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Abstract

:

The correlations between investments in transport infrastructure and territorial development continue to concern public authorities. They are responsible for optimising the allocation of financial resources, and they are interested in the correct short- and long-term estimations of investments in transport infrastructure’s consequences for development. The direct and indirect effects of transport infrastructure are present in the socio-economic assessment methodologies of projects. Despite the recorded progress, uncertainties remain in technical assessments, especially socio-economic ones, and they do not remove decision-makers’ concerns regarding the necessity and appropriateness of investments. Based on these aspects, this paper aimed to clarify the effects of new infrastructure on socio-economic development.
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1. Introduction


For a long time, studies have targeted emphasising the relationships between transport infrastructure and economic development. Approximately 240 years ago, in an analysis of a navigation channel, Adam Smith noticed the connections between infrastructure, transport, exchanges and economic growth. Since then, many studies have examined the intercorrelations between investments in transport infrastructures and land use [1,2,3,4,5].



Initially, research was addressed to determine the impact of transport infrastructure on economic growth [1,6]. Then, the evolution caused by technological progress (sources and consequences of urbanisation, motorisation and globalisation) marked the expansion and diversification of the transport/traffic infrastructure and the entire technical infrastructure of society. Consequently, research has extended to assess the positive and negative effects (at the local and global levels) of investment in transport/traffic infrastructure in correlation with the entire public investment in a specific area [7,8,9,10,11].



However, the answers to many questions on this topic have remained equivocal [2,12,13,14,15,16]. The enhancements of economic analyses that simultaneously evaluate economic, social and environmental impacts have amplified the decision framework and the uncertainties of local and central decision makers related to investment allocation for technical infrastructure and, particularly, for transport/traffic infrastructure [17]. In the case of new technical infrastructure, many social and environmental aspects (which need to be quantitatively included in an efficiency assessment) condition the investment [16,18]. For example, the effects on employment, health, access to the locations of interest, greenhouse emissions, security, urban environment, heritage and user comfort need to be quantitatively and monetarily considered for traffic infrastructure [19]. These evaluations increase the complexity of the decision-making process.



Understanding and awareness of the multiple threats to the survival of the Earth bring to the fore the social and ecological limitations of growth [20,21,22]. From this view, the interrelationships between transport/traffic infrastructure and development must be examined. The territorial dimension of transport/traffic infrastructure involves the transition from the effect’s logic to the interactions’ logic [23,24].



Moreover, to increase the resilience of the territorial system, the approach of the technical infrastructures of society as an aggregate of interconnected systems has been recommended recently.



The functions of the territorial system (among which the quality of life is considered primordial) depend not only on the transfer of material flows on traffic networks but also on the performances of other technical infrastructure networks for material, energy and information flows. Therefore, a unitary approach to all these technical networks is necessary for the territorial system’s design, operation and functioning [25]. Holistic examinations, corresponding to the pluri-relational characteristic of the technical networks of the society, must surpass the restricted technical visions, addressed separately on each type of network according to its physical phenomena. Building resilient and sustainable infrastructure is an emergency [11,26]. Climate change is already disrupting the life of the planet.



Based on sustainable development requirements, the paper aimed to bring additional clarifications regarding the effects of new infrastructures on socio-economic evolution. The following section surveys relevant literature to emphasise the role of traffic infrastructures in land use and to formulate a theoretical framework. It exposes that traffic infrastructure enhances accessibility and could support development, but sustainable performances are gained only if public actions complement infrastructure investments (in a holistic manner) and stimulate an environment for innovation and growth.



Therefore, a comprehensive taxonomy of the impact of an investment in a specific infrastructure (integrating the diversity and complexity of the region) should precede decisions. The third section explains the correlations between the territorial system’s geographical, economic, social and political attributes and the performances of traffic infrastructures. Relative to different periods and subjects, territory and development have been perceived differently. Section 4 analyses the economic growth during the “glorious years” of the Industrial Revolution (considered a historical milestone in the evolution of society). It reveals that, now, development is different than economic growth expressed in gross domestic product (GDP). Adding to the economic component are the social and environmental ones, and development can be assessed by the composite indicators of the quality of life. The importance of the present criteria of sustainable development is underlined. Section 5 explains how in addition to the delays in assimilating technological progress related to the Industrial Revolution, the social, economic, political and natural specificities of the regions differentiated economic growth.



Significant changes in transport technologies are prefigured in the next decades [27]. The presented analysis focused on understanding the particularities of development related to temporal and regional specificities. It represents the first stage of research that aims to improve the methodology for evaluating new traffic infrastructures via sustainable development and territorial particularities.




2. Theoretical Framework


As components of the technical network infrastructures of society, traffic infrastructure plays a fundamental role in structuring territory. It represents public property because it meets the conditions of non-exclusivity and non-rivalry (within certain limits). Based on the Saint-Simonian principle, specialists and politicians consider transport (in exchange relationships) a factor of progress or, at least, an explanatory factor for land use and urban planning.



The correlation between traffic infrastructure investment and economic growth has been an intensely debated topic for a long time. Strategies based on the fact that economic growth is dependent on the transport system assume that the elasticity of the benefits of transport investments is significant [28,29]. On the other hand, several studies could not reveal the direct relationship between investment and the level of regional economies [30,31].



The methods applied to assess the impact of traffic infrastructure investments on economic development can be grouped into three categories: multiplier effects, cost-saving effects and wider economic consequences [32].



Traffic infrastructure encourages the transports of goods and people, which facilitates trade and contributes to general development [5,17,33]. Suppose the correlations between traffic infrastructures, exchanges/transports/travel, territorial system and development are considered beside their productive characteristic. In that case, traffic infrastructures must be included in the category of collective (mixed) public property that brings specificity to the socio-economic analysis and justifies the involvement of the state. Obviously, other attributes of traffic infrastructure reason the strategic role of the state: the considerable value of investments, land consumption, harm to the natural environment, substantial time of functioning, relatively long period for design and construction, indivisibility and gradual assimilation of the capacity increase and natural monopoly—generally with increasing average and marginal outputs [16].



Technical, political/strategic and economic grounds motivate the policy of the state (functions of allocation, redistribution and macroeconomic adjustment) in the domain of transport and implicitly of the development of traffic infrastructures, directed to the role of public capital in economic growth, quality of life and environmental conservation [17,20,34].



There is a causal relationship between public investment in traffic infrastructure development and investment in other economic sectors. The immobilised capital in infrastructure can inhibit investments in different sectors of the area. Periods with significant investments in traffic infrastructure are followed by periods in which investments in other sectors predominate.



The dynamics of an economy, like any other organism, are naturally affected by fluctuations. Several economic models reveal different periodicities. Besides the short-term oscillations studied by Keynes, Jay Forrester and the Systems Dynamics Group have identified three distinctive cycles [35]:




	
A five- to seven-year cycle, slightly influenced by changes in interest rates and other Keynesian manipulations, reflecting the interaction between employment level and available reserves/supplies;



	
An eighteen-year cycle related to the investment process;



	
A fifty-year cycle with the most substantial effect on the economy, with a completely different nature, reflecting technological evolution.








Traffic infrastructure is only one factor that determines the development of the territorial system by enhancing accessibility [36,37]. The development is additionally dependent on invisible and intangible capabilities that public actions in favour of innovation must stimulate. Technological and commercial innovations are indispensable conditions [38,39]. The restructuring/modernisation/development of a traffic infrastructure could positively impact on the micro- and mesoscale if a favourable development potential has already been generated in a related area.



As a factor of improvement in accessibility [29,36], traffic infrastructure causes indirect and conditional effects on development because it represents:




	
A resource for production such as capital and a labour force;



	
A factor increasing individual utility (perceptible by cost, duration, safety, comfort, etc.), but the collective utility is the one that determines development;



	
A factor predisposed to influence the territorial dynamics differentiated according to the effects and the relationship between the organisational structure and the spatial one.








An evaluation of the accessibility of places [40,41,42,43] can be extended to the identification of the volume and nature of traffic flows assigned to the infrastructure and developed services. However, it does not include information on the flow generation in the places of the territorial system, because the traffic infrastructure does not represent a sufficient condition for producing positive economic and social dynamics.



This conclusion [44] has contributed to the decrease in enthusiasm regarding the benefits of all investments in new traffic infrastructures and, frequently, this conclusion has been brought to the fore, especially because quasi-certain features of the extensive road and railway infrastructures have still been linked to economic growth due to the mixture of neo-Keynesian benefits (“the unconditionally positive role of all public works”), technological euphoria (“faster and faster”) and advantages associated with the unification of the European market.



Structuring effects are defined as the positive effects of traffic infrastructure on economic development. Their assessment remains a complicated issue mainly because such structuring effects suggest that the cause–effect relationships would occur immediately and unconditionally in terms of activities, local and regional development and population location.



The term structuring effects, primarily used for transport (and then for other technical networks, e.g., for energy and information flows), represented a leitmotif of the late 19th century. In all cases, the specific uses of the term, devoid of generality and without references to the consequences for the development of the territorial system, mainly focused on the differentiated accessibility provided by a new traffic infrastructure in a specific area [40,41].



The empirical ex-post impact studies on the effects of new infrastructures on local and regional development often contradict the expected positive socio-economic dynamics [31,45]. However, the subliminal inversion in the cause–effect relationship persists. Explaining the cases in which new infrastructures have had a null or negative role in land use remains debatable [46].



The terminology used to describe the effects of infrastructures on development is still very diverse. Therefore, a comprehensive taxonomy of the impact of an investment in a specific infrastructure should precede the systematisation actions. This taxonomy should include elements related to the organisational structure of the territory with its dual nature (material and symbolic or ideal), i.e., those elements that integrate the diversity and complexity of the region in its political, economic, social and environmental extents [47].



The correlation between investments in traffic infrastructures and territorial development remains an open issue for research and of significant interest for public authorities [16,48,49,50]. Indirect secondary, derivative effects that aim at the consequences on the territorial system are open topics for research. However, even in the field of infrastructure project assessment concerning direct effects, further research is still required for technical evaluation (marked by the uncertainty of the sizing of capacities in the conditions of irregular demand) and, especially, for socio-economic assessment (which must also include the hedonic costs).




3. Conditions for Economic Growth


The evaluation of the consequences of the traffic infrastructures is conditioned by the reports related to territory and the theoretical representation associated with development [3,16,50].



Historical examples provide convincing arguments for the correlations between a specific natural traffic infrastructure and the development of a multimillennial human society, e.g., the Nile with its flowing course from south to north and with the dominant winds from north to south favoured navigation with a decisive role for exchanges within the territorial system during all historical periods. This longest watercourse on the Earth, with its resources, fertilising overspills complemented by irrigation networks for agriculture, represents a convincing illustration of the perennial interrelationships between traffic infrastructure, territorial system and development of human civilisation. The historical cases demonstrate that a neutral, bland spot of land, without any other attribute than distance, has no significance in the infrastructure–territory–development relationship.



In a simple analysis, the role of infrastructure is linked to a decrease in transport/travel costs or an increase in accessibility [51]. The territorial system (characterised by complex relationships between economic stakeholders, inhabitants, resources and activities) is excluded from the analysis. The examination is limited to the direct mechanical effects of infrastructure on development, questionable results and, sometimes, even contested [39,52,53,54]. Therefore, to clarify the role of traffic infrastructure in development, the inseparable correlation of exchanges/transport with the geographical, economic, social and political attributes of the territorial system and with the performances of traffic infrastructure (existing or possible through development) must be observed (Figure 1).



The components of the territorial system can be grouped into three main classes: stakeholders, resources and activities/relationships. The stakeholders are considered essential in how the consequences of traffic infrastructure are capitalised in the development scheme [4]. Through the relationships among them, the stakeholders control, coordinate the resources and perform activities to produce goods and services for the benefit of the territorial system. The relationships between resources and activities define a complex organisational structure, a system of interdependent, effective activities that use a specific set of resources.



In this frame, the traffic infrastructure is a resource for production such as capital and labour force, and transport is a service required by the stakeholders for exchanges inside the territorial system.



Based on the connections provided by the traffic infrastructure, a solid relationship is established between the organisation of activities and the territory. Set on the interaction between stakeholders, the organisational structure of the territorial system is perceived as the result of a collective assembly in which technological innovation (as a determining factor of development) is or is not present [14].



Without being postulated in advance, the territory is analytically formalised by articulating organisational forms, i.e., by the ability to share knowledge and information, to organise interactions (as complementary relations) for the physical transfer of flows.



The organisational structure, essential for the functioning of the territorial system, involves interactions that generate flows of information, people, raw materials and goods. Therefore, the role of transport infrastructure and services in the performance of the territorial system must be evaluated. This evaluation must be performed only in correlation with the configuration of the organisational network.



A particular type of organisational network configuration corresponds to specific traffic logics, types of productions and strategic flows, specific logistics and technical and economic interventions in the modes of transport (Table 1).



Table 1 shows that among the organisational structures of the territorial system, there are essential differences regarding the role of the infrastructures of the service (transport) network that are supported by the physical network of the traffic infrastructure.



Relative to the traffic logics (industrial, flexible and professional), these differences mean specific logistic structures, infrastructures and transport practices.



Thus, in the logic of industrial traffic (e.g., corresponding to the metallurgical or chemical industry), the transit capacities of traffic infrastructures are essential for the organisation of massive flows based on optimisations in terms of transport costs. On the other hand, in the logic of flexible traffic (e.g., corresponding to the clothing or agri-food industry), the decisive role belongs to the organisational capacity of the system to ensure the flow of goods in compliance with the requirements of the beneficiaries.



The crucial role of the organisational capacity of the territorial system is even more evident in the case of the logic of professional traffic (small series or custom production) in which the cost and the distance lose importance. Thus, the role of the transit capacity of infrastructure relative to the size of the transferred flows is insignificant.



The traffic infrastructure and the transport activity adjusted to the requirements of an organisational structure appropriate to a specific traffic logic is also the expression of a coordination activity particular to the various types of logistics.



In the frame of each type of logic, the duality of transport–organisation (consolidation of demands, transport and traffic flows) requires analysing the role of traffic infrastructures in the coordination of network activities, further than the fundamental analysis of accessibility. Traffic infrastructure is a physical vector of the organisational network structure, conditioned by the emergence of the demand to travel. Consequently, the role of traffic infrastructure in territorial dynamics must be relativised.



Hence, not the binomial traffic infrastructure–development (or structuring effects of traffic infrastructures) but trinomial traffic infrastructure–territorial system–development should focus on the impact of development of the territorial system driven by investment in traffic infrastructure.



This type of research must provide the extent to which traffic infrastructure determines the differentiated development of the territorial system, i.e., it emphasises the necessity and opportunity to use public funds for investment in that traffic infrastructure appropriate to a particular organisational structure that corresponds to the maximum effects for socio-economic development.




4. Analysis of the Nexus between Economic Growth and Traffic Infrastructures


Public authorities are responsible for strategies for the implementation of new transport/traffic infrastructures. Mainly, the substantial value of the investments and the state’s right to decide to use the jurisdictional land according to the public’s interest justify assigning this role. The effects of generated economic growth support the investment. Since the 19th century, the binomial “infrastructure–development” has underlined the financial calculation for prioritising the allocation of budgetary resources. Since then, the reversibility of the relationship has been revealed. As the presented analysis shows, the Machinist Revolution stimulated the emergence of transport infrastructure for supply/distribution and daily mobility of labour. At the same time, the new infrastructures, through the increased accessibility, originated the exchanges and the spatial proximity of the stakeholders. However, especially, this connection with the territory is missing from the mentioned binomial. Therefore, the binomial was replaced with the interrelationships “transport/traffic infrastructure–exchanges/travel/transport–territorial system–development”. The particularities of the territorial system condition the role of infrastructure in development. Infrastructure is a necessary condition for development but not sufficient. The role of infrastructure is relativised according to the traffic logic and the organisational capacity of the stakeholders.



Based on the identification and use of new resources, the assimilation of scientific and technological progress, the capitalisation of favourable political and commercial circumstances and the joint actions of stakeholders lead to productivity increases over time. These have consequences both in the material and in the symbolic component of the territorial system. Often, the positive dynamics of the territorial system generate remarkable changes in the size and structure of traffic flows. As a result, justified stress appears to increase the performance of traffic and/or transport networks. The development of the territorial system is conveyed as a priority for restructuring the traffic infrastructure and/or related services.



Since the Industrial Revolution in the 19th century, communication infrastructure and vehicle causality have accompanied the paradigm of progress: railways and then high-speed trains, roads and then highways, trams and then subways.



A historical retrospective on the transition toward industrial production in England (begun around 1760) could show how economic growth was the generator of expansion toward new anthropogenic traffic/transport networks. Firstly, the mechanisation of textile production was developed, then of steel and coal mining. Those three sectors reciprocally influenced economic growth. The industrialisation of spinning and weaving processes required iron and steel machines, making it essential to extract iron and coal ores as a substitute for wood, which became increasingly rare [55]. In England, coal and iron ores were found in sufficient quantities. In addition, numerous watercourses valid for exchanges in industrial production were accessible.



However, many other factors stimulated industrial production: the intellectual elite; the modernisation of agriculture (with crop rotation, which by increasing productivity played a crucial role in laying off labour and encouraging the Industrial Revolution); the inland waterway network, complemented by the Stockton–Darlington railway (in 1825), as a symbolic link between iron and coal; the consolidation of the unified internal market. The development of external trade relationships also favoured the evolution of England (initially for manufactured products, then also for industrial goods) and the expansion of colonies (followed by so-called triangular trade). With raw material brought by sea from colonies, the textile industry was developed in several English regions: Lancashire and Manchester, which became the capital of the new liberalism. Liverpool was expanded as the most important port for exports. Textiles turned into the most significant export products in England, which continued the campaign for free trade [56].



The example presented for England demonstrated that the accessibility of maritime and inland waterway transport was only a favourable condition for the economic development that had led to the emergence of railway transport. There are many geographical areas where similar geographical conditions have not led to growth.



Industrial development in England also produced a massive transfer of workforce to cities. For example, in London, the population grew from 1 million in 1800 to over 6.2 million in 1900. The cities became overcrowded, and the living and working conditions were difficult (80–90 work hours a week, in dusty atmospheres, with risk of accidents due to the unprotected machinery) [20,55,56,57].



Evidently, new travel requirements were recorded between cities and between residences and workplaces. The beneficiaries of the new forms of organisation had to find solutions for the massive traffic flows within and between cities. Those circumstances explained the building of the first railway line from Manchester to Liverpool (1830) for people transfer, the rapid expansion of the railway network and the operating of the first subway lines in the world (since 1863). The steam traction used for the first subway lines and the pollution from factories contributed to the degradation of the air in London. The atmosphere was so foggy that people needed artificial light from lanterns on the street and in buildings even during the day [57]. Under those conditions, morbidity was high (e.g., in poor areas of Manchester, life expectancy unprecedentedly decreased to only 17 years). However, starting in the last decades of the 19th century, the capacity of British society to be aware of the negative consequences of accelerated economic growth in social and environmental terms and the coherent actions of correction/repair must be highlighted.



The quoted examples show that the circumstances of the machinist period were essential for economic growth but with significant social and environmental costs (incriminating for non-compliance with the basic requirements of decent living and respect for the environment). They underline that the term “development” must now include the economic, social and ecological attributes requested by the sustainable development exigencies [58,59]. Depending on the various aspirations and understandings of well-being or quality of life, the specificity of “development” in different times and circumstances should be noted.



Empirical analyses at the international and national levels using cross-sectional and panel data sets were performed to identify the correlations between transportation improvement and economic growth [17,31,45,50,51,60,61,62,63,64]. The main classes of empirical approaches are aggregate production function (Cobb Douglas, Translog), cost function, vector autoregression analysis and endogenous growth models [17,50,65]. At the aggregate level, the long-run empirical study of 11 OECD countries over 130 years and 22 OECD countries over 40 years revealed that the social returns on investment in equipment substantially exceeded their private returns in the pre-war and the post-war periods [45]. Farhadi [50] applied the generalised method of moments method to analyse the growth impact of public infrastructure for 18 OECD countries during 1870–2009. The results revealed that even if the productivity effect of investment in transport infrastructure was reached, the magnitude of the influence was relatively minor compared to other variables. Agbelie [31] used three econometric methods (ordinary least squares, random effects and random parameters models) to analyse the relationship between transportation infrastructure expenditure and GDP from economies in 40 countries.



The following analysis reveals the dynamics of economic growth at the end of the 19th century and the beginning of the 20th century. The comparisons were based only on the GDP per capita (even presently, GDP is not an appropriate indicator for the level of quality of life in a territory and, from several points of view, it is debatable) [61,65,66,67,68].




5. Results and Discussions


The GDP dynamics of different European countries [69], presented in Table 2 and Figure 2, are eloquent for the effects of the Industrial Revolution on economic growth.



The differences between states in terms of development generated by the Industrial Revolution are noticeable. Thus, if in 1800 the standard deviation of GDP per capita was only 24, at the beginning of the 20th century, in 1913, it reached 229. The results were, undoubtedly, the consequence of the gap in industrialisation between Great Britain (“the workshop of the world”) and the other states. For most countries, the values remained low for various reasons (e.g., Russia).



Noticeably, beyond all the delays in assimilating technological progress related to the Industrial Revolution, differentiated economic growth was explained by regions’ social, economic, political and natural specificities, reflected in the pace and periods in which the railway networks expanded. Figure 3 illustrates the significant differences among the average annual growth rates of GDP per capita in the different periods retained in the analysis. Among the selected countries, Romania was the only one with continuity of increasing annual growth rates (between 1830 and 1913).



The marked specificity of the first steps of constructing the railway network in Romania could explain this fact. Completed in the last decades of the 19th century, the railway connections with the Danube ports and with the Black Sea allowed for the gradual capitalisation of the export of the increased productivity achieved in agriculture (Figure 4).



If in other European countries the building of railways was the consequence of the requirements of the machinist revolution (an effect of the level reached in industrial development), then, in the case of Romania, the railway construction preceded industrialisation and was entirely financed by the state.



In addition to the role played in stimulating exports, the emergence of new settlements and the increase in the spatial mobility of the population (with effects on direct cognisance of the land), the railways contributed to the professionalisation of labour and, subsequently, generated the sources of industrial growth. The significance of railway transport could be revealed by the fact that in 1906, the installed power of the locomotives in operation was 350,000 hp, i.e., seven times greater than the installed capacity of the entire Romanian industry in that period. However, until the end of the 19th century, economic aspects could not sustain the investments in Romanian railways (poorer return of investment, oversized transport capacity and the need for significant state subsidies for operation). But even so, that transport infrastructure undoubtedly had positive consequences for the economic and social development of the country [70].



Table 2 underlines the two periods of economic evolution of society recorded by historians and economists for the period from the early 19th century to the First World War, namely, that of the confirmation of the Industrial Revolution (1820–1870) and that of the apogee (1870–1913). In the first period, the income per capita in West European countries increased by approximately 1%. However, that increase could be considered substantial compared to the growth rate of 0.14% between 1500 and 1820 [69].



Around 1870, the development of capitalism accelerated. Technological innovations from 1860 to 1910 led to the development of heavy and chemical industries: electric cars, internal combustion engines, synthetic paints, artificial fertilisers, etc. Unlike the technologies of the Industrial Revolution invented mainly by practical, intuitive people, systematic application of scientific and engineering principles developed new technologies. Consequently, any applied/invented technological progress with confirmed efficiency could be copied and used very rapidly. In addition, systems of mass production of assembly lines were developed. The average growth rate accelerated to 1.3% (compared to 1% between 1820 and 1870).



Figure 5a displays the differentiated averages of the annual growth rate of GDP per capita in industrialised countries (e.g., Great Britain, Germany and France) and countries with other economic structures (e.g., Greece and Romania) for 1800–1913. Figure 5b separates the annual growth rate averages for the two mentioned periods: 1800–1870 and 1870–1913, respectively. In the second period, Figure 5b shows a decrease in the averages for the countries that assimilated machinism more quickly (Great Britain but also France), as opposed to Germany, which recorded an increased average. In the second period (1870–1913), the average leap recorded by Romania was noticeable. But in that case, the rise could not be associated with intensive industrialisation but rather with the increase in the productivity in the primary sectors (mainly extraction and agriculture) and export opportunities.



Definitely, the analysis does not intend to identify the causes that determined the economic growth, revealed by the GDP per capita in the mentioned countries. The aim was to reveal the correlated evolution of economic growth–territorial system–traffic infrastructures, respectively, and the role of traffic infrastructure on the territorial dynamics.



It should be noted that quantitative assessments of the effects of investment in the traffic infrastructure on territorial economic growth using Cobb Douglas or Translog production functions (initiated at the beginning of the 20th century) have failed to obtain convincing results [1,6,28,30,71,72]. The difficulty in selecting only independent factors could be one of the leading causes of cancelling such models.



However, regardless of the imperfection of the applied mathematical models, it would be illusory to affirm that the causal chain for social change could be identified based on one or two factors (e.g., technological, capital and/or labour). Only the interactions among the multitude of factors considered in the social sciences could explain the transformation of society [73]. However, it is difficult to synthesise these interactions into a quantitative model. Therefore, identifying an optimal level of traffic infrastructure in a territory remains an open issue.




6. Conclusions


It is commonly accepted that traffic infrastructure networks have a fundamental role in land use, but the problem of correlations between infrastructure investments and stimulated territorial development continues to be a controversial topic, open to research and of significant interest to the public authorities.



The role of traffic infrastructure in development is conditioned by the manner of analysis of traffic infrastructure and the territory and the theoretical representation of the development. Both approaches reveal a diversity of particularities that limit the possibility of formulating general conclusions on the correlations between traffic infrastructures and development.



Relative to different periods and subjects, there is a polysemy around the concept of land/territory. Differences appear even from how the requirements of sustainable development transpose into the operational procedures in each territory. These differences should be considered. If it is acknowledged that development objectives are not the same everywhere, then the concept of development must be defined more broadly. Quality of life, the synthetic expression of development, is not limited to GDP per capita. It is extended to composite indicators that reflect the social welfare of the population in a territory (education, life expectancy, equitable access to resources and equipment, method of income distribution, etc.).



In general terms, traffic infrastructure and transport services (designed to ensure accessibility to places of interest in a territorial system) are decisive for traffic flow sizes and physical structures. However, their generation depends on the nature, structure and extent of the activities of the territorial system.



Traffic infrastructure is not a good premise for stimulating a positive economic and social dynamic. It is only one of the factors that condition the development of the territorial system by improving accessibility. Further, development depends on invisible and intangible sources that actions in favour of innovation must arouse. Technological innovations and trade initiatives are essential conditions. Increasing infrastructure performance has a positive effect on development when the potential for development already exists in its area of influence.



Due to the improved accessibility, a new infrastructure expands the market area and increases competition and, possibly, infrastructure development may not lead to local development. The area separation (before the increase in local accessibility) could protect the local market from external competition. Therefore, new traffic infrastructure may not induce development but even inhibit regional growth. Consequently, before constructing traffic infrastructure, each region must detect the beneficial sectors for development and act accordingly in advance.



The specific traffic infrastructure that facilitates sustainable mobility needs to be identified, namely, the infrastructure that will maximise the requirements of sustainable development—economic, social and environmental.



The expected evolutions in the use of intelligent vehicles (reducing almost wholly the driver’s role) will also be reflected in the performance of the land’s infrastructure, especially the road infrastructure (by increasing traffic capacity and traffic safety). The environmental requirements for land mobility are increasingly acute. In that case, changes must be foreseen in policies of development and use of traffic infrastructures and management of the correlations with other technical infrastructures of society.
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Figure 1. Correlations between traffic infrastructure, territorial system, exchanges/transactions/transport, and economic development. 
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Figure 2. Dynamics of the GDP per capita in European countries marked by the Industrial Revolution. 
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Figure 3. Comparative dynamics of average increasing rates of GDP per capita in industrialised and predominantly agricultural countries. 
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Figure 4. Railway links with the Danube ports and the Black Sea built in Romania (last decades of the 19th century). 
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Figure 5. Averages of the increasing rates of GDP per capita: (a) average for the period 1800–1913 (%); (b) averages for the period 1800–1870, respective 1870–1913 (%). 
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Table 1. Characteristics of the traffic logic.
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	Traffic Logic
	Type of Production
	Strategic Flow
	Logistics
	Modes of Transport





	Industrial
	
	
▪ Intermediary goods, slightly differentiated



	
▪ Large series (economy of scale)



	
▪ Specialisation of production sites





	
	
▪ Materials, goods (massive and standardised flow)





	
	
▪ Industrial logistics based on cost criteria





	
	
▪ Externalised transport (general or specialised)



	
▪ All modes of transport but mainly modes appropriate to mass transports








	Flexible
	
	
▪ Consumer goods



	
▪ Mass production (large and average series) but differentiated (product ranges with a large number of sorts)





	
	
▪ Information



	
▪ Goods flow (rapid, frequent and fractionated)





	
	
▪ Complex logistics (associated with rapid transport) based on reliability and flexibility criteria (frequent changes in logistics)





	
	
▪ Externalised general transport



	
▪ High frequencies



	
▪ Mainly road transport



	
▪ Marginal railway transport








	Professional
	
	
▪ Unique product or small series



	
▪ Production on demand, extremely differentiated, even dedicated



	
▪ Specific knowledge





	
	
▪ Knowledge



	
▪ Low goods flow





	
	
▪ Basic logistics



	
▪ Small scale, frequently dedicated



	
▪ Without logistic externalisations





	
	
▪ Partially internalised



	
▪ Movements on circuits



	
▪ Exceptional transports



	
▪ Mainly road transport



	
▪ Air transport for urgent expeditions
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Table 2. Evolution of GDP per capita in European countries in the nineteenth and early twentieth centuries.
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Country

	
Year




	
1800

	
1830

	
1850

	
1870

	
1890

	
1900

	
1913






	
Austria–Hungary

	
200

	
240

	
275

	
310

	
370

	
425

	
510




	
Belgium

	
200

	
240

	
335

	
450

	
555

	
650

	
815




	
Bulgaria

	
175

	
185

	
205

	
225

	
260

	
275

	
285




	
Denmark

	
205

	
225

	
280

	
365

	
525

	
655

	
885




	
France

	
205

	
275

	
345

	
450

	
525

	
610

	
670




	
Finland

	
180

	
190

	
230

	
300

	
370

	
430

	
525




	
Germany

	
200

	
240

	
305

	
425

	
540

	
645

	
790




	
Great Britain

	
240

	
355

	
470

	
650

	
815

	
915

	
1035




	
Greece

	
190

	
195

	
220

	
255

	
300

	
310

	
335




	
Italy

	
220

	
240

	
260

	
300

	
315

	
345

	
455




	
Netherlands

	
270

	
320

	
385

	
470

	
570

	
610

	
740




	
Norway

	
185

	
225

	
285

	
340

	
430

	
475

	
615




	
Portugal

	
230

	
250

	
275

	
290

	
295

	
320

	
335




	
Romania

	
190

	
195

	
205

	
225

	
265

	
300

	
370




	
Russia

	
170

	
180

	
190

	
220

	
210

	
260

	
340




	
Serbia

	
185

	
200

	
215

	
235

	
260

	
270

	
300




	
Spain

	
210

	
250

	
295

	
315

	
325

	
365

	
400




	
Sweden

	
195

	
235

	
270

	
315

	
405

	
495

	
705




	
Switzerland

	
190

	
240

	
340

	
485

	
645

	
730

	
875




	
Average

	
200

	
235

	
285

	
350

	
420

	
480

	
580




	
Standard deviation

	
24

	
44

	
68

	
110

	
155

	
182

	
227
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