending 

Fig. 3  Model of competitive spatial performance of smart cities. Source: Author’s own elaboration from 
Kourtit and Nijkamp (2013c). Legend: The arrows refer to a connected decomposition of constituent fac-
tors, while the intensity of the green colour (from dark to light) refers to the level of impact detail of the 
external factors; the blue colour refers to the internal factors (colour figure online)
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technology and artificial intelligence. This will serve to build compatible informa-
tion systems and create the most reliable smart solutions at smaller operational 
scales of the city to track value drivers and to generate and exchange socio-eco-
nomic value for a long term. Furthermore, it may help to realise the implementation 
processes of intelligent and effective policy strategies and related actions, centred 
around key value drivers and factors, in an urban setting, as a result of real-time data 
and information provision, new forms of cooperation and dialogue, and the capabil-
ity for regional growth and competitiveness (Inayatullah 2011; Winters 2011b; Lee 
et al. 2013; Gattulli et al. 2014.

The analytical microcosmic model (inspired by the ‘flying disc model’) helps 
to integrate micro-data on the internal characteristics of space (e.g., on a district 
and street scale) with meso-data on regional or city covariates in a multi-level cas-
cade structure of interconnected strategic interactions with what is called here the 
‘blowing-up’ method (see Sect.  5.5). This decomposition analysis is designed to 
coordinate complex interdependent task systems among a multiplicity of actors and 
stakeholders with limited cognitive capacity (smart governance through intelligent 
transformation) (see, e.g., Goldstein 1987, 2003; Sanchez and Mahoney 1996; Bald-
win and Clark 2000a, b; Rivkin and Siggelkow 2003; Ethiraj and Levinthal 2004; 
Gelman and Hill 2007; Kourtit and Nijkamp 2018). Section 5.5 will then provide 
more details on this cascade and decomposition approach, by presenting the princi-
ples of the ‘blowing-up’ principle.

This cascading method serves several (sub-)functions and establishes an inte-
grated information and communication infrastructure for collective decision-making 
(see, e.g., Chandler 1962; Galbraith 1973). Furthermore, it decomposes long-term 
common future-oriented values and expectations, shared strategic choices, long-
range goals and visions, plausible prospects and pre-defined (value) conditions 
related to future images of a high-performing world-class smart city into a lower-
dimensional structure (including strong interfaces with other subdivisions) with 
operational key sub-indicators based on different dimensions, combined with smart 
solutions to the benefit of urban (sub)systems for various stakeholders. In doing so, 
it respects several levels of accountability mechanisms that balance ongoing com-
munication, big data and information-wealth processing, and joint and optimal smart 
decision-making, in particular in situations with multiple possible equilibria (Simon 
1955, 1962; Chandler 1962; Galbraith 1973; Arrow 1974; Selten 1975; Becker and 
Murphy 1992), from forward-looking determinants (with interactive effects) and a 
long-term strategic policy perspective.

The value-based management in this ongoing process positions smart cities on 
the basis of their relative performance (a generalised productivity and efficiency 
measure), i.e. by relating their operational outputs (or resources) to their operational 
inputs—aiming for both input reductions and output increases—regarding their 
socio-economic achievements (see also Kourtit et  al. 2013; Kourtit 2019). In this 
transformation process, using extended advanced methods helps not only to posi-
tion smart cities, but also to identify the highest-performing, i.e. the highest-ranking, 
smart cities. Thus, the ‘XXQ value creation’ model encompasses critical key drivers 
and value conditions (as inputs) that can lead to effective strategic actions to max-
imise the productivity of smart cities. This can be measured along multiple relevant 
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dimensions to provide transparent and intelligent solutions to reach the target met-
rics and optimal ‘super-efficiency’ level.

5.5  The blowing‑up decomposition methodology

The blowing-up decomposition approach referred to above empowers urban systems 
with new insights and intelligence, allowing them to gain a better understanding of 
the dynamics through data transformation by providing a user-oriented information 
infrastructure and eliminating irrelevant measurements that have no clear explana-
tory meaning. This helps to avoid an ‘unmanageable spaghetti tangle of systemic 
interconnections’ (Langlois 2002, p. 5). The above-mentioned hierarchical decom-
position principles are applied in many domains of social science research (Snijders 
and Bosker 1999; Kozlouski and Klein 2000; Lang and Bliese 2009; Corrado and 
Fingleton 2012; Nijkamp and Kourtit 2013c; Kourtit and Nijkamp 2018) and pro-
vide useful evaluation frameworks to study the integral behaviour of a system based 
on mutual connections.

The above-mentioned ‘XXQ value creation’ model identifies three distinct clus-
ters of external drivers (see also Fig. 3). These were identified on the basis of the 
extensive systematic evaluation work of Nam and Pardo (2011) who conceptualised 
a smart city by means of three key dimensions: technology, People, and Institutions. 
Further identifying and clarifying which are the key conceptual components of a 
smart city, allowed these authors to decompose them into three categories of core 
factors for innovative action, as follows:

• Institutional factors (I) Connected with urban governance and policy, as well as 
with the external environment which supports innovations.

• Technological factors (T) Refer mainly to the broadly defined infrastructure of 
the smart city, both physical as well as, its software (including data collection 
and handling).

• Human factors (H) Concern pull factors, such as creativity, diversity, and educa-
tion, but also formal and informal bonds, as well as social activity.

Further details can be found in Appendix A. The blowing-up approach provides 
a novel view of the essential role of these main drivers and helps to map out the 
highly interdependent and measurable components and tasks of the identified driv-
ers in an ‘XXQ value creation’ model, while minimising the overlap and dependen-
cies between the actionable strategies of each driver (see, e.g., Baldwin and Clark 
2000a, b).

These multidimensional, often latent, drivers may be further decomposed and 
encapsulated into distinct categories of measurable indicators (the Key Performance 
Indicators—KPIs) that act as signposts for operationalising and implementing 
smart and intelligent urban solution strategies. And at the same time, this approach 
helps to connect the component chains for collecting and managing data from het-
erogeneous sources to develop a data warehouse—an architectural construct of a 
digital multi-level information management system (different from a container of 
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operational databases), as the core of ‘intelligent transformation’. This will help to 
provide a meaningful strategic use of data and unlock valuable insights into concrete 
actions that should create values and accountabilities, and speed up the decision-
making at various levels (see also Kourtit 2019), and which capture added-value 
outcomes leading to the high performance of a championing city.

The systematic architecture of the framework of the main critical drivers of an 
urban economy decomposed into the prioritised endogenous and exogenous explan-
atory drivers and factors is illustrated in Fig. 4. It is based on an overview of the 
existing literature—in combination with various (real-time) multiple sources of 
data, digital technology opportunities, balanced scorecards (BSCs) (e.g., Johnson 
and Kaplan 1987; Kapłan and Norton 1992)—and supported by built-in and cus-
tomized algorithms (to cluster data, see, e.g., Po et al. 2009; Ross 2009; Rubio et al. 
2015), DEA (data envelopment analysis) methods for relative closeness to the XXQ 
value (see, e.g., Charnes et al. 1978; Goudarzi and Ansari 2012), or interactive visu-
alisation methods to assess the performance of urban space in smart cities.

The hierarchical construction which is basic to Fig.  4 presents the systematic 
typology of endogenous and exogenous explanatory drivers and factors for each of 
the identified three drivers concerned in an interactive learning environment and 
dialogue systems which help decision-makers and stakeholders to keep on track for 
facilitating (short and long term) strategic decisions and taking smart actions that 
should create value (see also, e.g., Galbraith 1977). More detailed, empirically based 
descriptions of these explanatory drivers and factors can be found in Appendix A.

This set of three common multidimensional components and their mutual strate-
gic linkages allows us to regard the ‘intelligent transformation’ of the creation of the 
XXQ value for a smart city as an ongoing supporting intelligent process where the 
shaping and managing of modern world-class smart city systems takes place through 

Fig. 4  Endogenous and exogenous explanatory drivers and factors of a smart urban. Fabric. Source: 
Author’s own elaboration. A systemic constellation of the multidimensional determinants and critical 
factors shaping an intelligent city system
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a systematic, hierarchical and balanced decomposition of the XXQ-principle into clear 
critical socio-economic sub-conditions and alternative policy options. Furthermore, the 
operationalization of these elements also goes through an intelligent transformation of 
the sub-functions and real-time situational interfaces, as illustrated in Fig. 5 (see also 
Wahlstrom et al. 2020b; Kourtit and Nijkamp 2018).

This is further supported by advanced modelling tools and data mining techniques—
with the use of advanced communication systems and multiple-source and multidimen-
sional data (‘big data’) systems. These ‘big data’ are produced by multiple actors and 
stakeholders at various geographical scales and time levels. These are systemically 
selected, following a cascade architecture, to capture the overall added-value outcomes 
that lead to the high performance of a championing city.

Fig. 5  The blowing-up XXQ value model. Source: Author’s own elaboration. Figure maps out the com-
plex force field of the systemic implications of the blowing-up principle for the XXQ value city system
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6  Conclusion

Our study aimed to sketch out the principles, design and contours of city intelli-
gence in the digital age. To become and remain a high-performing or even world-
class smart city, a sine qua non is a systematic and operational framework of reli-
able (internal and external) information systematisation, transparency, accessibility, 
monitoring and communication of urban achievements at relevant space–time lev-
els, based on the involvement of important stakeholders. A smart city is a complex 
organism with different neighbourhoods, districts and streets. They are characterised 
by different urban fabrics and shaped by diverse processes, while facing a multiplic-
ity of unforeseen options and possibilities, (digital) challenges, policy foundations, 
behavourial responses, far-reaching consequences and an avalanche of unstructured 
data. Therefore, there is an urgent need and requirement for effective and profes-
sional (evidence-based) well-informed smart (repositioning) strategies, actions and 
initiatives, intelligent future-oriented policies and governance initiatives, necessary 
spatial developments, and a systematic well-integrated data warehouse system.

In the current digital information society, the ‘judge of their use’ to bundle a 
selection of strategic options or opportunities (based on multiple information and 
data systems) that are meaningful for smart cities make it a necessity to proceed 
to ‘no-nonsense’ discussions and a value actions ‘capabilities approach’ to build a 
sustainable urban future and keep the city on track.

In the current dynamics of cities, this calls for clear guidance on how to iden-
tify, formulate, and characterise critical conditions and factors that range over 
different (sub)functions in a hierarchical system of all the elements that are nec-
essary for world-class value creation, from the new viewpoint of consistent XXQ-
orientation and big data management.

To create a better and strong understanding of the function of complexity and 
the interconnected concerns and opportunities of the quality-of-life conditions, 
it is necessary to perform a decomposition of the drivers’ structure and a (re)
construction of the aligned activities distributed across multiple levels of (pri-
oritised) urban quality conditions and factors in a comprehensive and systematic 
hierarchical micro-meso-macro XXQ-framework. To ensure that this adequately 
satisfies the need to be able to anticipate, adapt, transform, change, and prosper 
in open and competitive urban systems requires an intelligent transformation in 
combination with modern big data management tools, and with the involvement 
of a multiplicity of actors and stakeholders in a multi-level urban system. This 
is an ongoing process in a new way of thinking and transformation, in search for 
alternative functional and structural designs—supported by digital and informa-
tion methods and intelligent decision tools—in the XXQ-framework.

This approach opens new ways forward and will influence the current and future 
orientation and necessary change of (sub)functions, activities for creating flexibility 
in the strategic core domains of the urban system, and the general strategic core 
policy towards achieving the ideal level of quality of life. Ultimately, it will achieve 
an entirely different level of effectiveness, enhancements and improvement of the 
urban performance value at the interfaces of various spatial scales.
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Consequently, the creation of reliable, integrated and connected databases, 
supported by, for example, blockchain and/or artificial intelligent approaches 
(see e.g. Balan et al. 2020), and by up-to-date digital information systems, will 
certainly help to uncover they key drivers of urban dynamics. This may prompt 
functional changes which, in turn, will influence the overall value-added-based 
productivity becoming and remaining a high-performing smart city. In other 
words, this may help smart cities to integrate new and specific activities (antici-
pating) to empower their core competencies into their value chain activities—
using a pluriform data set. This will enable these cities to keep on track and 
‘stay alive’ without having to resort to an adaptation of any type of (intelligent) 
lockdown with a high-risk strategy for our well-being and the quality of our 
daily living and working environment in a broad sense, a state of mind some-
times also called ‘city love’ or ‘neighbourhood love’ (see e.g. Wahlstrom et al. 
2020b). Clearly, smart city policy is not digital technology policy; it is based on 
a human-centered strategic view on the future of human settlements.

On the basis of the above exposition on intelligent city governance, we may 
formulate the following design and use principles for smart cities:

• Governance flexibility, ranging from long-term strategic envisioning experi-
ments to daily online monitoring and managerial interventions.

• Cross-sectional applicability, ranging from systemic city planning to specific 
urban policy domains (e.g., human health, environmental quality, waste recy-
cling, urban green, mobility, public space).

• User-participation potential, ranging from passive information provision and 
awareness creation possibilities to pro-active and citizen-oriented empower-
ment and participation (including democratic interactive opinion expression 
and structured image and scenario building—imagineering).

• Open access and digital transparency, with a view to user friendliness and 
suppression of complicated digital handling mechanisms for citizens.

• Development of operational performance indices  which describe the actual 
and future states of a complex urban system from the perspective of sustain-
ability and climate interests (e.g., urban circularity index, local or individual 
ecological footprint etc.).

In retrospect, this study is largely methodological and conceptual in nature. 
It was not meant to be an empirical study; its major aim was to present a sys-
tematic and novel architecture for intelligent city governance in the new digital 
age with an abundance of data. It should be noted, however, that several recent 
model studies (see the Reference list) by the authors have demonstrated the 
validity and practical usefulness of the framework proposed in our study. It goes 
without saying that our exploratory article, which brought together a wealth of 
interesting smart city studies, is only a first step. It needs clearly an operational 
follow-up in which the design and use framing of our study is tested in applied 
studies in different cities of the world.
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Appendix A

Description of endogenous and exogenous explanatory drivers and factors

• Institutional factors (I):

– Knowledge Capital (KC)—consists of share of knowledge workers in the total 
working population, rise in scientific and informatics activity, knowledge cre-
ation in terms of patent applications, higher education institutions, strength of 
higher education institutions, or R&D expenditures in higher education.

– Organisation Capital (OC)—includes valuable and critical governance 
resources. In particular, transitional components comprise visions, leader-
ship and organisational transformation in structure, governance and plan-
ning models (which stimulate an innovation system and promote new 
combinations of service delivery, as well as greater effectiveness, when 
researching the impact on the city), strategy-based approaches in planning, 
an integrated and transparent governance system, intersectoral partnerships 
and an innovative entrepreneurial climate, interoperable institutional readi-
ness—collaborating across departments and with communities—to remove 
unnecessary legal and regulatory barriers.

• Technological factors (T):
• Connectivity Capital (CC)—includes mass transit facilities, airports, high-

ways, ports, mobility systems for population and workforce, length of roads, 
motorways and rail tracks, number of telephone mainlines, as well as share of 
households with broadband connections.

• Technological Capital (TC)—contains specific technological components relat-
ing to the framework of smart city development, not only advanced physical 
infrastructure, enabling technologies, critical infrastructure components and ser-
vices, but also Information and Communication Technology (ICT) resources, 
such as telecommunications access and use of digital government sources.

• Environmental Capital (EC)—the most prominent aspects are: sustainable 
resource and energy flows focussing on resource cycle management, a circular 
economy, environmental sensitivity and vulnerability, air and water pollution 
and climate resilience of urban structures.

• Human factors (H):
• Social Capital (SC)—including life-long learning, social and ethnic plurality, 

flexibility, creativity, cosmopolitanism or open-mindedness, and participation 
in public life. But also social learning, the social inclusion of various urban 
residents in public services, soft infrastructure (knowledge networks, volun-
tary organisations, crime-free environments), meeting points for profession-
als, an integrated approach to connecting among entire communities (govern-
ments, businesses, schools, non-profit organisations, and individual citizens), 
thereby advancing their collective skills and capacities; and multicultural 
neighbourhoods, as places of urban innovations, sustainable socio-economic 
growth, and the transformation of regions and cities.
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• Livability Capital (LC)—contains such factors as: quality of life, access to ser-
vices and level of development of services of general interest, spatial equity, dif-
ferent types of smart user-oriented services; Internet-based government services 
that enable ubiquitous connectivity to transform key government processes, both 
internally across departments and employees and externally to citizens and busi-
nesses; access to urban amenities including all types of social infrastructure: 
health, sport, educational, and cultural including the level of development of 
e-services, and the affordability and quality of housing.

• Human Capital (HC)—consists of competences, social and personality attrib-
utes, such as level of digital literacy, share of economically active population, 
skilled labour force, per capita GDP, rise in knowledge intensity, share of higher 
wages, or level of educational attainment.

• Urban morphology consists of, for example, land use diversity (LUD), functional 
mix (FM), building age mix (BAM), Intensity (I), etc.

• Urban functionality comprises, for example, density of daily places (accessibil-
ity to basic services) (ACC), commercial density (CD), closeness to green areas 
(CGA), population density (PD), etc.

• Urban connectivity includes, for example, social activity density (SAD), intersec-
tions density (ID), walkable accessibility to public transportation nodes (WAPT), 
length and concentration of cycle paths (LCCP), accessibility and the popularity 
of urban bikes (APUB), etc.
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