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1.
Introduction

SUTRA intends to develop a consistent and comprehensive approach and planning methodology for the analysis of urban transportation problems and to apply the methodology to our set of cities. The objectives is achieved by integrating a set of models (traffic, emission, air quality and publich health impact) and applying them to a set of cities (Genoa, Tel Aviv, Buenos Aires, Geneve, Lisboa, Thessaloniki and Gdansk).  

For each city, a set of likely development scenarios is identified. These scenarios includes both a common set, shared by all cities, as well as a number of specific, individual options dictated by the peculiarities of each situation. In the next step, these scenarios will be analysed by a set of models and assessment tools, and summarised by the set of common indicators. 

Technically, the scenarios will be constructed as static simulation at 30-years horizon of peak-time and average traffic flows. For each city, the scenario will consider the current base line and a set alternative scenarios. 

The following issues are to be addressed by the scenarios:
· population development (growth and age of the population)

· technological issues (fleet composition, modal split, mass transport systems, energy efficiency and emission reductions, zero-emissions systems);

· land use issues (distribution of commercial and residential areas, building densities);

· demand side issues including new services, information technology, tele-working.

Each set of scenario is actually defined in terms of changes of one single parameter. Assumptions are made, on the basis of past trends and survey of existing literature, to collapse all relevant variables into that particular parameter.

The interval is defined on the basis of past trends and available forecasts. It is based on the evaluation of average urban trends and expectations. However, it is important to stress the uniqueness of each city’s individual experience, which will be taken into account by the city-specific scenarios.

This first draft report: 

· outlines a strategy for the design of the scenarios;

· discusses relevant urban trends for the variables of interest and driving forces behind the changes (including policy measures that may have affected the trends); 

· identifies, on the basis of the historical analysis, the interval within which the change of the variable of interest for the next 30 years might  be comprised. The assumptions underlying the minimum and maximum changes are also identified.

In what follows, Section 2 discusses the role of scenarios simulation in this kind of research, Section 3 outlines the general strategy. Sections 4 to 9 discusses each scenarios in detail: starting from the analysis of  past trends and available forecasts, each section proposes a possible interval of change of the variable of interest over the relevant period. Each section also discusses the driving forces and policies behind the change and its possible implications for traffic and mobility requirements.

The next steps will be:

· finalisation of the interval;

· definition of city-specific scenarios.

2.
Scenarios 

2.1 Definition of scenarios 

“Scenarios are alternative descriptions of how the future might unfold” (IAF, 2000).

There are many other definitions of scenarios. A widely mentioned definition is the one given in 1967 by Kahn and Wiener, which says that: “Scenarios are hypothetical sequences of events constructed for the purpose of focussing attention on causal processes and decision points” (Kahn et al., 1967).

Rotmans, on the other hand, defines scenarios as “archetypal descriptions of alternative images of the future, created from mental maps or models that reflect different perspectives on past, present and future developments” (Rotmans et al., 1998)

2.2 Functions of scenarios

Scenarios may have different functions; they could be useful in helping articulate key considerations and assumptions, in understanding complexity, by identifying inconsistencies, uncertainties and indeterminacy, and in taking on and exploring new possibilities (EC DG XI, 1996; Rotmans et al., 1998). 

The main function of the development of scenarios is, after all, to create a framework that informs and advises decision-makers.

Actually, scenarios cannot predict events but they can describe possible futures, representing sequences of events over a certain period of time and exploring the different outcomes associated with ‘what-if’ questions (Jungermann, 1985); this is the characteristic that make them a very useful tool to decision-makers, especially when a rapid change is expected and thus there is high uncertainty about the future (IAF, 2000).

Scenarios development and planning, then, is not to pinpoint future events, but is about identifying and exploring the dynamics that determined the present day trends, is about highlighting large-scale forces that push the future in different directions. 

2.3 Classification of scenarios 

Different divisions of scenarios exist.

Considering if the purpose is to explore future possible situations or to study different strategies to reach a particular target, it is possible to distinguish between:

· forecasting scenarios, that explore alternative developments, starting from the current situation with or without expected/desired policy efforts;

· backcasting scenarios, that offer a number of different strategies to reach a desired future situation.

Some other distinctions can be made whether values or interests are taken into account (normative scenarios) or not (descriptive scenarios), and whether unlikely and extreme events are considered (peripheral scenarios) or only the extrapolations of current trends are represented (trend scenarios).

According to Anastasi (1997) a distinction can, then, be made between:

a. global scenario approach, which depicts the future of the world as a whole;

b. focused scenario approach, which concentrates on a particular geographical area;

c. single-issue scenario approach, which emphasises a single issue (e.g. energy or transport).

2.4 Scenarios development process

Since, as it has been said before, scenarios are a way of understanding the dynamics influencing the future, with the aim to influence these forces and, thus, create a preferred future, it is therefore very important to identify the issue to address and that will be used as a test of relevance as we go over the rest of the scenario-making process.

The next step consists in the identification of the main “driving forces” at work in the present. These driving forces can roughly be divided into four groups (Wilkinson, 2000):

1. social dynamics: demographic issues, values, lifestyles, demand;

2. economic issues: macroeconomic trends, microeconomic dynamics;

3. political issues: electoral, legislative, regulatory; and

4. technological issues.

These forces can be divided into predetermined and those that are only uncertainties. It is then important to evaluate the uncertainties to make sure that they are the so-called ‘critical uncertainties’, defined by Wilkinson as “ uncertainties that are key to our focal issue” (Wilkinson, 2000). Indeed, scenarios should contain “elements that are judged with respect to importance, desirability and/or probability” (Jungermann, 1985).

There are different methods that can be used in the scenarios development process:

· modelling methods, that involve the use of computer models, either as central means to explore the future consequences of sets of assumptions or as a tool to check the consistency of the developed scenarios

· narrative methods, that describe pathways into the future in qualitatively terms and are used when data are weak or missing;

· participatory methods, that refer to approaches in which non-scientist, such as policy people stakeholders and/or lay people, play an active role.

The first two classes of methods, the modelling and the narrative, are usually used when the process involves a small ‘core’ group of experts, whereas the participatory methods is used when there is the need of heterogeneity in perspectives, expertise and knowledge, to guarantee sufficient ‘richness’ (Anastasi, 1997).

The use of indicators and indices is central to all scenario development, irrespective of the method used (van Asselt et al., 1998).

It is, finally, very important to remember that “scenarios always, either implicitly or explicitly, embody the perceptions of their designers” (Rotmans et al., 1998), and, thus, it is preferable to make transparent all the assumptions, uncertainties and choices made, those underlying the scenarios development process.

Related to transparency, it is also important to make clear if different perspectives have been taken into account, if different descriptions of how things function have been considered in the process, because scenarios that “comprise multiple perspectives have much more potential for informing and facilitating the societal debate” (Rotmans et al., 1998). 
3.
Constructing scenarios in SUTRA: GENERAL STRATEGY

The current situation (model calibration on actual data) will be used as baseline scenario. WP11 will define an interval of values for the variable(s) of interest at 2030. For each city the two proposed extremes (common scenarios) will be simulated as well as (at least) two alternative scenarios (specific scenarios) that cities will select from the interval. 

Each set of scenario is actually defined in terms of changes of one single parameter. Assumptions are made, on the basis of past trends and survey of existing literature, to collapse all relevant variables into that particular parameter.

The interval is defined on the basis of past trends and available forecasts. It is based on the evaluation of average urban trends and expectations. It is important to stress the uniqueness of each city’s individual experience, which will be reflected in the city-specific scenarios.

3.1 Selection of the issues

As from the Workprogramme (see Section 1), the following organisation of scenarios is proposed:

· Demographic changes: size and age structure of the population. This set of scenarios will consider the changes in the demographic structure of the population, in particular population size (more people means more travels) and population age structures (pensioners have different transport requirements from employees);

· Economic structural changes: toward a high –tech/service economy. This set of scenarios will consider the shift towards a more service-based urban economy (services have different transport requirements with respect to manufacturing - passengers vs freight transport; frequency of trips) and the parallel shift towards ICT-enabled teleworking;
· Technological changes: improving efficiency in the transportation sector. This set of scenarios will consider different measures that have the potential to change the emissions per pkm/tkm, by changing the efficiency in the use of traffic supply. In particular, the following variables will be considered:
· occupancy rate of passenger car (therefore reducing the vkm per pkm/tkm);

· share of public transport;

· use of IT in traffic control and management;

· penetration rate of new vehicle propulsion technologies (gasoline, diesel, GPL, alternative technologies etc..).

· Land-use changes: urban sprawl and urban mixing. This set of scenarios will consider the changes in the use of urban space. In the literature on urban studies, urban sprawl is considered to challenge urban sustainability, as it tends to increase transport demand. On the contrary, a more mixed use of urban space, with a more even distribution of working, residential, shopping and leisure places is considered to reduce traffic demand. 

Table 1. Summary of scenarios

ISSUES ADDRESSED
Baseline
Upper end
Lower end

Demographic changes
Current situation
The city is growing and getting younger
The city is shrinking and getting older

Economic structural changes



The city is changing fast towards a high-tech service-based economy
The city is changing slowly towards a high-tech service-based economy

Technological changes

The city is moving fast towards improving transport efficiency
The city is moving slowly towards improving transport efficiency

Land-use changes

The city is densifying and mixing land uses


The city is sprawling and separating land uses

Note(s):
Upper and lower end define an interval within which each city will select (at least) two scenarios. Possibly, one of the selected scenarios will represent the Business-as-Usual. 

This strategy defines for each city a set of possible 24 scenarios. 

3.2
Definition of the interval of interest: assumption and modelling

For modelling purposes, each set of scenarios is defined in terms of changes of one single parameter. Assumptions are made, on the basis of past trends and survey of existing literature, to collapse all relevant variables into that particular parameter.
In D11-ANNEX I, technical strategies for each issue are described in detail.

4.
demographic changes: size of the population

4.1 Definition of the issue

The size of population is the number of people that are resident in the urban area. 

In SUTRA urban areas have been divided into two different parts, the core and the catchment area. Size of the urban population refers to the sum of the two. 
4.2
Recent aggregate trends

The European Environment Agency projections say that “it is expected that the population of ‘urban agglomerations’ in the EU will increase by more than 4% between 1995 and 2010” (EEA, 1999). This gives a per annum percent growth of 0.26% pa.

This figure is much lower than the figures that characterised earlier periods of the XX and XIX centuries. In fact, current urban landscape in developed countries is very much a creation of the Industrial Revolution. Urban population grew very fast while Industrial Revolution was spreading from England to the other European countries. From 1800 to 1900 urban population in Europe (except Russia)
 grew at a rate of 1.78% pa, increasing the level of urbanisation from 12% (similar than in 1700) to nearly 40% of total population. Urban population grew at a slower rate in the first half of XX century, marked by the two World Wars: from 1900 to 1950 urban population grew at a rate of 1.1% pa and in 50 years the level of urbanisation reached 50%. 

The period after the second World War signed a period of very fast urban growth. Urban population increased at a rate of nearly 2% pa from 1950 to 1970, increasing the rate of urbanisation to 64% of total population. Growth was particularly strong in countries such as Spain, Italy and Greece with a relative low level of urbanisation in the 1950s, leading to a convergence in the levels of urbanisation across European countries. 

Urban growth peaked in 1974-75 and slowed down thereafter. From 1970 to 1980 urban population grew at a rate of 1% pa., half than that of the previous decade. In some countries, such as the US, the UK, Belgium, Switzerland and the Netherlands a process of deurbanisation started (Bairoch, 1988). Many reasons have been discussed: the reach of a maximum size of cities, the lack of leisure and entertainment differences between city and country dwellers (TV is the same in the city and in the country); the rise of the living standards in the countryside that made it easier to maintain in the countryside a portion of the population that would have otherwise been forced to leave. The slowing down of growth was stronger in great cities (such as London, Paris) than in smaller cities.

These types of trends represent a stylised fact of urban growth: the percentage of the population living in urban areas increases rapidly with income at low-income levels and then much more slowly at middle- and high-income levels (Ingram, 1998). Urbanisation levels rise with income as resources are moved from the primarily rural agricultural sector to the more urbanised industry and service sector.  The shift is very fast at earlier stages of industrialisation (implying fast urbanisation) and slows progressively down as the share of agriculture in the economy reaches progressively lower levels (implying slower urbanisation). 

Economic theory has discussed in length the reasons of the attractiveness of urban areas for manufacturing and service industries (Henderson, 1985; Krugman, 1995): scale economies in production, lower transport costs to serve local customers, modest use of land made by manufacturing and service activities (allowing higher densities), flows of information across firms, existence of intermediate inputs (vertical linkages), existence of potential agglomeration economies (large clusters use specialised inputs more efficiently). 

Chart 1 shows urban population growth between 1980 and 1998 in 30 selected EU city-regions
.
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Chart 1: Urban population growth: 1980-89 vs 1990-98
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Source: Cambrige Econometrics, European Regional Database

Dotted lines in the charts show the average population growth in the selected city-regions. Population growth has averaged around 0.25% in the first period (slightly below total population growth) and 0.50% in the second period (slightly above total population growth). If anything, these trends tend to confirm recent evidences that have led some scholars to speak of resurgence of cities (Bairoch, 1988; Glaeser, 2001). All observation are comprised between in the interval –0.5 to 1.5% pa.

Most cities lie on the main diagonal, implying that growth trends have persisted over time: cities that were growing in the first decade also grew in the second decade. 

However, some interesting changes emerge: Athina and Lisboa  were growing in the first decade while slightly started to loose population in the second. Those are cities in countries that were rapidly industrialising in the first decade with agricultural employment falling down rapidly and rural population moving to cities. This trends have slowed down in the 1990s leading to a change of direction in the development of their main cities. 

More interesting  cities like Wien, London, Birmingham, Kobenavhn have reversed the negative trend. Wien saw a new flow of in-migration mainly because of the border with Eastern countries; this is also the case of Thessaloniki, London, Birmingham and Kobenavhn because of renewed economic growth respectively due to the central place in financial sector (London), new place in international trade flows with new infrastructures  (Kobenavhn), successfull shift from manufacturing-based economy to service-based economy (Birmingham) that may set the example for cities like Genova, Liverpool, Bilbao characterised by a strong presence of traditional manufacturing activities that have lost population consistently over the last two decades.
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Chart 2: Urban population growth compared with national average, 1980-89 vs. 1990-98
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Chart 2 shows the growth rate of cities as difference from the respective national average. All observations are between –1 and + 1 pp from the national average. The interesting point noted above remain valide. Most cities still lie on the main diagonal (implying some sort of persistence of growth rates), except Lisboa and Athina on the one hand and Wien, London, Madrid, Kopenavhn on the other hand, for the reasons discussed above. This chart confirm the difficulties of cities specialised in traditional manufacturing, but also highlight marked improvement in the position of cities like Birmingham and to a lesser extent Lille, Bilbao and Genoa.

4.3
Driving forces and policies

Demographic changes depends upon three factors: natality, mortality and migration flows. In traditional societies and early stage of industrialisation, urban populations were characterised by higher mortality rates and slightly lower natality rates than the total population. Cities’ growth were therefore dependent on the migratory movements from the countryside to the cities. This stylised facts of traditional and early industrialisation societies have changed in more recent times and there is not more differences in natality and mortality rates between population living within and outside cities (Bairoch, 1988).

Table 1 below shows natality and mortality rates in the EU (+ Norway) and selected European cities over the last two decades.

Table 1: Natality and mortality rates in the EU and selected European cities (per thousand)




Natality
Total
First decade
Second decade

EU+Norway
11.75
12.16
11.37

Selected cities
12.06
12.45
11.70

Mortality




EU+Norway
10.01
10.07
9.94

Selected cities
9.38
9.44
9.32

Source:
Authors’ elaboration on Cambridge Econometrics data

Concerning the urban with respect to total population, Table 1 shows very minor differences in natality and mortality rates between urban and total population: if something, natality rates are slightly higher in cities while for mortality rates the reverse is true, in line with recent findings (Bairoch, 1988). 

For both urban and total population natality rate are still higher than mortality rates, but their decline is sharper. The natural population growth is showing a declining trend and, if the birth rates of the EU 15 will not change, “a shift from population growth to population decline could begin to appear around 2020” (ERDF, 1999). Migratory movements therefore are of increasing importance in the countries of European Union as “net immigration accounts for two thirds of total population growth and will in future probably become its only source” (EC, 1999). 

Chart 3 shows the contribution of natural growth to population growth over 1980-1998 in EU15+Norway countries and in the 30 selected cities. 

Chart 3: Contribution of natural growth to population growth
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Source: Cambridge Econometrics

Chart 3 shows at the national level a decline of the natural growth of population. Most countries show a natural growth rate very close to zero and within the 0-0.5% pa. Exception are France and the UK, with a positive natural growth rate and Italy, whose natural growth rate is now negative. 

More variation exists at city level. Among the fastest-growing cities, most cities have a natural growth rate within the interval 0-2.5% pa. Looking only at the 5 fastest-growing cities, they show a stable natural growth rate of around 1% pa. 

Among the slowest-growing, most cities show a natural decline of population, with average natural growth within the interval –2.2-0.5% pa. In particular, Genova, Milano, Wien and Lisboa have a negative balance. London shows an increasing rate of natural growth (partially contributing to the rebate of growth in the second decade of the period). Looking only at the 5 slowest-growing cities, they show relatively stable growth rates within the interval –2.5-0.5% pa. In Birmingham, a high fertility rate has outbalanced over the 1980s a very negative migration balance (see Chart 4).

Chart 4: Contribution of net migration to population growth
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Chart 4 shows that the contribution of net migration to population growth across countries varies more than the contribution of natural growth. If some regularities is to be found, population growth due to net migration appear to be increasing over time. 

At the city level the picture becomes clearer. Among the 15 fastest-growing cities, nearly all show a positive contribution to growth from migration. Exceptions are Napoli (which shows an inversion in the second decade) and Athina, whose negative migration balance accounts for the population decline shown in the second decade. Looking in particular at the 5 fastest growing they all show a positive contribution to growth within the range 0-3% pa.

Among the 15 slowest-growing, there is much more variations and not clear trend emerges. Looking in particular at the 5 slowest growing, they were all loosing population until 1990 and now they migration balance is approaching zero.

Conclusions

The analysis of data in Chart 3 and 4 confirms that migration balances are the main determinants of growth of cities. There are differences in natural growth rates, but they are smaller and their contribution to total population growth is decreasing. 

As in traditional societies, the ability of a city to grow depends on its capacity to attract population from outside. If the urbanisation of rural national population appears to have come to a stop (confirmed by population trends in Lisboa and Athina) in Europe and probably in most developed countries, cities’ population growth is more and more depending on the ability to attract population from outside the national borders (as in the case of London, Wien, Thessaloniki). “Most immigrants settle in urban areas, thereby reinforcing existing urbanisation patterns” (EC, 1999) and partially explains the reverse in urban population trends shown in Chart 1 and 2.

National migration policies and the cities’ economic prospects determine the final outcome.

Cities charaterised by openess to trade and friendly migration policies, relative high specialisation in high-value added modern services (financial services, telecommunication, media and entertainment, life sciences, high-level education) are likely to be a the top of growth league. At the other end there will be cities closed to trade and migration flows, relatively more specialised in traditional manufacturing activities. 

4.2 Likely impacts on traffic and the environment

Demographic changes are a crucial factor in determining transportation, both freight and passengers, demand. Transportation demand depends from population mobility requirement, which, in turn, is determined by the number and lifestyles of individuals. A growth in the size of population is expected to produce an equal growth in travel demand, if we do not consider changing in lifestyles and in the spatial distribution of activities (ie, services).

4.4
Determination of the interval of population growth

This section defines a set of values for the variables of interest at 2030 that will be used for the simulation. As discussed in Section 4.1, for each city the two proposed extremes (common scenarios) will be simulated as well as (at least) two alternative scenarios (specific scenarios) that cities will select from the interval. It is proposed to define the interval in terms of per annum population growth. From the analyisis of recent trends in Section 4.2 it looks likely that urban population growth in cities in developed world will be comprised in the following interval: 

· Low growth scenarios: 
–1% pa (implying a population in 2030 equal to 74% of population in 2000). The low growth scenarios assumes negative natural and migratory balances (each contributing some –0.5%pa)

· High growth scenarios: 
+1.5% pa (implying a population in 2030 equal to 156% of population in 2000). The high growth scenarios assumes positive natural and migratory balances. It is difficult to assume a positive natural growth rate above 0.5% pa. 

More extremes scenarios can be obtained by adding up extremely positive and negative growth scenarios.

· Low growth scenarios: 
-5% pa (implying a population in 2030 equal to 21% the population in 2030. The low-growth scenarios assumes a negative contribution of the natural (-2% pa) and migration balance (–3% pa). It is a extreme situation with a city experiencing bad economic conditions as Liverpool and Birmingham in the 1980s and very low fertility rates (such as those in Genova).

· High-growth scenarios:
+5% pa (implying a population in 2030 equal to 432% the population in 2000 ). The high-growth scenarios assumes a positive contribution of the natural (+2% pa) and migration balances (+3%pa). It is a extreme situation with a city experiencing good economic conditions and favourable external conditions such as those in Thessaloniki in the 1990s and very high fertility rates (such as those in Napoli in the 1980s)

5.
Demographic changes: age STRUCTURE of the population

5.1 Definition of the issue
For age structure of the population it is meant the proportion of population in each age class. In SUTRA, the age structure of the population is represented by the following indicators: percentage of youth (age 0-18) to total population, percentage of working age population (19-64) to total population, percentage of old age pensioners (over 65) to total population.

The age structure of the population is determined by the same variables that influence population growth: mortality fertility, and migration flows. Population size and age structure are therefore strictly interlinked and will be treated simultaneously together in SUTRA.

The relationship is not deterministic: a positive population growth can be determined by immigration of different age. The construction of a complete demography model is beyond the scope of the project. In what follows, we will try to disentangle some form of relationships that will be helpful in designing city scenarios based on the analysis of recent aggregate trends and available forecasts.  

5.2 Recent aggregate trends

The European Commission forecasts that “despite the immigration of predominantly young people, the average age of the EU population will continue to increase” and that “the future society of the EU will be characterised by a higher proportion of older people, who will, in contrast of previous generations, be more mobile, prosperous and active” (ERDF, 1999).

This forecast is the result of rapidly falling natality rates and roughly constant mortality rates, trends that apply to both urban and total population (see Table 1).  

Chart 5 shows the percentage of youth, working age, and old age pensioners to total population in five major European countries over 1950-1997
.

Chart 5: Age structure dynamics in five major European countries 
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Trends changes across countries. However, some common patterns emerges. All countries show a constant increase of the old age pensioners (average change over 30 years period of around 6pp). The working age class shows an initial decline and a rebate after 1970-80 counterbalanced by a growth of the youth until 1980 followed by a quick fall afterwards.

Chart 6 to 8 shows the population age structure and composition of population growth in France, Spain and the UK over 1980-1997. Recent demographic dynamics in those countries are relatively different and they are therefore helpful in our enquiry about the relationships between population growth and population ageing.  

Chart 6:  Population age structure and composition of population growth in France

Source: Cambridge Econometrics, Penn World Table

Chart 7:  Population age structure and composition of population growth in Spain


Source: Cambridge Econometrics, Penn World Table

Chart 8:  Population age structure and composition of population growth in the UK

 Source: Cambridge Econometrics, Penn World Table
In France (Chart 6) population growth has been quite strong and stable at around 0.5% pa, fuelled by both natural growth and net migration. The results in terms of population structure has been relatively small. The decline of the young population has been consistent over the two decades. As a result, at the end of the period youth age class lost around 3pp of the share of population (annual change of –0.19pp). This decline has been initially offset by an increase in the working age population, whose share levelled off at around 65%, and then by an increase of the pensioners age class which has increased consistently since 1985 at a annual change of around 0.2 pp.

In Spain (Chart 7) population growth has been declining very fast over the two decades. Population growth averaged nearly 0.5% pa over 1980-1989 to fall to 0.11% pa in 1990-98. The main cause of the demographic deceleration has been the rapid fall of fertility rate: natural growth contribution to total growth has fallen rapidly while some positive contribution of migration started to appear only at the end of the 1990s. The results in terms of population age structure the results have been dramatic. Youth age class lost around 8pp from 1980 to 1995 (annual average change 0.6pp). This decline has been counterbalanced by a strong increase in both the working age and the pensioners classes (by 4pp overall, annual change 0.3pp each).

In the UK (Chart 8) population growth has tended to grow over the two decades (from 0.16% pa to 0.33% pa), mainly fuelled by net migration. The results in terms of population age structure have been small (as in France) and age classes share in total population have been relatively stable over the last decade. Overall, youth age class lost around 2.3pp from 1980 to 1997 (annual average change 0.15pp). This decline has been counterbalanced by a strong increase in both the working age and the pensioners classes (by 1.2pp overall, annual change 0.08pp each). 

The following features are worthwhile to note:

· Population growth stable at 0.5% pa with slowly falling fertility rate and some immigration (France) does not bring about dramatic changes in the age structure. However, a decline of the youth share in total population is to be expected, counterbalanced primarily by an increase in the old age pensioners’ share and to lesser extent by the working age share

· Population growth accelerating from 0.1% pa to some 0.4% pa with increasing fertility rate (UK) may stop the decline of the youth’s share and keep age structure relatively stable

· Population growth decelerating to around 0.1% pa with fast fall of the fertility rate (Spain) bring about dramatic changes in the age structure of the population: youth’ share falls counterbalanced by a growth of the working age and pensioners’ classes.

UNDP (United Nation Population Division) provide forecasts for population growth and age structure for all countries of the world to 2050. Chart 9 shows a cross section analysis of those forecasts for 15 European countries plus Switzerland, Israel and Argentina. This simple statistical analysis shows interesting patterns that are useful for the construction of our forecasts:

· Working age class’ share is expected to decrease in all countries and increases with population growth (share increases by 0.15pp for 1pp pa growth)

· Old age pensioners class share is expected to increase in all countries and decreases with population growth (share decreases by 0.12pp for 1pp pa growth)

· Youth class’ share is expected to decrease slightly in all countries and appear to be independent from (share decreases by 0.03pp for 1pp pa growth).

Chart 9a: Population growth and age structure: Youth

Source: UNDP
Chart 9b: Population growth and age structure: Working age class


Chart 9c: Population growth and age structure: Old age pensioners class

Source: UNDP
5.3 Driving forces and policies

The forces that drive the change of age structure are natality and mortality rates and migration flows (Section 4.3 discusses in details natural and migratory demographic balances).

Mortality rate is falling with increasing well being mainly because of increasing hygiene standards and medical research progress. It is a trend that is expected to continue. There are not significant differences between urban and total population trends.

Natality rates have been falling in many European countries due to changed lifestyles (working women, longer education period, delayed age of start to work), more rapidly than mortality rates. In some countries natality rates shows a rebate especially because of higher natality rates among immigrant communities. 

Migration flows are of increasing importance in European countries and play a determinant role in determining age patterns. Immigration is usually in working age and it is likely to bring an increase of this group in total population. Migration flows are determined by the economic prospects of the city and national migration policies. 

5.4 Likely impacts on traffic and the environment
Transport intensity of urban society varies with the age structure of its population.

The age of population affects lifestyles, and therefore travel demand, by a change in mobility requirements that have to be satisfied. 

Theoretically, individual mobility requirements vary with the age class an individual belongs to and the need to travel for work and leisure is maximum for adults while younger and older people tend to be less mobile, but, as said before, the European Commission assumes that older people will be more movable as they used to be in the past.

It is noticeably also that the age of population is very important in determining impacts of urban transportation pressures (e.g. atmospheric emissions), because impacts on people health vary with the age class and individual belongs to. Therefore, impacts of pollution on public health also vary with the age structure of its population.
The most vulnerable classes are younger and older people; because of this, the dimension of impacts depends not only on the ageing or getting younger of population but also on the rate of changing, if this changing in age, both the two, is fast or not.
5.5 The construction of the interval

This section defines a set of values for the variables of interest at 2030 that will be used for the simulation. Section 4.5 defined an interval of population growth from –1% pa (implying a population in 2030 equal to 74% of population in 2000) to +1.5% pa (implying a population in 2030 equal to 156% of population in 2000). 

From the analysis of recent trends and available forecasts in Section 5.2 suggested age structure changes are:

· low-growth scenarios: youth share decreases by 5pp, working age decreases by 10pp, old age pensioners share increases by 15pp. 

· high-growth scenarios: youth share increases by 0pp, working age decreases by 3pp, old age pensioners share increases by 3pp.

The figure above are obtained as a compromise between the implications that we can draw directly from the UNDP forecasts and the evidences provided by the empirical examination of available data. 

It is possible to derive more precise scenarios by making assumption concerning the age structure of deaths and migration flows. 

6.
economic structural changes: towards a high-tech service-based economy

6.1 Definition of the issue

This scenarios will consider the following issues:

· The shift of urban economies towards increasing specialisation in services, measured by the change in the composition of urban employment. 

Service sector workers are defined to be “individuals working for pay in a local establishment whose major activity is classified as service production under revision 3 of the International Standard Industrial Classification (ISIC) of all Economic Activity (UN, 1990)” (OECD, 2000).

This definition has two main shortcomings: firstly, the distinction between goods and services is becoming increasingly blurred with technological and organisational changes; secondly, a significant share of service employment is actually within firms that mainly produce goods. The outsourcing of these types of activities changes over time and across countries. Simple comparisons of the share of service sectors across time and countries may therefore overstate the actual differences in the type of work.

· The shift towards information technologies that allow people working from home instead of commuting (telework).

The definition of telework requires some attention. Commuters come from the area outside the core and the catchment to workplaces that are in the core or in the catchment. The following definitions of  teleworkers have been supplied.

“Home teleworking could be defined as the use of telecommunications to partially or completely replace daily commuting to and from work” (Heinonen et al., 1997).

“Telework occurs when paid workers carry out all, or part of, their work away from their normal places of activity, usually from home, using information and communication technologies” (Eurobarometer, 1999). 

The ECaTT report contains a more detailed classification of different types of teleworkers. The report defines home-based teleworkers as those who work from home, instead of commuting to a central workplace, for at least one full working day per week, use a PC and other telecommunications links during work at home, either being salaried or self employed, distinguishing permanent teleworkers (more than 90% of their overall working time) from alternating teleworkers (less than 90%). Those who spend less than one full day teleworking from home per week are called supplementary teleworkers or occasional teleworkers (sort of part time teleworkers).

6.2
Recent aggregate trends

6.2.1
The shift towards services

More than thirty years ago Fuchs (1968) wrote its path-breaking study on the “service economy”. Since then, service employment has continued to grow and now accounts for three-quarters of jobs in several OECD countries (OECD, 2000). 

Those trends are confirmed from Chart 10 below, showing the average share of service employment in the EU and in the 30 selected cities.

Chart 10: Service employment: trends at EU and urban level
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Source: Cambridge Econometrics
Service share of employment has grown steadily over the last 20 years both in cities and at EU level. As expected, employment in services is particularly concentrated in cities. However, the difference between the share of service in urban regions and overall level has somewhat decreased (from 8 to 6pp, shown on the right axis). 

Chart 11 shows the percentage change in service share of employment over 1980-1998 against the share in 1980 for the 30 selected cities. All cities have seen the service share of employment increasing over the last 20 years. However, there are strong differences. In particular, cities that had a lower share of service employment in 1980, such as Thessaloniky, Milano and Lille, have seen the biggest changes. On the other hand, cities already specialised in services, such as Bruxelles, have seen smaller changes. This confirms the findings of OECD (OECD, 2000): the service share of employment has grown fastest in the countries were it was lower, determining over the 1980s and 1990s a convergence in the share of service employment to total employment across countries.

Chart 11: Convergence in service employment 
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The service sector is not a homogenous sector. It is conventionally disaggregated in four subsectors: producer services (such as financial, business and professional services), distributive services (retail and wholesail trade, transport and communication services), personal services (hotels, bars and restaurants; recreation amusement and cultural services, domestic and other personal services) and social services (government proper, health and educational services). Employment growth has not been similar across subsectors. Elfring (1992) analyses growth trends in the subsectors in France,  Germany, Japan, the Netherlands, the UK and the US. Producer services, the smallest subsector in 1960s have seen the fastest growth and has nearly doubled its share between 1960 and 1990. On the contrary, distributive services has remained substantially stable. Personal services the pattern varied significantly across countries, but the overall trend was of a very modest growth after 1970. Social services were the fastest growing, becoming the largest subsectors soon after 1970. Those findings have been broadly confirmed by a recent survey of OECD (2000). In particular, Producer services have been the most dynamic, exhibiting a sharp increase in most OECD countries in the late 1990s. Employment share of social and personal services also increased, but the share of distributive services have been stagnant. “On average, one-third of service employment is now concentrated in distributive services and another third in social services. The rest is equally distributed between producer and personal services” (OECD, 2000).

6.2.2 
The use of teleworking

In 1998 the European teleworkers were over 4.5 million, corresponding to 3% of the workforce (EC, 1998), while the target of the Commission was to create 10 million teleworking jobs by the year 2000 (Heinonen et al., 1997).

According to the EcaTT project, which monitors the growth of e-work and e-commerce, in 1999 this amount had reached 9 million. The figure is disaggregated into 2.9m are regular home-based teleworkers, 3m are supplementary teleworkers, 2.3m belong to the group of mobile teleworkers and 1.4m are self-employed teleworkers working in SOHO (small office, home office). 

Percentage of people on teleworking varies consistently between different European countries and ranges from 16.8% in Finland to 2.8% in Spain (total figure, including supplementary teleworkers).

In the United States in 1992 there were 2 million telecommuters telecommuting an average of 1-2 days per week. The forecasts of the Department of Transportation
 say that by 2001 the number will increase to 7.5 to 15 million, and that these workers will telecommute an average of 3-4 days per week (OTA, 1995).
Statistics say that 13% of computer users telework at least one day per week and that the percentage of male teleworkers is higher (14,0%) than the percentage of female (12,5%). Telework is then more widespread among managers (19% of users). 

Teleworking is expected to increase in the next years, as it has been considered in one of the main challenge to pursue through the Lisbon strategy: in order to raise employment rates to as close as possible 70% in 2010, the Social Partners, the Member States and the private sector are invited to improve flexibility patterns, such as telework.
6.3
Driving forces behind the change

6.3.1
Driving forces and policies behind the shift to services

The potential causes of the rise over time of service share and of differences across countries can be classified into three groups: the rise of income, lagging productivity in services and a exogenous shift in the demand for services. Fuchs (1968) found that lagging productivity has been the most important factor driving service employment growth, with smaller contribution from exogenous demand shift (such as outsourcing). Very little or not role was attributed to rising income (Inman, 1985). 

If productivity trends are the central causes of changes in the service share of employment, all countries should experience a similar evolution over time, assuming that technology changes spread quickly worldwide. However, some researchers have stressed the importance of exogenous demand shifts determined by the rise in female participation rate to the labour market, the expansion of the welfare state or other cultural and institutional factors. Moreover, there are evidences that ICT and changes in business organisation are creating demand for new or higher quality services that are being met with innovative products. “Whereas past growth in service employment may have resulted primarily from a combination of lagging service-sector productivity with a stable output share, there may now be stronger demand shift towards certain dynamic services” (OECD, 2000). 

OECD, 2000, investigates the causes of the significant international and intertemporal differences in the level and composition of service employment. Investigation is carried out with panel estimates that take into account both across countries and over time variations (OECD, 2000). GDP per capita and lagging productivity in services appears to be the main determinant of service share in total employment. 

As expected, the service share of employment also increases with female participation rate and the size of the welfare  state (affecting the composition of final demand). Stricter employment protection is associated with lower service share of total employment, as expected if we suppose that service jobs are characterised by higher flexibility. Not significant relationships exists between the service share of employment and, respectively, the average tax wedge, product market regulation and earning compressions.

In particular, GDP per capita has a stronger effect on producer and social services than for personal and distributive services. The positive correlation between GDP per capita and share of social services suggests that social services are types of luxury goods demanded by consumers, while the positive correlation of GDP per capita with producer services is likely to reflect greater intermediate demand of services in developed economies. Stricter regulation reduces the employment share of producer services, suggesting that flexibility is more important for this subsector. Finally, the positive association between the overall employment share of services and female participation and the size of the welfare state mainly come through their impact on social services.

6.3.2 
Driving forces and policies behind the increasing use of telework

Development of teleworking is driven by the development of ICTs and by the development of services that can be produced and delivered electronically. The necessity of face-to-face interactions in most services with high skills content reduce the possibility of teleworking.

The early 1990s were characterised by a strong emphasis on feasibility and by the exploitation of business cases that use telework. 

Moreover in these years there has been a strong political initiative in promoting telework as a mean to foster economic competitiveness (EC, 1993). 

In 1993, the European Commission set the priorities
 for the coming years to prepare Europe for the new form of Information Society; the Action Plan
 adopted the following year identified telework as the first of ten applications to launch the information society. In the same year the Commission initiated a set of explorative research
.

In order to ensure a strong outreach, in 1998 DG XII, in close collaboration with DG V, developed a European Telework Agenda in which are described a series of key events spanning the spectrum of telework issues. The Agenda aim at “maximising the combined effect of European research efforts together with the support available for structural change (especially through the European Social Fund measures such as the ADAPT Programme), as well as with the impacts of activities related to employment legislation and employment practice” (European Telework Online, 1999).

A recent survey by EcATT (EcATT, 1999) shows that most important barriers to diffusion of telework are the following (in order of importance, according to the percentage of establishment that reported the problem:

· data security problem

· productivity and work quality

· insufficient knowledge managers

· difficulties managing teleworkers

· lack of pressure for change (less important than in the 1980s)

· costs for technological equipment (less important than in the 1994 survey)

· problem organising communication (less important than in the 1994 survey)

· health, safety, insurance and legal problems

· employees would not want

· resistance from trade unions (more important in France, Spain and Italy)
6.4
Likely impacts on traffic and the environment

6.4.1
Shift towards services: likely impacts on traffic and the environment

Service and manufacturing activities have different requirements in terms of land, natural resources and intermediate inputs, working times, skills of the workforce. Therefore, their impacts on traffic and the environment is likely to be very different.

In particular, the service sectors (excluding retail and wholesale distribution) show, with respect to manufacturing, the following differences that may have consequences for traffic and the environment:

· service sectors consume less natural resources and less material inputs. Manufacturing involves transformation of natural resources and intermediate inputs into final goods, using energy and  labour. Services are more labour intensive. As a results, the impact on the environment of the economic activity per se (in terms of emissions and natural resources consumption) is likely to be smaller in services. Also, services do not require transportation of intermediate inputs and natural resources to the place of production: freight transport demand is likely to be reduced.

· goods are tradeable over long distances, services are not tradeable. This is a standard assumption in applied economic analysis and holds true for most services, such as personal and social services. Most services require physical contacts between customers and place of production (hairdressing, personal care, traditional education, law services). Freight deliveries of goods are “substituted” by passenger transport. However, an increasing share of services (software, consultancy, films) can be delivered to long distances using ICT without involving physical transportation.

· service sectors require more firm-to-firm interactions, increasing the mobility requirements per unit of personnel employed.

· service sectors allows more flexible working times. Organisation of time in traditional manufacturing firms is rigid. Services require more flexibility, as confirmed by the empirical investigation discussed in Section 6.2. Organisation of time in cities is likely to change affecting in turn the distribution of traffic over time.

· service sectors require less land.  This has important consequences for the land use of the city and the form of the city itself. It will be discussed in more detail in Chapter 8.

6.4.2
Shift towards teleworking: likely impacts on traffic and the environment

The understanding of how cities economic structure is changing is very important while trying to forecast future urban transportation patterns. The Environmental Energy Agency recognised that “the effect of growing demand for transport is now difficult to assess, because the development of information technology may radically alter travel patterns” (EEA, 1999). 

In fact, information technology and telecommunications are expected not only to have a great influence on passenger and freight travel demand, but also to bring important changes to urban systems, that will radically change patterns in terms of distances travelled and vehicles used.

The progress towards a more high technology/service society is expected to have positive impact, with teleworking, on passenger urban travel to work, that is to diminish, and thus on congestion and pollution.

These benefits could be offset by the action of new drivers that could use the space freed up by teleworkers and by the shift of travel demand in different hours or to different destinations, due to the time freed up not travelling to workplaces.

Negative impacts are also expected to come from the new urban spatial development patterns due to this reduced mobility for work.

Last but not least telework might have negative effects on other measures implemented to improve the urban transportation system, such as car pooling: “car pools may dissolve if teleworkers drop out” (Heinonen et al., 1997).

Teleworking: travel demand and miles travelled

The main impact expected from the growth of teleworking on the urban transportation is on travel demand; many believe that telecommuting can have positive impact on travel but the question is ‘how much of an impact, and what the indirect and system wide impacts will be’.

“Some argue that metropolitan regions and society will benefit from widespread telework because of the reduction in traffic congestion, pollution and energy use” (OTA, 1995).

“Optimistic views expect that teleworkers will help ease up traffic congestion, by reducing commuting” (Heinonen et al., 1997).  In fact “there is potential for telecommunications to displace trips, particularly when teleworking or teleconferencing are substituting for a long commute” (Gillespie et al., 2001).

The UK Automobile Association (AA) has been investigating the potential for its call-centres staff to work from home full time; the study revealed “a reduction in travel distance that when aggregated amounted to a reduction in annual car-mileage by an average of 3930 miles per person per year, ranging from 1000 to 65000” (Hopkinson et al., 2000).

A study of the Management Technology Associated (MTA), conducted in 1994 on 100 employees becoming commuters, found an average net reduction of 113 miles per week (approximately 5000 miles per year) (Hopkinson et al., 2000).

The TWIST project, run by BMW in Germany, found that it is possible to achieve an average of 1,7 days a week of home based teleworking and that this allow a travel distance saving of 400 miles/month per person, and a time saving of 11 hours per month ”(Hopkinson et al., 2000).

In the United States, the Department of Transportation has estimated, in 1993, that by 2002 telecommuting could save 2.3% to 4.5% of annual passenger-vehicle miles travelled for commuting, that is about 0.7% to 1.4% of total annual passenger-vehicle miles travelled. 

“Even though the net effect of telecommuting on traffic congestion appears relatively small compared to the total vehicle miles travelled, small reductions in the number of vehicles on highways can have great effect on congestion when traffic is at saturation” (OTA, 1995).

New drivers

From a more critical stance, the interactions between teleworking and physical transportation are less simple; clearly in the short term a reduction in distance travelled due to teleworking will reduce environmental impact. 

Though, “human beings are very flexible and given an opportunity – such as the freeing of time or financial savings created by teleworking – will adapt their behaviour to it. This has been made clear by research into the impacts of new roads on congestion” (Hopkinson et al., 2000).

The space freed up by telecommuters could not remain free as it could be used by others (ie, family members who normally resort to the bike, the buses etc. may start to use the car of the home working member of the family or others who previously avoided driving because of excessive traffic congestion will begin driving) (Heinonen et al., 1997; OTA, 1995) or by the same people telecommuting not more to go to work but for their leisure time.

In the latter case it will be a shift of the travel demand in different hours and to different destinations. 

“Even if the percentage of the population telecommuting were to increase, research evidence tends to indicate that new drivers would respond by filling the new capacity made available to them” (Gillespie et al., 2001).

Initially the additional capacity helps reduce congestion but original benefits diminish greatly with time because, as said before, people take advantage of the ‘free space’ created by undertaking new, or changing the pattern of existing, journeys (Hopkinson et al., 2000).

Urban structure

Telework has the potential to change the urban structure and the use of land within the cities. Those effects are discussed in Section 8.3.
6.5
The construction of the interval

This section defines a set of values for the variables of interest at 2030 that will be used for the simulations. Suggested changes for service share are derived from the analysis of recent trends in Section 6.2. More realistic scenarios can be obtained by estimating the expected change as a  function of the initial share. This would allow some “convergence effects” to be taken into account. It is more difficult to construct an interval for the growth of teleworking. A helpful assumption is that teleworking represents the “high” part of the service sectors and likely to develop exponentially more the faster is the shift towards services.

· Fast-change scenarios: share of service employment increases by 20pp over 2000-2030; share of home-based teleworking equal to 70%. In this scenarios, the service share of employment in some cities will reach 100%. This change corresponds to the expectations if past trends continue. 

· Slow-change scenarios: share of service employment increases by 5pp over 2000-2030. Share of home-based teleworking equal to 15%.

7.
technological changes: towards cleaner technologies

The effects of traffic  on the environment has been the subject of many in-depth analyses. At European scale road traffic is responsible for more than two-thirds of air pollution and for a noise pollution level that causes damage to the health of more than 10% of Europe's population (European Commission, SCENARIOS C6, 1999). At the city level these phenomena are much more emphasised and considerably affect human health. In the last years a wide range of technological and policies measures have been explored, at European and national level.

7.1
Definition of the issues

A limited set of parameters has been identified that characterises urban transport system and analyse their effects on urban environment and population health. The variations of such parameters have to be capable of explaining changes in urban development as well as capable of representing future alternative urban scenarios. A practical criterion applied to the parameters identification consisted in taking in particular consideration those parameters capable of being modified exogenously for the most part of the models applied in SUTRA. 

These are:

· Passenger car occupancy rate. 

· Modal share: public and private transport.

· Information Technologies in traffic control and management.

· Penetration rates of new vehicle propulsion technologies. 

7.1.1 Passenger car occupancy rate

A range of policy meassures  exists for reducing the number of vehicles in particular passenger cars. A class of policies aims at increaseing the number of passenger per vehicle through different measures such as, for example: car-pooling, car sharing, improving High Occupancy Vehicle (HOV) lanes and indirectly road pricing.  In particular we considered the urban peak passenger car occupancy rate expressed in terms of number of passenger per passenger car. 

One of the major and most up-date source of information, used in this project also for urban occupancy rates, is the Auto Oil Programme II (AOPII). The aim of this broad programme is “to make an assessment of the future trends in emissions and air quality and establish a consistent framework within which different policy options to reduce emissions can be assessed” (European Commission, The Auto-Oil Programme, 2000).

Within the AOPII - Cost-effectiveness Study Part III - nine case studies corresponding to nine European countries were carried out to identify national transport base cases regarding main technical and economic characteristics of vehicles, fuels and their emissions. Quoting AOPII, in ten European cities by the year 2000, passenger cars occupancy rate for peak hours range from 1,1 pass. per car (the German cities: Berlin and Cologne) to 1,54 (Madrid) while for off-peak hours the range vary from 1,37 to 2,2  (Madrid) pass. per car. The average EU9 urban occupancy rates in the year 2000 for peak and off-peak hours were respectively 1,26 and 1,71 pass. per car.

Figure  1Urban Passenger car occupancy rate in 2000

Source: AOPII Cost-effectiveness Study Part III: The Transport Base Case

7.1.2
Modal share: public and private transport

First of all, it is necessary to identify which are the urban traffic categories to be addressed. Passenger transport have been grouped in two main sub-categories: private and public transport, according to the table represented below. Auto Oil Programme II (AOPII) and CORINAIR/SNAP road vehicles classification have been referred as the fundamental references for this section, however UN-ECE and IPCC road vehicles categories have also been considered.

Figure  2 – Public and private passenger transport categories 


Private Transport
Public Transport

Passenger Transport



Non motorised
· Walking

· Bicycle


Motorised
· Passenger Car

· Taxi*

· Motorbike
· Tram 

· Subway 

· Bus**

· Train

* . Taxi belongs to public transport, but it works and has effects like private transport

** Bus category contains also coaches (inter urban buses) and minibuses

We assume that water transport is negligible in an urban context both for private and public transport. 

For private transport a further sub-classification has been applied: motorised and non-motorised transport. Non motorised traffic, walking in particular, may be marginal in terms of distance travelled and of other indicators such as energy consumption, emission factors, etc. but not in numbers of trips  which very often are not recognised and recorded.

In private passengers cars Diesel, Gasoline, LPG and new technologies vehicles are considered. Taxi is a particular case: in principle it belongs to public transport, but it works and has effects like private transport, and therefore it has been treated as a part of private transport while urban and extra-urban bus and coach have been inserted in the public transport category. 

Measures, which aim at shifting transport demand from private transport to public transport, are amongst the most efficient way of decreasing road emissions and, at the same time, of reducing traffic congestion in cities. Therefore public and private transport shares has been considered as a lever for the SUTRA purpose of comparing different future scenarios. In most cases, shares regarding non motorised transport such as bicycle and walking are not often monitored and they are considered in the ”Other private” category. In the year 2000 the average urban public share in passenger transport for ten European cities was about 30% with a minimum and a maximum share which range from 10% (Utrecht) up to 38% (Madrid).

Figure  3 – Public and private modal shares in 10 European cities in pass. Km by the year 2000

2000
Milan
Berlin
Cologne
Lyon
Helsinki
Athens
Dublin
Utrecht
Madrid
London

Public
14%
26%
21%
48%
27%
35%
32%
10%
38%
35%

Private Cars
82%
67%
72%
48%
67%
55%
62%
73%
56%
64%

Other Private
4%
7%
7%
4%
6%
9%
5%
17%
6%
1%


Source: Elaboration from AOPII Cost-effectiveness Study Part III: The Transport Base Case

In this project, referring to Figure 3, for private passenger share it was considered together not motorised transport and private motorised transport other than cars (i.e. motorcycles), because their total average contribution, in terms of pass km (see Figure 3), is less than 10% and often non recorded, although not-motorised transport has a considerable importance in terms of number of trips as shown in figure 5. 

The following three figures show also how private transport considerably increase its share considering respectively the number of vehicle per km (Fig. 4) or the number of urban trips per person per year (Fig. 5) and the number of trips to work (Fig. 6) rather than the number of passengers per km (Fig. 3). 

Figure  4 – Urban vehicle shares in vehicles per km by the year 2000


Figure  5 – UK modal shares express in number of journey per pers. per year 
Journey per pers. Per year
Walk
Bicycle
Car 
Motorcycle
Bus
Underground, rail
Other public

1996/98
27%
2%
61%
1%
6%
3%
0%

Source: Journey per person per year – UK – National Travel Survey 1996/98

To provide an example, public transport in Great Britain accounted for 9 per cent of journeys and 14 per cent of the total distance travelled by residents in 1997-99 (Fig. 6), including private hire coach travel and air transport. 

Figure 6 – Private and public shares expressed in number of trips to work per person per year 

Area of workplace

Private Transport

 
Public Transport



Car, van, minibus
Motor-cycle
Bicycle
Walk
Private share
Bus, coach
National  Rail 
Other rail
Public share

All Regions

70
1
3
11
86
8
4
2
14

London

43
1
2
9
56
11
18
15
43

Central London

13
2
2
4
21
9
39
30
79

Rest of Inner London
40
2
3
11
56
13
13
17
43

Outer London

67
1
2
11
80
11
5
3
19

 Greater Manchester
73
*
3
10
85
10
2
*
13

Source: UK – National Travel Survey 1996/98 – Modal shares in travel to work

According to the Auto-Oil Programme, public and private shares are expressed in terms of pass. per km
7.1.3 Information Technology  in traffic control and management.

The spreading of Information Technologies - IT - in the last few years have bought also in the transport sectors its effects. Research institutes, car and IT industries have been working to develop advanced transport telematic technologies to provide travellers with complete information on traffic and on route selection in real time. The use of Information Technologies for regulating, directing and restricting travel is also commonly known as Advanced Transport Telematics (ATT). ATT, characterised by electronic communication and the use of computers for automatic data collection, is mostly used to improve transport flowability and to curb road emissions. Systems for driver information and route guidance, parking information management, congestion and incidence detection fall within the first goal while automatic monitoring and debiting for road pricing fall within the second one. Monitoring networks on urban traffic such as incident detection, intersection control and parking control are useful instruments to minimise congestion and travel time. 

Navigation and guidance applications are among the most studied and applied technologies for transport management, usable by drivers to reduce travel time and, at the same time, increase global traffic efficiency. They are a number of instruments of different technological complexity, which support in route guidance and navigation. They range from the simpler automated road atlases to dynamic and autonomous route guidance taking into consideration real-time traffic conditions. Technical solutions are now being submitted to the law of nature. Only a small selection will survive and supply new functionality to users. Big equipment and car manufacturers will play the most determinant role in fostering specific solutions on the mass market.

A coherent chronology proposed within the “Potential of new technologies in transport scenarios alternative  technologies” study (European Commission, SCENARIOS C3, 1999), is the following:




Figure 7 - Implementation of telematics functions in Europe

Time span
Significant function implementation in Europe

2000- 2010
traffic information, guidance, location

2000-2010
Pre- trip information for public transport users

2010- 2020
On- trip/ real time information for public transport users

2010- 2030
Driving assistance and vehicle automation in specific conditions

2020- 2040
total automatic control on highway

2020- 2050
Probable reconfiguration of the private- public transport system*

Futuristic
total automatic control in any situation

Source: SCENARIOS C3 Potentials of New Technologies in Transport Scenarios Alternative Technologies – Intermodality –  Telematics & Information Technologies 1999

In brief, the Information Technologies applications to introduce in SUTRA scenarios are:

· Incident and congestion detection

· Monitoring network for urban areas traffic control

· Parking management

· Navigation and guidance applications

Telematics will be implemented in SUTRA throughout the application of the transport model VISUM.


7.1.4
Penetration rates of new vehicle propulsion technologies

In the road sector many vehicle technologies and alternative fuels have been studied in a wide range of European studies (Christensen, 2000; EC, A technical Study on Fuels Technologies related to the AOP, 2000; EC, SCENARIOS C3, 1999; Oak Ridge National Laboratory and Berkley, 2000; Joumard, 1999; Samaras et al., 1998). For many years alternative fuels - such as Liquefied Natural Gas (LNG), methanol, ethanol, biodiesel and DME - have been analysed from a technical an economic perspective. However, the lack of effective policy measures, the uncertainty of road vehicle industries and oil companies in introducing such changes in their production strategies made the market penetration of these technologies extremely slow in the last years. For this reason it was assumed to consider in SUTRA common scenarios only new vehicle technology (Journard, 1999; Oak Ridge National Laboratory and Berkley, 2000; Samaras et al., 1998). Regarding Electric Vehicles – EV- , Hybrid Electric Vehicles – HEV - and Fuel Cell Electric Vehicles – FCEV -, several studies highlight how it is difficult to identify the real environmental performances of these technologies shifting from prototypes to vehicles availability on the market. Nevertheless some attempts in assessing the emission factors of such technologies show how emissions considerably decrease for HC, Nox and CO with respect to traditional fuels (Samaras et al., 1998). This three are among the most promising and studied technologies and their penetration rates in fleet car composition have been selected as one of the four levers for technological scenarios.

7.2
Recent aggregate trends
7.2.1 Passenger car occupancy rate

The most comprehensive source at present is the Auto Oil programme II. AOPII data, provided for ten European cities, show how, for the last ten years, the average EU9 trend consists in a very slow change towards a reduction in number of passengers per car despite of a considerable oscillation across cities from 1,28 to 1,88 pass. per car. The following graph shows how this decrement is a little bit faster for cities like London and Milan and do not depends, in absolute terms, on the number of pass. per car.

Figure 8 –Average urban occupancy rate in 10 European cities from 1990 to 2000

#pass/pass. Car
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

Milan
1,489
1,483
1,477
1,472
1,466
1,461
1,461
1,461
1,461
1,461
1,461

Berlin
1,278
1,281
1,279
1,278
1,277
1,279
1,278
1,278
1,279
1,278
1,278

Cologne
1,278
1,281
1,279
1,278
1,277
1,279
1,278
1,278
1,279
1,278
1,278

Lyon
1,652
1,657
1,654
1,652
1,651
1,653
1,653
1,653
1,653
1,653
1,653

Helsinki
1,414
1,410
1,293
1,292
1,293
1,292
1,292
1,292
1,292
1,292
1,292

Athens
1,463
1,463
1,462
1,462
1,462
1,462
1,462
1,462
1,463
1,463
1,463

Dublin
1,368
1,368
1,368
1,368
1,368
1,368
1,368
1,368
1,368
1,368
1,368

Utrecht
1,613
1,613
1,612
1,612
1,612
1,611
1,611
1,611
1,610
1,610
1,610

Madrid
1,890
1,888
1,885
1,882
1,881
1,884
1,882
1,882
1,882
1,882
1,882

London
1,624
1,617
1,609
1,609
1,603
1,602
1,596
1,588
1,580
1,572
1,563


Source: AOPII Cost-effectiveness Study Part III: The Transport Base Case year 2000

The average car occupancy rate, calculated on 10 medium/large-sized European cities, shows a slight decrease over time, which started to be constant from 1992 up to now; the current rate for 2000 is 1,485 pass per car.

Figure 9– Average urban passenger car occupancy rate from 1990 to 2000


Source: Elaboration from AOPII The transport base case

7.2.2 Modal share: public and private transport

Past trends in public transport share based on ten cities across Europe present very little oscillations over the last ten years. The average urban public transport shares from 1990 to 2000 vary by 2% (Fig.10) and at present is approximately 30% in terms of passenger per km. In the last ten years both in terms of number of trips per persons (Fig. 14) and in terms of passengers per km (Fig. 10) figures show a quite steady condition. 

Figure 10 – Average modal shares in 10 European cities from 1990 to 2000

Source: Elaboration from AOPII The transport base case

Another source, the green paper ‘The Citizen’s network’, illustrates that in 1993 in Europe the average share of public transport over 15 countries was 15 %. To understand this value it should be noted that it is referred to a national based condition (urban + extra-urban) and it also considered air transport.

Figure 11– Average EU15 Modal shares in pass per km by the year 1993

Modal split based on PKM EU 15 1993 national statistic





Car
Walking
Bicycles
Railway
Tram &metro
bus
air
other

75
3
1,5
6
1
8
5
0,5

Source: Green paper THE CITIZENS’ NETWORK



Due to the comprehensiveness and to the long monitoring period, the UK and London transport statistic (Transport Statistic Bulletin, 2000) have been used as guiding reference for this section. As an example, the analysis of the last decade trends for London modal shares, based on passenger per km, is also presented. Private transport seems to be rather constant and characterised by sharp oscillations according to the UE9 average. In general all the ten EU city shares had not strong variations over the average for the last 10 years.

Figure 12 London modal shares in terms of passenger per km


Source: Elaboration from AOPII The transport base case
In the previous decades from 1955 to 1980 in UK, public shares in terms of number of trips per persons show a decreasing trend while in the last decade, according to AOPII data set, the tendency is a substantial steady condition as shown in Figure 13.

Figure 13– UK modal shares past trends in number of trips per person

Private Transport
Public Tranport


Bus& Coach
Rail
Car, Van & Taxi
Motorcycles
Pedalcycle


%
%
%
%
%

1952
42
18
27
3
11

1953
41
17
29
3
9

1954
40
17
31
3
8

1955
38
16
35
3
8

1956
36
16
37
3
7

1957
34
17
38
4
7

1958
31
16
44
4
5

1959
30
15
46
4
5

1960
28
14
49
4
4

1961
26
13
53
4
4

1962
25
12
57
3
3

1963
23
12
59
3
3

1964
21
11
63
2
2

1965
19
10
66
2
2

1966
18
9
68
2
2

1967
17
9
70
2
2

1968
16
9
72
1
1

1969
16
9
72
1
1

1970
15
9
74
1
1

1971
14
9
75
1
1

1972
14
8
76
1
1

1973
14
8
76
1
1

1974
14
8
76
1
1

1975
14
8
76
1
1

1976
13
7
77
2
1

1977
13
7
77
1
1

1978
12
7
78
1
1

1979
12
7
77
2
1

1980
11
7
79
2
1

1981
10
7
80
2
1

1982
10
6
81
2
1

1983
9
7
80
2
1

1984
9
7
80
2
1

1985
9
7
81
1
1

1986
8
7
82
1
1

1987
8
6
83
1
1

1988
7
6
84
1
1

1989
7
6
85
1
1

1990
7
6
85
1
1

1991
6
6
85
1
1

1992
6
6
86
1
1

1993
6
5
86
1
1

1994
6
5
86
1
1

1995
6
5
86
1
1

1996
6
5
86
1
1

1997
6
6
86
1
1

1998
6
6
86
1
1

1999
6
6
86
1
1

Source: Transport Statistics Bulletin – A Bulletin of Public Transport Statistics 2000

Figure 14 UK Public and private transport shares from 1952 to 1999






Source: Transport Statistics Bulletin – A Bulletin of Public Transport Statistics 2000

7.2.3 Information Technology in traffic control and management.

At present there are no realistic quantitative forecasts about the impact of telematics on transport flows in terms of traffic data in 2020 or even 2010 perspectives, although some studies highlight a constant and fast evolution on the telematics sector. There are uncertainties about the technologies to be chosen but the growing trend is not going to decrease. The improvement of the actual information system is one of the most promising potentials concerning the technical development also in the transport sector (European Commission, SCENARIOS C3, 1999). 

Despite this substantial lack of a comprehensive and established knowledge on the impacts of IT and telematics on urban transport, a limited number of studies analysed the effectiveness of some telematic applications and their effects. Dealing with parking information management, for example, it was found that information on nearer parking places would reduce traffic congestion of 2% while, regarding incident detection, a monitoring network would decrease congestion by the 10% (Christensen et al. 2000). Furthermore, dealing with navigation systems and guidance applications for route selecting, different studies (Perret & Stevens, 1996; Shladover, 1993) estimated that wasted travel distance due to navigational errors range from 1,75% to 20%. This time is expected to be saved in the next years by the fast spreading of these advanced telematic instruments.

7.2.4 Penetration rates of new vehicle propulsion technologies

Overall the total share for EV, HEV and FCEV have been less than 1% in terms of pass. per km (Journard, 1999). 

Hybrid electric vehicles are already circulating in Europe as well as in other part of the world: Toyota introduced in Japan a sophisticated hybrid sub-compact auto: the ‘Prius’ and is introducing a version into the U.S. market; Honda has introduced its two-seater Insight hybrid in December 1999 and Ford, GM, and Daimler/Chrysler all have hybrids in advanced development (Oak Ridge National Laboratory and Berkley, 2000).

Regarding Fuel Cell technologies for cars, Ford and Daimler/Chrysler announced their intention to introduce such vehicles by the 2004. Nissan has announced plans to introduce a methanol-reforming fuel cell vehicle in the Japanese market between 2003—2005. General Motors Europe announced that it will have a fuel-cell-powered car ready for the European market by 2004 and finally Renault is planning a 2005 introduction date for its fuel cell car (Oak Ridge National Laboratory and Berkley, 2000).

7.3 Driving forces behind the change

7.3.1 Passenger car occupancy rate

The decreasing trend of passenger car occupancy rate in European cities, in particular in large cities, can be explained through the analysis of some issues, which contribute to this change. 

The driving forces that mostly increase the urban occupancy rate are:

· tightening of local traffic regulations - car-pooling, car sharing, High Occupancy Vehicles lanes;

· the improvement of taxation policies on fuels and private car circulation and parking (road pricing, car-park pricing);

· the development of more efficient and cost-effectiveness public transport systems.
On the contrary the phenomena which bring to a decrease of the occupancy rate mainly consist in:

· the increase of smaller family and the increase of singles and divorced people specially in large cities;

· the increment in the number of cars bought per person, due to the foreseen rise of income;
· passengers attitude towards more freedom in transport.
This last sociologic-based consideration can be founded on a broader reflection on values, which are slightly spreading and influence habits especially in large cities. A materialist and individualist behaviour can be translated in the need for more independence and freedom also in transport. This attitude can imply less capacity to “share” vehicles (European Commission, SCENARIOS C3, 1999).

7.3.2 Modal share: public and private transport

Many driving forces behind the modal split between public and private transport are quite similar to those ones identified for the occupancy rate. Local and national private transport regulations, aiming at de-incentiving road transport through a tightening of car-parking costs, fuel taxes and road pricing, represent one of the most relevant levers to change travellers preferences. 

Another relevant issue refers to the development of new strategies for public transports enlargement and optimisation, which enhance technical improvement (new technologies vehicles more efficient and safer) and a more effective and competitive pricing system. The considerable rise of car number in Europe is also an important item to be addressed dealing with public and private shares. This growth induces a notable increase in number of passenger per km using private transport and even more in terms of number of car trips.

Finally a last driving force, which highly influences this parameter, is the passenger behaviour in transport choice. Demand for freedom and flexibility in transport is growing. The availability of information about transport alternatives and traffic condition may influence passengers’ perception on transport modes efficiency and hence change their modal choice.

7.3.3
 Information Technology  in traffic control and management.

Information Technology is expected to have a considerable role in transport management in the next decades. Telematics will be used more to improve efficiency in public and private transport rather than in curbing transport emissions. Despite of this, 96/0164 (COD) “relating to measures to be taken against air pollution by emissions from motor vehicles and amending Council Directives 70/156EEC and 70/220/EEC” proposes, for the first time, to includes a requirement for motor manufacturers to fit on-board diagnostic systems to new cars so that the driver can be informed if, for any reason, the emissions reduction technology breaks down. The general availability of information on traffic flows, car-parking, congestion and accidents conditions through monitoring networks in cities is expected to allow a complete knowledge on traffic condition in real time. The relatively technological low costs for collecting such information and for processing and transforming these data in sequences of instructions, represent one of the most important reason for the broad and growing use of IT in the transport sector.

7.3.4 
Penetration rates of new vehicle propulsion technologies

The most relevant issues to evaluate the need for new technologies penetration in transport sector can be technological efficiency; market requirements, local and national regulations (i.e. economic incentives for cleaner technologies) and purchaser attitude towards new technologies. 

In particular the issue of deployment and application of new technologies require the consideration of the following points (European Commission, SCENARIO C3): 

· timescale for deployment (short term / long term)

· technological feasibility

· economic viability and public/private partnership

· planning and synergy in transport system

· environmental conservation, quality of life and social acceptance.
More than for the other parameters the penetration of new advanced technologies is linked and strongly guided from the European and international policy measures supported by technical and economic studies (Auto Oil I and II, EPEEFE, etc.). The envisaged regulations will heavily influence on the magnitude of the market penetration of new technologies and on the speed of this process.

7.4 Likely impacts on traffic and the environment
7.4.1 Passenger car occupancy rate 

The desired effect of applying urban transport policies for car users is to curb the number of passenger vehicles in cities to improve traffic flows, efficiency and to reduce emissions.  The applied or nearly to be applied policies regard mainly car sharing, high occupancy vehicles lanes, road pricing and car-pooling. Quantitative evaluations of the induced effects of such policies on traffic and environment are quite rare and not uncontroversial.

A study from Los Angeles, cited by a literature survey (Sandelein, 1991), found that 4% of drivers started travelling together after the introduction of HOV lanes. The same literature survey found that Transport Demand Management (TDM) could reduce the number of people driving on their own by 5-10%. 

Road pricing has the direct effects of reducing the amount of travel due to the increased cost of travel. The indirect effects consist in supporting the introduction of other features, in increasing the number of passengers per vehicle and in encouraging teleworking and telecommuting.

Dealing with car-pooling, the OECD project Environmentally Sustainable Transport (EST), 2000, estimated that the potential for reducing traffic is not large: “car-pooling is probably more a means to reduce the number of cars and therefore to reduce CO2 emissions from car production than a means to reduce amount of driving”. 

More in general the same study assumed that initiatives to increase the urban occupancy rate would reduce the number of cars trips and distance driven by no more than 2%. 

7.4.2 Modal share: public and private transport 

Public transport is one of the sectors in which European policy measures have the major delay in their implementation. This delay and its consequent effects are hardly expected to be overcome in the short period. 

“It is probable that the deregulation of public transport will continue, because of liberalisation policy objectives and also due to the increasing scarcity of public resources, inevitably resulting in the need to cut costs by cutting subsidies. Very probably, this reduction will be achieved through the increased involvement of private firms in the management and operation of public transport” (European Commission, SCENARIOS C6, 1999).

Therefore, being the public transport subsidies likely to decrease, tariffs and pricing will be further expanded for urban areas in order to shift demand towards modes which are more efficient in terms of pollution and energy consumption and to internalise the external costs.

Many measures have been and will be taken to shift passenger preferences towards public transport. Actions such as the application of parking charges and differentiated road pricing can often target the cost per kilometre for certain modes and therefore effectively influence modal choices (Auto Oil Programme II). Road pricing could be “a useful instrument both as a disincentive to car use and as a source of income; in this way road pricing provides an impulse towards a modal shift, as well internalising costs and of generating revenue for alternatives to the car” (European Commission, SCENARIOS C6, 1999).

Public transport priority systems represent another useful instrument applied in some European countries to drive the modal split. These experiences present different impacts on the overall transport network. A bus priority system in Italy produced an increase of journey time in the adjacent networks (mainly private cars) by 12%; Stuttgart light rail priority system has been shown to give a 50% reduction in delay to public transport with a little disadvantage to private vehicles; in Munich average delay of cars and queue length were reduced by 8% and 13% (Perret & Stevens, 1996). 

In the last decade, although all these measures are studied and in some cases even applied at urban level, modal shares have had very little variations: about 2% (AOPII) in 10 medium-large sized European cities. The future effects on environment and traffic of such policies are hardly to be envisaged in the long term. In the short term, at least, these measures do not seem to have a significant role in shifting modal shares as foreseen by Auto Oil Transport Base case. 

7.4.3 Information Technology  in traffic control and management.

As highlighted in the previous paragraph, there is a general scarcity of reliable forecasts for IT impacts on traffic sector in terms of environmental impacts and traffic management. Nevertheless the major benefits brought by the implementation of telematics are expected to come from improvements in transportation efficiency and flowability more than emissions abatement.

Dealing with parking information management, it was found that effects of information on nearer parking places would consist in traffic congestion decrement of 2%, while monitoring networks for incident detection would have the effect of decreasing congestion by the 10% (Christensen et al. 2000). 

Furthermore, Information Technology for navigation and route guidance is assumed to penetrate the market between 2005 and 2010 (Christensen, 2000) reducing the distance travelled due to navigational errors from 6% to 20% (Shladover, 1993).

“The introduction of telematics to improve the service level of all transport systems is making considerable progress, although extensive application will probably require many years”.

(European Commission, SCENARIOS C6, 1999).

7.4.4 Penetration rate of new vehicle propulsion technologies

The penetration of new vehicle technologies in European fleet compositions, differently from IT applications, influences more the emissions abatement rather than transport efficiency. Short-period trends for urban transport policy stress the role of “soft” policy measures like improving intermodality and information technologies rather than the development of new infrastructures or the introduction of alternative vehicle technologies to be supported through expensive incentives and subsides. Furthermore, a slow growing trend in the implementation of such cleaner technologies is forecast; more precisely, the penetration on the market of new technologies is envisaged by the SCENARIOS study (European Commision, SCENARIOS C3, 1999) between the year 2010 and 2050 (figure 20). 

In the following the potentials for new technologies for the year 2020 are presented, as proposed by the same EC study.

Figure 15 The potentials of new technologies for future transport scenarios (perspective 2020).
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Source: SCENARIOS C3 Potentials of New Technologies in Transport Scenarios Alternative Technologies 

From the traffic management point of view no particular enhancement are forecast due to the penetration of new vehicle technologies while from the environmental perspective a notable decrease in emission is expected from the implementation of such technologies. However such abatements in cities due to the use of new technologies, for example electric vehicles, are in some part, a relocation of emissions from cities to extra-urban sites (electricity production sites).  
A further conclusion of the Environmentally Sustainable Transport project (Christensen, 2000) is that “To achieve the goal of 80% reductions in CO2 emissions by 2030, replacing traditional technologies like petrol and diesel vehicles with electrical vehicles will probably be necessary.”

7.4 Issue in the elaboration of urban policies at international level
Concerning the achievement of sustainable mobility, European Union policies can be grouped into two main categories (European Commission, SCENARIOS C6, 1999):

i)
operations aimed at reducing private road traffic;

ii)
incentives provided in order to improve intermodal transport systems efficiency to compete with road traffic.

Transport policy in Europe appears to be characterised mostly by regulatory and organisational measures, rather than investment in infrastructure. 

7.5.1 Passenger car occupancy rate

Disincentives to car users is amongst the most explored and effective policy levelers which have a notable influence on the passenger car occupancy rate.

A number of actions are proposed in European strategies and national regulations to disincentive car users. Policy options include:

· incentives and prohibitions to increase the average number of passengers in private cars           (car-pooling)

· the application of tariffs to private cars in urban city centres, by automated control and debiting systems (road pricing)

· limitation and pricing of parking in urban areas, permitting parking places only  for residents and for interchange with public transport in areas on the outskirts

· construction of pedestrian areas and of zones of limited and selected traffic for residential areas

Some policies more directly aim at increasing the number of passengers per car (car sharing, car-pooling, High Occupancy Vehicles lanes), some others have more indirect effects like road pricing and car-parking pricing in selected traffic areas.

7.5.2 Modal share: public and private transport
The European Union policies, framed in the Fifth Program for Environmental Action and the Citizen Network green paper, together with many urban transport policies tend first to improve the urban traffic situation, and therefore the urban environment.  One of the most important measures suggested among these policies consist in the promotion of urban transport systems that give top priority to public transport, to pedestrians and to cyclists, providing suitable connections between the different stages of the trip. Policiy actions to disincentives cars users at urban level - such as construction of pedestrian areas and of zones of limited and selected traffic for residential areas - and intermodal transport measures also have considerable effects on modal choice. In particular, the Green paper on The Citizens’ Network promotes a greater use of public transport through the improvement of public and private investments aimed at informing and dissuading the public.

Ensuring efficient and effective alternatives to the private means of transport is also one of the prominent objectives outlined in the White Paper on the Future Development of the Common Transport Policy (CTP).
7.5.3 Information Technology  in traffic control and management

Regarding telematics and traffic management, some of the actions suggested in the EU policies consist in incentiving a more rational use of the private car, providing travellers with as much complete information on traffic condition (computer systems, traffic signals and vehicle navigation systems) as possible (Fifth program for Environmental Action and the Citizen Network green paper). This process was allowed and it is growing fast by the support of Information Technologies. The development of computers, telephones, and cable systems (“motorway telematics”) able to help mobility demand to diminish. IT in the transport sector will be applied also for the application of tariffs to private cars in urban city centres, by automated control and debiting systems (road pricing). Telematics in traffic sector will also play a role in the emission control of private transport. The proposed directive 96/0164 (COD) published by the European Commission as a result of the Auto-Oil Programme: “Relating to measures to be taken against air pollution by emissions from motor vehicles”, proposes, for the first time, to includes a requirement for motor manufacturers to fit on-board diagnostic systems to new cars so that the driver can be informed if, for any reason, the emissions reduction technology breaks down.

Furthermore, teleworking may also be a useful component of transport demand management strategies; by reducing the daily transport demand, it can make a contribution towards reducing traffic congestion (European Commission, SCENARIOS C6, 1999).

7.5.4 Penetration rate of new vehicle propulsion technologies

At international and European level a number of key principles and concepts for protection of the environment have been defined. Cleaner vehicles will have a role to play here in reducing the environmental consequences of transport. “For passengers the main policy developments are likely to be improved information technology in transport systems, cleaner and more efficient vehicles” (European Commission, SCENARIOS C6, 1999). Future policy perspectives forecast that efforts can be made to encourage the substitution of cars with less polluting vehicles together with more strict periodic inspections. 

The European Commission, with the aim of providing incentives for research and dissemination of less polluting technologies, has created the Car of Tomorrow task force, aiming at facilitating the research and demonstration work necessary to develop a new generation of cars with low or nil emissions. A particular relevance it has been given to the critical technological factors that limit, up to now, the rapid development of these vehicles: energy storage, propulsion technology, electronics and telematics in close co-operation with automobile industries. All these measures, to be effective, have to be integrated with policies of granting tax incentives for the purchasers.

The prospects for improvement of vehicles, especially as regards pollutants, seem very good, although extensive use will probably require many years as suggested also by the study “Potential for new technologies in transport scenarios” (European Commission, SCENARIOS C3, 1999) - see figure 20. 

7.6
The construction of the interval

7.6.1
Passenger car occupancy rate

A literature survey (Sandelien, 1999) found that transport demand management can reduce people driving on their own by 5 to 10%. 

In the OECD Environmentally Sustainable Transport project (EST) it was assumed that incentives to increase occupancy rate will reduce the number of car trips and the distance driven as well by 2%. 

Very little changes over the last decade in the occupancy rate of ten European cities (see paragraph 7.2.1) together with smooth modifications foreseen by the AOPII transport base case and from other relevant studies (EST, 2000) for the next 20 years are envisaged in Europe. In particular starting from a business as usual scenarios provided by AOPII, the maximum variation from the current situation range from 0% (the majority of the ten cities) to -5% (London) in 20 years. 

Figure 16 –Average passenger car occupancy rate for ten cities. 


Source: AOPII Cost-effectiveness Study Part III: The Transport Base Case year 2000

Available data on Peak and Off-peak forecasts are also provided by AOPII, from the following graphs it can be outlined that peak occupancy rates have lower and more narrowed values compared to off-peak values. Both the growth rates for peak and off-peak occupancy rates over the next 20 years are very small from 0% to less than -1%. 

Figure 17 – Peak and Off-peak passenger car occupancy rates in ten European cities.


Source: AOPII Cost-effectiveness Study Part III: The Transport Base Case year 2000

Forecasts for the year 2030 were extrapolated from AOPII data set through a linear interpolation up to 2030. 

On the basis of these considerations and primarily on the AOPII forecasts we assumed a percentage growth rate over 30 years – from 2000 to 2030 – of  -1 % for the lower case, more similar to the AOPII transport base case trends, and of +5 % for the higher case scenario.
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7.6.2 Modal share: public and private transport

Figure 18-19 show future scenarios for modal share produced within the AOPII in terms of vehicles and passenger per km in ten European cities for the years 1990, 2000, 2100 and 2020. As a reference, the average EU9 public transport share is about 30% in 2000, ranging from 10% in Utrecht to 48% in Lyon.

Comparison between figure 18 and 19 shows that:

· firstly, share of public transport changes dramatically shifting from pass per km to vehicle per km, stressing the strategic role of vehicles occupancy rate. Increasing the use of public transport means fewer vehicles, less energy consumption and consequently fewer emissions. From the other hand, fewer vehicles with high occupancy rates means more time-constraint and freedom in travelling; 

· secondly, comparison over time shows small variations: less than 2% as a maximum in vehicles per km and less than 8% as a maximum in term of passenger per km over 20 years starting from the 2000. Moreover, being forecast a quite steady condition for all the vehicles occupancy rates up to 2020, both the envisaged growth rates for pass. per km and vehicle per km will follow a similar trend.

Figure 18 – Shares in number of vehicles per km in 1990, 00, 10,20


Source: AOPII Cost-effectiveness Study Part III: The Transport Base Case year 2000

Figure 19 - –Shares in number of passengers per km in 1990, 00, 10, 20, 30.


Source: elaboration from AOPII Cost-effectiveness Study: The Transport Base Case year 2000
For the definition of SUTRA scenarios, forecast for the year 2030, in terms of passengers per car, have been elaborated through the linear interpolation of AOPII data set. Modal shares are expected to be quite constant in time: variations are less than 10% in 30 years and trends slightly vary both decreasing and increasing. The average public share increment over 30 years forecasted for ten EU cities is less than 1% in percentage point. On the basis of the slight variation envisaged, a relatively considerable increase in public share it is assumed for 2030 in the high case scenarios as presented in the following scheme.
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7.6.3 Information Technology  in traffic control and management.

In the next ten years national and local administrators seem to manage their resources more in the management of the transport system and in tariff integration rather than in the improvement infrastructures and new vehicles. The compatibility with sustainable development will be found in the optimisation of the organisation of actual transport system. Existing vehicles and infrastructure could perform much better if well co-ordinated. With this respect, significant improvements in transport management will be allowed by telematics both for the integration of present systems and for road and parking pricing.

Some qualitative forecasts are proposed by two European studies financed by the European Commission. The first one stated: “Intelligent Transport Systems (ITS) will have the most significant impact on the transport supply in the 2020 perspective” (European Commission, SCENARIOS C6, 1999). The second study - “European & National Transport Policies”- outlined: “the introduction of telematics to improve the service level of all transport systems is making considerable progress, although extensive application will probably require many years”(European Commission, SCENARIOS C6, 1999).

In the following table it is sketched a broad foresee on the development of transport and Information Technologies for the next 50 years. 

Figure 20 - Implementation of new technologies: a tentative chronology for scenarios

Time span
Major events

2000- 2020 Focus on interfaces telematics and information technologies facilitate the management of intermodality and creation of an efficient integrated transport system.
Telematics: organisation before and during trip; ease of operation (early information, control, payment, rescue) and shaping of demand according to external conditions.
Information tech. : organisation of the system upstream of transport. Flexible architecture, influence of the demand, substitution of transport, organisation of the supply chain, modal choice, itinerary optimisation.

2010- 2050 Introduction of alternative technologies
Alternative technologies take advantage of well managed intermodality and provide new services. Faster (maglev) and more flexible (autonomous urban systems).

Source: SCENARIOS C3 Potentials of New Technologies in Transport Scenarios Alternative Technologies, 1999

Dealing with IT applications, as already mentioned, it was found that effects of information on nearer parking places would consist in traffic congestion decrement of 2%, while monitoring networks for incident detection would have the effect of decreasing congestion by the 10% (Christensen et al. 2000). 

Furthermore, a discussion document on the internet (Wahl, 1998) forecasts that by 2010 90% of cars will be equipped with systems for ATT (Advanced Transport Telematics: the use of IT for regulating, directing and restricting travel). Therefore it can be assumed that at least the same percentage of car will be equipped with such navigational supports for 2030. This means that in the high case complete knowledge on traffic condition is assumed.
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7.6.4
Penetration rate of new vehicle propulsion technologies

The implementation of new technologies passes through the following three key steps:

Technological performance: the study of the technological and engineering matters constitutes a prerequisite: this enables the supply of new products.

Market performance: investigation of the reasons for adoption and market performance: benefits for users and operators.

Socio-economic performance: analysis of the actions or reactions of the collectivity by means of regulation and transport policy.

Technological performances (consumption, reliability, safety, emissions, etc.) of new technologies are hardly predictable, since most of those vehicles are still conceived as prototypes and not currently on market, yet. For this reason, their market prices and hence market shares are highly variable. These variations are even applied by scale economy mechanisms in car production. Another relevant consideration from the economic point of view is that the penetration of cleaner and newer technologies depends also on future policy incentives and taxation, fuel and raw material costs. The rate of introduction of alternative technologies is also limited by the rate at which the car population is renewed by the substitution of old cars. Even when alternative technologies are economically competitive, it will take some year before they comprise a substantial share of number of vehicles. In addition other sources envisage a slow growth for alternative technologies: “Benefits of alternative technologies will therefore only become significant once intermodal organisation is well mastered, which is the challenge of the next decade. Then the need for more efficient transport means will be felt.” (European Commission, SCENARIOS C3, 1999).


Forecasts for market and fleet penetration of new vehicle propulsion technologies have been provided by COST 319. This is a relevant programme, belonging to the COST series of programmes, which focuses on the “Estimation of Pollutant Emissions from Transport”. The objective of this programme is PRIVATE "TYPE=PICT;ALT=COST 319 image"to co-ordinate research activities in the field of direct or indirect emissions of regulated and unregulated pollutants as well as fuel consumption or energy use by transport modes (Joumard, 1999). 

Within the COST 319 action, forecasts have been envisaged for three new technologies up to the year 2020. A ‘low case’ and a ‘high case’ penetration forecast for Hybrid Electric Vehicles, Electric Vehicles and Fuel Cell Electric Vehicles have been provided. The following projections show that Hybrid Electric Vehicles, according to EST forecasts (Christensen, 2000) will presumebly be the first spreading thechnology and that one with the fastest growth for the year 2020.

Figure 22 - Estimated percentage market share for new technology vehicles for the years 2010 and 2020
Vehicle Type
% market share


Low case
High case


2010
2020
2010
2020

EV
0.5
5
1
10

HEV
1
10
2
20

FCEV
0
5
0
10

Source: COST 319 Action Programme
Even when market shares of new technologies will start to be substantial the relative shares in car fleet will take some years before they will represent a considerable share in number of vehicles. The following table presents two scenarios – high and low - for the penetration of HEV, EV and FCEV from 2008 up to the 2020. 

   Figure 23 – High and Low case penetration of  new technology vehicles in car fleet

Year
LOW CASE
HIGH CASE


HEV
EV
FCEV
HEV
EV
FCEV

2008
0
0
0
1
0
0

2009
0
0
0
1
0
0

2010
0
0
0
1
0
0

2011
1
0
0
1
0
0

2012
1
0
0
1
1
0

2013
1
0
0
2
1
0

2014
1
1
0
3
1
1

2015
2
1
1
3
2
1

2016
2
1
1
4
2
2

2017
3
1
1
5
2
2

2018
3
2
1
6
3
3

2019
4
2
2
7
4
3

2020
4
2
2
8
4
4

   Source: COST 319 Action Programme

For the definition of the SUTRA scenarios, it was assumed the same penetration rates of COST 319 both for the high and the low case. Forecasts for the year 2030 have been produced by the linear interpolation of COST 319 dataset. A second order polynomial, a potential and an exponential interpolation were also considered, but some shares seemed to be too much unrealistic. For example in the high case HEV share would have risen near 30 % even for a second order polynomial interpolation. On the contrary, for the lower case it was assumed to consider the worst case – the less futuristic – hence it was applied that interpolation function which minimise the penetration share of new vehicle technologies, in this case the linear one. 

Figure 24 – New technology penetration shares in car fleet

Source: elaboration from COST 319 Action Programme
The following table summarises the foreseen penetration rates in terms of incremental percentage point for both high and low cases over 30 years.
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Hence, in the SUTRA scenarios it is assumed that the penetration of new technology vehicles in the car fleet will be of 14 pp and 27 pp respectively for the low and high  case scenarios.

7.7
A second set of parameters

In addition to this set of four varying parameters, a second set of fixed parameters has been outlined in order to apply a common framework for other relevant factors considered as not varying. The parameters taken into consideration within this set are described in the following. 

Fleet composition  - In order to allow the comparison among different city scenarios, it was necessary to standardise the future development of fleet composition. First, according to SUTRA emission model – TREM - and taking into consideration the most important road transport vehicle classifications (CORINAIR/SNAP, UN-ECE/EMEP and IPCC ), the fleet has been split in nine vehicles categories:

( Gasoline passenger cars
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(Motorcycle
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On the basis of the forecasts on average EU15 fleet composition up to the year 2020, presented within the COST 319 programme, the trends were extended to the year 2030. The criterion to select the interpolation function among exponential, potential, 1st and 2nd order polynomial and logarithmic expressions was to choose the function which maximise the R2. The following figure shows the selected interpolation function and their coefficient of determination R2.

Figure 25 – Interpolation functions and their relative R2

Vehicle Class
Interpolation function
R2
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R2 = 0,9856

Passenger car Diesel
Pot
R2 = 0,8722

Passenger car LPG
polyn2
R2 = 0,9957

Light goods vehicle
Esp
R2 = 0,8303

Light goods vehicle
Esp
R2 = 0,9687

Heavy duty
Esp
R2 = 0,9819

Heavy duty Bus
polyn2
R2 = 0,8844

Heavy duty Coach
polyn2
R2 = 0,9116

Motorcycles
polyn2
R2 = 0,8288

In the following it is presented the EU15 average fleet composition from the year 1990, 1995, 2000 and the forecasts up to 2030 every five years.

Figure 26 – Average European fleet composition trends from 1990 to 2030


Source: elaboration from COST 319 Action Programme
Figure 27 – Average European fleet composition shares in 2000 and forecast for 2030

 
Source: elaboration from COST 319 action programme

In the end, a vector of the increments/decrements for the nine vehicle categories - expressed in percentage point increments from 2000 to 2030 - was identified in order to provide the city partners with a common framework usable starting from different fleet compositions. 

Figure 28 - EU15 fleet percentage point increment.


Average EU15

 2000
Forecast 2030
Percentage Point from 2000 to 2030 

PC Gasoline
67,4%
69,5%
2,1 p.p.


PC Diesel
11,9%
11,9%
0,0 p.p.


PC LPG
0,9%
0,9%
0,0 p.p.


LDV Gas
2,2%
2,4%
0,2 p.p.


LDV Diesel
4,4%
4,8%
0,5 p.p.


HGV Diesel
2,8%
3,2%
0,4 p.p.


Busses
0,2%
0,1%
0,0 p.p.


Coaches
0,1%
0,0%
0,0 p.p.


Motorcycles
10,2%
7,1%
- 3,0 p.p.


Source: elaboration from COST 319 action programme
Passenger Car Fleet - Being the effects of urban road transport on environment and traffic efficiency mainly due to passenger cars, we focused the fleet composition analysis on this category. Forecast analysis for this vehicle category brought to the following considerations:

· Passenger car share will play a dominant role up to 2020 both in terms of fleet composition share – more than 80% (figure 26, 27) and in terms of modal share – urban private car share is expected to be not less than 50%  (figure 18).

· Gasoline passenger car seems to have the wider share in car fleet composition even in the year 2030 

Figure 29 – Car fleet composition trends


      

Source: elaboration from COST 319 action programme

· For the year 2020 about 90% of the total number of cars fuelled by gasoline, diesel and LPG will belong to the EUROIV emission class.

Figure 30 -Forecasts on passenger car shares per emission class

2020
Gasoline
Diesel
LPG

Pre-Euro
0%
0%
0%

EURO 1
0%
0%
0%

EURO 2
2%
1%
3%

EURO 3
5%
5%
9%

EURO 4
93%
94%
87%

Source: elaboration from COST 319 action programme

Figure 31 -Forecasts on EU 15 passenger car shares per emission class


Source: elaboration from COST 319 Action Programme
Finally, on the basis of  the previous considerations, it was assumed that for the year 2030 all the passenger cars would belong, at least, to the EURIV emission class.

Fuel and vehicles costs growth rates and fuel taxes increments (2000-2030) are assumed to be constant and fixed for all the city partners.

The discount rate is assumed to be fixed (to be finalised together with University of Geneva partners). 

Economic feasibility of the scenarios will be assessed with MARKAL.

8.
land use changes: urban sprawling and urban mixed land use

8.1
Definition of the issue

Section 8 analyses two closely interrelated phenomena that have been at the core of the debate on the structure of urban centres and its relation with traffic.

The first issue is urban sprawl. Urban sprawl happens when population growth does not increase the population density of high-density areas, but promotes densification of less-developed areas and expansion at the urban fringe.

In SUTRA urban sprawl is measured by changes in the structural density, that measures the distribution of the population around an ideal centre of the city. This indicator considers the population living in an area (whose shape has to be defined by every city according to the shape of the urban area) in successive rings around the centre. 

The second issue is mixed land use. Mixed land use, that locates land uses with complementary functions (ie, housing, shopping, offices, restaurants and movie theatres) close together, is expected to have positive effects on traffic by reducing trip lengths, influencing mode choice and reducing the need to own a private vehicle.

In SUTRA, mixed land use is measured by the index of mixed land use: standard deviation, across several neighbourhoods, of the ratio of (number of working places in a district) to the (number of residential places + working places), calculated for several districts within the city.

8.2
Recent aggregate trends

8.2.1
Distribution of population

Since the 1950s “decentralisation has taken place, with people moving out of the city centres to the suburbs and business moving its activities from the centre to the outlying areas” (WHO, 1999) with consequent spatial segregation. 

Bairoch (1988) speaks of break-up of cities.
These trends also characterise European cities. “The past decades have also seen continuing trend toward urbanisation across Europe, together with increasing dispersal and sprawling of urban settlements with declining urban population densities and greater requirements for urban infrastructure. The consequence has been significant a growth in urban land and reduction of natural and semi-natural land” (EEA, 1999).

More in particular, it has been observed that in large cities population growth usually does not increase density of high-density areas, but induces a densification of less-developed areas and, therefore,  the expansion at the urban fringe. 

Often, population densities in central zones decline over time as residents are displaced by economic activities. This is true both in industrial and developing countries and apply to very different cities such as Bangkok, Bogota, Mexico City, Shanghai and Tokyo. From one-third to one-half of central location in large cities of the US have lost population over the past 25 years (Ingram, 1998). 

Moreover, it appears that European cities continue to expand and increase their use land – even if population growth levels are relatively modest (EEA, 1999).

Large cities (over 2.5 millions inhabitants) in industrial countries generally have higher densities than small cities and both tend to be decentralised: there is evidence of a decline of population densities that diminishes slowly as distance from the city centre increases (Ingram, 1998). In particular, large cities tend to have flat density gradients
. 

Early seventies show in the US the first signs of a reversal of the trend: the return of former inner-residents to the city centre. However, the scale of this reversal is still quite small and it is not clear to what extent future changes in the structure of employment (especially teleworking) will slow down the flow back to the cities. The causal relationships between the changing structure of employment and urban sprawling are further discussed in Section 8.3.

8.2.2
Distribution of employment

Ingram (1998) lists a set of regularities concerning the spatial distribution of employment in the cities. 

Firstly, there is a marked tendency for employment to decentralise, as studies within cities over time clearly indicate: in fact the proportion of jobs in the city centre falls over time and most new growth is located outside the city centre (Meyer et al., 1981). Employment decentralisation can be seen as moving job locations closer to residential locations and improving the job-housing balance.

However, “employment is typically more centralised in urban areas than it is the population”(Ingram, 1998). Therefore, the commute of a typical commuter is from a residence that is farther away from the centre than his workplace.

Secondly, manufacturing employment is less centralised than service employment. Printing appears to be the only manufacturing activity that is still carried out in city-centres. Large manufacturing plants are less centralised than small manufacturing plants. Areas close to the city centre tend to specialise in the location of new, small manufacturing entreprises in “incubator areas”.

Concerning services, retail activities remain concentrated in the centre for some time, but then they tend to disperse and be replaced by employment in finance, law and other activities which are less oriented to households and require good communication and face-to-face contacts. In the US, retail is now widely decentralised (Diamond et al., 1996). Retail decentralisation is strictly linked to car ownerships: in developing countries where car ownership is still low, retail employment is still centralised and large retail centre are still located centrally.

8.3
Driving forces behind the change

8.3.1 
Forces driving the location decision of urban inhabitants

Decentralisation is driven by powerful economic forces, economic activities and private interests (Frey, 1999). 

In particular, urban sprawl is often started by a desire for better living conditions in more spacious sub-urban areas of the middle- and upper-income groups (EEA, 1999), and in particular by young couples with children. 

This initial move starts a sort of vicious circle (Bairoch, 1988). The displacement of city dwellers to move out to the periphery in turn brings on the establishment of a part of the commercial facilities out from the city centre to the periphery (further encouraged by parking problems in the city centre). The inner city loses an important part of the amenities and becomes less appealing, thus accelerating the flow of people out toward the periphery. The low population densities in the enlarged suburbs makes the setting up of public transportation lines unprofitable and the increasing availability of public cars in the city leads to a reduction in the use of public transportation. In the US, public transportation rides doubled between 1900 and 1940 to then went into a increasing decline after 1950. In Europe, a decline in urban transportation become manifest after 1960-1965. The decline in riderships further increases the cutting of public transportation lines and therefore the use of private cars. Quality of life in the city centre declines as more space is needed for cars, “cars eat trees” (Bairoch, 1988), and a fresh wave of resident in the centre moves out to the periphery. TV also played a role: while traditionally city-centre dwellers could enjoy amenities, such as cinemas and theatres, that were not part of the country lifestyles, with the spread of television lifestyles in the city centre and in rural areas are became more homogenous.

Four key forces emerge:

· lower land prices and lower development costs in the periphery with respect to the centre. It costs less to build on vacant land than to redevelop on already constructed sites. In the US, only about ½% of existing dwelling units are demolished each year (Ingram, 1998). 

· wider availability of motorised modes of passenger transports. Historically, urban sprawl goes by with the mass use of automobiles. The mass use of automobiles started in the US. In 1914 there were some 2.5m automobiles in use world-wide. Despite WWI this figure increased in 11m in 1920 and 35m in 1930. Of those, 28m were in North America alone. This explains why the spatial break-up of cities began in North America since 1920s and did not start in Europe until the 1960s.

· increasing share of service-jobs. The growth of jobs in the service sector has often accelerated the decline of the inner city. The need for space per worker in the service sectors is much less than in the manufacturing sectors and the demand for raw material is virtually zero. This has encouraged the establishments in the inner city of offices that have driven out residents and shops. 

· increasing homogeneity of lifestyles in the country and in urban areas, driven by the spread of TV (Bairoch, 1988).

The growth of ITC has the potential to further change the urban structure: “as the number of workers telecommuting increases, residential dispersion is likely to increase even more but most of these will be telecommuting only 2 or 3 days a week” (OTA, 1995).

In fact telework enables increased residential mobility, and this could lead to more geographically decentralised residences; some studies suggest that “widespread adoption of telework would lead to more decentralised land use patterns” (OTA, 1995).

The effect of the telecommunication development on urban structure is not clearly known. 

While, as said before, some think that the actual “revolution in information processing and telecommunications is accelerating the growth and dispersion of both economic activities and population” (Gordon et al., 1997) and that it might encourage people to settle in rural areas, thus increasing dispersion and urban sprawl, “many (other) observers argue that networks will lead to greater concentration, both due to the costs of physical infrastructure and to the economic dynamics that can be found only in urban centres” (EEA, 1999). 

If this effect on urban sprawl is real, the change could in the long term offset the results, because, “depending on the new temporal and geographical flexibility of teleworkers, long-distance commuting only a few days per week will become more common resulting in fewer but longer trips” (Heinonen et al., 1997).

Bairoch (1988) speaks of domiciliation of jobs: ICT allows an appreciable part of work to be carried out at home. Domiciliation of jobs is not incompatible with the return to the inner city that has been experienced in the US since late 1970s. However, the new orientation introduced by the information revolution “by no mean rules out the possibility of  a dispersal of jobs in this sector, a dispersal that would leave the offices empty” (Bairoch, 1988).

8.3.2
Forces driving the location decision of firms

The relative centralisation of the service employment with respect to manufacturing employment is explained in terms of the different requirments in terms of land, raw material and communication and face-to-face interactions.

Manufacturing is attracted to the fringe by the lower transport costs of intermediated inputs and final products (ensured by closeness to infrastructures such as freeways and airports) and by the lower costs of land (as land requirement of manufacturing is higher than in services).

Services are attracted to the centre by the implicit need for close communication and face-to-face interactions.

8.4
Likely impacts on traffic and the environment

Kitamura et al. (1997) found that urban form and travel are related, also if socio-demografic and economic factors are accounted for. Work and school represents the two major reasons for people to take trips. Recently, industrial countries have recently experienced much growth in non-work trips, so that work trips represent around 1/3 of all trips and ½ of peak-time trips. Still, the patterns of population and employment decentralisation summarised in Section 8.3 have profound implication for transport as important determinants of the work-trip travel patterns. 

8.4.1
Urban sprawling

Decentralisation of both jobs and residences (urban sprawl) has many negative effects on urban transportation patterns. 

A dispersed spatial organisation intensifies traffic by increasing trip lengths, promoting the use of private vehicles and encouraging vehicle ownership.

Urban sprawl increases trip lengths by locating activities in different parts of the city and, thus, decreasing the number of services within a given area; there is a growth in travel distances, due to the increased separation of homes, jobs, recreational facilities and other places (ULI, 1998). Farthing et al. (1996) found that an increase of local availability of facilities does not generate more walking to those facilities, but it does help to reduce the length of car journeys. 

Moreover, a large number of empirical studies have found that population density is associated with reduced vehicle travel; one of these surveys found that a doubling of residential densities is associated with a decrease of 20% to 30% in vehicle miles of travel per capita and that communities with higher residential density had the lowest vehicle mileage per capita (Holtzclaw, 1991). 

It is important to bear in mind that “sub-urbanisation has been the dominant and successful mechanism for reducing congestion in city centres” (Gordon et al., 1997) but, as it is easily understood, sub-urbanisation is connected with increasing spatial division of labour (Paulley et al., 2000) and, therefore, does not reduce the urban travel demand, but only modifies the origin-destination matrix.

Negative effects of urban sprawl on mode choice are due to increased distances between activities that promote trips to be made by motor vehicle rather than walking and cycling. 

“As development becomes more dispersed and job and housing become increasingly segregated from one another, distances between destinations have increased. Further people are forced to make more trips by car, since the distances between destinations are often too great to walk or bike” (EPA, 2000).

Moreover a dispersed pattern increases the cost of providing transit access and thus the quality of public transport. “Numerous studies have documented inefficiencies of providing services and infrastructure to unmanaged growth” (ULI, 1998).

In fact van Diepen (2001) found that the frequency of travelling by rail and bus and also walking decreases with declining densities, whereas the frequency of car uses increases. People in lower density areas travel over larger distances for working, education, and shopping compared with people high-density areas, while, according to travel purpose, people living in lower density areas do not travel significantly more or less frequently in comparison with people living in higher density areas, except for shopping, which is done more often by people in high density areas. It can be observed that with decreasing population density people travel more kilometres to their place of destination.

Urban sprawl has a strong effect on car dependency: “communities with higher residential density and transit service had the lowest rates of auto ownership” (Holtzclaw, 1991). In fact, dispersed areas tend to be associated with boundless parking availability and lower costs, as well as limited transit accessibility, all factors that promote the use of private vehicles for personal mobility (Pushkarev et al., 1977). 

It is then important to remember that even though “transport policy making car less attractive are very effective in achieving the goals of reduction of travel distance” they heavily “depend on a spatial organisation that is not too dispersed” (Paulley et al., 2000). 

8.4.2 
Mixed land use

Traditionally, historical studies of metropolitan development has been to view transport as a determinant of land use. For example, it has been shown that large metropolitan transport system built in the late 19th and early 20th century had a major impact on their cities’ development patterns, improving access to the central business district and promoting high-density development along transit corridors (Ingram, 1998).

More recently, analysts have turned their attention to the potential that land-use controls may have as an instrument to affect urban traffic demand.

Mixed land use, that locates land uses with complementary functions (ie, housing, shopping, offices, restaurants and movie theatres) close together, is expected to have positive effects on traffic by reducing trip lengths, influencing mode choice and reducing the need to own a private vehicle.

In the US, Energy Protection Agency supports the mixed use strategy: “although various factors might prevent households from locating close to their places of work (rapid job turnover), a jobs-housing balance provides more opportunities for living closer to work than a land-use pattern in which employment and residential areas are widely separated” (EPA, 2000). In the EU, the Green Paper on the Urban Environment (CEC, 1990) strongly recommends the encouragement of mixed use schemes, which offer the opportunity for reduction in movement overall (Expert Group on the Urban Environment, 1996). Also the World Health Organisation says that “schemes for mixed land use can be encouraged” because “Rigid land-use zoning has been criticised as one of the causes of new single-use developments within cities” (WHO, 1999).

Mixed land use, that “implies seeking a balance of dwellings, jobs and facilities in each part of the city” (WHO, 1999) can be supported or promoted by government, through area plans and zoning provisions, or may occur on a project basis (Deakin, 1998).

The expected positive impact of mixed land uses are expected to come through two main channels.

Firstly, mixed-uses development patterns reduce the length and the number of urban journeys by minimising travel distances and improving access to employment, services or recreational opportunities. “Better planned, mixed-use communities will reduce travel distances, helping to limit the growth in trip lengths” (ULI, 1998).  This reduction is greater if it is linked to integrated strategies to restrain traffic in order to achieve sustainable urban transport (WHO, 1999). Empirical investigations show that work-trip travel times are longest for trips from suburban residences to central business district workplaces and shortest from suburban residences to suburban workplaces. The average commuting times increases with greater centralisation of employment (Ingram, 1998). For example, an analysis of Bogota, Colombia, indicated that the average distance from home to work remained constant while the city’s population growth grew by 40% because of the decentralisation of employment (Pineda, 1982). In Paris and London, the fact that residents travel approximately the same amount of Km per years, despite London has 20% more population and is more spread out than Paris can be explained by the greater dispersion of London’s employment (Ingram, 1998).

Secondly, land use mixing may influence travel demand by enhancing the relative convenience of non-auto modes, contributing to the shift of mode choice from private vehicles to more sustainable modes. In fact, concentrating growth and locating activities closer together, offers greater choices in travel modes (ULI, 1998) and allows trips to be made by walking and cycling rather than motor vehicle, increasing the opportunity for non-auto trip chaining (EPA, 2000). A “neighbourhood design and a mixture of workplaces and residences with shorter trips are likely to have a positive impact on the share of cycling and walking” (Paulley et al., 2000). There are empirical evidences showing that low-density cities are more auto-oriented than high density cities (Ingram, 1998).

The most noteworthy attempt to use land use to affect transport has been the development of planned communities that contain a rough balance of both residences and jobs. The hypothesis has been that workers would prefer to live and work in the same community, minimising their commuting travel. Results have not fulfilled expectations. Studies of British New Towns and of planned communities in the US show that commuting patterns are not much different from unplanned communities (Ingram, 1998). Those results are not surprising. According to location theory, residents trade off commuting travel time with rent savings, they are not expected to minimise travel time.

8.5
The construction of the interval

· Sprawling scenarios

· positive population growth

· city area increases proportionately 

· negative population growth

· city area do not change

· three circles: manufacturing and retail services, residential places, service jobs

· Mixed-use scenarios

· positive population growth

· city area do not change 

· negative population growth

· city area decreases proportionately

· proportional distribution of manufacturing and retail services, residential places, service jobs
ANNEX I: CONSTRUCTION OF SCENARIOS: TECHNICAL DETAILS

A.1
Demographic changes: size and age structure of the population

Definition of the interval 

The interval will be defined in term of population growth relative to the baseline. 

The age structure of the population [% young; % working age; % old age pensioners] will be defined as a function of population growth.

Car ownership rates (% of occupied with a car; % of non-occupied with a car) and average household size will also be calculated [they might be the same across scenarios].

Example




From the interval to the model

Assuming a constant ratio of students to total young population (0-18) and a constant ratio of employees to total working-age population (19-64), the number of pupils, students, employees, unemployed, inactive and pensioners will be calculated. Car ownership rates will be applied to estimate the number of car owners for each category projected to 2030.

Current trip generation rates for each category (possibly obtained from cities, otherwise some averages)  will be projected to 2030 as a function of projected number of households.

Using projected trip generation rates,  the total number of trips will be calculated and used to project the current OD matrix to 2030.

A.2
Economic structural changes: towards a high-tech/service-based economy

Definition of the interval 

The interval will be defined in term of the increase (relative to baseline) in the share of the service sector to total employment

The share of teleworkers on total employment will be derived as a function of the employment in the service sector. 

If a continuous function cannot be defined (as likely), values will be given at the extremes and at 4 [?] intermediate points for each variable.

Example


From the interval to the model

The current trip generation rates will be projected to 2030 as a function of the number of employed in the service sector and in the teleworkers.

Using projected trip generation rates, the number of trips will be calculated and used to project the current OD matrix to 2030.

A.3
Technological changes: improving efficiency in the transportation sector

Definition of the interval 

The relevant variables are:

· IT in traffic control and management;

· occupancy rate of vehicles;

· share of public transport;

· penetration rate of different technologies (gasoline, diesel, GPL, alternative technologies etc..).

The interval will be defined in term of the increase (relative to baseline) in the penetration rate of different technologies/transport modes. 

The occupancy rate of vehicles will be defined as a function of penetration rates of cleaner technologies, on the assumption that there is some transport policy that forces towards higher efficiency in terms of emission per pkm/tkm. The function is such that the occupancy rate of vehicles calculated at the upper end coincides with its feasible maximum.

In the example below, it is assumed that the penetration of public transport is also a function of penetration rate of cleaner technologies. This assumption is strong and not uncontroversial.

If a continuous function cannot be defined (as likely), values will be given at the extremes and at 4 [?] intermediate points for each variable.

Example


From the interval to the model

Total traffic demand (pkm) will be allocated to private and public transport using the relative shares. Occupancy rates will be then used to infer the total number of vkm per private and public transport. The total number of vkm will be in turn allocated to technologies using projected penetration rates. For example, vkm tech A in private passenger transport is given by the following expression:

· tech A (vkm) = total pass demand (pkm) * share of private transport (%)* occupancy rate (vkm/pkm) * penetr rate tech A (%) 

In any case, it is assumed that IT is fully used in 2030 and the “equilibrium” solution is used, istead of the “learning” solution.

A.4
Land use changes: urban sprawling and urban mixing

Definition of the interval 

The interval will be defined in terms of the standard deviation of the ratio of working places to the sum of residential plus working places across traffic zones. 

If a continuous function cannot be defined (as likely), values will be given at the extremes and at 4 [?] intermediate points for each variable.
Example





From the interval to the model

Movements towards the “mixing” and “sprawling” points will be obtained by changing the relative attractiveness of traffic zones for residence and work. Shopping and leisure centre will be allocated proportionally to the movements of residential places.
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BOX 1 - ROAD PRICING





Dealing with policy measures to enhance urban road transport efficiency and reduce emissions, road pricing is one of the most promising and studied instrument. In general tool ring and road pricing have the effects in the short term of reducing the amount of trips due to the increased cost of travel and in the long-term of funding the development of alternative transport modes.


There are a number of disadvantages to be considered: road pricing measures, if not supported by planning policy, can deflect traffic and favour an uncontrolled development of the city and of its environs.  Furthermore, there may be problems of equity, with lower income households and those who pay all their own car costs, having to bear a disproportionate share of the costs”. In general, public opinion is hostile to road pricing, but if road pricing is tied to the reimbursement of its external costs (pollution, noise, accidents, congestion) such measures could gain greater public support (European Commission, SCENARIOS C6, 1999).


In the OECD Project Environmentally Sustainable Transport (EST) toll ring with tolling on the inbound traffic only has been applied for the Oslo case study.  This pricing approach have been compared with road pricing approach, applied in the AFFORD project  (Vold, Minken & Fridstrom, 1999). The result shows that perfect road pricing is far more efficient than the optimal ring tool. 


Being road pricing a particularly site-specific measure, such action goes beyond the scope of the SUTRA common scenarios even though city specific scenarios may take into account such measure.








BOX 2





THE AUTO OIL PROGRAMME II AND ROAD EMISSIONS





AUTO-OIL II programme - Environmental Objectives


Air quality objectives in AOPII were derived mainly from recently proposed or adopted “daughter” directives which set limit or target values for air quality to be achieved in 2005 or 2010. CO2 was not treated as a policy driver in the analysis.


Air Quality


The principal focus of the air quality modelling in AOPII was therefore on urban air quality in the ten AOPII cities: Athens, Berlin, Cologne, Dublin, Helsinki, London, Lyons, Madrid, Milan, Utrecht.


 


	AOP II Conclusions


												


1	Road transport emissions were expected to take a diminishing share of total EU and national emission											


2	Emission from road transport would fall by 70-80% between 1995-2010 incorporating effects of auto oil I legislation and voluntary agreement on CO2											


3	Road transport emission indeed fall further beyond as new EURO IV technologies continued to penetrate the market from 2005 onwards											


4	CO2 emission from transport were expected to be 10-15% higher in 2010 than in 1995											


5	Urban air quality - Exceedenses beyond the 2010 target (20 ug/mc annual) of PM10 affecting half of the cities - important uncertainties											


6	Locally targeted measures such as the application of parking charges and differentiated road pricing can often target the cost per kilometre for certain modes and therefore effectively influence modal choices.											


7	Few fuel and vehicle options were analysed that offered much potential to reduce PM and Nox, although the diesel fuel packages achieve modest reductions of PM.											


8	Promising new after-treatment systems are deNox catalysts and particulate traps.


9 Limited work carried out to date suggests that differentiated fiscal instruments can be more effective in reducing emissions by influencing consumer choice on type of fuel or vehicle. Promising individual measures included the application of parking charges and differentiated road pricing. Generally, when local measures are aimed at shifting passenger transport.





	Potential measures to reduce emissions





1	Tighter emission standards for motorcycles											


2	Promotion of enhanced environmentally friendly (EEV) passenger cars 											


3	Change in fuel specification for gasoline and diesel 											


4	Promotion of alternative fuels in captive fleets											


5	Promotion of city fuels to reduce PM emissions											


6	Local measures








BOX 3





Vehicle automation: An alternative semi-private transport system called calle “Serpentine” was developed in Lousanne. “The idea between the study is that not only speed is important in modal choice, but also accessibility. Hence public services have to supply transport facilities that allow users to reach nearly any place in a city, which would put them in a condition similar to automobile users” (SCENARIOS C3, 1999).


A particular feature of Serpentine transport system is that the vehicles can group and form virtual trains with up to 10 units. Such trains carry up to 70 people at a time. The trains can later ungroup and dispatch customers to their destination. 


Serpentine needs a dedicated infrastructure for power supply. Instead of the common overhead lines, Serpentine has recourse to induction loops placed within the road surface.





The versatility constraints -ability to drive in urban & pedestrian zones (hence important safety requirements), fleet management capacities, make Serpentine much further from conventional cars than Automatic Highway System AHS, which merely adds telematic functionality to series vehicles. Serpentine improves the supply of environment friendly and flexible urban transport.
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� Figures from Bairoch, 1988, Part Three. A criterion of 5,000 inhabitants is used for urban population.


� 30 NUTS 2 with highest densities. Each country (EU + Norway, excluding Ireland and Luxembourg) is represented by not more than 3 and not less than 1 city.


� Charts from Maignan, 2000.


� US Department of Transportation, Transportation Implications of Telecommuting, Washington DC, April 1993


� White Paper on Growth, Competitiveness, Employment, the Challenges and Way Forward into the 21st Century


� Europe’s way to the information society: An Action Plan, COM(94)347, 19 July 1994


� Telework 1996: Actions for stimulation of transborder telework and research co-operation in Europe; Final Report, DGXIII B, 1996, OPCE:CD-94-96-695-EN-C


� Gradient is given by the coefficient b in the standard density gradient equation D(x)=D e -bx
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