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Abstract

The study of relations between cities has long been a major focus in
urban research. For decades, this field has grown integrating contributions
from many disciplines. But today, the field seems rather fragmented. This
study aims to analyse the body of literature that has developed over the
last 25 years to identify schools of thought within this literature and to
see whether they relate to each other or draw their inspiration from other
scientific fields. A delineation strategy is first created to collect the set of
papers addressing systems of cities. Then, a semantic map is extracted
from the title and abstract of papers. It reveals the methodological and
empirical aspects of the different schools within the literature as well as
their main objectives and ‘imported’ concepts. By coupling the semantic
map with the citation networks of the publications, this study confirms the
fragmentation of the field and shows three main foci: studies that develop
concepts and theory, those that are empirically oriented, and those that
are planning oriented. Some of them appear as very homogenous in term
of vocabulary and citation patterns, some others act as bridges between
the different subfields.

Keywords: system of cities, urban network, bibliometrics, text mining.

1 Introduction

Cities do not function in isolation, but are organized in systems of cities char-
acterized by strong interdependencies that can take place at the scale of a large
region, a nation, a continent or even at the global scale (Pumain, 2011). A
large literature has developed around this idea of interrelated cities since the
end of the 19th century. From the observation of the regularities in the size
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distribution of cities in a country (Auerbach, 1913; Gibrat, 1931; Zipf, 1949)
to the formulation of the central place theory (Christaller, 1933), scholars from
many disciplines have long been interested in the interdependencies of cities.
These early contributions were the basis of a surge of work on intercity rela-
tionships in the 1960s and 1970s, addressing many aspects of a system of cities
such as the size, location and specialisation of cities as well as the uneven cir-
culation of people, goods and information among them (Berry, 1964; Bourne
and Simmons, 1978; Pred, 1977). The definition of a system of cities by Allan
Pred (1977, p.13) is still valid today: “a national or regional set of cities that
are interdependent in such a way that any significant change in the economic
activities, occupational structure, total income or population of one member
city will directly or indirectly bring about some modification in the economic
activities, occupational structure, total income or population of one or more
other set members”. Nowadays, this definition can also be extended to global
urban systems because of long-distance interrelationships between cities at the
top of national urban hierarchies becoming more common.

In the last 25 years the literature on systems of cities has developed further
and expanded, but the current landscape of research seems rather fragmented.
Increasingly the term paradigm change is used (Batty, 2013; Capello, 2000;
Knox, 1995; Meijers, 2007) which shows the wish of some researchers to posi-
tion themselves at the opposite of other research traditions in the field. Some
of them refer to contributions coming from geography or regional science, some
others are inspired by disciplines such as sociology, economics or the interdis-
ciplinary movement of complexity theories. There are different positions about
the scale at which the most important urban processes take place. For some
researcher, in the context of globalisation, the global scale has become the most
determining (Taylor and Derudder, 2015). For others, the erosion of national
borders in this context put the regional scale at the centre of economic processes
(Kloosterman and Musterd, 2001; Parr, 2014). At the opposite, another research
stream stress the importance of the national scale which determine many struc-
tures and parameters that experience strong path dependencies (Pumain, 1997).
Important differences also exist from an analytical point of view. While some
studies are more focused on stakeholders (Alderson and Beckfield, 2006; Sassen,
1991), some other rather to look at the emergent properties of system of cities
from the basic interactions between urban agents such as in simulation frame-
work (Sanders et al., 1997) or the methodological individualism of economics
(Fujita et al., 1999). Differences in ontological and epistemological perspectives
translate into wildly varying objectives of research, ranging from identifying
universal laws of urbanisation (Bettencourt et al., 2007) to much more policy
oriented studies (Meijers and Romein, 2003). So it seems that within the system
of cities literature separate approaches or subfields have emerged.

This paper aims to contribute to the system of cities literature by analysing
the evolution of the body of literature that has developed in the last 25 years.
The objective is to identify clusters within this literature and the degree to which
they relate to each other or draw their inspiration from other scientific fields.
Accessing interdisciplinarity in this research field is all the more important be-
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cause there are frequent calls for interdisciplinarity in urban system research
(Pflieger, Rozenblat, 2010), and because there is clear evidence that innovation
in geography is fostered by collaborations among disciplines (Ducruet, Beaugui-
tte, 2013). This study of the evolution of the urban systems literature does not
take the form of a classical literature review paper, rather it adopts a bibliomet-
rical approach to analyse a set of 1,258 papers on intercity relationships from
1994 onward. We combine two analyses, namely text mining techniques on the
content of papers to assess their disciplinary background, and an analysis of the
pattern of citations to study the network of relations between separate clusters.
We follow Chavalarias and Cointet (2013) who define scientific fields as sets of
keywords delineating a research area. Investigating these two different networks
has been inspired by the recent development of the hyper-network approach in
bibliometrics that have been applied to papers of a journal (Raimbault, 2016)
or to the classification of patents (Bergeaud et al., 2017).

The following section of the paper presents the bibliometric analysis, in
particular also the underlying data collection and reviews its results. In the
subsequent section, we present the content-analysis based on the vocabulary
of the papers, discuss its evolution and analyse the interplay between research
approach and citation behaviour to see whether papers with the same vocab-
ulary are more likely to cite each other or if they refer to contribution from
other subfields. The last section concludes and discusses the implications of our
findings.

2 Materials and method

2.1 Bibliometric analysis in social sciences

Citation networks not only reveal intellectual connections, but also the social
organization of science (Leydesdorff, 1998). This dimension of science stands
central when studying the formation of concepts but can be enriched by the
analysis of the text related to the production of knowledge (Callon et al., 1983).
Words have a central place in science because scientists are first of all readers and
writers (Latour and Woolgar, 2013). Consequently, to study the evolution of a
notion or a concept, we can in addition to exploring citation patterns also study
the semantic network extracted from a set of papers. The semantic network can
be obtained through text mining techniques applied to titles and abstracts of
the studied papers. A major step of this research was to analyse the vocabulary
within scientific publications on systems of cities, and then study its evolution
to explore how this scientific field has developed. We follow Chavalarias and
Cointet (2013) who worked on the evolution of scientific fields using only the
vocabulary of publications. Rather than using predefined categories, this ap-
proach allows a bottom-up reconstruction of science. We used co-word analysis
to identify subfields and mine their key vocabulary. This kind of analysis is used
in bibliometrics to identify proximity. The basic hypothesis is that two words
co-occurring often within individual papers will have a great probability to be
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strongly related (Chavalarias and Cointet, 2013). After this semantic analysis,
the citation network is used to see whether people using different approaches are
embedded within very homogeneous clusters or if there are exchanges between
different schools of though.

The Scopus database appears to index most social science journals and was
therefore chosen as point of departure for defining the body of literature to
analyse. This implies that we focus on papers published after 1994, because
the Scopus database does not systematically provide information preceding this
date. The data have been processed with the programmes VOSviewer and R,
and visualized with VOSviewer and Gephi.

Despite the new insights on the field that this approach can bring, it has a
number of limitations. First of all, we cannot claim that we are dealing with an
all-encompassing, exhaustive set of papers on systems of cities for several reasons
other than the less strong representation of pre-1994 papers. As this field is
predominantly enriched by social scientists, many contributions, notably some
of them published in books are missing. In social science, 40% of the citations
relate to books rather than scientific papers (Hicks, 1999). Even if Scopus
sometimes includes book chapters, we have to accept that some contributions
are missing. Moreover, there is a big chance that papers published in English are
overrepresented in our corpus because we did the query in English. We decided
to focus on only one language to avoid the issue of translation of scientific
concepts and because most of the non-English literature is indexed in Scopus
with an English title and abstract (which we focus on). But obviously such a
translation of abstracts into English does not always occur, which means that
our corpus might be biased. Nonetheless, we do think that analysing a large
corpus of publications can bring new insights on the field because it covers an
important part of the scientific production in a given period. The fact that
it has been collected predominantly by using a key-word strategy rather than
by only climbing up or going down the chain of citations allows to avoid the
teleological dimension of classical literature reviews. This approach, of course,
does not replace the fundamental work of extensive readings but allows to frame
the literature in a novel way.

2.2 A delineation procedure to study complex scientific
subfields

The collection of the corpus of relevant publications is a very important and
sensitive step because it has a strong influence on the outcomes of the anal-
ysis. There is no consensus on how to delineate a scientific field and collect
related publications. Three main strategies tend to be used: the key-words
strategy (Van Meeteren et al., 2015) where the set is obtained by collecting all
the papers mentioning some chosen key-words; the journal-level strategy (Ley-
desdorff and Zhou, 2007; Liu, 2005) that supposes that specific scientific areas
are covered by a limited number of journals; and, the citation-based strategy
(Waltman, van Eck, 2012) which supposes that scientific fields can be con-
ceived as clusters of individual publications citing each other. According to Zitt
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(2015) “mixed strategies with learning processes, adaptive queries and multistep
protocols, with possible combination of supervised and automatic stages” are
welcomed in bibliometric studies and information retrieval. This is especially
the case with interdisciplinary fields which are not necessarily institutionalised.
For example, previous analysis of the urban studies literature have been based
on mixed journal-level/key-words strategies (Kamalski and Kirby, 2012; Wang
et al., 2012).

Figure 1: The algorithm of the delineation procedure

Social sciences and humanities often deal with complex notions that can have
more than one signified and signifier. Expressions do not refer necessarily to a
single concept and a concept can be addressed with several expression. This is
the case for the notion that we are studying. The most common expressions
used in the studies of a set of interdependent cities are “system of cities”, “urban
system”, “city-system”, “urban network” and “city network”. Some of these ex-
pressions can be associated with underlying theories. For example, in the 1990s
researchers started to criticize the strict hierarchical relations between cities con-
veyed by the central place model and proposed a ‘network’ model for which the
relationship among cities can be conceived as horizontal and non-hierarchical
(Camagni and Salone, 1993). Such associations are not systematic and most
of the time, these terms are used interchangeably. Among these expressions,
‘urban system’ is the most ambiguous. In the late 1970s, Allan Pred (1977,
p. 219) was already underlining the “inconsistent connotation” of the ‘urban
system” term that was used in connection to both an individual city and to a
set of cities. This explains why during our first attempts of corpus delineation, a
vast majority of papers were about intra-urban infrastructure networks (water,
electricity, roads) and about urban metabolism (a research stream focusing on
the material flow analysis of a city). For this reason, we adopted a multistep
process with adaptive queries refined after each iteration and mixed with the
analysis of citation patterns. The different steps are schematized in Figure 1
and are described bellow.

We first mined the references of the existing literature reviews (Ducruet and
Lugo, 2013; Van Meeteren, 2016; Pumain, 2006) to select relevant keywords on

5



the subject. This first step allowed to identify a large spectrum of the field be-
cause they cover different aspects of the literature. We then added other terms
based on our knowledge of the subject.

(1) TITLE-ABS-KEY(“city system*” OR “city-system*” OR “urban system*”
OR “system* of cit*” OR “city network*” OR “urban network*” OR “network*
of cit*” OR “settlement system*” OR “system* of settlements” OR “central
place system*” OR “megaregion*” OR “polycentric urban region*” AND PUB-
YEAR >1994

The first query resulted in a set of 6,079 documents. We then used the VOS
viewer application (van Eck and Waltman, 2014) to visualize them. This appli-
cation allowed us to transform bibliometric data into citation networks where
publications are nodes and citations are edges. It returned a ‘Saturn’ type of
configuration with a big connected graph of publications in the centre and a
ring of unconnected publications surrounding. We took a random sample of
100 publications from the outer-ring to read their title and abstract. The vast
majority of them were not about our subject so we decided to keep only the
biggest connected graph. We then took a random sample of 100 publications in
this graph and read their title and abstract. The first counting resulted in 36
relevant publications and 64 irrelevant ones. Following Milanez et al., (2016)
we decided to exclude some publications with an iterative cleaning procedure
that excluded papers containing certain keywords that are not relevant in our
field, by adding them in the query with the AND NOT operator. After each
iteration when new words were added to the query, we checked random samples
of 100 papers that were part of the biggest connected graph to ensure that they
were righlty kept and a similar sample of the papers that were now excluded
to see whether this was fair. . When, after several iterations, we established
that 95% of the papers in these samples were correctly included or dismissed,
we considered our set as good enough to analyse. We then submitted the query
to experts of the field for validation. The final query is the following:

(x) TITLE-ABS-KEY(“city system*” OR “city-system*” OR “urban system*”
OR “system* of cit*” OR “city network*” OR “urban network*” OR “net-
work* of cit*” OR “settlement system*” OR “system* of settlements” OR “cen-
tral place system*” OR “megaregion*” OR “polycentric urban region*” AND
NOT “dispute settlement system*” AND NOT “traffic control” AND NOT “ur-
ban metabolism*” AND NOT “urban ecosystem*” AND NOT “parking*” AND
NOT “smart cit*” AND NOT “urban traffic” AND NOT “space syntax” AND
NOT “flood*” AND NOT “land use change*” AND NOT “urban ecology” AND
NOT “hazard*” AND NOT “emergy” AND NOT “sewage” AND NOT “nitro-
gen” AND NOT “sensors” AND NOT “mobile landscapes” AND NOT “radial
major roads” AND NOT “carbon metabolic network” AND NOT “route percep-
tion” AND NOT “waste”) AND PUBYEAR >1994

After extracting the biggest connected graph, it resulted in a set of 1,163 papers.
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During the manual check of the excluded publications, we observed that some
of them should have been included based on their title and abstract. Most of
them were non-English language publications or publications citing the classi-
cal literature but not the current one. We then designed a ‘security net’ for
these two cases. We based it on the ‘referencing structure function’ (Zitt and
Bassecoulard, 2006), which is the “fraction of the literature which can be re-
trieved under two interplaying constraints: a minimum threshold on citation
scores for the cited repertoire Y, and a minimum closeness of the article with
this repertoire, measured by the number X of references in common with this
repertoire.” We used Y = 10 for English literature and Y = 8 for non-English
literature, considering that a non-English paper cited 8 times in the corpus is
as least as important as an English paper cited 10 times. For the number of
references in common, we set X >1. The publications cited more than 10 times
by the biggest connected graph can be considered as urban systems classics. We
manually sorted them to keep only texts about systems of cities and not more
general scholarly work theorising urbanization (Appendix 1).

Then we extracted from the excluded papers all the texts citing at least two
of these ‘urban system classics’ (some being not that old!) to add them to the
final set. This operation allowed to reintroduce 95 relevant texts into the final
set, leading to a total of 1,258 publications. Figure 2 describes the set of papers
and book chapters. The production of publications related to system of cities
increased globally over the period, especially from 2010 onwards. The peak in
2014 seems to indicate that the production has slowed down over the last years,
but can also be caused by the time lag between the publication of a paper and
its indexation in the Scopus database. English language is largely dominant,
its importance was probably increased by the use of an English query. French,
Chinese and German are also important languages in the literature.

Figure 2: Year repartition and languages of the set of papers and book chapters
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3 Results

3.1 The vocabulary of urban system literature

We first did a graph of co-occurrences using VOSviewer based on the title and
abstract of the 1,258 papers and book chapters in our set. This software allows
us to work on noun phrases rather than simple words. It means that the words
that are used systematically together will be a single node in the graph (i.e.
“cellular automata”, “world city”). A phrase has to occur at least in 8 papers
or book chapters to be in the graph (to keep the Figure readable). The software
computes a relevance score for each noun phrase based on the frequency of its
occurrence. It allows to get rid of standard wording of the scientific literature
(i.e. “this paper analyses”, “interesting result”) as well as the stop words, and
to keep only the ones with a specific meaning (van Eck, Waltman, 2014). We
kept the 60% of the noun phrases with the highest score. For the visualisation
(Figure 3), the size of the nodes corresponds to the number of occurrences
of the noun phrases in the corpus. The placing of these nodes is based on
their co-occurrences, with terms that co-occur often being located closer. VOS
viewer also performs a clustering algorithm that allows us to visualize the most
associated terms. This leads to the identification of 9 main clusters in the
literature on systems of cities. The most representative phrases for each clusters
can be found in Table 1, and gives a first description of what these clusters are
about. The order of key-phrases in Table 1 is based on the product of the
relevance score and the number of occurrences for each phrase as a proxy for its
importance within the cluster.

The vocabulary used in studies of intercity relationships reveals many aspects
of the different research approaches. We decided to focus especially on five
aspects: the urban agents identified, the geographical scope, the methodology,
thematic aspects that can be derived and the extradisciplinarity dimension of
each cluster. Cluster of words present variation in terms of number of nodes,
from 77 for the biggest to 23 for the smallest. They are presented in decreasing
order.

The first cluster corresponds to the research on worlds cities. The urban
agents at the centre of this approach are private transnational firms (“firm”,
“advanced producer services”, “company”). These agents are associated with
the terms describing the modern capitalism (“globalization”, “finance”, “foreign
direct investment”). The geographical scope of most research in this cluster
clearly becomes apparent in the term “global scale” and a number of city names
that correspond to major metropolises (“Beijing”, “Brussels”, “Guangzhou”,
“Hong Kong”, “London”, “Los Angeles”, “Mexico City”, “Miami”, “New York”,
“Paris”, “Shanghai”, “Tokyo”). The profusion of place names seems to indicate
that this research trend is mainly empirically oriented rather than theoretic.
From a methodological point of view, the presence of “ranking” and “position”
indicates the importance of benchmarking studies as an outcome of this ap-
proach. The vocabulary of network analysis also clearly shows up with the
presence of basic notions from graph theory such as “node”, “link”, “matrix”,
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Figure 3: Graph of co-occurrences of the vocabulary of urban system theory

“centrality” and “connectivity”. But these words are very general and can also
be used in a metaphorical manner. Graph theory has been imported by geog-
raphers and regional scientists in the 1960s (Haggett, Chorley, 1969; Kansky,
1963) and is now widely used. Consequently, it seems not appropriate to label
this an ‘import’ of concepts.

A second cluster appears to be focused thematically around the notions
of “governance, “health and “project. The urban agents mentioned are lo-
cal authority, “local government”, “community” and “planer”, which indicates
that public stakeholders and collective entities are at the centre of this kind
of approach. Several terms refer to countries (“Italy”, “France”, “Canada”)
and to Europe, indicating that this field is not theoretical but rather oriented
to empirical studies or practice. There is no clear mention of methodological
terms except “evaluation” and “interview” which indicate that this cluster refer
to benchmarking studies and qualitative approaches. From a thematic point,
most of the words refer to social and economic well-being (“cooperation”, “cul-
ture”, “education”) as well as environmental aspects of cities (“energy”, “cli-
mate change”, “sustainability”). This cluster seems to emanate from literature
on urban policies applied to group of cities.

The third cluster includes the vocabulary of the analysis of city size distri-
butions. The inhabitants of cities are the basic element of this kind of analysis
(“city population”, “city size”) which focuses mainly on the hierarchical struc-
ture of urban systems (“megacity”, “large city”, “small city”). In terms of
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Table 1 : The clusters of the vocabulary of urban system theories

scope, these studies seem to focus on national and regional scales. One can see
names of countries (“Brazil”, “Canada”, and “Mexico”) as well as the mention
of “regional urban system”. Noun phrases related to methodology or theoretical
frameworks are “central place”, “entropy”, “complex system”, “fractal dimen-
sion”, “gibrat”, “gravity model”, “power law”, “property”, “rank size rule”,
“scaling law” and “zipf”. It clearly shows the dominance of statistical approach
and mathematical formulations in the study of the size distribution of cities.
The importance of the term “law” in the cluster clearly indicates the nomoth-
etic dimension of this field of research. In this case, it is also difficult to prove a
clear enrichment by other disciplines because the gravity model and Zipf’s law
have long been used in geography and regional science.

The “polycentricity” and “polycentric urban region” cluster seems to mainly
focus on stakeholders as the presence of “policy maker” shows. The important
weight of “municipality” in the network seems to confirm this focus but we must
be careful because this word can also be used to describe the municipal terri-
tory. An important part of the noun phrases of this cluster belongs to the lexical
field of public action (“regional planning”, “regional development”, “synergy”,
“cooperation”) which indicates that this approach is mostly policy oriented.
This subfield also studies individuals by focusing on their mobility (“commut-
ing”, “travel”) which is consistent with the planning orientation of this clus-
ter. Intermediate scales are at the centre of the research agenda with “regional
scale”, “metropolitan region” and “urban region” as well as with “Randstad”,
the Dutch region where the biggest cities of the country are gathered which is
the prototypical example of the polycentric urban region. The methodological
basis of these studies is not revealed by our analysis.

In the cluster organised around the terms “complex urban system” and
“complexity”, the basic entities studied by those employing this approach are
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clearly identifiable (“agent”, “consumer”, “household”, “individual”). The in-
terest for parameters set at the micro scale and elementary interactions between
individuals is very visible in the vocabulary with terms such as “behaviour”,
“choice” and “decision”. There is no mention of any city, region or country,
which seems to indicate that this approach is theoretical rather than empirical.
Methods and tools are at the centre of this approach as the profusion of terms
related to modelling and simulation shows. One can see the two different meth-
ods of simulation: “abm” (for agent based model) and “multi agent system”
on one hand, and “ca model” (for “cellular automata”, also in the graph) on
the other hand. These methods are associated with a particular terminology:
“rule”, “scenario”, “prediction”. All these noun phrases show clearly the inter-
disciplinary background of this research line, parallel to the computational turn
in social science. According to Sanders (2014) the two inspirations in the simu-
lation of systems of cities are physics, with the works on dissipative structures
and synergetic, and computer science and artificial intelligence that notably
created the tools.

With “global economy” and “global urban system” among its most rep-
resentative terms, the sixth cluster call to mind the first one. But its scope
is not limited to the global scale as this list of phrases shows: “global urban
system”, “national economy”, “regional economy”; as well as the presence of
terms referring to countries (“Australia”, “Japan”, “Chinese city”). The pres-
ence of “migration” and “census” seems to indicate an interest in demographic
variables, but expressions such as “wealth”, “sector”, and “housing” are more
related to economic phenomena. Terms related to methods are “regression anal-
ysis” and “statistic”, which are both very common in geography and regional
science. Given the general dimension of this cluster, we can hypothesise that it
corresponds to clusters of terms shared by the different approaches.

The seventh cluster can be easily entitled because of the presence of a term
referring directly to a research trend: the “new economic geography”. The noun
phrases “census data”, “commuter”, “worker” and “population growth” indicat-
ing the interest for the elementary entities of the urban phenomenon. As with
the ‘complex urban system’ approach, there is no mention of any toponyms,
which indicate the theoretical focus of this approach. Interdisciplinarity can be
assessed through the cohabitation of two lexical fields, the one referring to urban
form and dynamics (“large metropolitan area”, “spatial concentration”, “diffu-
sion”, “agglomeration economies”) and the vocabulary from the mainstream
economic research (“industry”, “inequality”, “wage”, “cost”, “return”).

The two last clusters gather a very limited number of terms which seems to
indicate that they are related to a very small and specific field of research rather
than an actual research trend.

We selected terms representative of four of the main clusters to study their
dynamics over the period 1995-2016 (Figure 4). The frequency on the Y-axis
represents the number of papers in which they appear and not their absolute
frequency of appearance in the corpus. The general growth tendency observed
in Figure 2 can be observed for most of the evolution of the use of key-phrases.
This tendency does not concern all the concepts and patterns of growth can
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be very different. The notion of polycentricity have experienced a first wave
of interest in the beginning of the 2000s, leading to a first peak around the
year 2008, at the period when the notion was embraced by many planning
strategies in European countries. Since this period, the notion remains used in
the literature with a rather stable pattern. In the case of the literature on the
size distribution of cities, it appears that after an increase around 1996-1997,
the notion witnessed a downturn which was however followed by an important
increasein the second half of the 2000s. Quite opposite, the notion of “global
city” was widespread in the 1990s, but seems to decrease nowadays after a
peak around 2010-2011. Finally, the most prominent growth pattern among
these notions that we analysed is obtained for the interdisciplinary notion of
“complex system” that experienced an almost continuous growth over the past
20 years.

Figure 4: Temporal evolution of the use of some central notions in the corpus

3.2 Subfields and citation patterns

To evaluate the research approach of each single publication, we designed a
program based on a scoring method. For example, if a paper mentioned noun
phrases from the cluster dealing with simulation 20 times, and 10 times noun
phrases from the cluster about size distribution of cities, the paper will be
considered as belonging to the simulation approach. We visualise the result
in Figure 5. Each node corresponds to a paper or a book chapter, its colour
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indicates which cluster of words (according to 3.1) is the most represented in
its title and abstract, and where the links between the nodes are the citations.

Figure 5: Vocabulary and citation network of the publications on urban system

The literature on world cities and the one on polycentric urban regions are
gathered into dense clusters of citations organized around the seminal papers of
these subfields. These papers formulate the research agenda, new methodologies
or give first empirical insights leading to the new approach. In the case of the
world literature, these papers are for example those of Beaverstock, Smith,
Taylor (2000), Taylor (2001) and of Alderson and Beckfield (2004). And for the
polycentric urban region research, the most central papers are those of Batten
(1995), Kloosterman and Musterd (2001) and Parr (2004). These two clusters
are related to each other. Some of the publications about city size distribution
and scaling patterns of cities manifest a slight community structure around the
paper of Bettencourt et al. (2007) but nothing comparable with the subfields
mentioned above. The governance literature is quite spread and does not show
strong coherence.

In terms of interdisciplinarity, the world city cluster appears as self-centred
with very few references to other approaches. The cluster of publications on
polycentric urban regions is very dense, with many contributions originating
from other approaches, such as the city size distribution and the governance
subfield. The other subfields are not self-centred and are more likely to cite
other approaches. The two clusters on size distribution of cities and simulation

13



are well connected as well as the size distribution approach and the economic
one.

4 Conclusion

The literature addressing relationships between cities has become rather frag-
mented both in terms of vocabulary and citation patterns. The analysis of the
vocabulary in the papers belonging to this literature allowed us to reveal nine
clusters or subfields in this literature. These can be grouped according to three
main foci in the literature: the studies that are focusing on theory, the ones that
are empirical oriented, and the ones that are (planning) policy oriented. Two re-
search clusters belong to the latter: the group of publications about governance
and the one about polycentric urban regions. In the vocabulary of these two
approaches, public organisation and stakeholders clearly show up. The cluster
corresponding to the simulation approach manifests exclusively an interest in
theory and methodology while the world city literature appears as empirical
oriented with a profusion of city names. Studies on city-size distributions mani-
fest a hybrid character, with many phrases referring to mathematical modelling
and at the same time several country names. In terms of citation patterns this
hybrid character becomes evident in the relatively greater abundance of connec-
tions to other subfields such as the simulation approach or the more economic
cluster. Publications on world cities and polycentric urban regions form very
dense clusters, meaning that they are strongly interwoven yet distinct. The
former is very self-centred, the latter builds much more on contributions from
other subfields. In terms of interdisciplinarity the integration of concepts and
methods from complexity sciences is clearly visible in the cluster about city-size
distributions, which mention scaling patterns, as well as in the cluster about
simulation given the references to cellular automata and agent based models.
The vocabulary of mainstream economics also appears obviously in the cluster
representing the New Economic Geography.

The bibliometric method developed in this paper has proved its capacity to
study a set of publications by exploring both their content and their citation
behaviour. First, the multi-step delineation procedure with adaptive queries
and learning process allowed to collect a set of papers and book chapters with a
minimum of noise. Then, the mapping of key-phrases has revealed effectively the
different schools of thought working on urban systems. Studying the vocabulary
of papers allowed us to assess the methodology, scope, thematic favoured by each
of the approaches and whether they are mostly theoretical or empirical.

Further research will be undertaken to refine the tagging process of papers by
taking into account the relevance score of the key-phrases, presumably making
the results even more accurate. The outcome of that would. Moreover, the
temporal evolution of the size of clusters, their citation patterns and relations
with other clusters will be further investigated to see which literature is growing
and declining over the period, and whether this is related to the extent to which
they are interdisciplinary by developing relations with other subfields.
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