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Abstract
Given the disagreement that often emerges among scholars concerning relevant urban economics issues, an in-depth analysis of the theoretical and empirical justification of the different positions looks crucial. This analysis is presented in this chapter through the lens of the scientific research program that guided the authors for more than 20 years in the field of urban performance and dynamics. The chapter therefore goes through a number of urban economics issues that were highly debated, and provides the way in which the authors have addressed (and partly solved) such theoretical and empirical issues. The chapter provides a historical perspective; engaging in this critical analysis encompassing a long period of time refers to the possibility of taking some distance with respect to the evolution of economic thought concerning cities and consequently of being in a better condition for pointing out possible ignored or overlooked scientific dimensions that could fruitfully be inquired now on.
It is thus that through the greater part of Europe the commerce and manufactures of cities, instead of being the effect, have been the cause and occasion of the improvement and cultivation of the country.
(Smith, 1776, Book III: “On the different progress of opulence in different Nations”)
Introduction
The research group on regional and urban economics at Politecnico di Milano has been dealing for 30 years with theoretical and empirical issues related to urban structure, competitiveness and growth. The time has come for a comprehensive analysis of this research program in urban economics, as well as for an assessment of results achieved and new issues recently opened.[endnoteRef:1] [1:  The group consists of: the founder Roberto Camagni, the present director Roberta Capello, Ugo Fratesi, Camilla Lenzi, Andrea Caragliu, Giovanni Perucca, Silvia Cerisola and Elisa Panzera. Other scholars were part of the group and are now collaborators affiliated to other universities: Roberta Rabellotti, Tomaso Pompili, Francesca Gambarotto. Not all are involved in urban theory.] 

The reasons why an inspection of this kind is needed today are manifold.
First of all, because of the vast interest that the urban context has increasingly received over the last two decades, not only by academics but also, and more importantly, by policymakers, from the EU and large international organizations (e.g. the OECD) level to the local (regional and municipal) administrative level. Therefore, opinions released and originated debates are going to have a deep impact on societal wellbeing, orienting public investment strategies, directives and operational projects. Disagreement exists among views on relevant urban economics issues, like the advantages and disadvantages of a large urban size, of compact vs. dispersed urban forms, or about the role itself of urban planning and development planning. An in-depth analysis of the theoretical and empirical justification of the different positions appears crucial. In participating in these debates, this research group has always linked together theoretical foundations and empirical evidence beyond the different opinions being stated in the debate.
The second reason justifying the aim of this chapter refers to the fact that the work of the group has been forcefully characterized by a broad range of activities and issues. The wide spectrum of themes is the result of the vast differentiation of the analyzed issues and of the methodologies involved on the one hand, the wide range of scientific journals interested in publishing on these subjects on the other hand. Another reason for the variety of topics is the long time span on which two/three generations of researchers have contributed to this research program. Consequently, the logical but also theoretical fil rouge connecting the different contributions is not easily to be seen. Making this fil rouge clearer and trying to verify the logical consistency of the overall research program represents the main aim of the present work.
The third reason for engaging in this critical analysis refers to the possibility of taking stock of the evolution of economic thought concerning cities and, consequently, being in a better condition for pointing out topics that have been possibly overlooked, which instead would deserve attention. As an example, the spatial dimension of income distribution hasn’t been sufficiently analyzed, whereby income distribution is interpreted as: (i) personal income distribution within cities and metropolitan areas; (ii) functional income distribution among wages, profits and land rents; (iii) more importantly, spatial income distribution between cities and rural areas. Probably this was a consequence of the mainly geographical and location-based roots of the urban discourse in regional science, addressing mainly real aspects of employment and physical production, while the monetary element brought in by the inflationary nature of cities and by the trends in the terms-of-trade (relative prices) in the exchange between cities and non-urban areas remained relatively underexplored. The long-term increase in urban production of intangible goods and services, whose content lies mainly in quality elements rather than in quantities, is increasingly challenging statistical accounting methodologies (Aghion, 2017; Aghion et al., 2017) with relevant scientific fall-outs on the interpretation of the urban/non-urban relations (and on the debate on large vs. small cities).
An important part of the economic interpretation of cities carried out by the group originates from a pioneering paper in which a supply-side urban self-organization model was built, i.e. the SOUDY model (Camagni et al., 1986), synthesizing in a compact way many hypotheses on the urban dynamics mechanism that were further elaborated theoretically and empirically tested by the group. This model will be presented in section “The SOUDY Model”.
The other sections will be devoted to specific issues in urban economics theory on which the group engaged, namely: the theory of optimal city size (section “Optimal City Size”), central place theory (section “Urban Hierarchy and Central Place Theory”), the nature of agglomeration economies (section “Nature of Agglomeration Economies”), self-organization dynamic models and urban growth theory (section “Self-organization Dynamic Models and Urban Growth Theory”), environmental quality, city form and city size (section “Beyond Pure Economic Aspects: Environmental Attributes of Cities”), the theory of city networks (section “City Networks”), the role of urban integration into regional city-systems (section “Urban Systems and the Efficiency of Cities”), the relevance of income distribution elements in shaping territorial disparities and ‘contradictions’ (section “Income Distribution in Space”).[endnoteRef:2] All these topics are synthetically illustrated in Table 12.1 for what concerns their underlying rationale, the use of SOUDY as an interpretative lens, of possible further developments of the group and new issues left open. [2:  A careful reviewer has rightly pointed out that at least one major theoretical subject is missing, namely continuous spatial equilibrium models à la Martin Beckmann and Tonu Puu, and that on each subject the bibliography is not complete. In fact, the group has not worked on these theoretical models. The aim of this chapter is not to illustrate the state of the art of the literature on each subject, but rather to synthesize our contributions and differences with respect to the extant literature.] 

The SOUDY Model
The main inspiration for a relevant part of the work of our research group originates from a paper presented in 1984 at the Second World Congress of the Regional Science Association (Camagni, Diappi and Leonardi, 1986). It was a period of explosive scientific creativity following some path-breaking single contributions in such fields as the economics of urban size (Alonso, 1971), city systems and urban hierarchy (Beckmann, 1958; Pred, 1977), spatial interaction models (Wilson, 1970) and their dynamic version (Harris and Wilson, 1978), complex systems, mathematical ecology and self-organization modeling (Prigogine and Stengers, 1979, 1984; Allen and Sanglier, 1981). The chapter, of a mainly theoretical, methodological and computer simulation nature, linked together these traditionally separated research fields, adding a crucial extra-dimension, namely the one of Schumpeterian innovation declined in spatial terms. The result was an eclectic, supply-side self-organization model simulating the dynamics of an urban system (SOUDY – Supply Oriented Urban Dynamics).
The logical structuring of the model allowed putting forward some theoretical hypotheses and conjectures that, on the one hand, improved existing models and theories concerning urban structure and growth, and, on the other, supplied fruitful new directions for further theoretical advancements and empirical validations. The fields that were concerned are:
Optimal city-size theory. In the SOUDY model, two strong hypotheses were put forward, namely: (i) that optimality is not only a matter of urban size but depends on the quality of the functions hosted, according to the different urban ranks of the central place models, and (ii) that for each urban rank an efficient size-interval should be defined, rather than a single point on the size axis. This size-interval is tied to a positive distance between average gross, rank-specific, urban benefits and average location costs à la Alonso (Figure 12.1). In this way, a bridge was launched between the optimal city size literature and the central place model, but allowing a flexibility in the size of the cities belonging to the same rank.
<COMP: Place Figure 12.1 Here>
Central place theory. The SOUDY model introduced a dynamic and evolutionary approach, in theoretical, mathematical and simulation terms, into the static structure of central place models, following the newly developed self-organization approach to the dynamics of complex systems (Prigogine and Stengers, 1979, 1984) and in particular its application to the evolution of urban systems (Allen and Sanglier, 1979, 1981; Dendrinos and Mullally, 1981; Bertuglia et al., 1987).
The dynamics of the single, interacting cities inside an urban system happens through two distinct processes: (i) a process of ‘constrained dynamics’, generating the demographic growth (within an efficient size interval) towards an attractor – net urban benefits – linked to the hierarchical level of the hosted functions; and (ii) a process of structural dynamics, generated by an innovation leap by the city, due to the acquisition of new functions, typical of higher hierarchical levels, guaranteeing a superior profitability, able to match with the superior costs of the larger urban size. The stochastic nature of the innovation process was represented by a probability of transition (leap), depending on an endogenous condition of dynamic instability (the intervals d3-d2 and d5-d4 in Figure 12.1). Inside these intervals, the city overcomes the size threshold for the appearance of the superior function, leading possibly to its acquisition, but is also subject to the loss of previous functions, and, consequently, to relevant bifurcations in its development path.[endnoteRef:3] [3:  The model presents respectively two equations for the two development processes: a differential equation of population growth of the single cities inside each efficient size interval, defining endogenous growth and attractiveness of population from surrounding cities, and a master equation defining the transition probability among ranks through a stochastic process.] 

The nature of agglomeration economies. The SOUDY model contributed in two ways to the international debate on this focal issue. First of all, it interprets the higher efficiency/productivity of larger cities through a favorable mix effect in terms of quality of activities, sectors, professions and functions: all elements that benefit most from information/knowledge density and exchange that characterize cities and that in fact account for the wider share of the superior productivity of large, metro areas. Since in the model these sectors and functions show a high and increasing thresholds along with their rank in terms of urban size (critical mass required especially in terms of skilled labor), also the well-known argument of the labor pool (Krugman, 1991) in the explanation of agglomeration economies was considered. What was not considered in explicit terms, on the other hand, were the synergetic processes that take place in the city, thanks to interactions in production (co-operation) and consumption (variety).
Urban dynamics and innovation. The true engine of urban development is indicated in innovation – in functions hosted, upgrading of quality of productions and public infrastructure. These innovations imply quantum leaps and a change in the internal structure of the city, something that is “by no means mechanically attained, and does not spring directly from a simple market dimension, as in most traditional demand-side, export base models”; “urban size (…) is nothing but a necessary precondition for acquiring a new function. The real acquisition (…) depends upon the innovativeness of the public and private sectors and may be treated as a stochastic variable within the model” (Camagni et al., 1986, p. 150). Differently from other urban self-organization models (Allen and Sanglier, 1979; Allen, 1981), where export demand and multiplier effects on urban size automatically call for new functions, the SOUDY model is inherently supply-driven, and in particular driven by endogenous innovation.
A number of additional reflections have been elaborated on all themes mentioned above, which are presented in the next sections.
Optimal City Size
Urban economics is replete with attempts to define the existence of an optimal city size, whereby the distance between benefits and costs is maximized; in particular, cities may be optimal in terms of (i) minimum city size (corresponding to the size where average benefits start to overcome costs); (ii) cost minimization (where holding benefits constant costs are minimized); (iii) per capita optimal city size (i.e. city size associated to the maximum vertical distance between average benefits and costs, generally interpreted as the optimal size for residents); (iv) benefits maximization; (v) socially desirable optimal city size, corresponding to marginal costs = marginal benefits golden rule (generally interpreted as the view of the rational national planner); (vi) maximum city size, corresponding to the maximum size whereby average costs equal average benefits (Alonso, 1971).
Size optimality has been left relatively in the shades since the late 1970s, when Richardson introduced the first critiques to the optimal city size theory, claiming that cities do not perform the same functions, and for this reason they differ in terms of both costs and benefits; this difference implies that for cities it is logically inconceivable to share the same optimal size. Later on, Henderson questioned the validity of the optimal city size theory, claiming that each city performs a specific function, and therefore is characterized by a specific production function (Henderson, 1985). As a matter of fact, Alonso anticipated these criticisms at the end of his paper (Alonso, 1971) recognizing that probably the optimal size should be defined for each single city: therefore, not just one but infinite optimal sizes should exist.
<COMP: Place Table 12.1 Here>
Recently, this result has been overcome by following the fifth class of optimality in city size described above, namely that, within a system in spatial equilibrium, the rational planner drives towards urban optimal sizes on the basis of marginal conditions (Camagni et al., 2013). The model presented therein yields a continuum of equilibrium city sizes, as a result of balancing city-specific location costs and benefits, while allowing to get rid of the implausible result preventing from a cross-sectional comparison of different cities. The stylized model is followed by an empirical estimate of the different determinants of benefits and costs, characterizing the single cities irrespective of urban size, leading to an equilibrium city size. These determinants encompass the quality of functions hosted but also other economic, social and environmental factors.[endnoteRef:4] The model strikes a balance between the sheer alternative of one vs. infinite optimal sizes: “cities are supposed to share the same cost and production functions with heterogeneous, substitutable factors” (economic functions and other context conditions): “therefore each of them maintains its specificity and, consequently, its “equilibrium” size, but comparability and possibility of running cross-sectional analyses is saved, and also possibility of devising policy strategies for urban growth and containment” (ibid., p. 313). [4:  Like in Blomquist et al. (1988), urban land rent plays the double role of a benefit and a cost, because competition for the use of urban land prompts consumers and firms to bid for the same lots, thereby equating land prices.] 

However, the residual of the empirical estimates of the model is still left unexplained, or open to alternative explanations: besides true model errors, it may capture single conditions of over-size (too big) or unexploited extra-size (too small compared to potential), or existence of some unobserved variables (for instance, good or bad governance, supporting population levels above or below structural equilibrium ones, respectively).
Urban Hierarchy and Central Place Theory
The Central Place Theory explained the existence of urban systems as the result of the tension underlying centripetal and centrifugal forces, which create regular structures whereby cities of different ranks coexist and, at least in the economic version designed by Lösch, can specialize in different activities.
Several fundamental advances were introduced in urban economics thanks to such a theory. One such improvement lies in the role played by functions (in the classical contributions, typical of each rank) in explaining the spatial distribution of cities across a system. The rank of a city explains its function, and therefore its demographic size (Beckmann, 1958; Beckmann and McPherson, 1970), leaving space in an urban system for cities of different size, a result which, paradoxically, was indirectly neglected several years after by the modern spatial equilibrium approach à la Von Thünen-Alonso-Fujita (Camagni, 1992). In the neoclassical city, in fact, the result of the model is an indifferent location choice, obtained when lower accessibility to the center is perfectly compensated for by lower rents and higher environmental quality. When the same reasoning is applied at an inter-urban equilibrium, indifference location choice is guaranteed only when cities provide the same advantages and disadvantages to firms and residents, a condition achieved – under the assumption of the same production and utility functions respectively for firms and residents – only when cities are of the same size (Camagni, 1992, Section 6.6).
However, as often the case, the Central Place Theory is not exempt from limitations. One such shortcoming is related to their inherently static approach, whereby the relative positioning of cities within the structure remains relatively constant over time. However, while this represents a very reasonable assumption over the short and medium run, this result is clearly not compatible with the explanation of long-run urban evolution and likely bifurcations.[endnoteRef:5] While some attempt has been made to overcome this limitation at least in terms of comparative static (see e.g. Parr, 1981), much room is left for interpreting the diverging development patterns of cities within given urban systems and over the long and very-long run. [5:  It is interesting to think of the diverging patterns that two cities such as Athens and Sparta enjoyed over the last 25 centuries. While struggling for supremacy over Greek city-states in the 5th Century BC, they were inhabited by about 400,000 and 100,000 inhabitants, respectively (the former figure attributable to Thucydides, the latter to Figueira, 1986). Present-day Athens’s Functional Urban Area hosts 3.8 million people (EUROSTAT, 2017), while Sparta gradually faded away from history. New Sparta now hosts about 35,000 inhabitants, of whom only 17,000 living in the city (Greek Statistical Institute, 2017).] 

Following up to the conceptual novelties of the SOUDY model, namely a ‘constrained’ asymptotical dynamics of single cities and a ‘structural’ dynamics led by innovation, the urban development paths were investigated empirically separating three main hierarchical ranks (small, medium and large cities) emerging from the European urban hierarchy (Camagni et al., 2015a, 2015b). Interpreting the urban growth rates as expressive of implicit net returns to urban scale, the hypothesis of an inverted U shape for agglomeration economies inside the single ranks (as in Figure 12.2) was proved as statistically significant, together with the evidence of the possibility for dynamic cities to overcome the fate of diminishing returns through an innovative behavior.
In other words, acknowledging that other factors contribute to explain urban efficiency levels together with pure size (see previous section), a new idea is introduced, and empirically proved, namely that:
A. the intensity of these factors cause increasing returns irrespective of the size of the city: the quality of the activities hosted, the quality of production factors, the density of external linkages and cooperation networks, the quality of urban infrastructure (internal and external mobility, education, public services) are all factors enabling an increase in net urban benefits; and that
B.  large, as well as medium and small cities may experience a halt in their growth path, and even a decline, when they grow without a parallel upgrading or better exploitation of these factors. A long-term ‘structural dynamics’ process is crucial, via what can be called a process of urban evolution and transformation (Camagni et al., 2015a).
<COMP: Place Figure 12.2 Here>
Agglomeration economies do exist, as well as the risk of agglomeration diseconomies, but this general law works within each class of cities. Some large cities can be able to escape agglomeration diseconomies, despite their (costly) large size, and some small ones could run into diseconomies if they are unable to implement strategies of innovation and functional upgrading or to enlarge their networks with other cities on short but also long distances through cooperative agreements in infrastructure, top public services or R&D facilities.
Within Central Place Theory, and their crystallization in present urban economic theory, much room is left for further advances. In particular, there seems to be a general lack of consensus about the very definition of urban ranks. How large is large? Or, how large is medium? While in general equilibrium city size seems to behave along a continuum of functions and roles, structural breaks still seem to characterize urban systems, thus allowing the hypothesis of (partially) different production functions, or at least of different endowments with growth-enhancing characteristics, for different urban ranks. Ideally, theoretical models should allow the endogenization of rank thresholds, possibly distinguishing the specificities of cities within different urban systems.
Nature of Agglomeration Economies
One important and strategic field of research in urban economics has always been the nature of agglomeration economies. A large body of literature has been developed on such issue (e.g. Glaeser et al., 1992; Ciccone and Hall, 1996; Combes et al., 2010; Andersson et al., 2014), most of empirical nature, with the aim to test whether these externalities come from a concentration of same-industry firms in an area, giving rise to localization advantages, or whether they are the result of a variety of industries, which generate urbanization economies. This literature mostly presents methodological advances in the way such externalities are measured, both in terms of more sophisticated indicators as well as of econometric methods. The challenge to measure which type of externality is the most important for firms located in urban contexts was faced by the research group, which provided a preliminary evidence (Capello, 2001) and a more advanced analysis (Caragliu et al., 2016) on the fact that both types of externalities are in place in different types of cities.
An important step forward developed in this field is the criticism moved to what appeared to us as some theoretical shortcuts of the mainstream urban economics (Camagni et al., 2016), namely the implicit or explicit assumption that agglomeration economies automatically lead to urban growth, assigning a relevant and indisputable premium to large and extra-large cities (Krugman, 1991; Glaeser et al. 2001; Glaeser, 2011). Clear-cut thinking in this field was already discussed in Henderson (2010), as the “association between urbanization and development (…) is an equilibrium not causal relation” (p. 518) and “urbanization per se does not cause development” (p. 515). The point made by the group is that “along an average productivity curve rising with urban size, reading the size-derivative as a time-derivative will be mistaken and, beyond that, implies a circular reasoning: ‘if a city grows demographically it will grow economically’” (Camagni et al., 2016, p. 134).
Second, if the locational advantage of the large city and its attractiveness of new activities are at stake, a net and not gross measure of urban efficiency is required, encompassing not only per capita GDP, productivity or wages but also urban costs (as Richardson, 1972, reminds us).
Third, on the basis of empirical work on European metropolitan areas, it is true on the one hand, in a static picture, that net overall urban benefits (measured by urban land rent) have a U-shaped relationship with respect to urban size suggesting the presence of net increasing returns to urban scale.[endnoteRef:6] On the other hand, in a dynamic setting, this same relationship fails in interpreting urban growth. In fact, urban dynamics measured by the growth rate of net benefits does not show any relation with initial urban size or density according to, but rather with the upgrading and development of hosted functions, the general development of the surrounding urban system and, once again, the capability of establishing long distance cooperative agreements with other cities. All this suggests the need for a dynamic approach to the explanation of agglomeration economies (Camagni et al., 2016). [6:  This result should be corroborated by other analyses, using a different indicator for net urban benefits: in fact, the indicator of urban land rent in recent years could have been biased by the increasing financialization of the real estate market and the high premium assigned to large global cities.] 

Despite the consistent efforts, this literature has still much room left for improvement. As frequently advocated (Duranton and Puga, 2004; Puga, 2010), the relative strength of agglomerative forces is still not fully clear.[endnoteRef:7] An ancillary but relevant topic that is still worth tackling also pertains to the use of a broader definition of both the dependent variable in agglomeration economies regressions (for instance, using the recent spurt of wellbeing and quality of life studies[endnoteRef:8]) and independent variables (i.e. how to measure sources of urban efficiency). [7:  In other words, we do not know yet whether the reduction in transport costs, labor pooling or knowledge exchange associated to agglomerative behaviors have the strongest impact on urban growth. On this point, Capello (2009) argues for an integrated approach to explaining agglomeration economies, whereby the relative importance of indivisibilities in production and supply of services, synergies leading to (collective) learning, and spatial proximity have to be simultaneously taken into account.]  [8:  See Lenzi and Perucca (2016) for a recent review.] 

Self-Organization Dynamic Models and Urban Growth Theory
The turn from the 1970s to the 1980s witnessed an upswing of pioneering contributions in urban economics and location theory, mainly in the form of a blossoming of dynamic approaches: the emergence of dynamic spatial interaction models (Harris and Wilson, 1978); the birth of mathematical ecology, catastrophe theory and bifurcation and complex systems models (Dendrinos and Mullally, 1981; Wilson, 1981); the use of Prigogine’s self-organization theory to interpret and simulate urban evolutions (Prigogine and Stengers, 1979, 1984; Allen and Sanglier, 1979; Allen, 1982).[endnoteRef:9] As shown in section “The SOUDY Model”, the SOUDY model (Camagni et al., 1986) built on these achievements, responding at the same time to the challenge launched by Wilson (1983) to produce ‘unified’ theories of location putting together different approaches that were developed separately (and that still continue to be separated), namely: central-place models, spatial interaction, optimal city size and agglomeration theory, export-base models, reinterpreted in a dynamic setting. [9:  All these novelties and their use in urban economics were presented in the textbook: Camagni (1992, Chap. X and XI).] 

Beyond the eclectic nature of the model, its main novelty resided in the introduction of the engine of spatial transformation, namely Schumpeterian innovation. This allows cities to endogenously generate an internal structural evolution, developing or attracting new and superior functions and infrastructure, and moving consequently to higher urban ranks.
For a long time though, the idea that development may spur directly from (static) agglomeration economies and that, consequently, public investment should be directed towards a handful of top cities, in developed as well in developing countries was authoritatively held (World Bank, 2009). Nevertheless, our view is that only structural change and continuous innovation are the drivers of a permanent growth, both at the city level and at the level of the entire regional/metropolitan urban system, and this was proved empirically in the case of European metro areas through the concept of dynamic agglomeration economies, defined as “changes over time in productivity advantages associated with urban size” (Camagni et al., 2016, p. 141).[endnoteRef:10] [10:  The chapter challenged the idea that the simple superior productivity of large cities will generate an attraction of external firms (Krugman, 1991): firms in fact move in case of a superior net advantage (discounting costs of the large cities) and not of a gross advantage (measured by productivity or wages). Empirically, the chapter proves that in the EU, at least in the period 1993–2010, urban size is insignificantly associated to urban growth.] 

For sure, this last concept requires further development both on the theoretical and the empirical ground. Nevertheless, two elements should be kept fixed: the acknowledgment of the structural change brought in on time by innovation processes (and, on a cross-sectional basis, the structural difference among cities of different size) and the need to focus on net indicators of urban performance, leaving aside the comfortable, simple but gross indicators based on GDP or wages.
Beyond Pure Economic Aspects: Environmental Attributes of Cities
Reflections over the idea that agglomeration economies do not only pertain to the economic sphere date back to the end of the fifties, when Duncan (1956) launched the statement that urban size was not only a matter of economic optimality, and that both environmental and social externalities generated in a city should have been taken into account when dealing with optimal city size. These externalities take the form of community and family ties, of limited crime activities and of accessibility to health services, to leisure recreational activities, to high air quality, to green areas.
Since then, the challenge of enlarging the measurement of agglomeration effects to social and environmental costs and benefits pervaded the literature, following two strands. On the one hand, a rich literature opened to the problem of the correct assessment of social and environmental benefits and costs, and to the relationship between the synthetic indicator of such externalities, known as the “quality of life” indicator, and urban size (Boyer and Savageau, 1985; Berger et al., 1987; Blomquist et al., 1988; Burnell and Galster, 1992). On the other hand, at the beginning of the nineties, as a result of the tendency of large areas to develop through a high land-consuming pattern, a lively debate took place over the urban form that would have guaranteed the lowest environmental impact (Newman and Kenworthy 1989; Breheny, 1992; Hughton and Hunter, 1994).
Within the first strand, different ways to aggregate socio-environmental indicators were conceptually discussed and empirically applied: from researchers’ subjective methods of aggregations (Boyer and Savageau, 1985) to revealed preferences of citizens (Berger et al., 1987; Blomquist et al., 1988) based on the first applications of hedonic price models to the measurement of environmental costs and social conflicts, implicitly embedded in urban rent and highly dependent on urban size (Ridker and Henning 1967; Freeman 1971; Wilkinson 1973; Getz and Huang 1978; Izraeli 1987). Once related to urban size, the synthetic quality-of-life indicators of social and environmental costs and benefits resulting from different methodologies provided divergent results. In some cases, the traditional inverted U-shaped form of a quality-of-life curve was found with respect to urban size (Boyer and Savageau, 1985). In others a negative linear relationship was identified (Berger et al., 1987). These opposite results opened a never ending debate on the appropriate methodology to measure social and environmental externalities generated by an urban system (Burnell and Galster, 1992).
Within this debate, at the end of the nineties three types of reflections were added by the research group. First, the idea was launched that the relationship with urban size is different for costs and benefits; they have in fact opposite trends with respect to urban size and achieve a maximum or a minimum for different urban sizes. The relationship with urban size is therefore difficult to be captured once a single indicator of net advantages containing socio-economic and environmental aspects is built. On the contrary, an analysis on the relationships between benefits and cost with urban size can indirectly provide the range of size, or the optimal one, according to a socio-economic and environmental perspective. Second, the idea was put forward that in a city three different force fields coexist, the physical (natural and built), the social and the economic. They all interact with one another and represent or express at the same time goals, means and constraints to human action in the city (Camagni, 1998; Camagni et al., 1998; Capello, 1998). If this is the case, the choice of measuring benefits and costs of the city should be based on indicators that capture the interaction among the three fields constituting the city. Third, social and environmental aspects have been assumed to depend not only on urban size, but on urban functional specificities and on the position of the city within its urban system, highlighting the role of functions and city networks as determinants of agglomeration economies of socio-environmental nature (Capello and Camagni, 2000).
Building two separate composite indicators capturing the interactions between the physical, the social and environmental aspects constituting the positive (benefits) and negative (costs) elements of a city, an econometric analysis testing the role of urban size, urban functions and networks showed that average urban benefits and costs have different slopes and reach their maximum or minimum for different urban sizes, for different levels of tertiary activities and a different degree of network integration of the city within its urban system (Capello and Camagni, 2000). Once regressed on urban size for a sample of 58 Italian cities, average benefits and costs curves “well-behave”, showing an inverted U-shaped relationship for benefits (reaching a maximum approximately at 361,000 inhabitants) for the benefits and a U-shaped relationship for costs (with a minimum at 55,000 inhabitants). However, when the level of high-value functions and the degree of integration in the urban system are taken into account, agglomeration benefits and costs follow the opposite profile: in presence of high-value functions and of high degrees of integration, urban benefits emerge and increase, while urban costs decrease, whatever the size of the city. This means that large cities can counterbalance the negative effects of their size hosting high-value functions or being integrated in an urban system, as the SOUDY model and the city network theory have emphasized.
At the beginning of the nineties, the debate over urban environmental costs was linked not only to the size of cities, but also to urban form. In this field of study, empirical analyses, of a descriptive nature, were mainly developed to demonstrate a slightly positive relationship between environmental costs and urban density: limited use of cars and of energy resources, easier accessibility to green areas characterize more compact urban areas (Newman and Kenworthy 1989; Breheny, 1992; Hughton and Hunter, 1994). The processes of sprawl, variously labeled during those times as ‘metropolization’, ‘suburbanization’, ‘città diffusa’, ‘ville éclatée’, ‘edge-city development’, were indicated as sources of negative urban environmental externalities (Camagni, 1998).
In this field of research, a need for a clear definition of urban sustainability was called for, on which to build empirical analyses and policy reflections: a definition recognizing that the city is an artifact, an artificial construct addressing the maximization of social linkages and synergies among men. This clarification was synthesized by the idea that a sustainable city should not be
an earthly paradise of eco-biological equilibria, but rather an (albeit simplified) multidimensional archetype, in which the various functions of cities are recognizable: supply of agglomeration and proximity economies, accessibility and social interaction, network linkages with the outside world, in which a maximum of collective wellbeing emerges from positive integration and co-evolution of natural environment, built and cultural heritage, economy and society.
(Camagni, 1998)
The three traditional principles of analysis and policy (principles of equity, efficiency and environmental equilibrium) were suggested to be replaced by three new ones: long-term allocative efficiency (integrating economic and physical environments), distributive efficiency (integrating economic and social environments), and environmental equity (integrating social and physical environments, and aiming at maximizing access to environmental values in intra- and inter-generational senses) (Camagni, 1998).
In empirical terms, a major step forward was provided through the implementation of sophisticated geographical indicators of urban form and urban sustainability; once inserted in a robust econometric model, these indicators demonstrated that more compact city forms are drivers of sustainability (Camagni et al., 2002). More recently, in a study already quoted searching for an “equilibrium” size of cities where marginal costs equal marginal benefits, compactness turned out to be an important explanatory variable generating urban benefits and increasing the equilibrium city-size (Camagni et al., 2013).
City Networks
In urban economics and geography, the term ‘urban network’ is intrinsically polysemic. At the micro-scale, it is used for indicating social relationships happening inside specific districts or areas, leading to the formation of identitarian links, sense of belonging, trust and social capital, associationism and cooperation, with relevant possible fall-outs in terms of economic efficiency (‘district economies’ à la Becattini, 1990; ‘innovative milieu’ à la GREMI – Camagni, 1991). At a wider spatial scale, urban networks are identified by the web of individual and aggregate spatial interactions that happen naturally among centers, on the basis of a gravity logics. Typical examples are the commuting networks inside large metropolitan areas or urban regions or the networks of goods and services exchanges in international and interregional trade. Third, when spatial interactions include an element of command, control or dependency, one speaks about hierarchical networks; the vertical relationships that happen among centers in the central-place model belong to this typology, as cities of the lower ranks depend on higher ranks for the supply of high-order services. Lastly, when agents are not any more atomistic individuals or firms but large institutions (universities, hospitals, research centers and urban administrations) and the relationships reveal a strong element of selectivity, stepping away from a purely gravitational logics, one speaks about city-networks proper. The boundaries among these typologies are fuzzy, and the same label is often used with different meanings. Network analysis refers mainly to the last typology, where elements of purpose and possibly hierarchy are present (Granovetter, 1973; Giuliani et al., 2011). This way of conceptualizing urban systems has its origins in the concept of spatial equilibrium, developing after the work of Paul Samuelson. His approach interpreted the emergence of an equilibrium continuum of different sized cities through a linear quadratic programming problem (Samuelson, 1952).[endnoteRef:11] [11:  Samuelson’s model paved the way for many studies in urban economics on the identification of a spatial equilibrium model identified through the solution of a quadratic linear programming problem (MacAulay, 1992; Nagurney, 2013).] 

In urban geography, one of the first scholars introducing the concept of urban network was Dematteis (1985). By “reticoli urbani” he meant systems of horizontal interactions among centers of similar size (small and medium) interpreted as emerging from different specializations. The conjecture was right, as these centers should not show any particular interaction, according to Central Place Theory, but the theorization and the empirical validation was weak. Upon request from DATAR, the French national agency for spatial development planning, eager to use the fuzzy concept of réseaux de villes for its development policies, Roberto Camagni developed an economic theorization searching for the equivalent of Christaller’s indivisibilities and agglomeration economies (spatial range and threshold for each production) in Central Place Theory (Camagni, 1993a). The crucial concepts were those of critical mass through co-operation, specialization and network externalities. A city of limited size can reach the needed critical mass for output or inputs without growing in size either integrating its spatial market with that of other cities in organizational, information and logistic terms (synergy networks) or organizing a division of labor renouncing to some specialization in favor of some others (complementarity networks).
City networks were defined as horizontal, non-hierarchical relationships going beyond purely gravitational ones, taking place among centers of similar size, characterized alternatively by a similar or different specialization, providing respectively:
A. network externalities through a market pooling (similar to the advantages of club goods, proportional to the size of the club); in this case we speak about “synergy networks”, as those among large financial cities operating on a single globally integrated market, or among art-tourism cities organized in integrated cultural ‘itineraries’; or
B. advantages of specialization and division of labor; in this case we speak about “complementarity networks”, like the ones among Randstad cities or metro areas in the Veneto Region’s polycentric structure (Camagni, 1993a).
These definitions match both with the previously indicated second and fourth city-networks typologies: the former is mainly used nowadays by the OECD (Brezzi and Veneri, 2015), while the latter, which emphasizes the selectivity element in the choice of partner cities, is mainly used by the authors’ group and refers mainly to long-distance cooperation agreements. In line with this last characterization, city-networks were empirically identified in Northern Italy through inter-urban telephone calls as those inter-city interactions which are significantly higher (and therefore selective) than those forecasted by a purely gravitational model (Camagni and Salone, 1993; Camagni et al., 1994). Network externalities were empirically identified and measured in the international cooperation network of World Health Organization (Capello, 2000; Camagni and Capello, 2004).
As mentioned before, the inclusion of the city network concept into empirical studies on urban performance was proposed for the first time by Capello and Camagni (2000) with interesting results. More recently, the presence of long-distance city-networks (measured by cooperation in European research programs) proved to be a significant determinant of both static and dynamic agglomeration economies (Camagni et al., 2016). In policy terms, the paradigm was widely utilized for urban development strategies by many governments in Europe (France, Germany, Spain and, to a lesser extent, Italy). The European Commission embraced the concept and the two strategies since the ESDP (1999), in the form of a polycentric spatial development (p. 20–21), where city networks could represent a tool for enhancing co-operation, orient allocation of roles and development of specialist functions, boost both complementarities and pooling of resources (European Commission, 1999).[endnoteRef:12] [12:  These indications were even clearer in the first Official Draft of the ESDP presented in 1997 (p. 17 and 47).] 

Future research could be welcome in deepening the theoretical and empirical analysis in many respects, and in particular on policy issues: the integration between public and private networking strategies; the way of maximizing benefits from co-operation but also minimizing the operational and administrative costs[endnoteRef:13] of networking; which experiences proved up to now to be the most successful, and in which fields (accessibility and infrastructure, large public schemes on top public services in the cultural and education fields, complementary research by public and private bodies). [13:  In inter-firms strategic alliances many sunk costs are often overlooked (Camagni, 1993b); a similar condition is likely to emerge in the public domain.] 

Urban Systems and the Efficiency of Cities
Urban efficiency is not limited to the boundaries of the city: many theoretical devices have been proposed to highlight the spatial coverage of urban advantages in terms of both originating sites and beneficiaries. Alonso was among the first launching this issue, through the concept of ‘borrowed size’: “A small city or a metropolitan area exhibits some of the characteristics of a larger one if it is near other population concentrations” (Alonso, 1973, p. 200). Behind this statement lies the claim that smaller places can borrow some of the agglomeration benefits of their neighbors while avoiding agglomeration costs. The literature on this subject continued in two directions. First, questioning whether agglomeration costs or benefits were more subject to borrowed size; this first strand suggests that that costs are more contained within city boundaries while agglomeration benefits spread around more extensively. Second, proposing the ‘agglomeration shadow’ concept in the New Economic Geography literature (Krugman, 1991; Dobkins and Ioannides, 2001) in order to explain the backwash effect of the presence of high-rank functions in larger cities at the expense of smaller ones.
More recently, the debate over the influence of large cities on the performance of neighboring cities and towns was revived, considering the apparent contradiction that small cities tend to grow more than large ones, at least in Europe (Meijers, 2013; Burger et al., 2015). These works, mainly driven by economic geographers, enriched the analysis of agglomeration economies introducing rigorous empirical analyses on the borrowed size phenomenon, with some limitations, however, linked to the pure spatial approach to the concept.
The traditional concept of borrowed size, in fact, mixes up population and functions, critical mass effects on demand and supply, claiming that in small cities “people can use the shopping and entertainment facilities of other cities to complement their own, businessmen can share such facilities as warehousing and business services, and labour markets enjoy a wider and more flexible range of demand and supply” (Alonso, 1973, p. 200).
In a recent study, borrowed size from borrowed functions were disentangled both theoretically and empirically (Camagni et al., 2016). The concept of borrowed size, linked to the demographic potential due to the entire regional urban system, refers directly to the advantages deriving from a pooled and diversified labor supply, from a larger market of final goods and services, and also from population spillovers from larger cities. On the other hand, a borrowed function effect, linked to the accessibility potential to high-level functions, may refer directly to advantages stemming from a wider labor demand, from the greater accessibility to services, and also from the physical spatial spillovers of functions from larger cities.
In an empirical analysis, the two distinct critical mass effects can kept separated with the aim to capture the large variety of stylized facts, and also identify different effects according to the size of the cities (Camagni et al., 2016). Results obtained corroborated our intuitions. In a static setting, indicators of borrowed size and borrowed functions were introduced to explain urban productivity levels (net urban benefits), and evidence emerged that borrowed size and borrowed functions play different roles. In particular, while borrowed functions showed a positive relationship with urban productivity irrespective of the size of the cities, interestingly the effects of borrowed size increase with city size, up to a threshold (Camagni et al., 2016). The same result was reached in a dynamic setting, where urban productivity growth was regressed on growth indicators of borrowed size and borrowed functions,[endnoteRef:14] together with other independent variables as growth of the share of top functions and presence of city networks, all equally significant and positively related; as said before, initial urban size does not explain productivity growth. [14:  In this field, a crucial role is played by the indicator chosen for measuring net urban benefits. When their effects are measured by urban rents (namely: the willingness to pay for an urban location), as in Camagni et al., 2016, borrowed size turns out to be present mainly for large but also for small cities; when, on the other hand, their effects are measured by presence of advanced sectors and functions, as in Meijers et al. (2016), it disappears, and is replaced by its negative side, namely agglomeration shadow (and this may look bizarre, coming from a group that recently re-launched the concept).] 

In this field of research, many aspects are still open. In particular, the structure of the urban system might be related to economic performance, and it could be worth looking at whether urban systems characterized by high levels of primacy (i.e. overwhelming size of first rank cities) perform significantly better or worse than otherwise similar systems with a more equilibrated size distribution. Castells-Quintana (2017) finds that a worse performance characterizes countries at early stages of economic development; a Malthusian trap – meant as a situation in which a large proportion of urban dwellers reside under inadequate living conditions as a result of a countryside-pushed rather than a city-pulled urban growth – tends to generate a condition where agglomeration disadvantages far overcome agglomeration benefits in countries with high urban primacy. Often such equilibrium in a given urban system is based on the tension between centripetal and centrifugal forces; Henderson and Wang (2007) find that technology levels and institutional quality help higher rank cities grow at the expense of smaller ones. These studies bring to the still open question: does an optimal urban system structure exist? The reply to this question is as important as the topic of optimal city size.
Income Distribution in Space
Income distribution in space has been relatively neglected in regional science. This lack of attention reveals the implicit feeling that what really matters for regional and urban scholars is the location of physical assets (production plants and residential buildings), the geographical distribution of resources, the flows of goods and individuals, physical production of wealth; in statistical terms, real GDP and employment. In a sense, regional science always maintained a strong link with the initial goals and issues of the discipline, namely location and growth theories. Nevertheless, are we sure that we are not leaving some relevant issues unexplored? This question is not due to the desire to add new fields of analysis, but rather to the feeling that we may miss something inherently tied to space and territory: namely, the effects of hierarchical relationships that are hiding besides the façade of functional relationships, as the other side of a coin.
Going beyond pure functional relations in space linked to agglomeration economies, large cities benefit from the different roles that they perform in space, visible through a cognitive, symbolic and hermeneutic approach (Cusinato and Philippopoulos-Mihalopoulos, 2016). They are nodes of multiple, physical and virtual networks: transport and communication networks, cultural networks, headquarter and control networks, political networks. They develop a strong sense of belonging and possibly a local identity, conducive to a synergetic milieu effect. Building upon their objective primacy but also benefitting from the priority assigned to them by resident power élites when assigning new public infrastructure, high education and top cultural institutions, they become global cultural centers and ‘knowledge-creating milieus’. The interaction among these multiple roles generates strong cumulative processes leading to fast growth in both economic and power terms, often too fast with respect to the planning capability of local public institutions (Camagni, 2001, 2016c).
In fact, cities in history have always attracted and developed the crucial and top functions in the different ages, hosted the ruling classes and the main private and public decision-making bodies. Adam Smith spoke about the gains that urban merchants, traders, artisans and industrialists made in their dealings with the countryside, thanks to a superior lobbying capability. Marx taught that, in the history of civilization, the division between intellectual and manual labor generated not just class confrontations but a “city-countryside contradiction”. Large multinational corporations shift profits from one country or region to another thanks to setting appropriate transfer prices for intermediate inputs. Great historians spoke about the tyranny of the city and of its “territorial control” (Braudel, 1977; Roncayolo, 1990; Camagni, 2016a). All these divides are reflected in market powers, and market powers in prices, and prices in incomes and in income distribution on space. Definitely, hierarchical relationships bear a strict, natural relationship with space.
Three main fields of inquiry might be opened starting from these premises, directly concerning the economics of cities and the space economy, generally overlooked by regional science:
A. the valorization of real GDP, as a consequence of monopoly powers and scarcities, and in particular as a consequence of the capability of cities to impose favorable relative prices, or terms-of-trade between the specific urban productions (of large cities in particular) and the production of all other spaces;
B. the functional division of labor in space: in particular, land rents, as opposed to profits and wages, are mainly generated in cities and are likely to appropriate a large share of the surplus value generated by agglomeration economies, at the expense of the other income classes (Camagni, 1992, Section 9);
C. the personal division of labor, in particular in cities: the new cultural and cognitive paradigm and innovation trends in services are enhancing the divide between a creative class and the lower ones, generating increasing social problems in urban peripheries (Scott, 2015; Camagni, 2016a; Florida, 2017).
In the first field of inquiry, Roberto Camagni developed a model of city-countryside competition (Aydalot and Camagni, 1986; Camagni, 1992, Section 10.5.2). Considering cities not in a vacuum but exchanging goods and services with the countryside, and the assumptions of the pioneering Baumol (1967) on the urban crisis,[endnoteRef:15] cities are able to avoid their crisis à la Baumol through a favorable endogenous trend of the terms-of-trade, dumping the cost of the lower aggregate real growth on the countryside. GDP at current prices and not at constant prices should be used in order to understand these complex spatial relationships. [15:  Assumptions of Baumol’ works are: industry with productivity increases, no productivity increases in services, wages defined in the industry sector, equal growth of wages in the services. In our model a partial or total specialization of cities in services is also assumed (Aydalot and Camagni, 1986).] 

The model looks extremely interesting in its results, but it needs empirical validations that have not been tried yet. An initial, tentative econometric analysis is presented in Camagni (2016a), linking the pricing issue to the second field of inquiry, namely functional income distribution: how the advantages of agglomeration are distributed between profits, wages and rents. The height of land rents in large cities, the common wisdom of the ‘inflationary nature’ of cities themselves and the attention that they receive by the international real estate sector for mainly financial investments suggest a huge subtraction of values at the expense of pure profits and wages. In this last sense, recalling the teachings of Ricardo and Morishima, a mathematical ecology model is presented in Camagni (2016b), showing the alternative outcomes of a prey-predator game in which urban profits are the prey and urban land rent the predator. Unfortunately, land rents are not appropriately measured by statistical offices, at least in Europe, and an empirical analysis looks difficult.
The third field of inquiry is traditionally more explored by sociologists and political scientists, but a specific task for economists should be linking the characteristics of present technological progress to the already apparent social and income distribution effects. A first interesting result was achieved recently by Aghion et al., showing the direct relationship between the inventive capability present in the USA states and two important processes: upward social mobility but also growing share of the top 1% share of total incomes (Aghion et al., 2016). Some abstract considerations are already being discussed (Scott, 2015; Camagni, 2016a) as well as some worrying empirical evidence (Stiglitz, 2016; Florida, 2017), but the theme, that refers to the sustainability itself of the western development model, deserves a much wider attention.
Conclusions
The main goal of the present chapter was to embrace the scattered production on urban economics of the group of regional and urban economists working at Politecnico di Milano over the last 30 years, showing its explicit, implicit but sometimes also hidden logics and theoretical consistency. The specificity of this long-term research program lies in taking the challenge launched by Alan Wilson in the early 1980s, the need to develop a unitary approach to urban economics, bringing together theoretical areas that were developed in total separation: the areas that shaped the five principles of urban economics, namely agglomeration, accessibility, interaction, hierarchy and development (Camagni, 1992, Introduction).
A second goal was also put forward: to build a conceptual framework that could accommodate in an eclectic, non-conflictual way at least the assumptions of the different theories, allowing them to fit as closely as possible stylized facts, and that at the same time could be subject to empirical and econometric validation.
The starting point was the construction of a theoretical and simulation model of the dynamics of an urban system, driven by the capability to innovate in the functions hosted by each city (SOUDY; Camagni et al., 1986). Schumpeterian innovation, generated both by private entrepreneurship and public leadership, and the consequent structural dynamics, were identified as the driving forces of urban competitiveness and development. Next, other issues have been explicitly called into the picture: agglomeration economies, urban and environmental quality, city networks, synergies but also overshadowing among cities in the form of borrowed size or borrowed functions and, more recently, the sources and effects of income distribution in space.
A large attention was devoted to underlining the logical shortcuts of a mechanistic link between agglomeration economies and growth: once again, the capability of driving structural change is indicated as the force allowing a superior growth of urban benefits to overrun the increase of urban costs, rather than mere size per se. Interesting and somehow conclusive empirical results were achieved on these issues, together and in line with many other contributions of many other scientists participating in the international debate, at least in the case of the European urban system.
Looking at this endeavor ex-post, we realized that having underlined analytical concepts, their novelty, their consistency and their relationships was an added value, at least for us; we hope that this might be an added value also for others.
Figure 12.1 The SOUDY Model: Efficient City Size for Different Urban Functions.
Source: Camagni et al. (1986).
Figure 12.2 Urban Evolution in a Simplified Urban Hierarchy:  Total and Marginal Net Urban Benefits by City Size Classes.
Source: Camagni et al. (2015b).
Table 12.1 Overview of Achievements and Open Questions in the Entire Research Program on Urban Economics of the Politecnico di Milano Group.
	Theories
	Common Wisdom
	SOUDY’s Contribution
	Further Developments
	Open/opened Questions

	Optimal city size
	One or infinite optimal sizes? (Alonso, 1971)
	Relevant role of economic functions hosted
Efficient size intervals measured in terms of urban costs and urban function’s profitability
A single size-interval for each urban rank
	Equilibrium urban size: urban cost and production functions with heterogeneous, substitutable factors 
Infinite optimal sizes but predictable on the basis of determinants of urban costs/benefits
Empirically tested on European cities (Camagni et al., 2013)
	Nature of the residuals:
Unobservables (e.g. governance)
Unexploited potential for growth vs. excessive size
Position within the urban system relevant

	Urban hierarchy and Central Place theory
	Equal city size within each rank (Christaller)
Size variability as random distribution (Beckmann)
Static or comparative statics picture (Parr)
Role of hosted functions (range, threshold, as in Christaller, 1933)
	Dynamic/evolutionary approach
Size variability inside the efficient size interval (“constrained dynamics”)
Role of functional upgrading in structural dynamics
	Confronting three hierarchical levels specificities but a single rule emerges:
Net urban benefits are inverted U shaped inside each urban rank
Cities can escape diseconomies of scale through innovation: acquisition of new functions, implementation of city-networks (Camagni et al., 2015a, 2015b)
	How large is large?
How large is medium?
Endogenization of thresholds / boundaries

	Nature of agglomeration economies
	Continuous size-variability of both costs and benefits (Alonso, 1971)
Net benefits to be considered (Richardson)
But generally pcGDP or wages, i.e. gross measures, are used (1970s–onwards)
	Agglomeration economies confirmed in the transition towards superior urban ranks
Increasing net returns to urban scale are crucial for a complete urban system to emerge (in simulation)
	Theoretical shortcut from agglomeration economies to growth (Camagni et al., 2016)
Empirically, overall static net urban benefits increase with size, but Urban size does not explain growth and productivity growth: → a dynamic approach is necessary (Camagni et al., 2016)
	Richer definition of both the dependent variable (urban efficiency, wellbeing, quality of life) and independent variables (sources of urban efficiency)

	Self-organization dynamic models and urban growth theory
	(Unexplained) exogenous growth in urban economic base models
Deterministic demand-sided dynamic models (Allen)
Agglomeration economies directly imply growth (Krugman, 1991; Glaeser, 2011)
	Eclectic, unified, dynamic location theory
Innovation emerging in instability conditions (structural dynamics)
Schumpeter hosted in complex models of urban systems
	Concept of dynamic agglomeration economies: internal and spatial context conditions for continuous growth of net urban benefits (Camagni et al., 2016)
Role of urban networks reiterated in a dynamic approach (Camagni et al., 2016)
	Conceptual consolidation of dynamic agglomeration economies

	Environmental attributes of cities
	At first, present but descriptive treatment on urban size (Duncan, 1956)
Then, compact indicators of quality of life (Boyer and Savageau, 1985; Berger et al., 1987; Burnell and Galster, 1992)
More recently, again  present but descriptive treatment on urban form (e.g. Breheny, 1992) 
	Not considered
	Social and environmental variables generate both costs and benefits (Capello and Camagni, 2000)
Definition of urban sustainability (Camagni, 1998, Camagni et al., 1998)
Compact city form generates sustainability (Camagni et al., 2002)
Compactness generates urban benefits and increases “equilibrium” size (Camagni et al., 2013)
	Increasing relevance of social cohesion aspects in determining urban sustainability

	City networks
	They exist (Dematteis, 1985) but conceptualization and empirics are weak
‘Réseaux de villes’ as sound spatial policies in France, Germany, Spain
	Not considered
	Theoretical definition (Camagni, 1993a; Camagni and Salone, 1993)
Networks matter (Capello and Camagni, 2000)
Networks matter in both statics and dynamics (Camagni et al., 2016)
	Public vs. private networks?
Costs of networking?
Which policies? (connectivity, innovation networks)

	Urban systems
	‘Borrowed size’ and its opposite: ‘agglomeration shadow’ (Alonso 1973; Meijers, 2013; Burger et al., 2015)
	Considered in terms of relative attraction capability of larger centers in terms of population and functions (similar to ‘agglomeration shadow’)
	Distinction between borrowed size, borrowed functions and urban networks (Camagni et al., 2016)
Borrowed functions confirmed both in a static and a dynamic setting
Borrowed size confirmed: its effects increase with city size (Camagni et al., 2016)
	Optimal / efficient urban system structure?

	Income distribution in space (“city/countryside”)
	Tyranny of the large metropolis?
Growing literature insisting on social displacement and growing disparities in (large) cities (Bennett and Gilot, 2007; Scott, 2015; Florida, 2017)
	Not considered
	Knowledge-intensive activities vs. low-quality services: a functional divide (Aydalot and Camagni, 1986)
Large vs. small cities terms-of-trade: an income distribution divide (Camagni, 2016)
Centers vs. peripheries: a spatial divide (Stiglitz, 2015)
	The entire field rarely explored: refers to crucial issues of the incoming years, both theoretical and normative (taxation, cohesion, livability of peripheries)
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