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([HFXWLYH�VXPPDU\

TRACE is a comprehensive research programme, carried out by a consortium of
European consultants and Universities (ARPA from Italy, Hague Consulting Group from
the Netherlands, Heusch/Boesefeldt from Germany, Stratec from Belgium and the
University of Cergy-Pontoise from France), which started in January 1998 with the
financial support of the European Commission (DGVII).

The objectives of TRACE are:

• to understand and to demonstrate the relationship between travel costs and time and
the demand for car travel, both in short and long term;

• to produce a comprehensive review of empirical and modelling evidence of time and
cost elasticities and value of time for both short and long term futures;

• to produce an easy to use (ODVWLFLW\�+DQGERRN to include values for elasticities for a
range of ‘prototypical contexts’, for an assessment of first order impacts on car travel
demand at different planning levels.

 In order to achieve these objectives, in the first phase of the project, a large-scale review
of available evidence concerning elasticities of private car travel demand with respect to
time and cost changes was carried out. This review also includes evidence on the value of
time. The focus is on countries that are member or associate member of the European
Union.

 In later phases of the TRACE project, new runs with national and regional traffic models
(the Dutch and Italian national models and the integrated land use/transport mode for the
Brussels region) were carried out to yield more evidence on private road time and cost
elasticities in many different contexts.

 The outcomes of the literature review and the new model runs were integrated. The
outcomes are summarised in the TRACE Elasticity Handbook. All elasticity outcomes,
after integration, were inserted in the TRACER. This is a sketch planning model, rooted
in the existing traffic models, which can be used to yield elasticities in a fast and user-
friendly way for many different contexts not covered by existing traffic models.
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���3DUWQHUVKLS

TRACE is a comprehensive research programme, carried out by a consortium of
European consultants and Universities:

• ARPA from Italy
• Hague Consulting Group from the Netherlands (coordinator)
• Heusch/Boesefeldt from Germany
• Stratec from Belgium
• the University of Cergy-Pontoise from France,

which started in January 1998 with the financial support of the European Commission
(DGVII). The project was completed end of June 1999. The addresses and contact
persons are given in Appendix B.
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���2EMHFWLYHV�RI�WKH�SURMHFW

The objectives of TRACE are:

• to understand and to demonstrate the relationship between travel costs and time and
the demand for car travel, both in short and long term;

• to produce a comprehensive review of empirical and modelling evidence of time and
cost elasticities and value of time for both short and long term futures;

• to produce an easy to use Elasticity Handbook to include values for elasticities for a
range of ‘prototypical contexts’, for an assessment of first order impacts on car travel
demand at different planning levels.
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���0HDQV�XVHG�WR�DFKLHYH�WKH�REMHFWLYHV

 In order to achieve these objectives, in the first phase of the project (Work Packages 1, 2
and 3), a large-scale review of available evidence concerning elasticities of private car
travel demand with respect to time and cost changes was carried out.
 
 Deliverable 1 (D1) of the TRACE project of May 1998 contains the elasticities found in
the literature survey, for the short and the long term and for a great number of European
countries, as well as evidence found on the value of travel time in these countries.
 
 After this in Work Package 4 the theoretical structure which forms the foundation for the
elasticity concept, was presented, with special attention to the issue of the dimension of
reaction time to changes in travel times and cost. The sets of representative contexts
(‘prototypical contexs’) for which elasticities would ultimately be calculated or deduced
was designed in WP5.
 
D2 on the Work Packages 4 and 5 was submitted in July 1998 and a revised version in
December 1998.
 
 In Work Packages 6.1, 6.2 and 6.3 of the TRACE project, new runs with national (the
Netherlands, Italy) and regional (Brussels) traffic models have been carried out to yield
more evidence on private road time and cost elasticities in many different contexts.
 
 The report on the Work Packages 6.1, 6.2 and 6.3 (D3: Report on national elasticities)
was submitted in December 1998.
 
 On the basis of the elasticities from the literature and the model runs, the consortium
developed a sketch planning model, rooted in the existing traffic models, which can be
used to yield elasticities in a fast and user-friendly way for contexts not covered by
existing traffic models. The name of this programme is TRACER. TRACER can easily
be used for sensitivity tests: many different changes (e.g. in travel cost or time) can be
evaluated in a few seconds.

TRACER and the Elasticity Handbook form the final products of the TRACE project.
Deliverable 4, on the sketch planning model, and Deliverable 5 (Elasticity Hand-book)
have been released jointly in April 1999.
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�� 6FLHQWLILF� DQG� WHFKQLFDO� GHVFULSWLRQ� RI� WKH
SURMHFW

����,QWURGXFWLRQ

4.1.1 Motivation for developing the Elasticity Handbook and TRACER

Information on time and cost elasticities, such as the ones in the Handbook and
TRACER, is particularly useful to provide an approximate H[� DQWH assessment of the
likely impact on car travel demand associated with measures and policies that are being
considered in the pursuit of transportation or environmental policy goals. They are thus a
means for the assessment of the effectiveness of measures in achieving transport or
environmental objectives. Within a specified context, elasticities are capable of providing
fast and approximate answers to a range of ‘ZKDW�LI�TXHVWLRQV¶��Examples are:

• ZKDW� LV� WKH� HIIHFW� RI� WKH� LQWURGXFWLRQ� RI� URDG� FKDUJHV� RQ� WKH� YROXPH� RI� FDU� WUDYHO
�QXPEHU�RI�WULSV��NLORPHWUDJH�"

• ZKDW�HIIHFW�GR�URDG�FKDUJHV�KDYH�RQ�RWKHU�PRGHV"
• KRZ�PXFK�ZLOO� WUDIILF� YROXPHV� GHFUHDVH� LI� WUDYHO� WLPHV� LQFUHDVH�� H�J�� DV� D� UHVXOW� RI

FRQJHVWLRQ�RU�VSHHG�OLPLWV"

 This  chapter  4 contains the main outcomes of the TRACE project, as can also be found
in the Elasticity Handbook (D5). The objective of this chapter is:
 
WR�SURYLGH�WKH�HODVWLFLWLHV�ZKLFK�FDQ�EH�XVHG�IRU�D�ILUVW�RUGHU�DVVHVVPHQW�RI�WKH�HIIHFWV�RI
FKDQJHV�LQ�FDU�WUDYHO�WLPH�DQG�FDU�WUDYHO�FRVW��LQFOXGLQJ�SDUNLQJ�FKDUJHV��RQ�FDU�WUDYHO
GHPDQG�DQG�RQ�GHPDQG�IRU�RWKHU�PRGHV��IRU�D�ZLGH�UDQJH�RI�FRQWH[WV�

Users of the elasticities in this chapter can be national or regional authorities in Europe.
Some of these may not have detailed traffic models, calibrated to represent local
circumstances, available. In these cases, this chapter may be used to get an indication of
the effectiveness of policy measures. Authorities that do have detailed traffic models may
also use this chapter to gain initial insight into the effectiveness of various measures. The
most promising measures can then be studied later on, using more elaborate (and also
more costly) methods.

Information in this chapter on the relationship between travel costs (in terms of time and
money) and car travel demand given a particular context, as expressed in elasticities, was
derived from a finite number of national and regional experiments or simulations.
Assessments based on these elasticities, therefore, must be considered as first order
approximations in discussions on transport or related policies. When a potentially
successful policy has been identified using the elasticity approach, it will often be
considered necessary to conduct further detailed planning and research, in which full
account can be taken of the specific and locational circumstances and characteristics.
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The elasticities in this chapter were derived for a number of European countries, mainly
in Western Europe. As a result, the elasticities will be more representative for Western
European countries than for countries in Eastern Europe. On the other hand, we do not
present elasticities for specific countries, but for specific prototypical contexts, which can
be applied -as first approximations- in other countries where these prototypical contexts
are relevant.

Experience has shown that the impact of policy measures in transport is limited. The
elasticities in TRACE are forecasts of the results of car cost and time changes studied in
isolation. In practice, these effect might be compensated, overcompensated or
strenghtened by other developments such as income growth.

������'HILQLWLRQ�RI�HODVWLFLW\

 Details about the theoretical background of elasticities (and value of time) are provided in
Deliverable 2 of TRACE.
 
 We use the following general definition of elasticity:
 
 An elasticity gives the impact of a change in an independent (or stimulus) variable on a
dependent (or response) variable, both measured in percentage changes.
 
 If the impact of a 1% increase in the fuel price on car kilometrage is a decrease in car
kilometrage by 0.3%, the fuel price elasticity of the demand for car kilometres is -0.3 (=-
0.3/1).
 
 Elasticities are defined using the ‘ceteris paribus’ condition: they are valid under the
assumption that all other things (e.g. other independent variables) do not change.
 
 An elasticity can be positive or negative. If an elasticity (in absolute values) exceeds 1,
the dependent variable is called ‘elastic’ (e.g. elastic demand) w.r.t. the independent
variable. If the elasticity value (in absolute terms) is between 0 and 1, the dependent
variable is ‘inelastic’.
 
 The convention in economics is that the name of the independent variable comes first
(before the word ‘elasticity’) and the dependent variable follows after the words
‘elasticity of’. Examples are the above fuel price elasticity of car kilometrage or the car
travel time elasticity of public transport trips.

The elasticity concept is used in TRACE because it it a well-known concept, that has
been applied in many studies. Generally speaking, there is no guarantee that elasticities
are constant or stable. The approach of this study is to devise a detailed stratification of
travel demand, giving more or less homogeneous groups for which elasticities are
believed to be relatively similar.



15

������(ODVWLFLWLHV�VWXGLHG�LQ�75$&(
 
In TRACE, we are focussing on the following elasticities (stimuli):
 

• impact of changes in car travel cost
• impact of changes in car travel times.
 
 For both we are studying the impact on (response):
 

• car driver trips and vehicle kilometrage (direct or own-price elasticities)
• car passenger trips and car passenger kilometrage
• other modes (cross or cross-price elasticities): public transport, sometimes also slow

modes.
 
 Figure 1. Elasticities studied in TRACE
 

 
Response:

 IMPACT ON:

 
 Stimulus:

 Car use  Use of other modes (e.g.
 public transport)

 IMPACT  Car cost or time  Studied in TRACE  Studied in TRACE
 OF:  Time, cost of other

 Modes (e.g. public
 transport)

 Not studied in TRACE  Not studied in TRACE

 
 Freight transport is not studied. Impacts of changes in public transport (e.g. fares, public
transport travel times) are not studied either.
 
������6KRUW�WHUP�DQG�ORQJ�WHUP�HODVWLFLWLHV
 
 In TRACE, elasticities are provided in terms of impacts of trips and kilometres, both for
the short and the long term. The short run is defined as including mode choice only (if the
car costs or car travel times increase, there will be substitution to other modes). The long
run elasticities include the following effects:
 

• Mode choice
• Destination choice and travel frequency choice.
 
 If the car cost or car travel times increase, in the long run travellers can choose to go to
other destinations (e.g. other shopping centres) which are located closer to the homes,
thereby further decreasing the total distance travelled by car. In principle there can also
be impacts on the travel frequency: The total number of trips can decrease because of
increases in price and time. The model runs carried out for TRACE indicate that the
frequency effects are usually much smaller than the destination choice effects. In the very
long run there can also be changes in the location of houses, jobs, schools, recreation
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areas, etc, as a result of the increase in travel costs or time. The model runs for TRACE
indicate that these effects are limited as well. It is not possible to make a general
statement about the time-scale of short and long run, except that long run should be
interpreted as meaning several years.
 
 

�����&KDQJHV�LQ�SROLF\�YDULDEOHV

This section contains a description for which policy variables TRACE is relevant and
how the changes in these policy variables should be formulated in order to be able to
apply the elasticities presented in this chapter.

In TRACE evidence (from the literature and from new mode runs) was gathered on
elasticities for three policy variables:

• Fuel prices of cars
• Travel time by car
• Car parking charges.

Consequently, all policies that a user can evaluate with the elasticities in this chapter 4,
have to be translated first in terms of one of these three variables. This is an easy task for
some measures, but difficult or impossible for other policy measures.

Some examples of how policy measures can be translated into one of the three policy
variables are the following.

• The impact of increases in the fuel price can directly be evaluated; the fuel price
elasticities in this chapter are for constant fuel efficiency of cars. Over the past
decades the fuel efficiency of cars has been increasing and it can be expected to
increase in the future. If a user would like to gain insight into the effects of a fuel
price increase in a future year, assumptions have to be made on the change in the
average number of litres of fuel needed for driving a kilometre, which may (partly)
offset the fuel price increase. Also if a user would like to assess the impacts of a price
change in the future, the percentage price change that should be used in conjunction
with the elasticities should be the real (inflation-corrected) price change.

• If the policy measure is to increase the fuel tax, the impact of the fuel tax on the
average fuel price needs to be calculated first. If for instance the fuel price constitutes
for 70% of fuel taxes, then a 10% increase in the fuel tax can be evaluated using the
tables in this chapter as a 7% increase in the fuel price. If a fuel price increase only
refers to petrol (and not to diesel and LPG), then the share of petrol cars can be used
to get the overall fuel price increase.
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• Distance-based road pricing can also be translated to an equivalent change in the fuel
price, and evaluated using the fuel price elasticities. Area-based road pricing can be
evaluated using the parking charge elasticities (see below). Road pricing on a specific
link is hard to assess in a general framework such as TRACE, which does not have
local networks. Substitution and distribution effects can to some extent be given by
the elasticities, but route changes can not be supplied here. Similarly for road pricing
policies which are specific for certain time-of-day periods (e.g. only in the peak),
TRACE cannot give the induced changes in departure time. For the evaluation of
such models, specialised transport models are needed.

• If the policy measure is a decrease in the maximum speeds, the impacts on average
travel time by car needs to be calculated, in order to be able to use the tables in this
chapter. This can then give the short run and long run effects, that is the effects on
mode choice and on distribution/generation. If the change in speed limits has more
impacts on certain types of roads than on others, TRACE cannot give the changes in
route choice, but only the changes related to the average increase in travel times.

• If the impact on overall travel time can be given, TRACE can also, to some extent,
give the impact of congestion on mode choice and distribution/generation. Again, the
impacts on departure time and route choice, which may be very relevant if congestion
is concentrated on certain links and in certain time periods, cannot be given.

• The car parking charge elasticities in this chapter refer to increasing the rates for
destination zones where parking charges already exist. The increase in the number of
parking spaces with paid parking can also be translated (if the rates are known) to a
change in the parking charges. The parking charge elasticities can also be used to
evaluate area-based (or cordon-based) road pricing, because the price to be paid here
is a more or less fixed amount per trip, and not a price per kilometre, such as the fuel
price or as happens with distance-based road pricing. If the price measure studied is
not or only weakly distance-related, it might be important to look at the different
impacts by distance class, since for short trips, the amount of money charged will be
relatively more important than for long trips. As a result, it can be expected that area-
based road pricing and parking charges will have a bigger impact on short trips than
on long trips.
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������)XHO�SULFH��IXHO�WD[�DQG�GLVWDQFH�EDVHG�URDG�SULFLQJ

The following elasticities can be used to evaluate the effect of a fuel price increase. If for
instance a user would like to know the impact of a 10% increase in the fuel price on total
traffic, Table 1 can be used to get the following impacts in terms of trips:

• Car traffic: -1.8% in the short run (mode choice effects only) and –2.2% in the long
run (mode choice and distribution/generation effect; also see Section 1.5 on short and
long term);

• Car passengers (other persons in the car than the car driver): +1.7% in the short run
and +1.3% in the long run; this means a cost increase will stimulate carpooling (in
which the cost can be shared);

• Public transport: +1.6% (short run) and +1.2% (long run);
• Slow modes (walking, cycling): +0.7% (short run) and +1.1% (long run).

The fuel price elasticities can also be used to predict the impact of a fuel tax increase. If
for instance the fuel price constitutes for 70% of fuel taxes, then a 10% increase in the
fuel tax can be evaluated as a 7% increase in the fuel price. If a fuel price increase only
refers to petrol (and not to diesel and LPG), then the share of petrol cars can be used to
get the overall fuel price increase.

Distance-based road pricing can also be simulated using the fuel price elasticities. A first
step then is to calculate the percentual change in the fuel cost per kilometre, which is the
same thing at constant fuel efficiency) that is equivalent to the road charge per kilometre.
This will give different results in different countries, because the fuel prices are not
uniform across Europe. Most of the fuel price elasticities in this chapter are based on an
average car cost per kilometre of  EURO 0.094/km for all purposes except business travel
and EURO 0.238/km for business travel. Using these numbers For instance a road charge
of 0.03 EURO/km would be equivalent to a +32% fuel price increase for non-business
and an 8% increase for business. In the second step, these percentages can be used in
conjunction with the elasticities in the tables.
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Table 1. Fuel price elasticities of the number of trips, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

6KRUW�WHUP�
Commuting -0.16 +0.26 +0.26 +0.11
Business -0.03 +0.11 +0.54 +0.02
Education -0.16 +0.00 +0.01 +0.01
Other -0.26 +0.17 +0.21 +0.08
Total -0.18 +0.17 +0.16 +0.07
/RQJ�WHUP�
Commuting -0.16 +0.18 +0.18 +0.15
Business -0.06 +0.21 +0.24 +0.18
Education -0.29 +0.00 +0.01 +0.01
Other -0.28 +0.11 +0.12 +0.11
Total -0.22 +0.13 +0.12 +0.11

Table 2. Fuel price elasticities of the number of trips, by mode, for trips with public
transport share between 0 and 15%

Term/Purpose Car driver Public transport
6KRUW�WHUP�
Commuting -0.08 +0.78
Business -0.02 +1.62
Education -0.08 +0.03
Other -0.13 +0.63
Total -0.09 +0.32
/RQJ�WHUP�
Commuting -0.08 +0.36
Business -0.03 +0.72
Education -0.15 +0.03
Other -0.14 +0.36
Total -0.11 +0.36
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Table 3. Fuel price elasticities of the number of trips, by mode, for trips with public
transport share between 15 and 50%

Term/Purpose Car driver Public transport
6KRUW�WHUP�
Commuting -0.20 +0.26
Business -0.04 +0.54
Education -0.20 +0.01
Other -0.33 +0.21
Total -0.14 +0.16
/RQJ�WHUP�
Commuting -0.20 +0.18
Business -0.08 +0.24
Education -0.36 +0.01
Other -0.35 +0.12
Total -0.28 +0.12

Table 4. Fuel price elasticities of the number of trips, by mode, for trips with public
transport share of 50% and more

Term/Purpose Car driver Public transport
6KRUW�WHUP�
Commuting -0.32 +0.13
Business -0.06 +0.27
Education -0.32 +0.01
Other -0.54 +0.10
Total -0.36 +0.08
/RQJ�WHUP�
Commuting -0.32 +0.09
Business -0.12 +0.12
Education -0.58 +0.01
Other -0.56 +0.06
Total -0.44 +0.06
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Table 5. Fuel price elasticities of the number of kilometres, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

6KRUW�WHUP�
Commuting -0.15 +0.31 +0.27 +0.16
Business -0.02 +0.06 +0.18 +0.01
Education -0.06 +0.00 +0.02 +0.01
Other -0.22 +0.23 +0.24 +0.12
Total -0.15 +0.25 +0.20 +0.11
/RQJ�WHUP�
Commuting -0.25 +0.19 +0.20 +0.16
Business -0.22 +0.05 +0.06 +0.04
Education -0.38 +0.00 +0.01 +0.01
Other -0.47 +0.11 +0.14 +0.12
Total -0.31 +0.13 +0.12 +0.11

��������1XPEHU�RI�SDVVHQJHU�FDUV�FDSLWD�LV�OHVV�WKDQ�����DQG�QXPEHU�RI�GULYLQJ
OLFHQFHV�FDSLWD�LV�OHVV�WKDQ����

Table 6. Fuel price elasticities of the number of trips, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

/RQJ�WHUP�
Commuting -0.15 +0.04 +0.05 +0.04
Business -0.05 +0.05 +0.05 +0.04
Education -0.27 +0.00 +0.00 +0.00
Other -0.26 +0.04 +0.04 +0.03
Total -0.19 +0.05 +0.04 +0.03

Table 7. Fuel price elasticities of the number of kilometres, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

/RQJ�WHUP�
Commuting -0.23 +0.05 +0.05 +0.04
Business -0.22 +0.01 +0.01 +0.01
Education -0.37 +0.00 +0.00 +0.00
Other -0.46 +0.04 +0.04 +0.04
Total -0.28 +0.04 +0.04 +0.03
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��������1XPEHU�RI�SDVVHQJHU�FDUV�FDSLWD�LV�OHVV�WKDQ�����DQG�QXPEHU�RI�GULYLQJ
OLFHQFHV�FDSLWD�LV�PRUH�WKDQ����

Table 8. Fuel price elasticities of the number of trips, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

/RQJ�WHUP�
Commuting -0.27 +0.13 +0.11 +0.09
Business -0.08 +0.14 +0.16 +0.12
Education -0.44 +0.00 +0.01 +0.01
Other -0.33 +0.08 +0.07 +0.06
Total -0.27 +0.09 +0.07 +0.07

Table 9. Fuel price elasticities of the number of kilometres, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

/RQJ�WHUP�
Commuting -0.35 +0.14 +0.12 +0.10
Business -0.23 +0.03 +0.04 +0.03
Education -0.48 +0.00 +0.01 +0.01
Other -0.52 +0.08 +0.08 +0.07
Total -0.35 +0.09 +0.08 +0.07



23

��������1XPEHU�RI�SDVVHQJHU�FDUV�FDSLWD�LV�PRUH�WKDQ����

Table 10. Fuel price elasticities of the number of trips, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

/RQJ�WHUP�
Commuting -0.11 +0.19 +0.20 +0.18
Business -0.04 +0.21 +0.24 +0.19
Education -0.18 +0.00 +0.01 +0.01
Other -0.25 +0.15 +0.15 +0.14
Total -0.19 +0.16 +0.13 +0.13

Table 11. Fuel price elasticities of the number of kilometres, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

/RQJ�WHUP�
Commuting -0.20 +0.20 +0.22 +0.19
Business -0.22 +0.05 +0.05 +0.04
Education -0.32 +0.00 +0.00 +0.01
Other -0.44 +0.15 +0.18 +0.16
Total -0.29 +0.15 +0.14 +0.13
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������&DU�WLPH��FDU�VSHHG

The following elasticities can be used to evaluate the impacts of changes in car travel
time (directly) and average car speed (indirectly through car time). If for instance a user
would like to know the impact of a 10% increase in the car travel time on commuting
traffic, Table 16 can be used to get the following impacts in terms of kilometres:

• Car traffic: -4.8% in the short run (mode choice effects only) and –10.4% in the long
run (mode choice and distribution/generation effect;

• Car passengers (other persons in the car than the car driver): -5.1% in the short run
and -10.6% in the long run; an increase in car travel time will also make carpooling
lees attractive;

• Public transport: +20.9% (short run) and +6.5% (long run);
• Slow modes (walking, cycling): +2.9% (short run) and +4.3% (long run).

A user who wants to know the impact of a decrease in the maximum speeds, needs to
calculate the impacts on average travel time by car first, in order to be able to use the
elasticities presented below.

If a user can give the impact on overall car travel time, the elasticities below can also, to
some extent, be used to give the impact of congestion on mode choice and
distribution/generation. The impacts on departure time and route choice, which may be
very relevant if congestion is concentrated on certain links and in certain time periods,
cannot be given.

��������1XPEHU�RI�SDVVHQJHU�FDUV�FDSLWD�LV�PRUH�WKDQ�����DQG�OHVV�WKDQ����

Table 12. Car time elasticities of the number of trips, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

6KRUW�WHUP�
Commuting -0.41 -0.48 +2.00 +0.25
Business -0.06 -0.60 +1.25 +0.34
Education -0.06 -0.20 +0.03 +0.02
Other -0.32 -0.44 +1.46 +0.17
Total -0.23 -0.25 +1.09 +0.10
/RQJ�WHUP�
Commuting -0.45 -0.77 +0.84 +0.56
Business -0.16 -0.67 +0.71 +0.61
Education -0.37 -0.42 +0.06 +0.05
Other -0.37 -0.47 +0.38 +0.26
Total -0.31 -0.38 +0.48 +0.22
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Table 13. Car time elasticities of the number of trips, by mode, for trips with public
transport share between 0 and 15%

Term/Purpose Car driver Public transport
6KRUW�WHUP�
Commuting -0.20 +4.00
Business -0.03 +2.50
Education -0.03 +0.06
Other -0.16 +2.92
Total -0.12 +2.18
/RQJ�WHUP�
Commuting -0.23 +1.68
Business -0.08 +1.42
Education -0.18 +0.12
Other -0.18 +0.72
Total -0.15 +0.96

Table 14. Car time elasticities of the number of trips, by mode, for trips with public
transport share between 15 and 50%

Term/Purpose Car driver Public transport
6KRUW�WHUP�
Commuting -0.51 +2.00
Business -0.08 +1.25
Education -0.08 +0.03
Other -0.40 +1.46
Total -0.29 +1.09
/RQJ�WHUP�
Commuting -0.56 +0.84
Business -0.20 +0.71
Education -0.46 +0.06
Other -0.46 +0.38
Total -0.39 +0.48
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Table 15. Car time elasticities of the number of trips, by mode, for trips with public
transport share of 50% and more

Term/Purpose Car driver Public transport
6KRUW�WHUP�
Commuting -0.82 +1.00
Business -0.12 +0.63
Education -0.12 +0.02
Other -0.64 +0.73
Total -0.46 +0.59
/RQJ�WHUP�
Commuting -0.90 +0.42
Business -0.32 +0.35
Education -0.74 +0.03
Other -0.74 +0.19
Total -0.62 +0.24

Table 16. Car time elasticities of the number of kilometres, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

6KRUW�WHUP�
Commuting -0.48 -0.51 +2.09 +0.29
Business -0.05 -1.62 +0.99 +0.54
Education -0.05 -0.28 +0.03 +0.03
Other -0.19 -0.20 +0.93 +0.09
Total -0.28 -0.30 +1.24 +0.12
/RQJ�WHUP�
Commuting -1.04 -1.06 +0.65 +0.43
Business -0.15 -2.38 +1.06 +0.90
Education -0.84 -0.25 +0.03 +0.02
Other -0.86 -0.55 +0.24 +0.17
Total -0.80 -0.66 +0.39 +0.18
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Table 17. Car time elasticities of the number of trips, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

/RQJ�WHUP�
Commuting -0.40 -1.07 +0.48 +0.30
Business -0.14 -1.71 +1.06 +0.70
Education -0.35 -0.42 +0.04 +0.03
Other -0.34 -0.54 +0.26 +0.16
Total -0.27 -0.54 +0.33 +0.14

Table 18. Car time elasticities of the number of kilometres, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

/RQJ�WHUP�
Commuting -1.01 -1.25 +0.37 +0.24
Business -0.17 -2.56 +0.80 +0.59
Education -0.84 -0.26 +0.02 +0.02
Other -0.85 -0.60 +0.17 +0.11
Total -0.80 -0.84 +0.27 +0.12
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Table 19. Car time elasticities of the number of trips, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

/RQJ�WHUP�
Commuting -0.75 -0.97 +0.58 +0.39
Business -0.22 -1.53 +1.25 +0.95
Education -0.57 -0.44 +0.04 +0.03
Other -0.46 -0.57 +0.26 +0.17
Total -0.43 -0.53 +0.39 +0.17

Table 20. Car time elasticities of the number of kilometres, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

/RQJ�WHUP�
Commuting -1.21 -1.19 +0.44 +0.30
Business -0.25 -2.47 +0.94 +0.77
Education -0.92 -0.26 +0.02 +0.02
Other -0.90 -0.61 +0.16 +0.12
Total -0.87 -0.82 +0.31 +0.14
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Table 21. Fuel price elasticities of the number of trips, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

/RQJ�WHUP�
Commuting -0.31 -0.68 +0.93 +0.67
Business -0.11 -1.35 +1.43 +1.18
Education -0.23 -0.41 +0.06 +0.05
Other -0.32 -0.42 +0.44 +0.32
Total -0.23 -0.33 +0.49 +0.25

Table 22. Car time elasticities of the number of kilometres, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

/RQJ�WHUP�
Commuting -0.96 -1.02 +0.70 +0.50
Business -0.12 -2.37 +1.05 +0.94
Education -0.78 -0.25 +0.03 +0.03
Other -0.83 -0.52 +0.27 +0.21
Total -0.76 -0.60 +0.39 +0.19
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The car parking charge elasticities presented below refer to increasing the rates for
destination zones where parking charges already exist. The elasticities in this section do
not refer to the impact on all zones in a study area (zones with paid parking DQG with free
parking), but only to trips to destination zones with paid parking. If for instance a user
would like to know the impact of a 10% increase in the parking charges on traffic for all
purposes to the zones with paid parking, Table 23 can be used to get the following
impacts in terms of trips:

• Car traffic: -1.1% in the short run (mode choice effects only) and –1.6% in the long
run (mode choice and distribution/generation effect; also see Section 1.5 on short and
long term);

• Car passengers (other persons in the car than the car driver): +0.5% in the short run
and +0.2% in the long run; this means a parking cost increase will stimulate
carpooling (in which the cost can be shared);

• Public transport: +0.3% (short run) and +0.1% (long run);
• Slow modes (walking, cycling): +0.3% (short run) and +0.2% (long run).

An increase in the number of parking spaces with paid parking can also be translated (if
the parking fees are known) to a change in the parking charges.

The impact of parking charges per trip distance class are presented in section 4.3.4.
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Table 23.Parking charge elasticities of the number of trips, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

6KRUW�WHUP�
Commuting -0.08 +0.04 +0.04 +0.04
Business 0.00 +0.01 +0.01 +0.01
Education -0.07 +0.00 +0.00 +0.00
Other -0.23 +0.07 +0.06 +0.04
Total -0.11 +0.05 +0.03 +0.03
/RQJ�WHUP�
Commuting -0.09 +0.01 +0.01 +0.02
Business -0.02 +0.01 +0.00 +0.01
Education -0.10 +0.00 +0.00 +0.00
Other -0.31 +0.02 +0.02 +0.03
Total -0.16 +0.02 +0.01 +0.02
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Table 24. Parking charge elasticities of the number of trips, by mode, for trips with public
transport share between 0 and 15%

Term/Purpose Car driver Public transport
6KRUW�WHUP�
Commuting -0.04 +0.04
Business -0.00 +0.01
Education -0.03 +0.00
Other -0.11 +0.06
Total -0.05 +0.03
/RQJ�WHUP�
Commuting -0.04 +0.01
Business -0.01 +0.00
Education -0.05 +0.00
Other -0.15 +0.02
Total -0.08 +0.01

Table 25. Parking charge elasticities of the number of trips, by mode, for trips with public
transport share between 15 and 50%

Term/Purpose Car driver Public transport
6KRUW�WHUP�
Commuting -0.10 +2.00
Business -0.00 +1.25
Education -0.09 +0.03
Other -0.29 +1.46
Total -0.14 +1.09
/RQJ�WHUP�
Commuting -0.11 +0.84
Business -0.02 +0.71
Education -0.13 +0.06
Other -0.39 +0.38
Total -0.20 +0.48
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Table 26. Parking charge elasticities of the number of trips, by mode, for trips with public
transport share of 50% and more

Term/Purpose Car driver Public transport
6KRUW�WHUP�
Commuting -0.16 +0.02
Business -0.00 +0.01
Education -0.14 +0.00
Other -0.46 +0.03
Total -0.22 +0.02
/RQJ�WHUP�
Commuting -0.18 +0.01
Business -0.04 +0.00
Education -0.20 +0.00
Other -0.62 +0.01
Total -0.32 +0.01

Table 27.Parking charge elasticities of the number of kilometres, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

6KRUW�WHUP�
Commuting -0.02 +0.02 +0.01 +0.03
Business 0.00 +0.01 +0.01 +0.01
Education -0.01 +0.00 +0.00 +0.00
Other -0.08 +0.05 +0.03 +0.05
Total -0.03 +0.04 +0.02 +0.04
/RQJ�WHUP�
Commuting -0.04 +0.01 +0.01 +0.02
Business -0.03 +0.01 +0.00 +0.01
Education -0.03 +0.00 +0.00 +0.00
Other -0.16 +0.02 +0.01 +0.03
Total -0.07 +0.01 +0.01 +0.02
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Table 28. Parking charge elasticities of the number of trips, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

/RQJ�WHUP�
Commuting -0.08 +0.00 +0.00 +0.00
Business -0.02 +0.00 +0.00 +0.00
Education -0.10 +0.00 +0.00 +0.00
Other -0.30 +0.01 +0.01 +0.01
Total -0.13 +0.01 +0.00 +0.01

Table 29. Parking charge elasticities of the number of kilometres, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

/RQJ�WHUP�
Commuting -0.04 +0.00 +0.00 +0.00
Business -0.03 +0.00 +0.00 +0.00
Education -0.02 +0.00 +0.00 +0.00
Other -0.16 +0.01 +0.00 +0.01
Total -0.06 +0.00 +0.00 +0.01
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Table 30. Parking charge elasticities of the number of trips, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

/RQJ�WHUP�
Commuting -0.10 +0.01 +0.01 +0.01
Business -0.02 +0.00 +0.00 +0.01
Education -0.11 +0.00 +0.00 +0.00
Other -0.31 +0.02 +0.01 +0.02
Total -0.15 +0.01 +0.01 +0.01

Table 31. Parking charge elasticities of the number of kilometres, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

/RQJ�WHUP�
Commuting -0.05 +0.01 +0.00 +0.01
Business -0.03 +0.00 +0.00 +0.01
Education -0.03 +0.00 +0.00 +0.00
Other -0.17 +0.01 +0.01 +0.02
Total -0.07 +0.01 +0.00 +0.01
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Table 32. Parking charge elasticities of the number of trips, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

/RQJ�WHUP�
Commuting -0.08 +0.02 +0.02 +0.02
Business -0.02 +0.01 +0.01 +0.01
Education -0.10 +0.00 +0.00 +0.00
Other -0.30 +0.04 +0.04 +0.05
Total -0.16 +0.03 +0.02 +0.03

Table 33. Parking charge elasticities of the number of kilometres, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

/RQJ�WHUP�
Commuting -0.04 +0.01 +0.01 +0.02
Business -0.03 +0.01 +0.00 +0.01
Education -0.02 +0.00 +0.00 +0.00
Other -0.15 +0.03 +0.02 +0.05
Total -0.07 +0.02 +0.01 +0.03
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Car parking charges do not vary with the distance travelled. Consequently, the relative
importance will be higher for short distance trips than for long distance trips. Using the
elasticities presented below, the impact of such charges can be studied per distance class.

Area-based (or cordon-based) road pricing can be studied by translating the road pricing
charges into equivalent parking charges, because the price to be paid here is a more or
less fixed amount per trip, and not a price per kilometre, such as the fuel price or as
happens with distance-based road pricing. If the price measure studied is not or only
weakly distance-related, it might be important to look at the different impacts by distance
class, since for short trips, the amount of money charged will be relatively more
important than for long trips. As a result, it can be expected that area-based road pricing
and parking charges will have a bigger impact on short trips than on long trips. The
average parking charge used to calculate the elasticities below was about EURO 0.85 per
trip (the actual rate will be depend on the destination zone, parking duration and the
average amount of free parking within a zone with paid parking). For example a road
pricing tariff of EURO 0.3 per entry of the area, would on average be equivalent to a 35%
increase in the parking charges. This would cause a 3.5% decline in the number of car
kilometres for commuting trips between 0 and 35 in the short run and 4.6% in the long
run (Table 35).
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Table 34. Parking charge elasticities of the number of trips, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

6KRUW�WHUP�
Commuting -0.17 +0.04 +0.04 +0.04
Business 0.00 +0.01 +0.01 +0.01
Education -0.15 +0.00 +0.00 +0.00
Other -0.36 +0.07 +0.06 +0.04
Total -0.21 +0.05 +0.04 +0.03
/RQJ�WHUP�
Commuting -0.14 +0.02 +0.02 +0.02
Business -0.02 +0.01 +0.00 +0.01
Education -0.19 +0.00 +0.00 +0.00
Other -0.41 +0.03 +0.03 +0.03
Total -0.24 +0.03 +0.02 +0.02
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Table 35. Parking charge elasticities of the number of kilometres, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

6KRUW�WHUP�
Commuting -0.10 +0.03 +0.03 +0.03
Business 0.00 +0.01 +0.01 +0.01
Education -0.12 +0.00 +0.00 +0.00
Other -0.30 +0.08 +0.07 +0.05
Total -0.18 +0.06 +0.05 +0.04
/RQJ�WHUP�
Commuting -0.13 +0.02 +0.02 +0.02
Business -0.02 +0.01 +0.00 +0.01
Education -0.17 +0.00 +0.00 +0.00
Other -0.36 +0.03 +0.03 +0.03
Total -0.22 +0.03 +0.02 +0.02
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Table 36. Parking charge elasticities of the number of trips, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

6KRUW�WHUP�
Commuting -0.04 +0.05 +0.05 +0.05
Business -0.00 +0.01 +0.01 +0.01
Education -0.03 +0.00 +0.00 +0.00
Other -0.09 +0.07 +0.07 +0.06
Total -0.04 +0.06 +0.04 +0.03
/RQJ�WHUP�
Commuting -0.07 +0.01 +0.01 +0.02
Business -0.02 +0.01 +0.01 +0.01
Education -0.08 +0.00 +0.00 +0.00
Other -0.21 +0.02 +0.02 +0.02
Total -0.11 +0.02 +0.01 +0.01
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Table 37. Parking charge elasticities of the number of kilometres, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

6KRUW�WHUP�
Commuting -0.02 +0.03 +0.03 +0.04
Business -0.00 +0.01 +0.01 +0.01
Education -0.02 +0.00 +0.00 +0.00
Other -0.06 +0.06 +0.07 +0.06
Total -0.03 +0.05 +0.04 +0.03
/RQJ�WHUP�
Commuting -0.06 +0.01 +0.01 +0.01
Business -0.02 +0.01 +0.01 +0.01
Education -0.06 +0.00 +0.00 +0.00
Other -0.18 +0.01 +0.02 +0.02
Total -0.10 +0.01 +0.01 +0.01
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Table 38. Parking charge elasticities of the number of trips, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

6KRUW�WHUP�
Commuting -0.01 +0.02 +0.02 +0.00
Business 0.00 +0.01 +0.01 +0.00
Education 0.00 +0.00 +0.00 +0.00
Other -0.01 +0.02 +0.02 +0.00
Total -0.01 +0.02 +0.01 +0.01
/RQJ�WHUP�
Commuting -0.02 +0.01 +0.01 +0.00
Business -0.03 +0.00 +0.00 +0.00
Education -0.02 +0.00 +0.00 +0.00
Other -0.06 +0.01 +0.00 +0.00
Total -0.03 +0.01 +0.01 +0.00



39

Table 39. Parking charge elasticities of the number of kilometres, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

6KRUW�WHUP�
Commuting -0.01 +0.01 +0.01 +0.02
Business -0.00 +0.01 +0.01 +0.00
Education -0.00 +0.00 +0.00 +0.00
Other -0.01 +0.02 +0.02 +0.07
Total -0.01 +0.01 +0.01 +0.00
/RQJ�WHUP�
Commuting -0.02 +0.01 +0.01 +0.00
Business -0.03 +0.00 +0.00 +0.00
Education -0.01 +0.00 +0.00 +0.00
Other -0.05 +0.01 +0.01 +0.00
Total -0.03 +0.01 +0.01 +0.00
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Table 40. Parking charge elasticities of the number of trips, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

6KRUW�WHUP�
Commuting -0.02 +0.00 +0.00 +0.00
Business -0.00 +0.00 +0.01 +0.00
Education -0.00 +0.00 +0.00 +0.00
Other -0.02 +0.00 +0.00 +0.00
Total -0.01 +0.01 +0.00 +0.00
/RQJ�WHUP�
Commuting -0.00 +0.01 +0.00 +0.00
Business -0.03 +0.00 +0.00 +0.00
Education -0.00 +0.00 +0.00 +0.00
Other -0.00 +0.01 +0.01 +0.00
Total -0.02 +0.01 +0.01 +0.00



40

Table 41. Parking charge elasticities of the number of kilometres, by mode

Term/Purpose Car driver Car
passenger

Public
transport

Slow mode

6KRUW�WHUP�
Commuting -0.01 +0.00 +0.00 +0.00
Business -0.00 +0.01 +0.01 +0.00
Education -0.00 +0.00 +0.00 +0.00
Other -0.02 +0.00 +0.00 +0.00
Total -0.00 +0.00 +0.00 +0.00
/RQJ�WHUP�
Commuting -0.00 +0.01 +0.01 +0.00
Business -0.03 +0.01 +0.00 +0.00
Education -0.00 +0.00 +0.00 +0.00
Other -0.00 +0.01 +0.01 +0.00
Total -0.02 +0.01 +0.00 +0.00
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From the findings in the TRACE project, the following main conclusions can be drawn:

• In the literature in Europe since 1985 almost all elasticities have been derived using
some kind of modelling; elasticities which follow directly from empirical
observations  (e.g. before and after a change in prices or travel times) are virtually
absent.

• In our view for most countries in Eastern Europe no material on elasticities of travel
demand and/or value of travel time exists.

• In general, the average elasticities from the literature review and the runs with the 3
models (the NMS for the Netherlands, the Italian National Model and the Brussels
model) show a broadly similar pattern. For the long run car time effects on car and
public transport kilometres, the NMS elasticities are (in absolute values) higher than
the averages from the literature. The Italian model elasticities are often higher than
those in the literature, because of the focus of this model system on long distance
interzonal trips.

• Furthermore one has to keep in mind that the NMS contains the possibility of feeding
back the increased travel time in case of congestion into mode and destination choice.
This possibility has not been used in NMS outcomes presented in this report. With
congestion feedback, the elasticities from the NMS would probably have been lower
(in absolute values): initially the increase in car time or cost reduces congestion, but
this will attract new car travel, which then reduces the initial effect. For the interzonal
trips in the Italian model, congestion probably is less important; the runs with the
Brussels model do include a congestion feedback. An approximate congestion
feedback effect was included in TRACER.

• A 10% change in car time has a bigger impact on trips and kilometres than a 10%
change in car cost.

• The short term elasticities of car kilometrage are on average more or less 50% of the
long run counterparts.

• The cross elasticities of the kilometres travelled by public transport are somewhat
higher for the short run than for the long run, because of the destination choice effect
that only occurs in the long run.

As part of the TRACE project two tools were produced which national and regional
authorities can use for a first order assessment of the effects on travel demand of changes
in fuel prices, car travel times, road pricing and parking charges:
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• The Elasticity Handbook, which contains 41 tables with elasticity values (also in
chapter 4 of this report);

• The PC programme TRACER contains a databank with many thousands of elasticity
values (short and long run impact on trips and kilometres, with a segmentation by
mode, purpose, distance class, urbanisation, parking class and public transport
quality). Which segments will be relevant and the relative importance of the segments
depends on the distribution of trips in a specific country over the segments. TRACER
is a fast and user-friendly programme, which also contains a Wizard to create a
situation (distribution of trips over the segments) which will give a reasonable
approximation of the specific country or region that a user wants to study. This
Wizard asks a number of questions to the user (e.g. mode split, GDP, car ownership)
and then builds up the appropriate distribution of trips over the segments. After this
TRACER can read in the elasticities for these segments and weight these according to
the number of trips in each segment. The outputs of TRACER are tables and graphs
of the elasticity values and the changes in the number of trips or kilometres.
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In this Technical Annex,  we compare the average elasticities from the literature survey
(reported in Deliverable 1, D1) against  elasticities from the runs with the 3 models
(reported in Deliverable 3, D3). For this comparison we excluded the elasticities from the
Dutch national model system (NMS) from the literature (some of the references in D1
were based on this model). The elasticities from the 3 models are taken from runs in
which the stimulus variable (car cost or car time) is increased by 10%.

A1. Impact of car cost on car drivers

Table A1 gives the average fuel price elasticities (at constant fuel efficiency) for the
number of trips as car driver. In the NMS, car driver is a separate mode (as is car
passenger). The number of car driver trips then also gives the number of car (vehicle)
trips. The Italian national model also provides outcomes for car drivers. The model for
Brussels assumes a fixed car occupancy rate: the elasticities for car drivers are identical
to the elasticities for car drivers and car passengers together. The elasticities from the
Brussels model, which is a morning peak model (7-9), are interpreted here as commuting
elasticities. The other two models are for 24 hours.

Table A1. Fuel price elasticities of the number of car trips

Term/
Purpose

Literature
EU

Dutch
national
model

Italian
national
model

Model for
Brussels

Short term:
Commuting -0.20 -0.11 -0.52 -0.16
HB business -0.06 -0.01 -0.29
NHB business -0.06 -0.01
Education -0.22 -0.10 -0.55
Other -0.20 -0.31 -0.16
Total -0.16 -0.19
Long term:
Commuting -0.14 -0.15 -0.55 -0.24
HB business -0.07 -0.01 -0.29
NHB business -0.17 -0.01
Education -0.40 -0.18 -0.59
Other -0.15 -0.41 -0.16
Total -0.19 -0.25
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In this table, and in the tables that follow, there are a number of empty cells in the
columns for the literature and the models for Italy and Brussels. This means that for those
travel purposes no elasticities are available. The NMS is –for the shorter distances- the
most complete source of elasticities. For the longer distances, the Italian model could be
used as the prime source. In the tables ‘HB’ means ‘home-based’ and ‘NHB’ means
‘non-home-based’.

The literature review, the NMS and the model for Brussels give similar short term fuel
price elasticities of the number of car trips for commuting.  For the other 4 travel
purposes, the short term elasticities from the literature and the NMS are also broadly
similar.

$OO�HODVWLFLW\�FRPSDULVRQV� LQ� WKLV�7HFKQLFDO�$QQH[�DUH� LQ� WHUPV�RI�DEVROXWH�YDOXHV��)RU
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The short term elasticities from the Italian model (except for ‘other’ travel, such as
shopping and visiting friends and relatives) are higher than from the other sources. This
can be explained from the long distance nature of the Italian model. This model only
deals with interzonal trips, using relatively large zones (270 zones in Italy, 62 abroad).
For long distance trips, public transport (in this model including air transport) has a
relatively strong competitive position, as has been found in many long distance studies.
As a result of this, the substitution effect will be larger than for short distance travel, and
the elasticities will be higher (in absolute values). Most of the trips in the Italian model
are in the distance class 30-100 km; >100 km also is an important category (even for
commuting it contains 17% of all trips in the model). The distance class 0-30 km clearly
is the smallest of the 3 distance classes. For this distance class, the fuel price elasticities
for commuting (and other purposes) trips by car for the short term are around –0.2, as in
the other sources. For 30-100 km, the elasticities are around –0.4.

For the long run the elasticities from the NMS for business (home-based and non-home-
based) and education are lower than those from the literature, but higher for other travel
purposes. For all purposes together, the LMS gives a slightly higher elasticity than the
average from the literature. The Brussels model, which explicitly contains the effect of
changes in residential location, gives an elasticity only slightly above the one from NMS
and European literature (for commuting). The long term trips elasticities from the Italian
model are not much higher than their short term counterparts: the frequency effect
apparently is small compared to the direct mode choice effect.

The general message from Table 1 is that the differences in the elasticities of car trips are
rather small: both for the short and long term they generally are close to –0,2. In the
European literature and the NMS, commuting and business travel are less sensitive to
changes in fuel prices than travel for other purposes.

Table A2 gives the effects of the same changes in fuel price, but now on the number of
car kilometres.



45

  Table A2. Fuel price elasticities of the number of car kilometres

Term/
Purpose

Literature
EU

Dutch
national
model

Italian
national
Model

Model for
Brussels

Short term:
Commuting -0.12 -0.10 -0.79 -0.22
HB business -0.02 -0.03 -1.58
NHB business -0.02 -0.02
Education -0.09 -0.04 -1.09
Other -0.20 -0.24 -0.87
Total -0.16 -0.13
Long term:
Commuting -0.23 -0.22 -1.22 -0.31
HB business -0.20 -0.25 -1.73
NHB business -0.26 -0.16
Education -0.41 -0.35 -1.41
Other -0.29 -0.65 -1.03
Total -0.26 -0.36

In Table A2 we see a close correspondence between the elasticities from European
literature and the NMS. The main exception is other travel in the long run: here the NMS
is clearly more sensitive. The long term elasticities of car kilometrage in the NMS, the
Italian model and several sources in the literature also contain a destination choice effect:
if the fuel price increases, destinations located further away become less attractive.
Consequently the long term effect is bigger than the short term (mode choice only) effect.
All sources except the Italian model give a long term elasticity for all purposes together
of about –0.3. In the NMS and the literature, commuting and business travel have a lower
than average sensitivity. The Italian model yields elasticities for car kilometrage which
are clearly higher than from the other sources. Again this has to do with the long distance
nature of this particular model (and good substitution possibilities for long distances). For
distances in the categories 0-30 km and 30-100 km, the elasticities from the Italian model
are around –0.2 and –0.5 respectively. The short term effect in this model is mode choice
only; the long term effect also includes destination and frequency choice. The mode
choice effect turns out to be most important in this model, for most cases, but in terms of
kilometres there also is a substantial destination choice effect.

$���,PSDFW�RI�FDU�FRVW�RQ�FDU�SDVVHQJHUV

The NMS runs carried out for the TRACE project also provide fuel price elasticities of
trips and of kilometres by car passengers (meaning other persons than the driver). These
are often positive: if the fuel price increases, the car driver alternative (often being:
driving alone) becomes less attractive and the car passenger alternative (carpooling
usually means sharing the cost) becomes more attractive. The detailed outcomes are in
Deliverable 3. However, the literature and the runs with the two other models yield only
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limited evidence on effects on car passengers. For this the reason we did not produce a
table for this mode in this Annex. In a model for Amsterdam developed by Daly and
others in 1990, elasticities are reported for drive alone, carpool driver and carpool
passenger separately. The Norwegian national model  gives 0.16 as a long term fuel price
elasticity of the number of kilometres as car passenger, and the NMS 0.15.

$���,PSDFW�RI�FDU�WLPHV�RQ�FDU�GULYHUV

The effects of changes in the travel time by car on the number of car trips (or car driver
trips which is the same thing) are in Table A3.

Table A3. Car time elasticities of the number of car trips

Term/
Purpose

Literature
 EU

Dutch
national
model

Italian
national
model

Model for
Brussels

Short term:
Commuting -0.62 -0.39 -0.54 -0.23
HB business -0.07 -0.29
NHB business -0.04
Education -0.06 -0.66
Other -0.52 -0.11 -0.09
Total -0.60 -0.20
Long term:
Commuting -0.41 -0.58 -0.56 -0.36
HB business -0.30 -0.12 -0.29
NHB business -0.12 -0.10
Education -0.57 -0.19 -0.70
Other -0.52 -0.21 -0.09
Total -0.29 -0.33

The effects of some percentage change in car time is, according to most sources, greater
than the effect of a change in car cost by the same percentage. In the NMS, the Italian
model and the European literature commuting trips are more sensitive to changes in time
than business trips. The Brussels model has a lower time sensitivity for commuting. The
general picture from all sources is a long term elasticity of about –0.3.

In Table A4 are the impacts of car travel time on the number of car kilometres.
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Table A4.  Car time elasticities of the number of car kilometres

Term/
Purpose

Literature
EU

Dutch
national
model

Italian
national
model

Model for
Brussels

Short term:
Commuting -0.64 -0.87 -0.31
HB business -0.05 -1.36
NHB business -0.03
Education -0.05 -1.35
Other -0.19 -0.55
Total -0.20 -0.35
Long term:
Commuting -0.63 -2.00 -1.38 -0.49
HB business -0.61 -0.15 -1.49
NHB business -0.53 -1.20
Education -0.76 -0.95 -1.73
Other -0.85 -0.86 -0.64
Total -0.74 -1.34

The impacts of car time on car kilometres, according to the NMS, is much greater on the
long run than for the short run: the former includes destination choice effects, which in
the NMS can be very substantial. The long term elasticities from the literature, especially
for commuting, non-home-based business and all purposes together are lower than those
from the NMS. A possible reason for this could be the greater supply of attractive
destinations in a densely populated country such as the Netherlands; smaller elasticities in
the literature especially come from Scandinavia, which has a much lower population
density. Another possible explanation for relatively high long term elasticities in the
Dutch model is that this model is multinomial logit. Some models in the literature (e.g for
Stockholm) are nested logit, in which the substitution rate between alternatives within the
same nest (e.g. modes to the same destination) can be greater than between alternatives in
different nests. Other elasticities in the literature (e.g. in the UK) are based on stated
preference surveys into the reactions to congestion.

The Italian long term elasticities are of the same order of magnitude as those from the
Dutch model, but for the short run the Italian ones are higher. This again will partly be
due to the long distance nature of the Italian model: in the Italian model the mode choice
effects are bigger than in the NMS, in the Dutch model the destination choice effect are
bigger than in Italy.

A detailed comparison (segment by segment) was carried out with regards to the
differences in direct elasticity outcomes for the NMS (looking at commuting only) and
the Brussels model. The short run fuel price elasticities of the number of car trips are very
similar in both models for most segments. An exception is that for trips going from the
periphery to the Brussels region, the Brussels model (7-9 hour, these are mostly people
living in the suburbs going to work) has a higher elasticity  (-0.2 - -0.3) than the NMS for
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suburban to urban trips (-0.12 - -0.17). Because of this, the overall short run fuel price
elasticity of car trips (-0.16, see Table A1) in the Brussels model is slightly higher than in
the Dutch model (-0.11). In the long run, the difference between the NMS and the
Brussels fuel price elasticity of car trips is somewhat bigger, because of the additional
land use impact in the Brussels model. For car kilometres (Table A2) this latter difference
is reduced because the NMS now contains a bigger destination choice impact.

For the short run car time elasticity of car trips (Table A3), the outcomes for periphery to
Brussels are similar to the ones in the NMS for suburban to urban. For other segments the
NMS elasticities are usually higher. This will partly be due to the higher distances in the
NMS, but within similar distance classes, the time elasticities in the NMS are also higher
than for Brussels. The NMS has higher time elasticities than the Brussels model in all
distance classes and especially in the class 30-100 km (possibly for the NMS the trips
within this class are typically longer than for Brussels). The differences are also larger for
segments with low quality public transport, which reduces the Brussels elasticities more
than the NMS elasticities. In the long run the differences in the car time elasticities of car
trips between both models are usually smaller (see also Table A3), because of the added
land use effects in the Brussels model). For kilometres, the NMS gives considerably
larger time elasticities (which include a large destination choice effect) than the Brussels
model.

The difference between the short run elasticities of the NMS and the Brussels model can
not be due to land use effects, because in runs with the Brussels model these are only
included in the long run elasticities. It is also unlikely that congestion is the most
important factor explaining the differences. The Brussels model (short and long run)
takes into account that congestion will reduce the initial cost and time elasticities
(because the initial reduction in demand will reduce congestion and travel times). The full
NMS also contains this congestion feedback effect, but this was not used in the runs for
TRACE. This effect should work in the same direction for both cost and time, but we
observe that for cost the Brussels model has a higher elasticity and for time the NMS has
a higher elasticity. This does not imply that including a kind of congestion feedback in
TRACER is not worthwhile; this extension can be considered, and would work in the
same direction (reduce the sensitivity) for cost and time elasticities.

The most important reason for the differences in the impact of times and cost on car trips
in the short run in both model systems seems to be the relative importance of travel time
and travel cost in the mode choice models. The Brussels model for mode choice
(included in path choice) uses generalised transport cost as one of the explanatory
variables. Within this generalised cost are transport cost and time, using value of time
measures from stated preference research. For middle and high income commuters the
car VOT is 4.95 EURO/hour, for low income commuters it is 3.06 EURO/hour (see
Deliverable 3 of this project). This is lower than the 6.3 EURO/hour found in the Dutch
national VOT study of 1990 for car drivers commuting (see Deliverable 1 of this project).
Many European studies found a value for commuting of about 5 EURO per hour (also see
Deliverable 1). In the NMS, the relative importance of time versus cost is on average
even greater (though this should not be called the value of time, because of the
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logarithmic cost specification and to take account of tax deduction facilities for commuter
traffic). Consequently in the short run (mode choice only), car trips in the NMS are more
sensitive to time changes than in the Brussels model, whereas they are less sensitive to
cost changes than in the Brussels model.

A4. Impact of car times on car passengers

The NMS runs for TRACE also provide car time elasticities for trips and kilometres of
car passengers (not being the drivers). Contrary to the car cost elasticities on passengers,
these are negative: if the car travel time increases, the car passenger alternative becomes
less attractive. Car cost can be shared among the occupants of the car; an increase in
travel time applies to each of the occupants. The NMS elasticities are in deliverable 3.
The other models and the literature did not give information which can be compared to
the NMS elasticities; therefore we do not present a table for this mode.

$���,PSDFW�RI�FDU�FRVW�RQ�SXEOLF�WUDQVSRUW

In Table A5 we give the cross elasticities for the impact of the fuel price (for cars only) in
the number of trips by public transport.

Table A5. Fuel price elasticities of the number of public transport trips

Term/
Purpose

Literature
EU

Dutch
national
model

Italian
national
model

Model for
Brussels

Short term:
Commuting 0.18 0.22 0.38
HB business 0.17 0.18 1.07
NHB business 0.17 0.05
Education 0.01 0.17
Other 0.48 0.25 0.50
Total 0.33 0.17
Long term:
Commuting 0.12 0.16 0.22 0.37
HB business 0.03 0.06 1.68
NHB business 0.04
Education 0.14 0.01 0.14
Other 0.07 0.18 0.50
Total 0.07 0.13

These elasticities in general turn out to be rather small (for the total: between 0.1 and
0.2). In the model for Brussels the cross elasticities are somewhat higher: in this
predominantly urban study area there are more substitution possibilities than in a country-
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wide study. The high elasticities from the Italian model are related to the large share of
long distance trips, which has been mentioned when discussing the direct elasticities.
The next table (A6) is for the effect of the fuel price on the number of kilometres
travelled by public transport.

Table A6. Fuel price elasticities of the number of traveller kilometres by public transport

Term/
Purpose

Literature
 EU

Dutch
national
model

Italian
national
model

Model for
Brussels

Short term:
Commuting 0.18 0.37
HB business 0.27 2.57
NHB business 0.13
Education 0.01 0.35
Other 0.26 1.76
Total 0.07 0.17
Long term:
Commuting 0.26 0.18 0.14
HB business 0.06 2.38
NHB business 0.05
Education 0.01 0.07
Other 0.19 1.57
Total 0.10 0.14

The NMS elasticities for the total are in line with the means from the European literature.
Again, the Italian cross elasticities are generally higher than the others.
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The effects of car travel time on public transport passenger trips are in Table A7.

Table A7. Car time elasticities of the number of public transport trips

Term/
Purpose

Literature
 EU

Dutch
national
model

Italian
national
model

Model for
Brussels

Short term:
Commuting 1.91 0.23 0.58
HB business 1.45 1.15
NHB business 1.38
Education 0.03 0.21
Other 0.73 0.52 0.30
Total 0.27 0.95
Long term:
Commuting 0.22 1.07 0.23 0.46
HB business 1.06 1.15
NHB business 0.99
Education 0.03 0.18
Other 0.23 0.30
Total 0.15 0.51

As with the direct elasticities, the cross elasticities for changes in time exceed the cross
elasticities for changes in cost (for the same percentage change in the stimulus variable).
In the model for Brussels, the total number of trips (all modes) decreases in the very long
run, because of relocation. As a result, the long run effect here is smaller than the short
run (mode choice only) effect. The NMS elasticities for all purposes together, both for the
short and long run, are higher than the averages from the European literature. For the
short run, this is largely due to the outcomes of a study for countries in the former Soviet
Union, where is relatively few car traffic. The Italian model elasticities are reasonably
similar to the Dutch ones, only commuting is less sensitive in the Italian model.
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Finally, in Table A8 are the effects on the number of public transport kilometres
travelled.

Table A8. Car time elasticities of the number of traveller kilometres by public transport

Term/
Purpose

Literature
EU

Dutch
national
model

Italian
national
Model

Model for
Brussels

Short term:
Commuting 2.78 0.43
HB business 0.99 2.52
NHB business 3.08
Education 0.03 0.45
Other 0.93 1.00
Total 1.55
Long term:
Commuting 0.52 1.24 0.16
HB business 1.06 2.37
NHB business 1.09
Education 0.03 0.11
Other 0.24 0.90
Total 0.36 0.65

In the NMS, the sensitivity of public transport to changes in car time are smaller in the
long run than in the short run: in the long run, destination choice effects are partly
compensating the initial mode choice effects. Nevertheless, the NMS elasticities for the
long run are higher than those from the –in this case mainly Scandinavian- literature. In
the Italian model, the sensitivity of commuter kilometres is lower than in the Netherlands
and that of business kilometres higher.

$���(ODVWLFLWLHV�DQG�YDOXHV�RI�WLPH

The relationship between elasticities and value of time is, by definition:

Etime/Ecost = VOT/(cost/time)

In words: for some segment, the ratio of the time elasticity to the cost elasticity is equal to
the VOT divided by the (average) travel cost to travel time ratio.

This relationship can be used to:

• Derive the time elasticity if information on this is lacking, from the cost elasticity,
which has been studied more extensively, and from information on travel times and
cost.
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• Check whether time and cost elasticities, if both are available, are broadly consistent
with what is known about the appropriate value of time.

The first situation does not apply in the TRACE project. In the literature more cost
elasticities were identified than time elasticities, but the overall amount of information on
time elasticities from the literature and the three models appears to be sufficient. For
specific countries, where the impact of cost on travel demand has been studied (e.g. from
time series), but the effect of travel time has not, this way of using the above equation
may prove to be helpful.

The second way of using the equation has been used in TRACE to check whether the
time and cost elasticities and values of time are broadly consistent. This check cannot be
done in detail (e.g. per study identified in the literature or per country), because in the
literature on elasticities and values of time, information on the (average) travel time and
cost levels, almost as a rule, is missing.

The average values (disregarding outliers) of the VOT’s for car drivers found in D1 were:

• commuting: 5 ECU per hour
• business: 20 ECU per hour
• other: 4 ECU per hour
• all purposes: 6 ECU per hour.

Moreover we found that the values of time in Northwestern Europe were about twice the
values of time in Southern (Portugal, Spain , Greece) and  Eastern Europe.

For all car trips we find that the ratio of the time elasticity to the cost elasticity (see the
above sections of this Annex) is about –0.3/-0.2 = 1.5. The ratio of cost to time therefore
should be around 6/1.5 = 4 ECU per hour. This is in line with the average car cost and
average speeds in The Netherlands and other Northwestern European countries (e.g. at 60
km/hour the average cost should be 0.07 ECU). In congested areas or regions with very
different fuel prices, the cost to time ratio could be different. The VOT results also imply
that for business travel the time elasticity should be considerably higher than the cost
elasticity.  The time elasticities of car business trips are not particularly high, but the cost
elasticities indeed are low. Moreover, some models, including the NMS, use car cost for
business which are higher (NMS 2.5 times) the car cost for other purposes. As a result the
overall picture of time and cost elasticities and values of time for business appears to be
consistent as well.

For car kilometres, the ratio of time to cost elasticities should be similar to the ratio for
trips.  On average for all purposes in the long run, this ratio is around 3, whereas for tips
it is around 1.5.  Therefore the relatively high time elasticities of kilometrage do not
appear to be consistent with the average values of time found. These relatively high time
elasticities are mainly caused by destination choice effects. Values of time in most studies
are derived either from revealed preference mode choice or from stated preference
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experiments (with hypothetical mode choice of hypothetical alternatives within the same
mode), not from destination choice.

If we can assume that the cost to time ratio in Eastern and Southern Europe is similar to
the Northwestern European average, the fact that on average their VOT is half the
Northwestern European VOT implies that the ratio of time to cost elasticities in those
countries should also be about half the ratio in Northwestern Europe.  One way of dealing
with this, would be to use the cost elasticities from Northwestern European countries
directly, but multiply the time elasticities by 0.5. On the other hand, in Southern and
Eastern Europe, the travel speeds presumably will be somewhat lower, and the cost to
time ratio will be lower. This will partly offset the lower VOT.

$���6RPH�FRQFOXVLRQV

From the above comparisons, the following conclusions can be drawn:

• In general, the average elasticities from the literature and the runs with the 3 models,
show a broadly similar pattern. For the long run car time effects on car and public
transport kilometres, the NMS elasticities are (in absolute values) higher than the
averages from the literature. The Italian model elasticities are often higher than those
in the literature, because of the focus of this model system on long distance interzonal
trips.

• Furthermore one has to keep in mind that the NMS contains the possibility of feeding
back the increased travel time in case of congestion into mode and destination choice.
This possibility has not been used in NMS outcomes presented here. With congestion
feedback, the elasticities from the NMS would probably have been lower (in absolute
values): initially the increase in car time or cost reduces congestion, but this will
attract new car travel, which then reduces the initial effect. For the interzonal trips in
the Italian model, congestion probably is less important; the runs with the Brussels
model do include a congestion feedback.

• A 10% change in car time has a bigger impact on trips and kilometres than a 10%
change in car cost.

• The short term elasticities of car kilometrage are more or less 50% of the long run
counterparts. The same percentage was mentioned recently in a paper presented by
Dargay and Vythoulkas, presented at the WCTR 1998 in Antwerp, which used an
explicitly dynamic demand model.

• The cross elasticities of the kilometres travelled by public transport are somewhat
higher for the short run than for the long run, because of the destination choice effect
that only occurs in the long run.
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The major source of elasticities for chapter 4 (and for the TRACER) have been the
outcomes of runs carried out as part of TRACE with the Dutch National Model System
(NMS). These run give the most complete and most detailed picture. From the NMS we
have elasticities for the impact of changing car cost, car time and parking charges on
kilometres and trips for 4 modes (car driver, car passenger, public transport and slow
modes), 5 travel purposes and 4 distance classes, for the short and long run. From the
runs with the Brussels model, we obtain elasticities only for commuting (since it is a
model for the 7-9 peak period only), for 2 modes (car and public transport) and not for
trips over 100 km. The runs with the Italian National Model do not include the impact of
parking charges. They are for 2 modes (car driver and public transport), 4 purposes and 3
distance classes. More important, this model deals with interzonal trips only, using rather
large zones. Therefore, we have decided to use the Italian model as a source for long-
distance elasticities only (especially for distances of 100 km and more, which are not in
the Brussels model and not abundant in the Dutch model). In principle, the Italian model
can also give elasticities by income class (and the other models cannot), but this has not
been part of the runs that have been done with the Italian model so far.

The NMS runs also provides the greatest amount of detail on the other segmentation
variables (public transport quality, area type, parking class) and it has been used for other
scenarios for licence holding and car ownership than the actual situation in the base year.

The literature on elasticities, as presented in Deliverable 1, gives in practically all cases
only a limited number of segments for the elasticity values. Many sources only provide
elasticities by mode and purpose (the dimensions that were also used in the presentation
in this Annex), and some sources contain even less segmentation.

We have decided to use the elasticities from the Brussels model and the literature in the
following way to strengthen the evidence given by the NMS. At the level of elasticities
by mode and purpose (both for the long and the short run), scaling factors were calculated
to scale the elasticities from the NMS. These scaling factors were based on an
unweighted average of the elasticities (by mode and purpose, for the short and long run,
separately for each Table in this Annex) from the literature, the NMS and the Brussels
model. The latter model of course is only taken into account for commuting trips. These
scaling factors were then applied to the detailed results of the NMS. Some exceptions
were made for cases in which the scaling factor was found to be very high (for business
travel were the NMS has elasticities of –0.01, the scaling factor can exceed 4) and would
lead to implausible elasticity values. In these cases the NMS elasticities were used,
without scaling.

All tables in chapter 4 of this report were produced following the above rules, except the
tables with a distinction by public transport share. In the NMS, following the
recommendations in Deliverable 2, the relative quality of public transport was expressed
as the difference in total travel time between public transport and car (2 classes: 0-30
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minutes and more than 30 minutes). This variable now turns out to be more related to trip
distance than to relative public transport quality: the trips with a difference of more than
30 minutes are mostly long trips. In the elasticities from the Brussels model, the relative
public transport quality was expressed through the public transport share (as part of the
total travel served by public transport and car; slow modes not included). The tables in
chapter 4 (e.g. Tables 2-4) are based on the outcomes of the Brussels model for different
public transport share classes for commuting, which were pivoted around the NMS
outcomes for all 5 trip purposes.
 
The outcomes of runs with the 3 models could in principle also have been used to obtain
elasticities that distinguish between the effects of:

• mode choice (in all models: the short run effects)
• destination choice (in the NMS and the Italian model)
• travel frequency choice (only affected in the Italian model)
• land use changes and reaction to congestion (in the Brussels model outcomes only).

This has not been done, because the outcomes of the model runs did not provide a
consistent picture on the separate effects of time and cost changes on each of these
choices (as was discussed in this Annex). The distinction in chapter 4 is between short
run (mode choice effects only) and long run (also other effects, mainly destination choice
effects).
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