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Introduction: Already in ancient times the importance and the size of cities depended upon the respective locations and the means of transportation to reach the area. Today this dependence is described as an embedding in the super-regional transportation network. Prior to the construction of the first railway lines, waterways and major trade roads formed the most important and powerful transportation means. Significant ancient cities and distinguished towns of the middle ages were located at the coastline, at lakes and along navigable rivers or along trade roads like the salt route or the Silk Road. Meanwhile passenger and goods transportation is a mass phenomenon. The accessibility has increased by several orders of magnitude due to technological development in transportation and traffic. Distances are continuously shrinking in global comparison (see Fig. 1).
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Fig. 1: The Shrinking of the World - The effects of changed transport technologies on ‚real‘ distances Source: Peter Dicken, Global Shift. Industrial Change in a Turbulent World, London 1986

Especially the cities have to face the impact of the transportation development be-cause the major part of passenger and goods transport takes place in the near distance vicinity in the metropolitan areas. One third of the settlement area is dedicated to transportation. To understand this development and to assess plans for the future a historical description of the traffic pattern formation is given.

Historical development of Mobility pattern formation

Fig. 2 shows the development of the road network between the Ancient Roman times and the planning at the end of the 18th century. The first concise road network was created in the Roman Empire times. The whole network at its maximum extent consisted of approx. 250.000 km.

During the entire middle Ages planning and construction of road networks had only minor importance. The decentralised political structure with small duchies prevented the emerging of a closed road network oriented towards a centre. At the end of the middle Ages the revival of trading forced the need of transportation of passengers and goods and initiated planning and construction of road networks, especially in those countries with centralised administration like France or England. Chr. von Lüders first propagated the necessity of a concise road network in his master plan for the erection of a country road and avenue network.
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Fig. 2: Important roman major roads in the German area Draft for a German road network of Chr. v. Lüders, 1779

As part of the labour and employment programs at the recession end of the 1920' like the programs of the New Deal in the United States, in Germany an autobahn network was planned with the backbone Ha-Fra-Ba (Hamburg-Frankfurt-Basel) financed from the reserves of the unemployment insurance. Only now, seventy years later, this project is fully concluded (see Fig. 3).
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Fig. 3: Planned German Autobahn network, 1934 German Autobahn network, today

The development of the railway network shows the same rapid growth approximately 100 years earlier and is shown in detail in Fig. 4 for the USA with an impressive extension from the East to the West.
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Fig. 4: Historical development of railway network in the USA Source: Lord and Lord, 1953; Morrill, 1970

The long-term development of the road network and the development of the railways network in hundred years show a lot of similarities: slow starting, maximum of growth and finally saturation. A principle which is common for all transportation modes and is represented as a summary in Fig. 5 reporting the maximum growth for it in canals at the beginning of the 19th century, end of 19th century in railway network for the mid of the 20th century in the road network and in air travel within the upcoming ten to twenty years.
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Fig. 5: Growth of the U.S. Transport Infrastructure Source: Grübler, The Rise and Fall of Infrastructure, IIASA Laxenburg, Austria 1990

The distance travelled per day and transportation participant is growing exponentially as is shown in Fig. 6 summarising almost in a historical survey since 1800. The faster transport speed has to be considered as an important driving force for the long-term competitive pattern. Faster transport speeds imply that spatial distances are com-pressed and that a larger territorial range can be covered by an individual. This space-time convergence as an essence of the distance that can be covered by an individual per unit of time is illustrated for France in Fig. 6 by plotting the average daily distance travelled per capita by transport mode and total of all modes since 1800. Each new transport mode increases the average range of an individual by about one order of magnitude. The extension is a persistent exponential growth in travel range from about 10 km per year in 1800 to 12.400 km per year in 1987. The distance does not show any apparent indication of slow down.
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Fig. 6: Growth of Mobility - Distance Travelled per Day per Capita in France by mode and total Source: Nakicenovic, 1992, IIASA Laxenburg, Austria

As a result of the increasing range per passenger, presently the fastest growing transportation means, the air transport, is reported in Fig. 7 as a survey over the last 40 years showing an increase of the world gross domestic product by a factor of 4, the world passenger air traffic by a factor of 20 and the world airline freight traffic by a factor of 40.
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Fig. 7: Development of air transport 1960 – 1995 Source: ICAO, 1999
Economic development and transportation growth

The time development and the impacts of the motorization of automobiles and the pushing forward towards new dimensions are very similar to the expansion of the railway system 100 years before. Structural changes of the society and economic bursts accompany the steps towards the new transportation technology. If the in-crease of passenger mileage and goods load mileage is related to the gross domes-tic product a time-linked parallel growth process can be stated. The automobile is an appropriate means of transport to exemplify the relation between the GNP per capita and the average mileage. In the European countries this relation is developed in parallel while in the USA the value of the average mileage is about 2.000 kilometres higher. The increase of the average mileage in the last 30 years in the USA is also higher than the one in the European countries (compare Fig. 8).

[image: image8.wmf]Fig. 8: Car Driving and Per Capita Income 1970 – 1995 Source: International Energy Agency, 2000

Transportation and traffic can be regarded from different viewpoints. From an economic viewpoint the value added due to transportation is an issue. This includes not only directly related transportation impacts such as fuel provision, salaries for drivers, material consumption of transportation means but also indirectly related values added such as construction and maintenance of transportation networks, long-term provision of energy. In summary all premises transportation needs, short-term or long-term, direct or indirect, to provide transportation output. Fig. 11 shows the existence of economic cycles in relation to time periods, which are connected to acceleration, and deceleration of economic growth when new modes of transportation were expanding. The Fig. 9 suggests that since 1750 or so, the real gross national product growth has accelerated when new transportation systems were being deployed in new markets. Besides a continuum of basic discoveries, innovation bursts that gave birth to new industries marked the development. Installation of canals, implementation of railroad networks and rail transit in the big metropolitan areas and finally the invention of automobiles and dissemination as a ubiquitous transportation mean produce economic growth cycles.

[image: image9.wmf]Fig. 9: Economic Growth (US), Transportation Development Cycles, and Innovation Bursts („M“) Source: Garrison, ITS Berkeley CA, 2000

Each cycle showing an emerging growth face, a maturity face tending to saturation and the upcoming of a new round of innovations. These discontinuities in the long-term evaluation for the three transportation means: canals, railways, and roads together with the average energy are shown in Fig. 10. This figure integrates the evolution of physical infrastructures with discontinuities in the evolution of energy prices and of rate of technical, economic and social change in the USA. The synchronisation between the discontinuities in the development of the physical transport infra-structure and the discontinuities in long-term economic development as well as the growth policies of individual transport infrastructures are spaced at 55-years-intervals. The relationship between the periods of structural discontinuity in the evaluation of transport infrastructure, the period of price volatility and the turning points in the long-term raid of change are clearly discernible.
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Fig. 10: Discontinuities in the long-term evolution of... Source: Grübler, The Rise and Fall of Infrastructure, IIASA Laxenburg, Austria 1990

Outlook

If economic history continues to unfold as it has in the past, the present near-term saturation of the expansion, even of the air transportation network, as well as the possible emergence of a new transportation infrastructure would repeat past experiences. 

Based on such an assumption we appear to be amid a period of structural discontinuity characterised by the saturation in the expansion of an old development paradigm and the transition towards a new development path. The communication and media experts identify this development path as a networking to a new artificial environment lifting transportation to a new level of quality and service. The central thesis is:

"Technology develops from a prosthesis park and product assembly into a completely networked, artificial, intelligent environment"
 and the forerunners of this development have new communication networks like internet and mobile communication networks (compare Fig. 11).
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Fig. 11: Advertisement of the internet company T-Online, subsidiary of Deutsche Telecom AG

Transportation is the central power station of the national economy.

Obviously a reduction of the power of expansion in this sector of the transportation system would lead to a lasting affectation of the future process of economic development, provided it would not be compensated. All these effect would be present already for some time if the observed flattening of the quantitative growth in transport would not have been compensated by a qualitative growth in road and air transport honoured by the market. This development is generated by the new quality given by linkage between the information- and communication technology and the implementation of value-added services. Fig. 12 show that the contribution of transportation in combination with the new information and communication technologies to the value added continued to increase during the last years.
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Fig. 12: Transportation in Germany Source: Diekmann, A.: Verkehrssysteme im Wandel, Stuttgart 1999
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