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Abstract We argue that there is no one-fits-all “smart city” recipe to address the
sustainability and socio-economic challenges of our ever-urbanizing world. If smart-
ness is the ability to deliver useful information to citizens and urban actors in order to
adapt their behaviors and policies dynamically and interactively in view of a partic-
ular social, economic or environmental objectives, we here suggest that each city
should not prioritize the same type of information and infrastructure. Because large
cities are often seen as centers of innovation and modernity, it is very tempting for
urban investors to propose, and for policy makers to follow these investment paths
and develop information systems irrespective of the characteristics and size of the
city. This potential mismatch may limit the uptake or the most relevant and useful
information needed for a city to develop more sustainably and equally. We suggest
that smart cities cannot ignore scaling effects nor the evident deviations to these laws.
We hence propose to cross tabulate a smart city typology of infrastructure and infor-
mation with a set of urban archetypes based on key dimensions of cities, including
their spatial forms and extents but also their relative positioning within their regional
setting, within the urban hierarchy and within their path-dependent trajectories. We
see this cross-tabulation as a first step to anchor (big) data realities and smart city
practices in geographic knowledge and urban complexity theory. We advocate that
tailor-made smart city policies are necessary to monitor and manage cities given their
geodiversity.
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7.1 Introduction

Artificial intelligence and knowledge engineering has led to the commonly used and
accepted expression “smart city” in urban sciences. The uptake of the term “smart
city” has indeed been very strong over the past two decades in both academic and
urban policy arenas. A quick search on Scopus returns over 34,000 papers (February
2022). Among these, half were published in conference papers, and more than two-
thirds belong to domains of computing or engineering, one-fourth only are in social
sciences. While only a couple of cases were found twenty years ago, it climbed up
quickly over the last decade, reaching a maximum of 7000 papers a year in 2019.
If we limit the search to social sciences (including geography and urban studies),
trends are similar, but volumes are lower, with a plateau around 1500 per year today.
Whether we like it or not, whether we understand it clearly or not, the “smart city”
concept is used a lot in research. It clearly applies to cities, since the expression
“smart region” appears merely a hundred times in the literature. The fact that it is
reaching a plateau is a good moment to reflect on what it delivers and how it can
help to address the ongoing and future urban challenges in a hyper connected and
sustainable world.

Let us dissect the expression “smart city”; it is made of an adjective and a noun.
The adjective is related to the ‘smartness’ aspect of the concept and is observed in
urban policy often without an ounce of critique. It is also vaguely acclaimed in many
research spheres especially those with a strong technical component. This is the
case for some quantitative geography and urban research analyses mainly devoted
to methodological developments and algorithmic codes without providing critical
debates. Closer to urban policy topics, some critiques arise about the very meaning
of the “smart” aspect and the important societal issues it may be hiding (Roche
2017). Some have attempted to operationalize and give further focus to the concept
of smart city (Caragliu et al. 2011; Batty et al. 2012; Roche 2014, 2015), others have
critically assessed the smart city paradigm and, for example, warned about preferring
a city label without clear policy goals (Hollands 2008), about an overemphasis of
the technological over the sustainable (Yigitcanlar et al. 2019), about the influence
of large corporates and service supply industries (Soderstrom et al. 2014, Angelidou
2015; Hollands 2015) over public objectives or citizen participation, or about ethical
and power issues and risks with personal data (Zuboff 2019). We observe a lot of
discussions about smartness with no convergence.

The noun is very little discussed while equally ambiguous: what a “city” is, is
far from being trivial and when different meanings exist, it impacts what the ‘smart’
adjective covers when associated. In particular there is a scale factor in the definition
of cities that makes them very different, possibly smart, objects. Moreover, a generally
accepted definition of the boundary of a city is not available and still leads to endless
discussions (see e.g. Arribas-Bel et al. 2019; Jones 2017). However, geographers
converge toward a consensus about the usefulness of problem-oriented and well-
defined spatial concepts of the city at different scales (Rozenblat 2020), the basic
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concepts are rediscovered inside economic science without any consideration for the
existing knowledge in other disciplines (Duranton 2021).

We, here, take a spatial perspective, and look at ‘smart cities’ from an urban system
perspective and more particularly from a multi-scalar one, because we know for a
long time that a city is a “system within systems of cities” (Berry 1964). The problem
we address here is to our knowledge largely ignored in the smart city literature, at the
exception of Kitchin (2018) or Roche (2017). Our concern is that there are multiple
urban cases, facing differently the most pressing and universal urban challenges
(being environmental, demographic, socio-economic or technological). Because of
this diversity, “generic” smart city policies, particularly those that are exemplified in
large cities, are not likely to be equally useful across cities. Kitchin (2018) recom-
mends comparative analyses of similar and dissimilar cities to disentangle the local
specificities from the effects and rhetoric of smart cities. Our chapter goes in the
same direction and provides a simplified theoretically grounded framework to define
similar and dissimilar cases.

While acknowledging that smart cities are an opportunity for providing decisive
information to citizens and planners (Laurini 2022a, b), we aim at assessing construc-
tively how the design and focus of smart information systems can be adapted to
geographical contexts and urban characteristics. We propose a set of urban archetypes
(here called urban cube) based on three key dimensions of cities: spatial form,
urban extent and the relative positioning within the regional setting. Cities are then
further positioned within the urban hierarchy and within their path-dependent trajec-
tories. This typology helps us to reposition the debate about smartness in geographic
knowledge and urban complexity theory, as well as further Al developments.

In Sect. 7.2, we review some current acceptations of the smart city concept and
its relation to some key societal issues. Section 7.3 reminds that a city is not a
unique object for which only one fundamental smart truth is possible. In Sect. 7.4,
we propose a new framework for intra-urban realities (an urban cube) and in Sect. 7.5
we consider that a city is a system within a system of cities (inter urban realities).
Section 7.6 reconciles urban dynamics with smartness and Sect. 7.7 concludes and
discusses the implications of this new framework for further research agendas.

7.2 What is Smart in ‘Smart Cities’?

“Smart city” is a messy label that has nowadays by default become a concept. A
review of the literature about its definition and its dimensions quotes over a dozen
of acceptations was performed (see e.g. Albino et al. 2015; Joss et al. 2019; Vanolo
2013). Let us consider one among others: “A Smart City’ is a set of instruments across
many scales that are connected through multiple networks and provide continuous
data regarding people and environment in support of decisions about the physical and
social form of the city. This process cannot be completed without technology advance-
ments. Moreover a Smart City cannot be established without a better involvement
of citizens (Smart People)”. This definition is taken from the announcement of the



126 G. Caruso et al.

second international conference on “Smart Data and Smart Cities” in Puebla, Mexico,
in 2017 and further developed in Pisani (2020). By strongly insisting on the techno-
logical dimension, and despite reference to the environment and/or the necessity of
involving citizens, most existing definitions of ‘smart city’ fail to mention for which
purpose and on which basis smartness has become the reference for programming
the future of cities.

We observe that the technological dimension is often mainly related to transporta-
tion tools directly usable by citizens and essentially related to short term “mobilities”.
Moreover, various aspects of urban mobility remain at the core of many projects.
Examples are those of Medellin combining ecology and adapted transport systems
for overcoming a past criminal image, or Shenzhen with its “city brain” project using
big data for an integrated control of urban traffic avoiding urban fragmentation. Let
us here also cite the example of Geneva-Annemasse, a classical but frequent solution
of ten minutes train service for connecting medium size cities in a European border
region (see the 2020 Conference of Netexplo sponsored by UNESCO where a dozen
of laureate cities represented a large variety of possible declinations of the ‘smart
city’).

Smart cities have already demonstrated their operational usefulness in organizing
multi-modal transport systems or in assessing the visual impact of new construc-
tions (see e.g. Murgante et al. 2009). They can, therefore, address a wider variety
of intra-urban challenges and the long-term effects of transportation or land use.
The technological aspect is then more complex and takes the form of an integrated
modelling of the city system and geocomputational tools, which reminds the Land
Use and Transportation Interactions (LUTI) models (e.g. Wegener 1994, 2014 or
Batty 1979). Schaffers et al (2011) consider smart cities as “environments of open
and user-driven innovation for experimenting and validating future Internet-enabled
services”. Their survey of existing pilot programs enlarge the possible applications
for the “living labs” that may integrate the facilities that are now provided by ICT
developments (including the semantic web, cloud computing, sensors, and mobile
devices): Innovation economy (clusters, districts, incubators); City infrastructure and
utilities (smart transport, broadband, smart grid, environment monitoring, real time
alert, safety; and Governance (services to citizens; participatory decision making; city
as database). Such a technology-driven conception of smartness for ensuring urban
sustainability is obviously part of the marketing strategy of the firms specialized in
Internet services.

In our view, a definition that would legitimize the “smart” term requires to satisfy
at least two principles. First, smart cities policies should include explicit societal
and/or environmental objectives with the general ambition to, at least partly, rejoin
the 17 sustainable development goals required by the United Nations in its 2030
Agenda and should pave a clear way to attaining some of their 169 targets. Second,
the promised information and interactive decision systems of smart cities should be
devised along with the accumulated scientific knowledge about cities in mind and
especially make use of the recent “city science turn”, which recognizes the spatial
and dynamic complexity of the cities (Pumain 2020).
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The two above mentioned principles are to be combined with a relevant urban
typology: societal, demographical and environmental needs vary from one city to
another depending on its size, internal structure and position relative to others both
regionally and in a wider system, as well as its historic trajectory. Today, much of
the smart city research agenda seems focused on large cities and/or the central urban
cores of cities. This is at odds with essential facts about the distribution of population
within and between cities, especially the fact that small and intermediate cities as
well as suburbs represent an important share of the population.

7.3 Which Cities Should Be Smart?

Let us first remind that half of the world population lives in “non-urban” settlements.
This share is of course decreasing with time, but this does not mean that living
within cities is the most social and sustainable way of living. A priori we cannot
blame the smart-city agenda for ignoring rural issues, but rural-urban migration is—
—for example—an important dynamic in many countries leading to rapid changes in
some cities and related social problems. Local rural development and the agricultural
support to cities are also important as production and transport within the agro-
food systems strongly impact sustainability. A smart city can hence not be entirely
decoupled from its rural and peri-urban hinterland or the global flows from non-urban
areas.

Second, within the urban population itself, 3 citizens out of 4 live in a city of
less than 4 million inhabitants. Figure 7.1 is based on the Global Human Settle-
ment (GHSL) population dataset (https://ghsl.jrc.ec.europa.eu/) gathering informa-
tion about all cities defined as urban settlements of over 50,000 inhabitants in
contiguous dense grid cells (>1500 inhabitants per squared km). In Fig. 7.1a, the
share of the World urban population is plotted against the rank (in population terms)
of the cities. In Fig. 7.1b, the standard rank-size rule is added. The gray rectangles
underline the 25% population share and its corresponding city size and rank. We
see that about 27% of the total urban population lives in the 100 largest cities of
the World (the hundredth rank corresponds to Barcelona with a size of 3.8 million
inhabitants).

By focusing on cities in this top 100 hierarchy of this approximate representation
of the global urban system, one would actually leave out 73% of the urban population
and about 13,000 smaller cities (still larger than the 50.000 inhabitants threshold).
This is definitely important to have in mind, given that the smart city literature rarely
sets the spotlights on small towns and intermediate cities. Classical laws, such as
the rank-size rule, are important to put urban agendas in perspective. Intermediate
cities have received attention in urban spatial planning (Kunzmann 2010; Demaz-
iere 2017) as a way to achieve a more cohesive territorial development compared
to the competition orientation of planning that promotes the largest agglomerations.
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Fig. 7.1 Inter-urban scale and population distribution: a (left) city rank (log) and cumulated share
of World urban population; b (right) city rank (log) and population (log) rule. Source GHSL (2019)

Beyond the territorial cohesion/balanced territory agenda, the residential attractive-
ness and the environmental outcome of intermediary cities compared to large cities
certainly deserve more attention.

Third, a similar line of arguments can be followed at the intra-urban scale. Using
the rescaling methods suggested by Lemoy and Caruso (2020), we can compare the
density profile of all European cities of over 50,000 inhabitants against the distance
to their main center. Since they have different spatial expansion, the distance is
stretched using a factor of size (cube root of the ratio of the population of one city to
the population of the largest). Figure 7.2a illustrates the results of such a computation
and shows the average curve (line in red) and its standard deviation. The cumulated
share of the city population at each distance from the city center can then be computed
and compared across cities in Fig. 7.2b. In both figures, Paris (11.7 million inhab.)
is chosen as reference and, therefore, distances are to be understood as ‘“Paris-km”.
Asin Fig. 7.1, the gray rectangle shows the 25% share of the within city population,
its corresponding distance (in Paris-km) and its density.

Keeping in mind that European cities are often considered as closer to sustain-
ability objectives than cities in other parts of the World; we see that 3 out of 4
citizens in a typical European city do not live in the core of the city but beyond.
We assume a 7 km radius to define here the core of a city like Paris, which is about
1 km beyond Paris intra-muros. Because of the stretching, the distance is smaller
for smaller cities. A smart city that would focus on core cities is, as we can see,
very restrictive in terms of inhabitants: 75% of European urban citizens are actually
suburban citizens. Similar to intermediary cities, suburbs are important places where
changes can occur for better sustainability or social cohesion (see e.g. Keil 2017 or
Dunham-Jones and Williamson 2008).

We acknowledge that these figures are based on a questionable definition of cities.
The GHSL definition of a city is one among many, raising the well-known problem of
the sensitivity of our understanding to the delineation of a city/urban agglomeration



7 No “Prét a Porter” but a Multi-scalar ... 129

5000 10000 Q)
1
Lt
\

//
\\\

Population Density
500 1000 2000
1 1 1
Share of city population
0.4 X
1

200
!

/

0.2
I

/
/
/
L -

o
T T T T T S T T T T T
10 20 30 40 50 10 20 30 40 50

Rescaled distance to center km (cubic root) Rescaled distance to center km (cubic root)

Fig. 7.2 Intra-urban scale and European population distribution: a density (inhab./sq km) (log)
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(see e.g. Pumain et al. 1992; Thomas et al. 2012, 2018; Arribas-Bel et al. 2019;
Rozenblat 2020). If this problem was pointed out long ago by some founding fathers
in quantitative geography (see e.g. Brian Berry or Peter Haggett), the accumulated
knowledge over the years is relatively poor and not unique. The relevant definition of
a city often depends on the nature of the data, the type of method, the background of
the authors but the actually used definition of the objects (city, urban agglomeration,
system of cities) should nevertheless always be made fully explicit and chosen in
agreement with the topic of research or the intentions of policies. Interestingly the
debate about city definition is absent from the literature on smart cities.

Nor the suburbs, nor the intermediate (regional) cities seem to attract nowadays
smart considerations, which questions the relationship between large and small cities
and between the core city and its suburbs or further hinterland. The smart city agenda
needs to embrace the full diversity of urban regions and target its means and objectives
to the different cases. Let us clarify that we do not support any ‘exceptionalism’
view that would prevent us from learning from cases or accumulating knowledge.
Preference over idiographic or nomothetic strategies in urban research have been (and
are still) heavily debated, but a compromise is actually needed to cope with a key
characteristic of geographic information: spatial heterogeneity (see e.g. Goodchild
2001). While recognizing diversity, we rather propose to conceptualize cities across
two scales and their respective dimensions.

To oversimplify—if we were back in Berry’s times—we would say that there are
two relatively distinct levels in urban scales (the city and the system of cities), and two
scaling effects (Clark’s density and the Zipf’s law) that rule the spatial distribution
of urban population. Things have slightly progressed over the last 50 years, making
those laws, their regional variants (Bretagnolle et al. 2007) and local deviations
more understandable. Yet, in the urban science of today (Batty 2012) the scaling of
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socio-economic and physical attributes of cities with size remain at the heart of inter-
urban theory, and regularities are also found at the intra-urban level (including self-
similarities such as fractals) (see e.g. Lemoy and Caruso 2020). Spatial interactions
relating size and proximity to movements also remain a key link between processes
and spatial distributions both within and between cities.

The organization of cities is here conceptualized across two geographical scales.
On the one side, the intra-city scale, which results mostly from intra-urban interac-
tions, such as daily mobility flows, residential changes and firms’ interactions. On
the other side, the inter-city scale, which results from inter-urban interactions and
distributional aspects, i.e. the (allometric) relationships that represent the effects of
varying sizes in interurban comparisons and their evolution.

Our aim is now to reposition the debate about smartness within geographic knowl-
edge and urban complexity theory, first at the intra-urban (Sect. 7.4) and second at
the inter-urban scale (Sect. 7.5).

7.4 Three Dimensions to Represent the Intra-Urban
Diversity

In order to stress the essential physical and socio-economic aspects that structure
internally a city, we suggest a cube with three key intra-urban levels representing
urban dimensions: suburbanization (X), polycentricity (¥) and specialization level
(2) (Fig. 7.3).

X-axis: compactness versus sprawl. Let us first imagine a city simply made of a
core and a periphery, reminiscent of an egg with its yolk (core) and white (suburbs).
The composition and the extent of both parts of the egg differ from one city to
another, and each city is actually characterized by a certain extent, a morphology,
and a mass (see e.g. Batty 2008). The egg yolk can be thick, central and well isolated
(compact cities) but it can also flatten and dilute into the egg white (sprawl). The
dilution blurs the morphological and functional limits of the city (Caruso et al. 2007,
2011). This problem becomes even more complex when the polycentric nature of
the urban system is taken into consideration (see Y-axis).

We know that each city has a different footprint due to the complex interacting
actors and processes in action, including its geography, its history, and/or its gover-
nance (e.g. Abdel-Rahman and Anas 2004; Batty 2005; Derycke et al. 1996; Parr
2007; Tannier and Thomas 2013). Despite the numerous trials, there is unfortunately
no consensus about the delineation of both the egg-yolk (core city and its morpho-
logical fringe) and the egg-white (periphery and the functional fringe), with various
methods and cut-off values being in use (see e.g. Cheshire and Gornostaev 2002;
Dujardin et al. 2007; Thomas et al. 2013 for the functional limits and Tannier and
Thomas 2013 for the morphological limits). Defining the urban agglomeration with
a core and a periphery actually depends on research and normative objectives rather
than universal thresholds. This has long been an issue for geographers, either from



7 No “Prét a Porter” but a Multi-scalar ... 131

X X
t %00 ot xo0 o+ xo0
& XX X5580
| X
00 xo O 00 xo0 O o* xo°
xX o x X "
X x
x
X X
XX xx X XX xx X 00 40 ©
xXx X X5z 7 X X
e
x
A O 55
= % X X XX g X
= +
c % X X 2 s o o
o n® &% x© oxx X X" xx X X .
8]
> X x X % X X ”
el B X x X x X
o 0° 4o
A / x
X
‘ x .
XXex XX xx X A x N
X X
X
‘ xo
X
A A
:
‘ xx
X X
Xy X x X
X X X
o | |
c
o
v /

Compact Sprawl

< »
< >

Fig. 7.3 The cube of intra-urban diversity (the density level is represented by the intensity of the
orange color, the size of each settlement by the circle surface and the location of the different kinds
of activities by the red crosses and the black dots)

theoretical (see, e.g. Berry and Lamb 1974; Griffith 1983; Hall 2007; Kwan 2012;
Openshaw 1984) or empirical (see e.g. Chakraborty et al. 2015; Jones et al. 2015;
Raciti et al. 2012) perspectives.

Irrespective of the urban delineation, looking at cities as objects that expand radi-
ally inirregular discs (morphologically or functionally) and decreasing internal densi-
ties is a long recognized empirical approach since Clark (1951). Itis still a very robust
approach for most cities, independently of their size (Lemoy and Caruso 2020). It is
also a dimension that unequivocally connects with urban economics, following the
Alonso-Muth-Mills model and subsequent work in the field (summarized in Fujita
1989, or Brueckner 2011). It is important because this radial dimension captures the
trade-off between transportation and land costs, hence the most important differen-
tiations of intra-urban space in terms of income, housing values or accessibility, all
critical for a smart city that would be both inclusive and sustainable. Further, many
urban policies, that might further be supported by new technologies, have a clear
center-periphery dimension. We think particularly of transportation policies, such as
cordon tolls or parking pricing but also land policies that seek to preserve wildlife
around cities and limit fragmentation for optimizing access to services. Similarly
housing policies and subsidies implemented to reach a less segregated location of



132 G. Caruso et al.

households (and thus of services and amenities) also need to address core-periphery
differential and density thresholds.

Y-axis: intra-urban polycentricity. This refers to the internal organization of
an urban area containing more or less numerous and strong spatial concentrations of
inhabitants/activities (see e.g. van Criekingen et al. 2007). Le Néchet (2015) shows
how the X and Y dimensions combine and Rosenblat (2020) discusses their joint
definition.

Sub-centers may cover an urban area in a more balanced and sustainable way
than a city with only one center. This seems particularly true—for example—from
some recent focus on local accessibility or local community development, such
as the so-called “15 min” city or several aspects on the transitions movements
where intra-urban mobility, and the related energy expenditure, is basically mini-
mized. Subcenters, however, do not necessarily mean a more efficient use of trips or
commuting since they depend on how well the location of different types of house-
holds/jobs match. Further, maintaining sub-centers, especially small ones, is chal-
lenging simply because the concentration of activities is subject to spatial interaction
laws and a dynamic equilibrium. Agglomeration economies are typically needed for
having livable sub-centers, and as soon as they exist, they drive more flows in and
out, which may directly challenge sustainability transition goals or transportation
or economic efficiency. For example, local congestion can arise around a peripheral
multi-modal hub or be largely relying on car access, thus challenging the very goal of
a planned sub-center. Another example would be a very successful peripheral center
or neighborhood, which then attracts further population or jobs to a level where social
differentiation (gentrification) becomes too important. Managing a good balance of
small and large sub-centers is definitely complicated and can/maybe benefit from
smart cities techniques. In our view, identifying which existing tools can connect to
these known effects is still uneasy.

Polycentricity/polycentrism has largely been discussed in the literature and is
known to be multiscale (see e.g. Rosenblat 2020). Intra- and Inter-urban polycen-
tricities can easily be linked. For example, as a city grows larger, sub-centers can
potentially appear and grow to the point to be considered themselves as cities. The
monocentricity assumption fades, but it is still an interesting way of representing
the distribution of people and activities relative to the main center as well as to the
new emerging sub-centers. A polycentric city is, therefore, seen as a series of nested
monocentric ‘cities’. Whether sub-centers can be defined as cities is then related
to how far they emerge from the main center. Thus the separation between places
of concentration must be part of the definition of polycentrism. Is an edge city an
example of a sub-center located the furthest away possible from a city center? Beyond
we would then have a different city, which would then be present at the inter-urban
scale, i.e. with its own rank and population. This brings back to the front the former
discussions about conurbations.

Z-axis: specialization. This dimension reflects the more or less heterogeneous
character of the socio-spatial organization of the urban space, according to the
sharpness of the spatial separation between different kinds of economic activities
(i.e. manufacturing, services, residential or leisure areas). These urbanistic zonings
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(Wickersam 2020) are strongly related to the separations between social groups
defined by income level or geographical origin or any other source of social discrim-
ination. The famous geographical models inspired by the Chicago sociological school
and reproduced in many handbooks such as that of Berry and Horton (1970) have
been considerably refined and augmented. More or less distinctive and segregated
neighborhoods can be identified along these lines of social polarization (Hamnett
1996). They heavily constrain the social mental representations and possible actions
over the urban environment and their traces persist over longer periods of time than
one generation of people (Cottineau and Pumain 2022). This occurs because there is
very often a rather narrow relationship between the type and degree of specialization
of a city within the system of cities it belongs to and the typology of its neighborhoods
(Mansuy and Marpsat 1991): manufacturing cities nowadays are likely to have more
working class and low income neighborhoods than service centers with their popu-
lation of shopkeepers and craftsmen. Moreover, new edge cities (Garreau 1991) are
socially more homogeneous than the older city centers from which they were gener-
ated. According to its history and former urban policies, an urban agglomeration may
include more or less monofunctional or socially segregated parts, with sharp statis-
tical spatial discontinuities between them, or display higher social diversity levels
in urban activities and occupation profiles of its residents varying smoothly over
space. The degree of specialization of the neighborhoods, in turn, leads to important
differences in urban mobility and daily frequentations of each part of the city (Vallée
2017). Recent research demonstrates that the internal spatial organization of cities
is narrowly related to their socio-economic development. Ribeiro et al. (2017) using
simulation model and empirical observation demonstrate that the local infrastruc-
tures enabling access to urban amenities according to a fractal pattern and favoring
interactions within the city have an impact on its socio-economic development.

Combining the 3 dimensions, we obtain 27 intra-urban types, irrespective of
the size of the city. Talking about “THE” smart city is, therefore, vain and even
erroneous. In reality there exists a continuum and hence a very large number of
possibilities along the three aforementioned axes, and additional axes can be added,
hence multiplying these possibilities. Many social dimensions, for example, were not
considered here. If some are obviously highly correlated with these axes (e.g. wealthy
and poor households are sorted along the distance gradient, although inversely in
North America and Europe (Brueckner and Thisse 1999; Louail 2010), some other
dimensions (job type, education, firms networks and local governances...) rather find
their explanations in the history of each city or in the situation of the city within the
supra-regional or global economy. These in turn relate to city size, urban hierarchies
and dynamic trajectories. Besides elaborating on the concept and the instruments for
smart(er) cities, we hence believe that linking cities is also very important (see e.g.
Pisani 2020).
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7.5 Inter-Urban Diversity: Three Systematic Expressions
of Urban Diversity at Higher Spatio-Temporal Scales

Let us now move to the inter-urban scale, facing the first dimension that differentiates
at most of the cities, which is the continuous and highly contrasted hierarchy of cities
of different sizes, from the smallest towns to the largest metropolises. This should
not lead to an exceptionalist view that would consider each city as a singular case,
nor should it increase the size of the cube to an intractable number of cells. The inter-
urban perspective not only adds the fourth dimension of the city size to the cube, but
at the same time it enables to simplify the combinatorial diversity of our cube since
its structuring dimensions are not fully independent. Indeed, there are systematic
variations along these dimensions that depend on the size of the city. Thus the four
dimensional geometric object would have many empty cells. Why and how are these
dimensions related?

Empirical comparisons of cities within systems of cities have demonstrated how
the major multivariate factors that differentiate cities organize in an evolutionary
theory of urban systems (Pumain 2017). If in a transversal momentary view, cities
are at first different because of their size (population, wealth, production...) and
at second through their functional (economic, social, cultural) specialization, there
is a longitudinal connection between these two factors through the succession of
innovation waves and their unequal propagation in the system of cities. Adopting an
innovation provides an impulse for the growth of a city that has positive feedbacks on
its ability to attract next innovation. As a consequence of such an urban evolution, the
dimensions of the cube we designed for differentiating intra-urban morphological
and socio-economic patterns are not independent. Their correlations open the way
for simplifying the observed diversity at the intra-urban scale. We now first examine
how the dimensions of our urban cube vary with city size (Sect. 7.5.1), with socio-
economic specialization (Sect. 7.5.2) and with the spatio-temporal dynamics of urban
systems (Sect. 7.5.3).

7.5.1 Urban Hierarchy and Scaling Relationships of Urban
Attributes with City Size

Any urban quantitative indicator expressed in absolute terms is positively correlated
with city size; given spatial interaction laws, the bigger these places, the higher the
driven flows (migration, trade) in and out globally. However, these quantities are not
always exactly proportional to city size. It is indeed well known from urban planners
that designing—for instance—infrastructure networks benefits from scale economies
and, therefore, the cost per capita is cheaper in larger cities than in smaller towns.
With an initial impulsion of Geoffrey West (2017), recent urban research documents
more and more mention the non-linear distribution of many urban variables under the
generic statement of “scaling laws” (Pumain 2004; Bettencourt et al. 2010; Cottineau
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et al. 2017; Finance and Cottineau 2019; Finance and Swerts 2020). Scaling laws
may help to recognize which urban attributes (with exponents above 1 of the power
relationship linking them to city size) are likely to systematically benefit large cities
(such as the ability to capture innovation), which are simply proportional to the
number of inhabitants (these attributes with exponents close or equal to 1 are indif-
ferent to city size) and which attributes having exponents below 1 expect lower cost
per inhabitant in large cities than in small towns. The amazing work that is currently
ongoing for measuring and testing urban scaling laws is very useful in the perspective
of designing urban policies because it helps to establish which value of an indicator
expressed per capita can be expected for cities of different sizes and thus provides a
first benchmark for assessing them—all things being equal about their size. But we
consider that despite the usefulness of the scaling laws for a simplified description
of urban inequalities, it would be an oversimplification to consider that urban differ-
ences are only a matter of scale and that small towns are simple replications of larger
cities such as those enunciated by Bettencourt et al. (2010). A small town that has not
gone through the same innovation waves in the past cannot expect to reach the same
systemic state as a large metropolis having successfully adapted to them whatever
its ability to grow in attracting further new innovations. A full understanding of the
urban scaling laws at a given moment is possible only when replacing them within an
evolutionary perspective of urban systems including the competition between cities
in the continuous flow of innovation that they create, attract, propagate and share. In
other words, urban systems are not ergodic (Pumain 2012).

7.5.2 Specialization, Innovation Waves and Urban
Trajectories

Enlarging the scale allows us to account for the relative position of cities within their
regional contexts and the global system, and within their path-dependent trajectories.
Indeed, city size is not a permanent attribute but the outcome of a recurrent process
of the adaptation of each city to the innovations that transform the economy and the
society of the territory they belong to. Although these innovations propagate in all
parts of an integrated territory (“integrated” means sharing the same legal, economic
and societal processes) and contribute on the long run to increase the size of cities and
the income level of the populations, they do so according to a hierarchical process that
on average and incrementally leaves a larger benefit to large cities that attract them
in a first stage; small towns are lagging behind. As a result, the scaling exponents
of the activities that characterize innovative activities change over time in a rather
systematic way, such as that demonstrated for France and South Africa (Pumain
et al. 2006) and the United States (Paulus and Vacchiani-Marcuzzo 2016). In the first
stage of innovation, when these activities are captured by large cities, the exponents
of the power laws linking their amount with city size are above 1, while the activities
that were part of former innovation waves having diffused and became common,
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have exponents close to 1, and those which already have been optimized through
scale economies or that are exploiting lower costs on remote parts of the settlement
system exhibit exponents below 1. A corollary of that evolution is expressed through
the larger diversification of urban activities in large cities; that is explained because
large cities keep traces of the large number of innovation waves they succeeded
to attract. The effects of specialization on the urban layout and society may persist
many decades after the peak of profits generated from these activities. It is well known
from the literature on systems of cities that it frequently happens that a few cities
overspecialized in some activity that boosted their attractivity and income for a while
in the past were later on hampered by that over-specialization in their ability to take
part successfully in the next innovation wave. Many cities that were flowering during
the first industrial revolution became parts of the “rust belts” in developed countries
by the middle of twentieth century. It may happen that some of the most attractive
touristic centers follow the same trajectory if they do not diversify their activities or
neglect to adapt their environment to the new expectations of their clients.

The relationship between the inter-urban typology of cities and the variations of
their internal configuration is not systematic and not so many authors have provided
clues about this combined differentiation. Mansuy and Marpsat (1991) demonstrate
a rather narrow linkage between the functional specialization of French cities and
the type of neighborhood composing them according to their social profile. Thomas
Louail (2010) confirmed the contrast between the morphological type designed with
the road pattern of cities in Europe (radio-concentric) and USA (square grid) that
translate into a less unequal spatial distribution of population densities and land prices
in North American cities, whatever be their functional specialization. That more
even spatial pattern is nevertheless compatible with much higher social contrasts
and segregation. Hence, size and time impact the level of polycentricity and that of
specialization of a city (Duranton and Puga 2000). The probability of polycentrism
ofcourse increases with city size and over time but this is not straightforward. Sprawl
does not change with size (Lemoy and Caruso 2020) but increases over time. On top
of the hierarchy of cities, more diversification of urban activities is observed (Paulus
and Vacchiani-Marcuzzo 2016).

Thus obviously we can simplify our typology regarding the attribute of city size
by including scaling laws. We also should add a consideration of historical time
through identifying the major innovation wave that may have specialized their profile.
Moreover, we have to consider the relative situation of each city within the specific
structure of the system of cities that embedded it and thus define the potentialities of
the environment to which it is regularly connected.
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7.5.3 Path Dependency and Stage of Regional Urban Systems
in Global Trends

Indeed systems of cities may display different kinds of internal differentiation
between cities according to their size and specialization, depending on the timing
of their adaptation and propagation of innovation waves during their development.
Rozenblat (1995) illustrated three different styles of polycentric spatial structure of
urban hierarchies in Europe that were forged through the strong and durable spatial
integration of the socio-political institutions established by urban interactions at least
since the Middle Ages and the solid coherence of their resulting multi-scalar spatial
organizations more than five centuries later. Baudet-Michel (2001) observed how
business services have percolated in three different systems of cities since the end
of nineteenth century. She demonstrated that in a first stage the concentration of the
activity was higher in the systems having a primate city, as France and UK, whereas
eight German metropolises had each captured a significant amount of the novelty.
But in a second stage (during twentieth century), the spatial expansion down in the
urban hierarchy was much broader in the French than in the German system of cities.
Thus, the hierarchical diffusion is not an even process according to city size but
an adaptation of the whole system of cities that maintains during the process the
originality of its structural features.

This effect of path dependency also appears when analyzing the recent process
of cities” metropolization in the European urban system (Zdanowska et al. 2020).
Following an evolutionary theory of urban systems (Pumain 1997, 2018), the recent
globalization trend can be analyzed as an innovation wave that challenges cities
for adaptation. Usually this adaptive urban co-evolution reinforces the hierarchical
inequalities within systems of cities, resulting in what is interpreted as a metropoliza-
tion trend (Robson 1973; Pred 1977; Pumain and Moriconi-Ebrard 1997; Pumain
et al. 2015). Traces of the adaptation process were measured for that study through
65 comparable indicators describing for 365 functional urban areas their partici-
pation to a variety of networks of global activities. Everywhere in Europe those
indicators revealed a hierarchical diffusion process and most of them exhibited super
linear scaling relationships with city size. However, the surprising result was a much
stronger hierarchical differentiation among cities of Eastern Europe, more recently
open to global economy, than among cities of the Western part where diffusion
processes are much older and have relatively better equalized the urban scores. The
conclusion of the study thus rejoins the considerations we develop here: “Despite
not having large cities, the Central and Eastern European urban system is more
hierarchized by international functions that concentrate in few cities more than in
Western European urban system. Metropolisation forces are strong because they are
in an early stage of global integration compared to the Western cities. However, the
size of Eastern cities did not imply any typical demographic trajectory but rather
their distance to the Western border. In addition, historical specialisations conferred
to some small and medium-sized cities a more important role than expected in the
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network of multinational firms, which confirms the necessity of considering small
and medium-sized cities in globalized networks analysis” (p. 19).

Attempts at modelling the dynamics of systems of cities with multi-agents models
have confirmed the geographical diversity of their dynamics in different parts of the
world. While using the same model for reconstructing the long term trajectories of
cities, Bretagnolle and Pumain (2010) insist on a few important changes in funda-
mental rules and parameters that were necessary when adapting the model developed
for European cities to the US ones. Cottineau (2014) found that if the trajectories
of most cities of the former USSR could be reconstructed with similar dynamic
principles than those used for other systems of cities, it was necessary to intro-
duce stronger effects of the environment and state policies due to the impact of the
location of mineral resources and the political decision of using them in creating
overspecialized cities for their exploitation.

Thus we have to consider that, all things being equal regarding their size, their
specialization, the time of the corresponding innovation wave compared to its period
of occurrence in other connected systems of cities, cities do not have the same prob-
ability in quantitative terms not the same capability in qualitative terms for adapting
to the smart cities innovation. Important variations also stem from the socio-spatial
historical configuration of the systems of cities in which they are embedded, what
Scott and Storper (2015) call the “urban nexus”. Even within a relatively integrated
and homogenized urban system such as the European one, the intra-and inter urban
interaction regimes have local and regional peculiarities that deserve a careful exam-
ination in order to design relevant adaptation policies to new innovation. Even the
simplest urban models exhibit interesting deviation features that represent the urban
geo-diversity (Cura et al. 2017).

7.6 Reconciling Urban Dynamics with Smartness

Last, but not least we will here briefly insist on the fact that smartness cannot be
used (7.6.1) without a clear analytical framework of the urban form integrated
in an intercity and dynamic context (our “urban cube”), (7.6.2) without having a
regional strategy in terms of sustainability and well-being that takes into account the
state variation as well as the spatial heterogeneities within and between cities and
(7.6.3) without getting and questioning the meaning of the newly available geocoded
big data, whatever how they were captured (through sensors or active or passive
declaration).

7.6.1 Dynamics

A later addition in urban theory, from the complexity science, is the time arrow
(Prigogine 1996), which helps understanding path-dependencies in urban laws and
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variations to them, particularly at the inter-urban scale (Pumain et al. 1989, 2015).
The time dimension has also been stressed at the intra-urban scale as witnessed by
plethoric cellular-automata models where change is triggered by local processes,
within the land use and transport interaction modelling community where flows
and the location of activities within a region are gradually modified in an attempt
to reach some equilibria (White and Engelen 2000), or even among parsimonious
urban economists: “many spatial phenomena can be treated in a satisfactory way only
within a dynamic framework” (Fujita 1989, p. 3). Time is obviously a key aspect
of the smart city technology, with data being continuously updated and fetched to
users through multiple sensors and shiny apps. Yet, there seems to be a very large
gap between the time dimensions that matter at the inter-urban and intra-urban scales
and are endorsed in urban research, and the real-time monitoring of cities using a
temporal resolution of a few hours, minutes or seconds (see discussion in Batty 2013,
2015, or Kitchin 2018). A “more abstracted interpretation of how the state of a city
is changing over the longer term” (Batty 2015) is needed.

The time mismatch between a smart city and the urban processes is pretty obvious
at the inter-city scale, for example given very strong persistence in ranks and flows
between cities over time (Bretagnolle et al. 2000). But at the urban region scale
as well, the temporality of the smart city seems largely at odds with most of the
temporal dimensions of the land use/activities and transport/flows systems, as for
example described in Wegener’ cycles (see recent synthesis in Wegener, 2014). The
smart city interactivity, especially the one directed to citizens and social networks
seems to favor the daily interactions in the mobility system (and probably mostly the
routes and mode choices, not the trips, chains, or destination choices), rather than the
longer run decisions in the location system (residential and firms location choices) or
in the transport infrastructure (public transport investment, etc.). Immediacy seems
to be favored against data needed for longer-term, more strategic, decisions. No
long-term comparison will be possible (Kitchin 2014).

Batty (2013) raises the problem of connecting the concept of smart city with urban
theory because the data that are collected and used do not have the same temporal and
spatial scales than those used before for building a theoretical understanding of how
cities function and evolve: ‘This is city planning in a new guise, that is thinking of
cities being plannable in some sense over minutes, hours and days, rather than years,
decades or generations”. In a complexity sense, if we see the city as a self-organized
system, this could be welcome and could be a response to failures of strategic and
urban planning to deal with dynamics. The actual urban socio-spatial configurations
partly result from intentional planning and partly from principles and contingencies
of self-organization processes (Bertaud 2004). Plan making is not ideal and more
organic and adaptive planning strategies are obviously needed.
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7.6.2 Sustainability Targets

Aforementioned principles are to be combined with societal and environmental needs
that vary from one city to another depending on its size, internal structure and position
relative to others both regionally and in a wider system, but also its historic trajectory.
Today, much of the smart city research agenda seems in that sense to be focused on
large cities and/or the central urban cores of cities. This is at odds with essential
facts about the distribution of population within and between cities, especially the
fact that small and intermediate cities as well as suburbs represent—as mentioned in
the preceding sections—an important share of the population. In other words why
shouldn’t a small regional city within a less urbanized environment have a chance of
being smart?

Batty et al. 2012 discuss “how information and communications technologies
might improve the functioning of cities, enhancing their efficiency, improving their
competitiveness, and providing new ways in which problems of poverty, social depri-
vation, and poor environment might be addressed” and they insist on the “need to
coordinate and integrate technologies that have hitherto been developed separately
from one another but have clear synergies in their operation and need to be coupled
so that many new opportunities will improve the quality of life”.

A general agreement is about satisfying the 17 general sustainability goals defined
with United Nations and their some 161 detailed objectives. However, how do you
steer the city toward a better social or environmental goal? This goal is not necessarily
perceptible for the atomized actors and the feedback of the aggregate system onto
individuals may take years to filter down and trigger new decisions. Compare for
example road congestion and pollution problems. A car commuter sees daily its
own contribution to the congestion problem and may react to it quickly (although
existing smart systems are still mostly helping him/her to simply change of route
rather than reconsidering his/her mode choice). Pollution is seldom perceived by the
car commuter who lives in a green ‘fresh air” suburban setting while driving his/her
work and exposing more urban citizens with his/her engine exhausts. The system
feedback may never reach him/her, unless a policy (e.g. a transport tax or a cordon
toll) is implemented.

Sure, there are also many dashboards and interactive websites about neighborhood
compositions, or housing prices, and one can argue that the more precise the info, the
better it is since aggregation over a larger time span is always possible. This cannot be
denied but seems little, much less under focus, and much less interactive compared
to routing and parking apps, web of things or connected objects trends (Thomas et al.
2018). Not only is it little, but it also still lacks a clear objective beyond providing
information. Take housing prices dashboards as an example: they can definitely help
out new people arriving in a city to understand trade-offs between accessibility and
local qualities, but they can also increase forms of speculations from very remote
actors with little interest in the sustainable or equitable development of the place.
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7.6.3 Measuring

A smart city is supposed to operate the best possible use of its resource to provide its
inhabitants the best quality of life by means of collecting and handling real time big
data with all kinds of digital sensors. Given the multiplicity of intra- and inter- urban
realities, we easily imagine that the measurement of the smartness is multifaceted:
the adjective “smart” can for instance be valid for one city or for a system of cities,
meaning that a smart city can be isolated in a non-smart system, and inversely. Even
if classifications of European and worldwide smart cities are to be found (see e.g. for
Europe Rozenblat and Cicille 2003; ESPON scientific reports), the results are highly
dependent on the variables and data used. Many variables nowadays rely on ITC tech-
nologies that provide a broader diversity of information (see e.g. Fritz et al. 2019),
meaning that they also provide measures in real time and continuously, but often with
no or little storage (no accumulation) and non-controlled definition and accuracy in
time and space. Hence, these data highly depend on the sensors (technicity and loca-
tions) and on the good will of the data providers, both varying among countries, cities
and even neighborhoods. In fact, there is no unique definition of the data collected
nor often any critical view on their spatial or/and socio-demographic representa-
tiveness, hence questioning any time or space comparison within or between smart
cities (see for instance the “smart deserts” discussion of Robinson and Franklin
2021). More sophisticated integration of data and techniques from data science help
in better coining general features and singularities in urban configurations (Lemoy
and Caruso 2020) but to our view if and only if a conceptual and critical frame is
used.

Let us take the example of Brussels. Globally, better-off households live in the
periphery of the urban agglomeration (see e.g. Dujardin et al. 2008) and the city
sprawls into three different administrative regions, each handling its own data and
ITC providers (no perfect comparability, nor transparency). We can more or less
get smart data about (a) places and their environments: air quality, emissions, noise,
water quality, heat ... but data quality, geolocation accuracy, interpolation and models
will often differ with the administrative region, (b) people, their health, mobility
modes and numerical interactions, but here, privacy issues and digital issues divide
and interfere, and data providers also compete on the market which makes the data
problem even trickier. Last but not least (c) transportation networks (being public or
private, fiber, pipes, ...) are also monitored by different operators for decision and
planning. These differences may totally bias the “measuring” of the city structure
as a whole and hence question not only their spatial representativity but for sure
the city smartness (Adam et al. 2019). So, ranking the smartness of cities according
to one index is for sure absurd (however attempted many times), and fixing a list
of criteria that would be representative of smartness in all cities or within each
urban agglomeration is nonsense as well. Data cannot be isolated from a theoretical
background as illustrated by our “urban cube”.
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7.7 Conclusion

Artificial intelligence and knowledge engineering often privilege the commonly
used expression of “smart city”. Newly available sensors, data and innovative data
sciences indeed enable nowadays to more easily than ever measure urban aspects
never measured before. In this chapter, we show that if this newly available sensor
data and the analysis techniques bring new insights into urban modelling, it is not
possible to deliver coherent messages without a strong theoretical framework and
a critical view on the data provided (there are deserts). Consciousness needs to be
developed about the capacities but also the limits of a “Smart City” objective to
effectively reach societal and environmental goals given its path-dependent trajec-
tory within its networks and its particular geography at all scales. While Batty (2012)
provided a discussion to support planning with smart cities, here, we discuss that its
embeddedness within urban theory and urban diversity is still very much missing
today. Final objective would be to provide kind of a roadmap to better understand
urban dynamics and factor them into proactive decision making on public spending,
infrastructure investment and urban design for smarter cities.

Regarding the geographical scale, two major dimensions referring to distinct levels
may differentiate the appropriate urban typology. First, the concept of the relative
size and function of a city in a system of interdependent cities, at a scale which vary
according to the size of cities (world, continent or country scale) is of crucial impor-
tance for adapting the objective of smartness to the dynamic path-dependent
trajectory of each city and defining its potentially accessible futures. Small- and
medium-sized towns cannot target the same “performance” and share the same means
for reaching it than the large regional metropolises or the too often mentioned “world
cities”. Second, the local delineation and configuration of the “city’’ to which it is
applied is to be considered: a monocentric city with a single public governance insti-
tution will not be managed in the same way as polycentric conurbation with multiple
decision levels. The relationship of the “cities” with their neighboring territory has
to be considered as well.

From the science of cities and the urban complexity perspective one cannot today
recommend one single smart city recipe because of identified, explained or unex-
plained, geographic heterogeneity and urban diversity. This means that thinking
smart in policy means understanding the complexity of the city and its interrelated
components. It is important to understand what type of city is to be analyzed and in
which domain. There is no key in hand solution for a smarter city. No prét a porter.
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