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Part III: Model Outputs  
 

Part III Summary 
 
Part III includes the STEPs model results, both at the European level (Chapter 6) and the 
regional/local levels (Chapter 7), while the summary of model results is included in 
Chapter 8. Starting with the reference scenario, where only the lower growth rate of oil price 
is modelled, the results show that transport demand is clearly growing both for passengers 
and for freight, while private car and road freight clearly continue to be the main transport 
modes. However, total fuel consumption remains largely unchanged over the simulation 
period due to the evolution of the vehicle fleet. Technical improvements in road vehicles are 
also clearly evident when considering environmental effects: emissions of local pollutants 
are decreasing significantly.  The exception to this is the rate of emission of greenhouse 
gases (primarily CO2): in the Business As Usual scenario the trend is not significantly different 
to the reference scenario.  
 
In the scenario where a faster growth of oil price is assumed, demand is only slightly 
reduced (freight demand is more rigid than passenger traffic levels), effects on the economy 
are negative but of limited size, pollution diminishes further as does energy consumption. In 
this situation negative effects can result in relation to accessibility. In brief, according to the 
modelling simulations, the EU transport and economic system could cope with a faster 
growth of fuel price, assuming that the modelled reactions in terms of improved efficiency 
are actually put into practice. 
 
The technology investment measures are able to bring about improvements for almost all 
the variables considered with some local exceptions. Progress is generally made with 
respect to year 2005 for all indicators, although CO2 emissions are generally increasing and 
accessibility levels are diminishing. The demand regulation measures improve most of the 
variables as well. Improvements concern mainly the same variables that are positively 
affected by the technology investment scenario, with the relevant exception of GDP (which 
is somewhat reduced in the demand management scenario).  
 
So, in terms of the directions of the impacts, the two policy strategies are comparable. 
However, the size of the impacts of the two scenarios is not the same. Both policy measures 
are effective at reducing energy consumption as well as greenhouse and local pollutant 
emissions without a very negative impact on the economic growth. However, demand 
regulation policies in particular significantly reduce accessibility, i.e. impose constraints on 
mobility, especially to passengers’ private mobility.  
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CHAPTER 6: Results of the European models 
 
In this chapter the results of the three European models used for the simulation of the STEPs 
scenarios – POLES, ASTRA and SASI – are presented in detail. Each model has specific 
capabilities and therefore the presented results differ, at least partially. Notwithstanding 
this, forecasts concerning the same variables from different models are reported together. In 
such cases, the differences between models should be taken into account for interpreting 
discrepancies, especially on the size of the changes forecasted. Indeed, given the specific 
nature of each model, variables can be simulated in more or less detail and from differe nt 
points of view. Therefore, although in general it can be expected that the direction of the 
changes are the same, the magnitude of the forecasts could well be different.  
 
In some cases, when the theories underlying the modelling of the behaviour of some 
variables are completely different and/or variables are defined in different ways, also 
forecasts different in sign can also be expected and justified. For instance, SASI and ASTRA 
simulate the linkage between the transport system and the economy from two different 
perspectives: the former on the basis of the concept of accessibility as condition for 
economic development, the latter in terms of input/output relationships between the 
transport sector and the rest of the economy. In such a cases, similar results are a clue that a 
specific effect can be expected as result of different mechanisms, while dissimilar results 
might suggest that counterbalancing effects are in place. 
 

6.1 The ASTRA model results 

Implementation of the scenarios in the ASTRA model 

To implement the eight STEPs scenarios in the ASTRA model it has been necessary to 
change or integrate some of the values in order to fit them into the model structure and to 
exploit the integration with other modelling tools. Indeed, the ASTRA model has been used 
to simulate the STEPs scenarios in co-ordination with the POLES model, exchanging input 
and output between the models. ASTRA has implemented output data from POLES 
concerning: 
 
§ pure fuel cost for gasoline and diesel in the future years (the growth rates obtained from 
POLES have been implemented by country); 
 
§ the car fleet composition and the number of new registrations (this data was 
implemented directly in the Vehicle Fleet Module). 
 
For fuel taxes, the assumed scenarios trend has been applied to the base values of fuel taxes 
(excises) for each country; the same yearly growth rate has been introduced for all the 
countries. VAT rates were not part of the scenarios and have not been changed. 
 
TEN infrastructures have been introduced into the model indirectly, as ASTRA does not have 
an explicit network: the effect of the TEN infrastructures has been considered in the 
simulations through average speed improvement on the relevant transport connections 
and activating the corresponding additional investments in the macroeconomic module. 
 
Road pricing has been implemented in the ASTRA model in two different ways, one for 
passengers and the other for freight. For passenger cars (buses and coaches have been 
excluded from the pricing), the charge has been applied for all the trips with destination in a 
metropolitan area (according to the concept of cordon charge). For road freight modes, the 
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additional cost per ton-km has been placed also for inter-urban trips (which is in accordance 
to the revision of road freight charging recently applied in several EU countries – e.g. 
Eurovignette). 
 
The development of car sharing has been modelled by reducing the number of new 
registered cars per year received from POLES according to the rate of development of car 
sharing defined in Chapter 3. Land use policies could not be simulated in ASTRA, given the 
coarse geographical detail of the model. 

Main results from the ASTRA model 

Economy  
 
Figure 6.1 and Figure 6.2 show the development of GDP and Employment in the EU25 until 
the year 2030, according to the ASTRA forecasts for the eight STEPs scenarios. GDP is 
growing in all scenarios but at different rates. In the technology investments scenarios the 
growth rate is 2.8.% p.a., which is higher than in the no-policy scenario. This is true either if a 
low increase of oil price is assumed (A1) and or a higher increase is applied (B1). The effect of 
oil price on GDP is therefore almost negligible. In modelling terms, this can be explained in 
terms of improved efficiency stimulated by the higher price of energy. Instead, in the 
demand regulation scenarios, the GDP growth is lowered to a 1.9% per year (A2) or 2.0% 
(B2). The reason for a reduced GDP growth in the model is that the overall economic activity 
is affected by the diminished demand derived from transport: consumption of fuel, vehicles, 
transport services, investments in transport means, infrastructures, etc. Here the effect of a 
higher oil price is slightly positive, as B2 performs better than A2. This effect depends again 
on the improved efficiency. 
 
Figure 6.1: ASTRA model results: GDP index development for EU25 (2005 = 100) 
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Figure 6.2: ASTRA model results: Employment index development for EU25 (2005 = 100) 
 

 
 
 
In terms of employment, the hierarchy among scenarios proposed by the GDP index 
development is confirmed. The impact of reduced demand on employment is significant as 
transport is quite a labour-intensive sector and therefore both direct effects (lower transport 
demand) and indirect effects (reduced economic activity) play a negative role on 
employment.  
 
Transport demand 
 
Figure 6.3 and Figure 6.4 show how passenger and transport demand are forecasted to 
develop in EU25 until the year 2030 in the STEPs scenarios. Total passenger demand is 
increasing in all scenarios. The implementation of the business-as-usual policies brings 
about a slight growth in passenger traffic. This is caused by the modal shift towards non-
road modes with higher average trip length.  In all other scenarios the growth rate is lower 
than in the A0 scenario, with the exception of the A1 scenario, where the total passengers-
km increase a little bit more because of a higher car ownership and of some demand shift to 
rail, whose average distance is longer.  
 
In the high oil price growth scenarios (B-1 to B2), passengers-km increase at a lower rate 
than in the correspondent scenarios A and this is reasonable, as higher prices of transport 
lead to a reduced demand. 
 
Focusing attention on car (Figure 6.4) it can be noticed that in all scenarios transport 
demand at 2030 has not increased above that in 2005 and is generally lower, except for the 
A0 and A-1 scenarios where we observe a positive yearly growth rate of 0.1%. This result is 
consistent with the scenarios input, as in all scenarios modes alternative to private car 
improve in some way while car price is always increasing. Of course, when a faster growth of 
fuel price is associated to the other measures, the effect is emphasised. 
 
According to the ASTRA results, freight transport demand is not as much reactive to policies 
as passenger demand. Total tonnes-km sharply increase in all scenarios. In the A0 scenario, 
the average growth rate is 3.4% per year, a little bit more than in the A-1 scenario, where 
freight demand increases by 3.2% per year. Anyway this rate is higher than the GDP growth 
rate (see the economic section): according to ASTRA it seems that decoupling will not be 
there in the future. In the policy scenarios, total tonnes-km are even more than in the A0 
scenario (Figure 6.5), however this effect is largely caused by the modal shift: more than for 
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passengers modes, for a given O/D pair the average trip length of non-road modes is often 
larger than road trip length1. This effect is especially visible in the technology investments 
scenarios because in the demand regulation scenarios there are polices that induce a 
reduction of average consignment length and this effect offsets the impact of modal shift.  
 
Figure 6.3: ASTRA model results: Pass-km index development for EU25 (2005 = 100) 
 

 
 
 
Figure 6.4: ASTRA model results: Car pass-km index development for EU25 (2005 = 100) 
 

 
 

 

                                                 
1 Actually, both rail and sea shipping need that goods are moved to and from terminals and the routes linking the 

terminals are generally longer than the road route 
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Figure 6.5: ASTRA model results: Tons-km index development for EU25 (2005 = 100) 
 

 
 
 
Freight mode shares 
 
Table 6.1 shows mode shares of freight modes in the different scenarios. Road freight share 
is forecast to fall from about 55% in 2005 to 48% in the A0 scenario. This result is an 
improvement with respect to the no-Policy scenarios, where an increase of the road share 
(up to 59%) is expected. So, while on the passenger side just the trend of the fuel price is 
expected to produce a reduction of road private demand, on the freight side the 
attractiveness of road is not dampened down as effect of more expensive fuels. Even in the 
B-1 scenario, where the fuel price growth faster, at the year 2030 road freight has a higher 
mode share than in 2005.  
 
Table 6.1: ASTRA model results: Modal shares of freight modes at 2030 in the STEPs scenarios 
 

 
 
Environment 
 
Main results provided by ASTRA on the environmental side concern transport emissions. The 
following figures show that emissions are generally declining in all policy scenarios, 
including the A0 scenario, although in the policy scenarios 1 and 2 the reduction is sharper. 
The only exception is the case of CO2 emissions, for which an increase is foreseen in the no-
Policy scenarios. The growth is larger in the A-1 scenario (0.7% per year) than in the B-1 
scenario (0.4% per year) and this suggests that the pure contribution of oil price to the 
greenhouse emissions dynamics although not strong enough to reverse the growing trend, 
is able to almost halving the growth rate.  
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In the A0 scenario, transport emissions are reduced particularly through the renewal of car 
fleet. If fuel price increases faster, as in the B0 scenario, the total transport demand is lower 
(see transport section) and, in turn, also emissions are reduced. Policies implemented in 
scenarios A and B contribute to a more intensive reduction of emissions. In this respect, 
demand regulation scenarios (A2 and B2) are more effective than technology investments 
scenarios (A1 and B1).  
 
Figure 6.6: ASTRA model results: Emissions of CO2 for EU25 in the STEPs scenarios 
 

 
 
 
Figure 6.7: ASTRA model results: Emissions of CO for EU25 in the STEPs scenarios 
 

 
 

 

6.2 The POLES model results 

Implementation of the scenarios in the POLES model 

POLES is an energy model which deals with energy supply and demand market and it is able 
to forecast the energy prices variations as well as the fuel prices changes. Considering this 
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capacity as an advantage, several modifications have been applied to the scenarios values 
especially those related to the oil and fuel price changes. 
 
Instead of using 7% yearly growth in the high oil price growth scenarios, POLES applies 30% 
growth in the year 2006 and 4% yearly growth for the rest of the observed period. These 
values are obtained by the internal simulation of market equilibrium against oil price shock 
in POLES model.   

Main results from the POLES model 

Economy: fuels consumption and fuels prices 
 
Fuel consumption (Figure 6.8) decreases in all the scenarios as the difference in the oil price 
increases faster with respect to the A0 scenario. Energy shortages represented by the high 
oil price growth scenarios (B scenarios) lowers fuel consumption more significantly than the 
low oil price growth scenarios (A scenarios). Within both types of scenarios, it can be seen 
that the demand regulation, represented by 4.7% yearly tax on fuel price, is more effective in 
decreasing fuel consumption than technology investments. Furthermore, the scenarios 
impacts on fuel consumption in EU15 are generally stronger that those in New Member 
States.  
 
The resource cost of fuel in the business-as-usual alternatives and the demand regulation 
scenarios are very similar, However, the difference in the fuels prices between the high and 
the low oil price growth scenarios is very marked. Within each set of scenarios, it can be seen 
that technology investments recorded in the A1 and B1 scenarios restraint slightly the 
growth of fuels prices. This is due to the less fuel demand and fuel consumption which then 
generate slightly lower price. One interesting point is that fuels prices develop slightly faster 
within the new member states. This should due to the less sensitive fuel consumption in the 
new member states towards the policy and technological measures applied by the 
scenarios.  
 
Figure 6.8: POLES model results: Average fuel consumption change for EU 25 (2005=100) 
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Figure 6.9: POLES  model results: Average gasoline (resource) price for EU 25 (2005=100) 
 

 
 
 

Society 
 
Car ownership increases significantly and consistently in A0 and A1 scenarios, while it 
decreases strongly in the B2 scenario. The application of demand regulation measures in the 
A2 scenario decreases the car ownership level from around the year 2025. Scenarios B0 and 
B1 show relatively very little change for the whole period. Technological measures recorded 
in the scenarios 1 increase slightly the car ownership in comparison to the corresponding 
business-as-usual scenarios. This should due to the lower fuel price effect which is 
generated in the case of applying technological measures. 
 
Figure 6.10: POLES model results: Car ownership level for EU 25 (2005=100) 
 

 
 
 
Innovative (electric, hybrid, natural gas, and fuel cell) cars shares increase continuously in all 
scenarios (Figure 6.11). These increases are higher in EU15 countries than in the New 
Member States. The fastest increase can be found in the technology investments scenarios 
especially under the high oil price growth assumption.  
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Figure 6.11: POLES model results: Innovative cars shares (%) for EU 25 
 

 
 
 
Energy 
 
The following tables report the impact of the scenarios on two indicators concerning the use 
of energy. Table 6.2 shows the development of the dependency of the EU on external 
countries for the energy required by the transport system. At the base year, about 79% of 
energy for transport is imported. In all scenarios this percentage is increasing and the 
differences between scenarios are small. In the high oil price growth scenarios the share of 
imported energy is slightly lower than in the low oil price growth scenarios, but the 
difference is not really significant.  
 
Definitely more visible are the impacts of the scenarios on the usage of energy produced 
from renewable sources in the transport sector. The starting point is a very limited share and 
in all scenarios renewable sources increase their share sharply. In the A0 scenario, at year 
2030 such a share is about 8% (i.e. six times the base year value). If the high oil price growth 
is assumed, the pressure for a diversification is stronger and the share of renewable source 
goes beyond 10%. Whatever hypothesis on fuel price development is adopted, the demand 
regulation scenarios are more effective than technology investments scenarios for 
increasing the usage of renewable sources. In the B2 scenario about 14% of all energy used 
in the transport sector is produced by renewable sources.  
 
Table 6.2: POLES model results: % of imported energy for transport 
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Table 6.3: POLES model results: % of energy for transport from renewable sources 
 

 
 

6.3 The SASI model results 

Implementation of the scenarios in the SASI model 

The SASI model was used to simulate all the fifteen modelling scenarios defined, i.e. 
including the scenarios defined to examine the effects of more comprehensive policy 
combinations (A3, B3 and C3) and those including even stronger fuel price increases (C 
scenarios). It is worth to mention that in the SASI model, the assumptions concerning the 
fuel price increment have been applied to the fuel pump price and not on fuel resource 
price (i.e. net of taxes). In this way, the impact of the increment is larger as, implicitly, also a 
proportional increment of fuel taxes is considered. 
 
The only regional model to use the forecasts of regional economic development from the 
SASI model was the Dortmund model (see Section 7.2). This was done by adjusting the 
regional employment control totals of the Dortmund model to the GDP forecasts of the SASI 
model for the ten NUTS-3 regions of the Dortmund metropolitan area. As in the SASI model 
all fuel price and policy scenarios result in lower regional GDP per capita than in the A-1 
scenario, the SASI model predicts GDP per capita in these regions between 1.0 percent 
(Scenario A1) and 10.6 percent (Scenario C2) lower than in the A-1 Scenario in 2031. These 
reductions in economic activity affect employment, non-residential construction, household 
incomes and work trips and transport emissions in the Dortmund model. 

Main results from the SASI model 

Accessibility 
 
All scenarios have significant impacts on the accessibility indicators of the SASI model. Both 
the magnitude of average European accessibility and the spatial distribution of accessibility 
among the European regions are affected. The effects vary with the scenario assumption on 
fuel price increases and the different forms of policy intervention. The development of 
multimodal accessibility based on road, rail and air travel is shown as average value for the 
34 European countries of the SASI model in Figure 6.12; the corresponding diagram for 
freight based on road and rail is displayed in Figure 6.13.  
 
Although the no-policy scenario A-1 has no ne twork development or acceleration of modes 
in the future, accessibility will slightly grow, because of the underlying assumptions on 
further European integration. In all scenarios, multimodal accessibility is below the A-1 
Scenario. This is so because in all policy scenarios transport, in particular road transport, is 
made even more expensive than the increase in fuel cost. This is also true for policy 
scenarios in which rail is favoured either by assumptions on network development and an 
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increase in speed or through a reduction of rail fares per km. For passenger travel, the 
magnitude of the negative impact depends primarily on the assumption about fuel cost.  
 
The different policy scenarios result in different spatial patterns of accessibility change. 
Figure 6.14 shows the difference in accessibility compared to the A-1 Scenario for the low oil 
price growth scenarios. The spatial variation is mainly an outcome of the dynamic network 
database which contains the development of the TEN-T priority projects as an assumption 
(which is not part of the Scenario A-1). The technology investments scenario A1 leads to 
gains in accessibility in several regions, especially of the new member states. Even in 
combination with the more drastic policies against the car in the integrated policy scenario 
A3, some regions gain in accessibility compared to the no-policy scenario A-1. The overall 
spatial pattern is similar in the same policy groups in the B and C scenarios. However, the 
decrease in accessibility is larger, and there are no regions with accessibility gains. 
 
Figure 6.12: SASI model results: accessibility road/rail/air travel 1981-2031 (million) 
 

 
 

Figure 6.13: SASI model results: accessibility  road/rail freight 1981-2031 (million) 
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Figure 6.14: SASI model results: accessibility road/rail/air travel, Scenarios A0 to A3, difference to 
Scenario A-1 2031 (%) 

 

 
 
 
Economy 
 
The development of GDP is shown in Figure 6.15 expressed as GDP per capita in Euro of 
2005. In the no-policy scenario A-1 the economic growth of the past will continue in the 
future. However, there is no scenario which leads to additional growth; quite the opposite: 
the fuel cost increases and all policy interventions slow down economic growth. The 
reduced economic growth results in less employment in all scenarios than in the A-1 
Scenario (Figure 6.16). The employment curve follows also the population decline. Not a 
single policy scenario brings a net addition to jobs. More visible for employment than in the 
GDP diagram is that the economic effect is at first hand related to the degree of fuel cost 
increases and only after that to the outcome of the transport policies.  
 
Figure 6.15: SASI model results: GDP per capita 1981-2031 (1,000 Euro of 2005) 
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Figure 6.16: SASI model results: employment 1981-2031 (1981=100) 
 

 
 
 
The spatial distribution of scenario effects is presented in Figure 6.17 taking the A scenarios 
as examples. As to be expected from the average European GDP development, economic 
decline is the major consequence for all regions in Europe. Only in Scenario A1, which is a 
combination of moderate fuel price increases, some infrastructure network development 
and only modest additional costs for road transport, do some regions have a better 
economic performance than in the A-1 Scenario. The benefiting regions are nearly all 
located in the new member states or in the two accession countries Bulgaria and Romania. 
However, in the B and C scenarios there are no regions with higher GDP per capita than in 
the A-1 Scenario, i.e. the higher rates of fuel cost increases cannot be compensated by the 
policies considered in the scenarios.  
 
Figure 6.17: SASI model results: GDP per capita, Scenarios A0 to A3, difference to Scenario A-1 2031 

(%) 
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Society 
 
The SASI model calculates a range of cohesion indicators to measure the convergence or 
divergence of economic conditions under different scenarios. Cohesion at the European 
level means a reduction of economic disparities between the rich regions in the European 
core and the poorer regions at the European periphery or, after the enlargement of the EU, 
between the old and new member states.  
 
One important distinction is whether the indicator measures relative or absolute 
convergence or divergence – if, for instance, all regions gain in relative terms by the same 
percentage, the richer regions gain more in absolute terms. If relative cohesion indicators 
are used, the assumed increases in fuel prices and policies enlarge the disparities in 
economic development between the regions in Europe in most scenarios. There is an overall 
tendency in the scenarios towards more convergence in the long run, but only few scenarios 
end up with higher convergence indicator values than the A-1 Scenario. However, in 
absolute terms, there is convergence in all scenarios. The stronger regions lose more in GDP 
per capita because of their much higher levels of GDP per capita. Strongest cohesion effects 
occur in the C scenarios, i.e. the scenarios with the highest fuel price increases.  
 



Part III       Chapter 7 

Transport strategies under the scarcity of energy supply  94 

CHAPTER 7: Results of the regional models 
 
In this chapter, the results of the simulation of the STEPs scenarios by means of the regional 
models are reported. As much as possible, the same structure is adopted as in discussing the 
European-wide models in Chapter 6, addressing separately the impacts on different 
systems: transport demand, economy, environment, energy, etc.  

7.1 The Brussels model results 

Implementation of the scenarios in the Brussels model 

Most of values implemented as scenarios inputs have been taken from the POLES/ASTRA 
models:  
 
§ car ownership (the absolute value computed endogenously have been used for the base 
year, the POLES/ASTRA differences for each scenarios have been integrated in relative 
terms);  
§ fuel consumption percentage change;  
§ fuel resource cost;  
§ fuel taxes;  
§ emissions factors CO, CO2, NOx and VOC; 
§ cold emissions factors.  

Main results from the Brussels model 

Demand and Mode shares 
 
Changes of PCU*km and car trips (see figures below) are forecasted to develop in a similar 
way,  however the number of trips seems to be more sensitive to the variation of costs while 
the amount of vehicle*km seems to be more sensitive to the variation in car ownership. 
 
Figure 7.1: Brussels model results: Representation of trips for the period 6PM-10PM for the years 

2005, 2015 and 2020. 
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Figure 7.2: Brussels model results: PCU*km for the period 6PM-10PM  for the years 2005, 2015 and 
2020 

 

 
 
 
The following figures presents for the different scenarios the modal shares forecasted by the 
Brussels model.   
 
Figure 7.3: Brussels model results: Private car share index for the 8 scenarios for the years 2001, 2015 

and 2020 
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Figure 7.4: Brussels model results: Public transport share index for the 8 scenarios for the years 2001, 
2015 and 2020 

 

 
 
 
Average trip lengths 
 
The next table presents the average travelled distances by car for different scenarios.  
 
Table 7.1: Brussels model results: Evolution of average distance per car trips for the 8 scenarios for 

the years 2015 and 2020 
 

 
 
Energy 
 
The main changes on the energy consumption side are: 
 
§ a decrease of gasoline vehicles; 
§ an increase of diesel vehicles; 
§ no change for electric vehicles;  
§ a small increasing share of hybrid vehicles;  
§ an increase of fuel cell car and hybrid vehicles.  
 
Table 7.2: Brussels model results: Consumptions for the for the 8 scenarios for the year 2020. 
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Environment 
 
The following figures show the pollutant emissions.  The scenarios with the highest positive 
impact on environment are the Demand scenarios. 
 
Figure 7.5: Brussels model results: CO emissions (period 6PM-10PM) index for the 8 scenarios and 

the time horizon 2005, 2015 and 2020 
 

 
 
 
Figure 7.6: Brussels model results: CO2 emissions (period 6PM-10PM) index for the 8 scenarios and 

the time horizon 2005, 2015 and 2020 
 

 
 
 

7.2 The Dortmund model results 

Implementation of the scenarios in the Dortmund model 

The Dortmund model was used to simulate all the fifteen modelling scenarios defined, i.e. 
including the scenarios defined to examine the effects of more comprehensive policy 
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combinations (A3, B3 and C3) and those including even stronger fuel price increases (C 
scenarios). In the Dortmund model, like in the SASI model, the assumptions concerning the 
fuel price increment have been applied to the fuel pump price and not on fuel resource 
price (i.e. net of taxes). In this way, the impact of the increment is larger as, implicitly, also a 
proportional increment of fuel taxes is considered. 
 
All scenarios simulated with the Dortmund model were linked to the results of the SASI 
model (see Section 6.3) by adjusting the regional employment control totals of the model to 
the GDP forecasts of the SASI model for the ten NUTS-3 regions of the Dortmund 
metropolitan area.  
 
Unlike in other applications of the Dortmund model, the impacts of transport infrastructure 
improvements are not the focus of interest here. For the sake of comparability with the 
other urban-regional models in STEPs, the same network scenario was used for all scenarios. 
Instead, different assumptions about general changes of travel times and travel costs were 
made for each scenario according to the scenario assumptions and these were applied to 
the travel times and travel costs derived from the common network scenario.  

Main results from the Dortmund model 

Transport 
 
All assumed further fuel price increases and policies work in the same direction: they 
constrain mobility – despite  the fact that some policies are intended to compensate or at 
least mitigate the negative effects of increasing fuel prices. In no case are these counter-
policies strong enough to compensate the fuel price effect.  
 
The higher the fuel price increase, the stronger are the effects: As fuel prices go up, travel 
distances go down. However, it is instructive to relate this decline to the growth in travel 
distances in the last three decades. Travel distances per capita per day in the urban area 
(Figure 7.7) have more than doubled since 1970. Compared to this growth, the reductions in 
distance travelled predicted by the model appear rather small. 
 
Figures 7.8 and 7.9 show that in all scenarios the proportion of public transport trips go up 
and the proportion of car trips goes down compared with the Scenario A-1. In general, the 
policies applied reinforce the price effect. If the policies are combined with land use policies 
as in Scenarios A2 and A3, B2 and B3 and C2 and C3, people can again make more trips by 
foot or bicycle, public transport use returns to levels used in the 1950s, and car travel to 
what it used to be in the 1970. 
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Figure 7.7: Dortmund model results: Travel distance by car  per capita per day 1970-2030 (km) 
 

 
 
 
In Scenarios C2 and C3 car use is reduced to less than ten percent of all trips. That may 
appear a rather extreme response of the model. However, in these two scenarios in 2030 
fuel pump price per litre is forecasted to be 22 Euro (in 2005 Euros) whereas household 
incomes should grow by about ten percent less than in the Scenario A-1. The distance-
reducing effects of fuel price increases can also be seen. 
 
Figure 7.8: Dortmund model results: Share of public transport trips 1970-2030 (%) 
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Figure 7.9: Dortmund model results: Share of car trips 1970-2030 (%) 
 

 
 
 
Energy and environment  
 
Again the major factor influencing fuel savings is fuel price (Figure 7.10). Within each of the 
three scenario groups with identical assumptions about fuel price, the demand regulation 
scenarios (A2, B2, C2) are more effective than the technology investments scenarios (A1, B1, 
C1); in other words, advances in fuel efficiency without restrictions on car use are not 
sufficient to achieve more sustainable urban transport. However, significant further savings 
can only be achieved by policy combinations, i.e. policy packages containing both 
infrastructure and technology and demand regulation policies, as well as rigorous anti-
sprawl land use policies (Lautso et al., 2004). 
 
All scenarios have significant impacts on future CO2 emissions, i.e. lead to strong reductions 
(Figure 7.11). The combination of infrastructure and technology with demand regulation 
policies (Scenarios A3, B3 and C3) leads to the largest reduction, but this effect is mainly due 
to demand regulation policies as can be seen by the almost identical CO2 reduction of 
Scenarios A2, B2 and C2. Most of the scenarios result in CO2 emission levels per capita that 
are below CO2 emission in 1970.  Whereas there is no further reduction in NOx emissions in 
the A-1 Scenario, PM emission will further decline through the more restrictive regulations 
for diesel cars. The reductions of NOx and PM emissions through fuel cost increases and 
related policies are similar to those of CO2. 
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Figure 7.10: Dortmund model results: Car fuel consumption per capita per day 1970 -2030 (l) 
 

 
 
 
Figure 7.11: Dortmund model results: CO2 emission by transport per capita per day 1970 -2030 
 

 
 
 
Society 
 
The fuel price increases and policies assumed in the scenarios have significant impacts also 
on the economic situation and quality of life of households. In all scenarios car ownership is 
lower than in the Scenario A-1  (Figure 7.12). Even in the demand regulation scenarios car 
ownership remains at a level higher than today because these measures affect only the out-
of pocket costs of car driving and not the costs of owning a car. In the technology 
investments scenarios A1, B1 and C1 (and consequently also in the integrated policy 
scenarios) the higher costs of alternative vehicles are assumed to affect the cost of owning a 
car. The results is that in these scenarios car ownership goes down by about 40 percent to 
less than 450 cars per 1,000 population, the level of the late 1980s.  
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Figure 7.12: Dortmund model results: Car ownership  1970-2030 (cars per 1,000 population) 
 

 
 
 
As far as safety is concerned, one of the few positive side-effects of increasing fuel prices is 
that with declining car traffic roads become safer (Figures 7.13). 
 
 
Figure 7.13: Dortmund model results: Traffic accidents per 1,000 population per year 1970-2030 
 

 
 
 
Accessibility 
 
Potential accessibility is defined as the total of destinations that can be reached from a 
location weighted by an inverse function of the travel time or travel cost needed to reach 
them, or both. Figure 7.14 shows the development of the aggregate accessibility over time. 
It can be seen that accessibility increased in the 1970s and 1980s due to massive 
improvements in transport infrastructure, but levelled off in the 1990s and even declines 
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slightly until 2030 due to increasing road congestion in the Scenario A-1. Accessibility 
declines even faster in all other scenarios. This is mostly due to the shift from car travel to 
the slower modes of public transport and walking and cycling and the resulting decline in 
average trip speeds. The decline in accessibility would be even larger without the massive 
shifts to more nearby destinations. Again the strongest effects are associated with the cost 
increases in the demand regulation scenarios A2, B2 and C2 and consequently also the 
integrated policy scenarios A3, B3 and C3. 
 
Figure 7.14: Dortmund model results: Accessibility 2005-2030 (0-100) 
 

 
 
 
Land use 
 
The massive outflow of people to the suburbs in the last decades would not have been 
possible without the automobile and cheap fuel. If, as in the scenarios examined in STEPs, 
fuel prices grow and car ownership goes down, will people leave the suburbs and return to 
the cities? The simulations with the Dortmund model show that this cannot be expected 
without policy intervention. The investments of suburban households in home ownership 
are so large that even significant increases in the costs of car travel will not induce them to 
give up their house and move back into a flat in the inner city – as long as they have 
alternatives, such as travelling by public transport or choosing a job nearer to their home. 
The effects of the fuel price increase and associated policy scenarios on the distribution of 
population and employment in the urban area are therefore negligible except in the six 
scenarios in which land use policies are applied. Figures 7.15 and 7.16 show the 
development of the shares of population and employment in three subregions of the 
Dortmund metropolitan area: the central area, the inner suburbs and the outer suburbs. In 
the scenarios A2/A3 and B2/B3 the strategy of decentralised concentration leads to 
clustering of population and workplaces in all three subregions, whereas the compact city 
strategy applied in Scenarios C2/C3 results in massive shifts of both population and 
employment from the outer suburbs to the inner suburbs and the central area. 
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Figure 7.15: Dortmund model results: Share of population in subregions 1970-2030 (%) 
 

 
 
 
Figure 7.16: Dortmund model results: Share of employment in subregions 1970-2030 (%) 
 

 
 
 

7.3 The Edinburgh model results 

Implementation of the scenarios in the Edinburgh model 

The Edinburgh model has taken the resulting fleet composition and emission factors from 
the POLES/ASTRA runs for each scenario. As can be seen from the following analysis, the 
resulting fleet composition differs from the suggested fleet shares (from Chapter 3) and 
responds not only to the technology investments assumptions but also to a lesser degree to 
the other policy and scenario variables such as fuel price and car ownership costs. For 
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simplicity, we have also assumed that the fleet composition for A-1 and B-1 are the same as 
in A0 and B0 respectively.  

Main results from the Edinburgh model 

Demand and mode shares 
 
Figure 7.17 shows the trajectories for car-passenger-kms over the 30 year evaluation period. 
Over 25 years the total demand increases by around 15-16% for all scenarios except A2/B2 – 
the demand regulation scenarios where growth is limited to around 2%.  Similarly the 
demand for car use increases by more than 20% except under demand regulation where car 
use is reduced by around 5-7% below 2005 levels. The differences between the A and B 
scenarios is only slight. 
 
Figure 7.17: Edinburgh model results: Car passenger-km Index over time 
 

 
 
 
As expected the impact on mode share can be viewed in pairs of scenarios (Figures 7.18 and 
7.19). Obviously the demand regulation scenarios A2/B2 have the greatest impact on car use 
due to the significant increases in costs for car use compared to other scenarios. Similarly A-
1/A0/A1 and B-1/B0/B1 are grouped together and the relative changes are small within 
these groupings as expected. The increase in resource cost of fuel has little impact on mode 
shares.  The technology investments scenarios A1/B1 do not impact on mode share – if 
anything the more fuel efficient fleet encourages more car use in the off-peak period. The 
demand regulation scenarios A2/B2 as expected have a significant impact on mode shares, 
reversing the trend for increased car use and increasing the shares for both public transport 
and slow modes. 
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Figure 7.18: Edinburgh  model results: Trip mode share trajectories for car 
 

 
 
 
Figure 7.19: Edinburgh model results: Trip mode share trajectories for public transport. 
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Average speeds 
 
Figures below show the average speeds for public transport and car trips. These are door-to-
door speeds and include all access, egress, waiting and parking search times. Without 
policies the trend is for car and PT speeds to be reduced over time, quite significantly in the 
peak and less so in the off peak. This is due to the increased demand over the next 25 years. 
Within the technology investments scenarios A1/B1 the increased speed for public transport 
in the peak results in similar speeds as for car use. Under the demand regulation scenarios 
A2/B2 speeds are actually increased slightly compared to 2005. The average speeds per trip 
in the off-peak period remain fairly constant despite increased costs under A2/B2 – this 
reflects the lower levels of congestion in the off-peak period. 
 
 
 
Figure 7.20: Edinburgh model results: Average car speed peak period 
 

 
 
 
Figure 7.21: Edinburgh model results: Average speed public transport peak period 
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Average trip lengths  
 
Table 7.3 shows the average trip lengths by PT and car users for year 2005 and year 2030. In 
general trip lengths are increasing over time for both car and PT use.  This is due to the 
additional developments in the outer zones and increased car ownership levels.  The B0 
scenario has a small impact on average car trip lengths reducing them by less than 1% 
compared to A0 in 2030. The technology investments scenarios have little impact – if 
anything average trip lengths increase slightly. As expected the demand regulation 
scenarios have the greatest impact on trip length reducing car trip lengths by around 10% in 
both A and B scenarios. They also reduce PT and slow mode average trip lengths by similar 
amounts which suggests that the land use controls may play a significant role in this 
reduction in average trip lengths. 
 
Table 7.3: Edinburgh model results: Average trip lengths. 
 

 
 

Energy and environment 
 
Even without any policies there is a reduction in energy used of 16% in the A-1 scenario and 
19% in the B-1 scenario due to the improved fleet which reduces energy used per trip by 
21% and 24.5% respectively. The technology investments scenarios decrease total energy 
used compared to A0/B0 in year 2030 by 16% and 22% respectively. The demand regulation 
scenarios decrease total energy use by 4.5% and 3.9% for A2/B2 respectively whilst the 
induced shift away from car use and shorter trip lengths due to compact land use means a 
greater reduction in energy used per trip.  In terms of energy indicators the technology 
investment policies are more effective than the demand regulation policies.  
 
CO2 produced per person km is reduced despite the increase in car use in the A-1 case by 
around 14% over the 25 year period. This is due to improved technologies and the shift from 
conventional vehicles. Demand regulation and technology investments scenarios both 
reduce CO2 per person-km even further, the technology policies being more effective on a 
per km basis. In terms of total CO2 produced, the demand regulation scenario outperforms 
the technology investments scenario for both A and B scenarios reducing the total well-to-
wheel emissions by 23% and 27% compared to 2005 levels respectively.  
 
NOX emissions are reduced by around two-thirds in A-1 and B-1. This is due to technological 
improvements which are already in the pipeline.  Also the trajectories for PM all show a 
marked decline around year 2011 due to the introduction of EURO V standards. PMs are 
reduced by 55-60% in the A-1 cases despite increased car-kms. Further reductions are 
possible with investment in technology and/or by demand regulation. These reductions are 
really the icing on the cake as there is significant progress being made in the A0 case. 
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Table 7.4: Edinburgh model results: Emissions of CO2, NOX and PMs. 
 

 
 
Noise and accidents 
 
Noise costs increase by 11% in the A0 case but can be reduced to below current levels under 
the demand regulation scenarios A2/B2.  Similarly accident levels increase by 12% under the 
business-as-usual and technology investments scenarios but are reduced below current 
levels by the demand regulation policies A2/B2.  This relatively large reduction is solely due 
to the reduction in car use caused by the demand regulation and land use policies. 
 
Table 7.5: Edinburgh model results: Noise and accidents 
 

 
 
Revenue from charges on car use 
 
Table 7.6 shows the changes in fuel tax revenues and road user charging revenues for each 
scenario. Revenue is obviously affected by the growth in fuel taxes and the VAT element 
which depends on resource cost and fuel duty levels. It is also dependent on overall demand 
and the shift to other modes and to alternate vehicles. A-1 and B-1 sees fuel tax revenues 
decrease by 5% and 13% respectively due to increased fuel costs without any other policies 
in place. This is the most significant impact of the no-policy scenarios. The business-asusual 
scenarios see revenues increase by 23% and 12% over the 25 year period. The demand 
regulation scenarios A2/B2 stand out as they increase the tax revenue significantly – both 
more than double the tax take compared to the A0 case. Note A2 increases the revenue take 
more than in B2 as the proportion of tax to pump price is higher.  Conversely the technology 
investments scenarios and B0 result in a reduction in fuel tax revenues compared to A0. For 
A1 this is due to the more efficient fleet and lower taxes assumed on alternative vehicles. In 
B0/B1 there is the combined effect of more fuel efficient fleet, higher prices for fuel reducing 
demand and the shift to alternative vehicles. All scenarios collect tolls from the Forth Road 
Bridge. Only scenarios A2/B2 include the road pricing cordons around Edinburgh. These 
generate an additional €150m in the opening year with a charge of €2 rising to an additional 
€400m per year with a charge of €5. There are only small differences between A2 and B2. 
 
Table 7.6: Edinburgh model results: Fuel tax revenue year 1 and year 30 
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7.4 The Helsinki model results 

Implementation of the scenarios in the Helsinki model 

Helsinki model tests have been defined based on the scenarios definitions and the output of 
the ASTRA and POLES runs. The scenarios have been implemented through direct input 
parameter changes in the model according to the definitions. The feedback effects of the 
annual changes of the parameters have not been considered (e.g. reduction of fuel 
consumption due to higher price). Therefore the actual outcomes usually differ from the 
definitions (as the demand model has e.g. price elasticity).  
 
The defined car ownership changes have been reached by changing the constants of the 
model. The improvements in public transport services have been implemented in the runs 
by decreasing the time spent for a trip on that mode with a coefficient. Car and lorry speed 
reduction policy has been applied to the metropolitan area only as defined in D3 by 
reducing the speed limits. The pricing system is a distance related system that reduces the 
additional cost by one third in each of the three concentric rings around the city centre. The 
price is relative to the behavioural vehicle operating costs. The logistics policies have been 
implemented with coefficients reducing the congestion effect and distance ‘artificially’ in 
the assignment phase of the model. All energy policies are a direct application of the 
coefficients in the ASTRA/POLES data. Fuel price is part of the vehicle operation cost (VOC) 
function for car and freight road transport according to the standard practise used in the 
Finnish CBA. As described above, the given changes in consumption by the ASTRA/POLES 
information is used instead of changing of fuel consumption per kilometre (e.g. due to 
congestion). The person traffic behavioural VOC in the Helsinki model consists of a resource 
costs part (€/litre) and an excise tax part of the fuel in addition to the VAT (i.e. the weighted 
average pump price of petrol and diesel). We assume that the VAT is included in the 
resource cost part in the ASTRA/POLES data and it is therefore extracted from the values for 
different years before they are applied to the VOC functions of the model. Goods traffic 
behaviour is based on all vehicle costs excluding VAT. The operating cost increase due to 
the alternative technology (as defined in the scenario definitions) are assumed to affect the 
whole VOC of the fleet (as it would be rather illogical to assume production cost changes for 
fuels e.g. due to the development of electric cars). 
 
The fixed emission factors for Finland provided by ASTRA/POLES results for an average 
vehicle of the car fleet and the fuel price (comprehensive of pure fuel cost and fuel taxes) 
have been used for each technology and road type pair. The division of the fleet into 
different technologies follow also the ASTRA/POLES definitions for Finland. Vehicle 
efficiency development has not been used because of the model structure as we apply 
directly the ASTRA/POLES assumptions.  

Main results from the Helsinki model 

Transport demand and modal shares 
 
The growth of passenger kilometres varies between 33% (B0) and 54% (A1) between 2020 
and 2005 whereas the population growth during the same period is only about 14%. A0 and 
B0 are on lower level whereas A1 and A2 and B1 and B2 are on higher level than the 
corresponding no-policy trends A-1 and B-1. B scenarios with higher fuel prices are always 
lower than the A scenarios. The reasons for mileage growth is in the urban sprawl trend and 
increased use of public transport in many scenarios.  
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Figure 7.22: Helsinki model results: Total private vehicles mileage index in the eight scenarios 
 

 
 
 
All scenarios produce less car kilometres than the no-policy case A-1 but only the Scenario 
B2 maintains or slightly reduces the current absolute level of car kilometres and the number 
of car kilometres/inhabitant is clearly reduced. The demand regulation scenarios are 
significantly better in reducing car kilometres than the technology investments scenarios.  
 
The increase of goods vehicle kilometres varies between 19-29% (Figure 7.23), which is in all 
cases more than the population growth. All scenarios reduce freight compared with the no-
policy case A-1. The demand regulation scenarios are more efficient than the technology 
investments scenarios in reducing goods transport.  
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Figure 7.23: Helsinki model results: Mileage index for goods vehicles in the eight scenarios 
 

 
 
 
Change of modal shares for public transport and private cars are illustrated in Figure 7.24 
and. Figure 7.25.  The demand regulation scenarios B2 and A2 are efficient in reducing the 
private car modal share and correspondingly in increasing the public transport modal share. 
Part of the shift is also explained by slow modes users who change to use public transport. 
The public transport modal share is maintained or increased in all scenarios.  
 
Figure 7.24: Helsinki model results: Modal share development for public transport 
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Figure 7.25: Helsinki model results: Modal share development for private cars 
 

 
 
 
Trip length and travel time 
 
Average travel distances for both cars and public transport tend to increase due to the city 
sprawl effect. The average trip distances for cars are best maintained in the B scenarios 
under the high oil price growth. The figure below shows that the average travel time index 
for all trips can be reduced in scenarios B0, B1 and A1. However, increased fuel price and 
regulation policies in B2 then start to affect the total trip times by increasing them due to 
further increased use of public transport.  
 
Figure 7.26: Helsinki model results: Average travel time index for all trips 
 

 
 
 
Environment 
 
The CO2 emissions are growing in each scenario but the growth per inhabitant is less or at 
the same level as the population growth for scenarios A2 and all B scenarios. The demand 
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regulation scenarios are more efficient in reducing CO2 emissions than the technology 
investments scenarios.   
 
Figure 7.27: Helsinki model results: Total CO2 emission index 
 

 
 
 
CO emissions are significantly reduced in all scenarios especially in the period 2005 – 2010. 
As for CO2 emissions the scenarios associated with demand regulation policies are the most 
efficient ones. A similar development can be seen in NOx emissions that are reduced by 
around 75% by the year 2020 in all scenarios. The PM emissions are reduced by 30 –35% in 
all scenarios by the year 2020. The reduction is at maximum level in the year 2015 after 
which a slight increase starts. 
 
Figure 7.28: Helsinki model results: CO emission index  
 

 
 
 
Society 
 
Figure 7.29 shows the number of fatalities in all scenarios. The growth of fatalities and 
accidents is significantly higher than the population growth in all scenarios except B2. 



Part III       Chapter 7 

Transport strategies under the scarcity of energy supply  115 

Especially high number of fatalities and accidents take place in scenarios A-1, A0 and A1. The 
demand regulation scenarios are more efficient in reducing the accidents than the 
technology investments scenarios.  
 
Figure 7.29: Helsinki model results: Fatalities index 
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Land use 
 
The figure below illustrates the land use changes (households and employees) in scenarios 
A0, A1 and A2 compared with the scenario A-1. 

 
Figure 7.30: Land use changes in scenarios A0, A1 and A2 
 

      
 
 
The land use changes in scenario A0 compared with scenario A-1 are very small.  
 
It is interesting to note that under the low oil price growth assumption the technology 
investments scenario and the demand regulation scenario work in opposite directions. In 
the technology investments scenario (A1) the role of the Helsinki Metropolitan Area (HMA) is 
emphasised whereas in the demand regulation scenario (A2) the growth of the satellite 
cities (with good rail connections to the Helsinki city centre) surrounding the HMA is 
emphasised. Combination of the both scenarios would probably produce a balanced 
growth pattern. 
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7.5 The South Tyrol model results 

Implementation of the scenarios in the South Tyrol model 

The input data for the South Tyrol model has been drawn from both the D3 definition and 
the output of the ASTRA and POLES runs. 
 
Data from the European models POLES and ASTRA has been used for defining emission 
functions for an average vehicle of the car fleet and the fuel price (inclusive of pure fuel 
resource cost and fuel taxes). Emission functions have been calculated as weighted 
functions of the ‘base emission functions’ (drawn from the MEET project for each car 
category and emission standard), where the weights have been defined on the basis of the 
car fleet structure estimated from POLES for Italy in the base and future years. In this way the 
development of the car fleet towards the ‘clean vehicles’ is taken into account. 
 
Fuel price is not modelled explicitly in the model, but is part of the cost function for car, bus 
and freight road transport. To estimate the effect of policies affecting pure fuel price and 
fuel taxes, the total fuel price growth rate (computed as weighted average of gasoline and 
diesel growth rates) has been applied to the part of the total cost. For example, in the A0 
scenario between 2005 and 2020 fuel pump price increases by 11%, for car passenger the 
total fuel cost is 27% of the total cost per km (as the South Tyrol model simulate also 
constant costs like insurance and depreciation), so only the 27% of the 11% has been 
applied: the results is a 3% increase of the total car cost.  
 
Speed reduction policy has been modelled by introducing a decrease of the free-flow speed 
for all the main roads (urban or not); the reduction suggested by D3 has been applied for all 
the road types, without any distinction. The improvement of public transport service has 
been input in the model by increasing the frequency of bus and trains, and by reducing the 
time spent for a trip on public transport.  
 
Land-use measures aimed at limiting or avoiding urban sprawl have been included in the 
model even if its scale is not detailed enough to capture urban development and the 
relative demand. The four main towns in the region have been selected and it has been 
assumed that new residential, commercial and industrial settlements could be realised only 
within the boundaries of the municipality and not in the surroundings.  
 
The South Tyrol model does not compute fuel consumption of vehicles so efficiency 
development (i.e. lower unitary consumption) over time that could reduce the share of fuel 
costs on total car costs could not be considered. 

Main results from the South Tyrol model. 

Transport demand and mode shares 
 
In the business-as-usual scenario under the low oil price growth (A0) passenger traffic at 
2020 is about 18% higher than in 2005, while the no-policy scenarios A-1 and B-1 are 
respectively slightly higher and lower (about 20% and 16%). Technology investments 
scenarios (A1 and B1) are always a little bit higher than the base trend while the demand 
regulation scenarios (A2 and B2) have a more visible effect. In the ‘B’ scenarios where fuel 
price is assumed to grow faster, demand is always reduced with respect to the 
correspondent ‘A’ scenarios .In the South-Tyrol model the population is fixed and the 
number of generated trips does not changing in a given year, the different amount of 
passenger-km is due not to suppressed trips, but to lower average distances.  
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When focusing on the usage of private cars, the differences among the scenarios are larger. 
In Figure 7.31 it can be seen that in the demand regulation scenarios the growth of 
passenger-km by car is significantly lowered. When the high oil price growth assumption is 
associated with the measures implemented in the demand regulation policy (i.e. in the 
scenario B2), the total number of vehicle-kms by car at 2020 is lower than in 2005 and even if 
the low oil price growth is assumed, the total growth is not larger than 4%. Instead, 
technology investments scenarios are less effective in diminishing the use of private cars 
(although the impact on the environmental side is positive see below). 
 
Figure 7.31: South Tyrol  model results: Car passenger km with respect to year 2005 in the eight 

scenarios 
 

 
 
 
On the freight side the differences between the scenarios are more limited. Demand 
regulation scenarios are still effective but even in the most extreme case of scenario B2, 
freight vehicles per km still grows by 23% with respect to 2005 (see Figure 7.32).  
 
Figure 7.32: South Tyrol model results: Freight vehicles per km with respect to year 2005 in the eight 

scenarios 
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Mode shares are interesting only for passenger traffic as, locally, freight is shipped and 
distributed almost totally by road given the relatively low distances. From Table 7.7 one can 
see that modal shares are affected only marginally. One major reason for this rigidity of 
demand is the specific context: South Tyrol is a sparsely populated area with a limited level 
of congestion (with the exception of the main urban agglomerates that are not modelled in 
detail however) and a high average income. For that reason, private transport has a 
structural advantage on public transport and even a significant growth of car costs does not 
impact dramatically on the modal split. However, in A1/B1 and A2/B2 scenarios public 
modes, especially rail, gain demand and avoid an increase in the car share in future years.  
 
Table 7.7: South Tyrol model results: Passenger modal shares at 2020 in the eight scenarios 
 

 
 
Average speed and trip lengths 
 
The average road speed is quite high in the base year (given the low levels of congestion in 
the area) and it worsens at 2020 in all scenarios due to the increase of traffic but the 
reduction is not higher than 7%. The deterioration of speed is the highest in the no-policy 
scenario under the low oil price growth assumption about fuel prices (A-1), in all other 
scenarios, as well as in the B-1 scenario, car speed is reduced more slightly as the number of 
cars-km are reduced. The average speed of bus is improved in all scenarios also with respect 
to the base year, with the higher level for the technology investments scenarios where an 
improvement of the services is planned.  
 
Table 7.8: South Tyrol model results: Average speed of passenger modes at 2020in the eight 

scenarios 1 (km/h) 
 

 
1 Average speed of rail and bus are computed on door-to-door trip time and so include feeder modes, 
waiting, etc. 
 
 
Car distance is always slightly lower at 2020 with respect to the base year. Even in scenarios 
where specific land-use measures are implemented (‘2’ scenarios ), the difference compared 
to 2005 is very small. As explained above, the scale of the model does not allow to simulate 
this type of land use measures in an effective way, so a limited effect was expected.  
 
Environment 
 
The South Tyrol model produce forecasts for the emissions of five different pollutants: CO2, 
CO, VOC, NOx and PM. The emissions are estimated by transport mode for each link; the 
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following graphs show the total results for the model network. Data refers to the emissions 
produced by road transport modes only. Pollution due to crossing traffic (on the Brenner 
corridor) is also excluded as such part of demand is exogenous in the South Tyrol model and 
so it is not affected by the measures in the scenarios. 
 
CO2 emissions are basically growing during the time simulation period in each scenario, 
except for the demand regulation scenarios (A2/B2) where the reduced number of trips and 
the shift towards the public transport bring about a reduction of 2-5% at the year 2020 with 
respect to 2005 (see Figure 7.33). Technology investments scenarios (A1/B1) reduce 
consistently the CO2 emissions growth with respect to the no-policy scenarios (A-1/B-1), but 
even in such scenarios by the year 2020 CO2 emissions are about 10% higher than in the 
base year. The increment of emissions is lower than the increment of demand thanks to the 
technological improvements on the fleet side. As far as the renewal of the conventional 
vehicles fleet is concerned (e.g. introduction and diffusion of EURO V standard), the 
potential for reducing CO2 is low; the bulk of the positive effect is due to the electric and fuel 
cells cars entering in the fleet.  
 
Figure 7.33: South Tyrol  model results: CO2 total emissions index (all modes) 
 

 
 
 
Instead, looking at the Figure 7.34 the development of the CO emissions index is quite 
different and shows a consistent reduction in all the scenarios. The minimum reduction 
amounts to 35% with respect to the year 2005 in the A1 scenario. However, in all scenarios 
the maximum reduction takes place in 2015 and not in 2020. The cause of the inverted trend 
in the last period is the slower pace of the fleet renewal associated to the ever increasing 
demand. In other words, the total veh kms growth more quickly than the average emissions 
are reduced. 
 
The same development can be observed for the VOC, while for PM and NOx the decreasing 
trend persists beyond 2015. Concerning PM, the graph shows that emissions are slightly 
increasing until 2007. This is an effect of the increased share of diesel cars in the fleet at the 
beginning of the forecast period, when the renewal of the fleet is just started.  
 
For the other pollutants the reduction of emissions is more significant  with the demand 
regulation scenarios (A2/B2) matching the forecasts for CO2 emissions. 
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Figure 7.34: South Tyrol model results: CO total emissions index (all modes) 
 

 
 



Part III       Chapter 8 

Transport strategies under the scarcity of energy supply  122 

CHAPTER 8: Summary of model results  
 

8.1 Introduction 
 
In this chapter the main outcomes of the simulation of the STEPs scenarios are presented. 
Detailed results for each model have been described in the previous chapters 6 and 7, 
concerning European models and local models respectively. Here the attempt is to provide 
an overall picture using results from all models. As explained previously, there are 
methodological reasons to believe that results of the models can be compared to define a 
concise description of the impacts of the scenarios. At the same time, differences exist 
between the models, as well as in the strategies used to implement the scenarios, meaning 
one can only compare the outcomes between models in broad terms. Also the demographic 
and economic trends of the study areas analysed in the models are significantly different 
(e.g. in Dortmund the population is decreasing while in Helsinki it is growing), so that the 
outputs of the common indicators produced could be considerably influenced. Therefore, in 
this chapter only a few numbers are reported and impacts are reported and discussed in 
terms of their intensity and direction.  
 
The results will be discussed with reference to several aspects: transport demand, energy 
consumption, greenhouse and polluting emissions, economic development, local 
accessibility, etc. The discussion below is articulated into four main parts:  
 
§ In section 8.2, the analysis of the forecasted future trends is reported in the no-policy 
scenario under the low oil price growth assumption (scenario A-1) and in the business-as-
usual scenario still under the low oil price growth assumption (scenario A0); 
 
§ the effects of higher oil/fuel price, i.e. the results of the no-policy scenario under the high 
oil price growth assumption (scenario B-1) and in the business-as-usual scenario still under 
the high oil price growth assumption (scenario B0) are discussed in section 8.3;  
 
§ the impacts of the policy measures, i.e. the results of the scenarios A1, A2, B1 and B2 are 
reported in section 8.4;    
 
§ section 8.5 deals with the final conclusions.  

 

8.2 Future trends assuming low oil price growth 
 
In the A-1 scenario, where only the lower growth rate of oil price is modelled, transport 
demand is clearly growing both for passengers and for freight. Such a trend of growing 
demand for the future years is common to Europe-wide models as well as to regional 
models. Even if population in the EU25 is forecasted as stable or even decreasing in future 
years, the modelling results suggest that the mobility of people will continue to grow in 
terms of passengers-km beyond 2030. Higher motorisation rates (the number of cars per 
1000 inhabitants) is forecast to be 25% higher in 2030 than nowadays and higher average 
personal income can explain a slightly larger number of trips; at the same time, average trip 
length distances are also increasing. With reference to freight transport, the number of 
tonnes-km is forecast to grow faster than the economic growth, thus continuing the past 
trend observed in the last 30 years2. As far as the economic development is concerned, 

                                                 
2 See for instance EU energy and Transport in figures 2004 page 3.1.3 
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forecasts range from an average GDP growth rate of 1.8% p.a. (SASI forecasts) to an average 
rate of 2.7% p.a. (ASTRA forecasts).  
The picture is not too different in the business-as-usual scenario (A0). Although policies 
aimed at increasing costs and times for road modes (and conversely favouring rail modes) 
are already implemented in this scenario, their effect on the overall mobility level is minor: 
both passenger and freight transport demand continue their growth until beyond the year 
2030.  
 
Cars and trucks are currently the dominant transport modes and their role is confirmed or 
even enhanced in the future, according to the no-policy scenario. On the freight side, sea 
shipping also maintains a significant role. As far as passenger transport is concerned, car 
share is stable or even increasing although on long distance trips the role of air transport is 
rapidly growing.  
 
Figure 8.1: Main trends for EU countries in the no-policy scenario 
 

 
 
 
In the A0 scenario, car and road freight clearly continue to be the main modes even though 
their shares are slightly reduced. The growth of the overall mobility does not trigger a 
proportional increment of the energy consumption in the transport sector. Total fuel 
consumption in the A0 scenario is substantially unchanged over the simulation period. This 
effect is due to the evolution of the vehicle fleet: in fact it is assumed that innovative 
vehicles (electric, fuel cells, etc.) will amount to about 10% of the fleet at 2030 in the A0 
scenario. A greater efficiency of the vehicles explains why more or less the same amount of 
fuel is used even if demand is increasing. Additionally, renewable energy sources assume a 
greater importance even if only the energy consumed in the transport sectors is considered.  
 
Improved efficiency of road vehicles is clearly visible also when considering the 
environmental effects (see Table 8.1). Polluting emissions are sharply decreasing already in 
the no-policy scenario (A-1), with the only  exception, though relevant, of the greenhouse 
emissions (CO2). Actually, for technical reasons, the gain in terms of reducing unitary 
emissions of pollutants that can be obtained in the newest conventional vehicles (EURO IV, 
EURO V, etc.) does not have a correspondence on the greenhouse gases side. However, as 
far as elements like CO or PM are concerned, the reduction of the emissions is huge to the 
extent that the absolute value of emission in the future year will be significantly lower 
despite the traffic growth.  
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Table 8.1: Change of total emissions in the no-policy scenario under the low oil price growth 

assumption 2005 - 2030 and innovative fleet share at 2030 
 

 
 
 
The measures simulated in the A0 scenario do not add much to the base trend of the A-1 
scenario, even if direct greenhouse emissions are reduced in the final years of the simulation 
period. It seems this is not the case when well-to-wheel emissions are considered, as is 
forecast in the Edinburgh model. 
 
On the economic side, the impact of the Business-as-usual policy measures (especially 
pricing and taxing of road modes) is to slightly reduce the growth of GDP and employment, 
but the base trend of the no-policy scenario is not significantly changed. 
 
According to the model simulations, the average European accessibility for passengers and 
freight is increasing in the  future years according to the no-policy scenario because of the 
underlying assumptions on further European integration. This growing trend is consiste nt 
with the dynamics of the past years, while the Business-as-usual scenario gives rise to a 
break in the trend, slightly reducing average accessibility (especially for freight) as a 
consequence of higher cost of road transport (see Figure 8.2). 
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Figure 8.2: Accessibility road/rail/air travel, Scenario AO with respect to Scenario A-1 2031 (SASI 
model results) 

 

 
 
 

8.3 Effect of higher energy prices 
 
Of special interest is the impact of the higher assumptions concerning the evolution of 
energy price, that is results from scenarios B-1 and B0, where such an assumption is added 
to the no-policy or Business as Usual case respectively. 
 
As already mentioned, even if the assumption about oil price is a 7% growth rate p.a., the 
demand/supply mechanism in the fossil fuel market simulated within the POLES model 
leads to a slower growth of gasoline and diesel prices, which is on average about 4% p.a.  
 
In fact, the main consequence of a faster growth of oil price seems to be a strong pressure 
for improving efficiency and using alternative sources of energy. On the transport demand 
side, the impact is also visible (although not so dramatic) and consists partially of a 
reduction of total mobility and partially of a shift to non-road modes. Passenger demand 
seems more elastic than freight demand and the faster growth of fuel price significantly 
affects car ownership as well (see Table 8.2). 
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Table 8.2: Change of fleet size 2005 – 2030 and share of innovative vehicles: comparison between 
A-1 and B-1 scenarios  

 

 
 
 
On the vehicle fleet side, one can see the most significant impacts of the higher assumption 
on fuel price growth. Fleet in the year 2030 is shrunk with respect to the no-policy or 
Business-as-usual base trend and its size is reduced even if compared to the present day. In 
addition, the internal composition of the fleet is significantly changed, with a higher share of 
cars – and especially large cars – substituted with innovative cars.  
 
With a lower motorisation rate and higher costs for travelling, total passenger travel is still 
growing but at a lower rate and the growth of cars, especially, is limited and falls below the 
base year (2005) value at the end of the simulation period. However, freight demand is more 
insensitive and the higher fuel price is unable to reduce significantly the growth of 
passengers-km as well as to cut the mode share of road freight. 
 
This rigidity can be partially explained by the limited effect that a faster dynamic of the oil 
price has on the economic growth. According to the modelling simulations, GDP is not so 
low in the ‘high oil price growth’ scenarios than in the ‘low oil price growth’ ones and also 
employment is only slightly reduced. Also, the accessibility of regions, and so their 
opportunity of development, is not damaged dramatically looking at the outcome of the 
simulations.  
 
In brief, modelling simulations suggest that the European Economy is able to put into 
practice strategies to improve efficiency and that the economic system as a whole can cope 
with more expensive energy (see Table 8.3). 
 
Table 8.3: Change of GDP and employment 2005-2030: comparison between A-1 and B-1 scenarios  
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Table 8.4: Change of accessibility and cohesion 2005-2030: comparison between A-1 and B-1 
scenarios 

 

 
 
 
Table 8.5: Change of passengers-Km and tonnes-Km 2005-2030: comparison between A-1 and B-1 

scenarios  
 

 
 
 
There is no need to say that fuel consumption decreases significantly as consequence of its 
higher price. At the year 2030, fuel consumption is reduced of about 25% with respect to the 
scenarios featuring low oil price growth. At the same time, renewable sources are further 
fostered with respect to the A-1 scenario. 
 
On the environmental side the impact of a higher energy price is positive, even though is 
the base  trend already working in the ‘low oil price growth scenario which explains the 
majority of the gains. Instead, CO2 emissions are significantly reduced below the A-1 level 
even if not necessarily under the current level. 
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Table 8.6: Change of emissions 2005-2030 comparison between A-1 and B-1 scenarios  
 

 
 
 

8.4 The impacts of the two policy strategies 
 
As explained above, two diverse policy strategies have been simulated, one pivoted around 
technology investments (scenarios 1) and the other aimed at transport demand regulation 
(scenarios 2). The expected impact of both strategies is especially to help save energy and 
reduce harmful transport emissions, but a full assessment of their effects has to take into 
account other dimensions also such as the effect on the economy and on accessibility. 
 
First, both strategies do not dramatically affect the size of demand, as total passengers-km 
and tonnes-km are increasing in all scenarios. Not surprisingly, demand regulation measures 
have a stronger impact and slow down the growth of transport demand (see Tables 8.7 and 
8.8). This trend is visible even if mobility is not reduced below the base year level (also under 
the high oil price growth assumption) and, as far as freight is concerned, the growth rate of 
tonnes-km is still higher than GDP growth rate.  
 
Table 8.7: European models: Change of passengers-Km and tonnes-Km 2005-2030: comparison 

between demand regulation and technology investment scenarios  
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Table 8.8: Local models: Change of passengers-Km and tonnes-Km 2005-2030: comparison 
between demand regulation and technology investments scenarios  

 

 
 
 
A specific circumstance affects this result: the demand regulation measures provoke a 
modal shift towards rail and ship and such modes have higher average distances than road 
for most of the O/D pairs. In fact, modes like rail and shipping often need feeder modes from 
true origin to starting terminal and from arrival terminal to final destination. Furthermore, 
sea shipping routes can be much longer than land routes. Therefore, total distance travelled 
is often actually higher and this effect should not be underestimated: shifting goods from 
road to other modes means increasing the total amount of tonnes-km. These aspects are 
considered in the ASTRA model3 and thus when scenarios are effective in terms of modal 
shift, a larger number of tonnes-km results. 
 
The rigidity of freight and passenger demand with respect to the policy strategies is in 
agreement with the limited effects on the economic growth of all scenarios. On the one side, 
the simulations suggest that the technology investments scenarios (scenarios 1) are neutral 
for the economic development as they slightly reduce accessibility. However, at the same 
time they can have a positive effect due to the additional investments, the acceleration of 
the renewal of the fleet and therefore a positive development of intermediate and final 
consumptions. On the other side, demand regulation scenarios have a double negative 
effects. Firstly, they penalise the road transport sector and thus have a negative impact on 
the whole economy as predicted through the input/output mechanism: secondly they 
reduce accessibility of regions and then hinder their development. However, even if the 
reduction of GDP growth (and, correspondingly, of employment) is significant relative to the 
no-policy scenarios, economy is sharply growing in absolute terms; even in the scenario B2, 
when the demand regulation measures are associated to the high oil price growth 
assumption. 
 
In brief, there are different impacts on the economy, but the final result does not bring 
about a break of the base trend. Consequently, the economic determinants of freight 
demand (and, although less directly, of passenger demand) do not change much and this 
explains why the outcome of the scenarios shows adjustments on the demand side, but not 
large variations (see Table 8.9). 
 

                                                 
3  Although, given the coarse geographical detail in ASTRA, the increment of trip length could be somewhat 

overestimated. 
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Table 8.9: Change of GDP and employment 2005-2030: comparison between demand regulation 
and technology investment scenarios 

 

 
 
 
On the environmental side, demand regulation measures prove to be more effective than 
technology investments (see Tables 8.10 and 8.11). However, if compared to the no-policy 
trend, where polluting emissions are already reduced due to the fleet renewal, the 
additional gain is not always large. From a European perspective, the strategy of limiting 
demand and shifting on non-road modes is able to invert the trend of greenhouse 
emissions. If associated with the high oil price growth assumption, direct CO2 emissions 
could be reduced by 30-50% with respect to the no-policy scenario and also well-to-wheel 
CO2 emissions could be cut significantly. For pollutants, demand regulation strategy 
generates reductions that, especially at the local level, are not so large if compared to the 
effect of the technology investments and/or only the effect of higher oil price growth. 
 
Table 8.10: Change of emissions 2005-2030: comparison between demand regulation and 

technology investments scenarios under the low oil price growth assumption 
 

 
 
 
The effectiveness of technology investments for reducing harmful emissions is lower. In 
some cases differences are small; in other cases they are significant. In rough terms, the 
reason is that the advantages in terms of lower unitary emissions are not as high as the 
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reduction of the emitting units obtained with the demand regulation. However, the strategy 
of using technology has more positive imp acts on the total energy usage and development 
of renewable sources. When looking at fuel consumption the regulation of demand still 
seems more effective. 
 
Given the direct linkage between the quantity of demand (especially road demand) and 
externalities like accidents, noise and congestion, the conclusion is clear that the strategy of 
controlling demand performs better also on these respects.  
 
Table 8.11: Change of emissions 2005-2030: comparison between demand regulation and 

technology investments scenarios under the high oil price growth assumption 
 

 
 
 
On the accessibility side (Table 8.12), both demand regulation and technology investments 
provoke negative effects as transport costs are increased. The negative impact is almost 
negligible for passengers in the technology investments scenarios, while is quite significant 
for freight especially in the demand regulation scenarios. As almost all European regions 
depend heavily on road modes for freight transport, this result is as expected. However, for 
passengers the picture is more mixed and the policy measures aimed at developing 
technology can have also some positive effects especially on peripheral regions of EU 
(especially new EU10 countries). 
 
In terms of cohesion within EU25, measured as convergence of GDP, there is clear progress if 
an absolute indicator is used. This is because the impact of scenarios on the GDP of richer 
regions is higher and so differences between richer and poorer regions is reduced. More 
interesting is the analysis of relative cohesion (i.e. in terms of relative variations of GDP). 
Relative cohesion is lower in the demand regulation scenarios, independently from the 
assumptions relative to oil price. Instead, in the technology investments scenarios, the 
relative cohesion is higher, especially if the low oil price growth hypothesis is adopted. 
Therefore, from the simulations, it seems that investing on technologies has a better impact 
on poorer regions than the demand regulation, other things being equal. 
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Table 8.12: Change of accessibility and cohesion 2005-2030: comparison between demand 
regulation and technology investments  scenarios 

 

 
 
 

8.5 Conclusions 
 
The following tables summarise the impacts of the policy scenarios compared to the A-1 
scenario, using some variables that can provide a broad idea about the environment, the 
energy system, the economy and the mobility: emissions, energy consumptions, the 
average travel time per trip, accessibility and economic cohesion.  
 
Table 8.13 and Table 8.14 show the impacts of the high oil price growth assumption. 
Apparently, in comparison to the low oil price growth assumption, positive and neutral 
effects are dominant: pollution diminishes (even if CO2 is increasing with respect to year 
2005) as well as energy consumption. Average time per trip is stable as well as GDP (even 
though a slight decrement is forecast) and relative cohesion. However, negative effects can 
be found on accessibility.  
 
In brief, according to the modelling simulations, a faster growth of fuel price on its own 
would not be a too bad perspective, assuming that the modelled reactions in terms of 
improved efficiency are actually put into practice. 
 
Table 8.13: European models: Summary of scenario B-1 results with respect to A-1 at year 2030 
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Table 8.14: Local models: Summary of scenario B-1 results with respect to A-1 at year 2030 
 

 
 
 
From Table 8.15 and Table 8.16 it can be seen that the technology investments scenario 
under the low oil price growth assumption is able to realise improvements for almost all the 
variables considered with some local exception. Progress is generally made also with respect 
to year 2005, although CO2 emissions are generally increasing and accessibility levels are 
diminishing.  
 
Table 8.17 and Table 8.18 show that (still under the assumption that oil price will grow 
slowly) the demand regulation scenario improves most of the variables as well. Progresses 
concern mainly the same variables that are positively affected by the technology 
investments scenario; with the relevant exception of GDP (which is somewhat reduced in 
the demand management scenario). So, in terms of the directions of the impacts, the two 
policy strategies are comparable. However, as explained in the previous paragraphs, the size 
of the impacts of the two scenarios is not the same and quantitative aspects should be taken 
into account as well to compare the two policy strategies. 
 
Finally, from Table 8.19 to Table 8.22 the summary impacts of the two policies is presented, 
technology investments and demand regulation respectively, under the high oil price 
growth hypothesis. The two tables are not significantly different from the previous ones, 
which is a confirmation of the limited role of the energy price to explain the results of the 
scenarios. However, even this limited effect is able to emphasise the negative impact of the 
demand regulation strategy on the economy. 
 
Both policy measures are therefore effective for reducing energy consumption as well as 
greenhouse and pollutant emissions without a very negative impact on the economic 
growth. However, in particular demand regulation policies significantly reduce accessibility, 
i.e. impose constraint to mobility, especially to passengers’ private mobility: modal shift 
towards public modes is favoured, trip lengths are reduced, etc. Although this can be seen 
as a benefit from a collective point of view, these changes in travel behaviour are not 
voluntary but forced responses, which might imply a loss of quality of life.  
 
In brief, the price paid for the success on the environmental side can be substantial in terms 
of money and quality of life; however, discussing ways to alleviate the hardships in these 
two dimensions are beyond the scope of this project.  
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Table 8.15: European models: Summary of scenario A1 results with respect to A-1 at 2030 
 

 
 
Table 8.16: Local models: Summary of scenario A1 results with respect to A-1 at 2030 
 

 
 
Table 8.17: European models: Summary of scenario A2 results with respect to A-1 at 2030 
 

 
 
Table 8.18: Local models: Summary of scenario A2 results with respect to A-1 at 2030 
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Table 8.19: European models: Summary of scenario B1 results with respect to A-1 at 2030 
 

 
 
Table 8.20: Local models: Summary of scenario B1 results with respect to A-1 at 2030 
 

 
 
Table 8.21: European models: Summary of scenario B2 results with respect to A-1 at 2030 
 

 
 
Table 8.22: Local models: Summary of scenario B2 results with respect to A-1 at 2030 
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