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ANNEX A: THE USE OF ELASTICITIES

The TREMOVE model incorporates a range number of elasticity values
which are either exogeneous or endougenous to the model. This annex
provides a more detailed description of the use of elasticities with the
TREMOVE model. The model for Great Britain has been used to illustrate
the methodology.

1. Elasticities of Substitution

The demand functions used in the TRE-part of TREMOVE are nested
CES-functions, so assuming “Constant Elasticities of Substitution” at each
level of the utility tree. For freight transport the same structure is used in
the production function. The utility and production trees can be found in
Figure 4 to 10 of the main document (Description of the analytical tools:
Tremove).

These elasticities of substitution (together with the demands and prices of
the “goods”, i.e. the transport modes) determine the price elasticities. The
elasticities of substitution are explicitly present in the demand functions (and
so also in the generalised price indices) and are determined outside the
model (exogenously fixed parameters). Since the price elasticities (both own
and cross price elasticities) are functions of the elasticities of substitution
and of demand and prices of the transport modes, they are not fixed values,
and so can be computed in every equilibrium “situation” (determined by
prices and demands). In TREMOVE they are computed for the base case.

1.1 Theoretical background

1.1.1 Elasticities of substitution and indifference curves

The elasticity of substitution is the curvature of the indifference curve1

between two goods. It indicates how much one is willing to give up of one
good in order to receive one more unit of the other good while keeping the
level of utility constant.

Constant elasticities of substitution (σ) of values from 0 to ∞  result in
indifference curves of the types presented below. In TREMOVE values for
the elasticities of substitution lie between 0 and ∞ , resulting in convex
indifference curves as shown in the figure below (the graph in the middle).

                                               
1 An indifference curve (or isoquant) represents the combinations of goods that give the
consumer the same utility (from consumption). Therefore he is assumed indifferent
between those combinations of the goods.
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1.1.2 Technical definition of elasticities of substitution

More technically the elasticity of substitution (curvature of the indifference
curve) measures the percentage change in the factor ratio (relative use of
the two goods) corresponding to a percentage change in the marginal rate
of substitution MRS, with utility held constant2.

σA B

d A
B

A
B

dMRS A B
MRS A B

, ( , )
( , )

=

The marginal rate of substitution between good A and good B (MRS(A,B))
is how much we must add of good A per unit of good B removed to keep
utility constant (to stay on the same indifference curve).

MRS
dA
dBA B U, = −

In equilibrium the consumer wants to maximise utility, subject to the budget
constraint3, so he will end up in that point of the budget constraint (B)
which is tangent to the highest possible indifference curve (utility level U0).

                                               
2 This is explained in any book on microeconomics. Some references are Varian H.,
“Microeconomic Analysis”, W.W. Norton & Company, and in Arrow K. and M.
Intriligator (eds.), “Handbook of Mathematical Economics”, North-Holland.
3 The budget constraint gives the combinations of the goods which the consumer can
afford given his budget: Y = pA*A + pB*B  (where pA is the price of good A and A is the

quantity of good A consumed) or A
Y
p

p
p

B
A

B

A

= − * .
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In that point the marginal rate of substitution, which is the slope of the
isoquant (indifference curve) is equal to the slope of the budget constraint.

MRS
dA
dB

p
pA B

B

A
, = − = −

So, the elasticity of substitution can also be expressed as:
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p
p

, =

as the percentage change in the factor ratio (relative use) corresponding to a
percentage change in the relative price of the goods.

In the graph below an X% decrease in the relative price of good B with
respect to good A is represented. This leads to an increase in the relative
use of good B with respect to good A.
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1.2 Values used in TREMOVE

The elasticities of substitution used in the case study for Great Britain are
presented in table 1 for urban areas and table 2 for non-urban areas. They
were taken from the TRENEN case studies for London and for Belgium,
and will be used as default values.

The following labels are used for the respective elasticities: U stands for
urban (valid for London and the other urban areas), N stands for non-urban,
L stands for passenger transport and F stands for freight transport.

TABLE 1: ELASTICITIES OF SUBSTITUTION FOR THE URBAN AREAS

Peak off-peak

PASSENGER TRANSPORT

USL1 eos transport - other commodities 0.6

USL2 eos peak - off-peak transport 0.8

USL3(UL2) eos motorised - non-motorised transport 0.3 0.3

USL4a(UL2) eos private - public transport 1.05 1.95

USL4c eos non-motorised transport - motorcycle 0.5

USL5a(UL2) eos car: alone - pool 0.6 1.6

USL5b(UL2) eos bus - metro 1.1 1.1

USL6a eos big car - small car 1.5

FREIGHT TRANSPORT

USF1 eos freight transport - other inputs 0.2

USF2 eos peak - off-peak transport 1.2

USF3(UL2) eos big truck - small truck 1.1 1.1
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TABLE 2: ELASTICITIES OF SUBSTITUTION FOR THE NON-URBAN AREAS

peak off-peak

PASSENGER TRANSPORT

NSL1 eos transport - other commodities 0.6

NSL2 eos peak - off-peak transport 0.8

NSL3 eos 4-wheels - motorcycle 0.3

NSL4a eos private - public transport 0.8

NSL4c(UL2) eos motorcycle: motorway - other rural
roads

0.4 0.4

NSL5a(UL2) eos car: alone - pool 0.6 1.6

NSL5b eos bus - train 1.8

NSL6a eos big car - small car 1.5

NSL6b(UL2) eos bus: motorway - other rural roads 0.4 0.4

NSL7a(UL2) eos car: motorway - other rural roads 0.4 0.4

FREIGHT TRANSPORT

NSF1 eos freight transport - other inputs 0.8

NSF2 eos private - collective transport 2

NSF3a eos peak - off-peak transport 1.5

NSF3b eos freight train - inland waterways 2

NSF4a(UL2) eos big truck - small truck 0.4 0.4

NSF5a(UL2) eos truck: motorway - other rural roads 1.1 1.1

So, for example, the elasticity of substitution between urban bus and metro
transport is 1.1. This means that they are relatively good substitutes: a price
increase of urban buses will lead to a fairly large increase in the metro use.
Consider now the choice between 4-wheels (i.e. cars and buses) and
motorcycle in the non-urban utility tree: the elasticity of substitution is much
lower: only 0.3. This means that a price increase of 4-wheels transport does
not lead to a large increase in the demand for motorcycle transport: they are
not good substitutes.

Note: Substituting transport for transport by the other means of the same
branch is not the only effect, there will also be some effect on the other
transport modes, which depends on the elasticities of substitution at the
higher branches.
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2. Price Elasticities

2.1 Theoretical background

2.1.1 Definitions

Starting from the elasticities of substitution, the implicit price elasticities can
be computed, via the computation of Allen elasticities of substitution4 (see
Keller (1976)5). The obtained elasticities are generalised price elasticities
(GPEL), which need to be transformed into monetary price elasticities
(MPEL) and fuel price elasticities (FPEL)6.

The generalised price (GP) is the sum of the monetary price MP and the
time cost (TC). The fuel price (sum of fuel cost + fuel tax) is an element of
the monetary price.

GP = MP + TC

= resource cost + resource tax + fuel price + TC

So, starting from the generalised price elasticity, which is defined as the
percentage change in demand for good j corresponding to a percentage
change in the price of good i (if i = j this is the own price elasticity, if i ≠ j
this is the cross price elasticity).

GPEL = EX,GP = ∂
∂

X
G P

GP
X

*

The monetary price elasticity can be defined in the same way:

MPEL = EX,MP = 
∂

∂
X

MP
MP
X

*

Also, since the monetary price is an element of the generalised price, the
MPEL can be expressed as a function of GPEL.

MPEL = 
∂
∂

∂
∂

X
GP

GP
MP

MP
X

* *

= 
∂
∂

X
GP

MP
X

* *1

= 
∂
∂

X
GP

GP
X

X
GP

MP
X

* * *

= GPEL * 
MP
GP

                                               
4 Arrow and Intriligator (1982) define the Allen elasticity of substitution as “a measure of
change in demand for good j given a change in the price of good i, all other prices
remaining constant”, for i equal or not equal to j.
5 Keller, W.J. (1976), “A nested CES-type utility function and its demand and price-
index functions”, European Economic Review, pp.175-186.
6 This is necessary in order to compare the elasticities with values found in the literature,
since most elasticities given are monetary and fuel price elasticities.
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As shown in the formula, the monetary price elasticities will always be
smaller than (or equal to) the generalised price elasticities, because the
monetary price is a share of the generalised price.

The fuel price elasticity can be expressed in an analogous way: either
directly as a function of generalised price:

FPEL = 
∂
∂

∂
∂

X
GP

GP
FP

FP
X

* *

= 
∂
∂

X
GP

FP
X

* *1

= 
∂
∂

X
GP

GP
X

X
GP

FP
X

* * *

= GPEL * 
FP
GP

or indirectly as a function of MPEL:

FPEL = 
∂

∂
∂
∂

X
MP

MP
FP

FP
X

* *

= 
∂

∂
X

MP
FP
X

* *1

= 
∂

∂
X

MP
MP
X

X
MP

FP
X

* * *

= MPEL * 
FP
MP

The same remark as for monetary price elasticities can be made for fuel
price elasticities: the latter elasticities will always be smaller than (or equal
to) the monetary price elasticities, and so certainly smaller than (or equal to)
the generalised price elasticities.

2.1.2 Substitution and income effects

The change in the price of a good (and so a change in the relative price of
that good) causes a dual effect:

1. the substitution effect

2. the income effect.

The substitution effect is the change in demand due to the change in the rate
of exchange between the two goods. The income effect is the change in
demand due to having more (or less) purchasing power.

The effects are well explained in Varian (1992). By means of the example of
a decline in the price of good 1, the two effects are explained. A decrease in
the relative price of good 1 leads to the budget line rotating around the
vertical intercept Y/p2 and becoming flatter. This movement of the budget
constraint breaks down in two steps: first pivot the budget line around the
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original demanded bundle of goods, and then shift the pivoted line out to
the new demanded bundle.

The pivot represents the change in the relative price while income stays
constant: the relative price is the slope of the budget line. The shift
represents the increase in income because of the decreased price, at the new
slope (new relative price).

o r i g i n a l
c h o i c e

f i n a l  c h o i c e

g o o d  2

g o o d  1

p i v o t

s h i f t

p ivo ted
b u d g e t

f i n a l
b u d g e t

The price elasticities computed for TREMOVE are not compensated
elasticities, i.e. not compensated for the income effect. So both the
substitution effect and the income effect are incorporated in the elasticities.
That is why the cross price elasticities (cf. section 2.2.) can be negative: the
negative income effect is larger than the positive substitution effect.

2.1.3 Price elasticities and nested CES utility functions

The use of a structured utility tree (nested CES utility function) implies a
certain structure for the cross price elasticities7. Imposing this structure
helps to define a theoretically consistent matrix of cross price elasticities.
The use of the nests means that two consumption goods which are on the
same branch of the tree will have an identical substitution effect on the
consumption of a third good which is on another branch of the tree. This is
the concept of “separability”, explained clearly in Deaton and Muellbauer
(1980)8. They say that if “separability of preferences” holds “the
commodities can be partitioned into groups so that preferences [represented
by elasticities of substitution] within groups can be described independently
of the quantities in other groups.” The commodities are here transport
modes at the lowest levels of the utility tree, and aggregates of these
                                               
7 The way the utility tree is structured is based on assumptions.
8 Deaton A. and J. Muellbauer (1980), “Economics and consumer behavior”, Cambridge
University Press.
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transport modes at the higher levels. A commodity group is a branch of the
utility tree. So, the substitution effects of a good at one level on all goods
on another branch are identical, not determined by the share in the budget of
the goods in the other branch.

level 2
good A,2

level 1
good 1,1

level 2
good B,2

level 2
good C,2

level 1
good 2,1

level 0
good 0,0

σ 1

σ 2

The substitution effect of good C on good A is the same as the substitution
effect of good B on good A, because that effect is determined only by the
elasticities of substitution on level 1, which is equal for goods B and C.

What the effect will be on the demand for good A respectively due to a
change in prices of goods B and C, will depend on the share of the
respective goods in the budget of that branch. So, if good B gets a larger
share of the budget of good 2,1 than good C, the effect of a price change of
good B on the demand for good A will be larger than the effect of a price
change of good C on the demand for good A.

2.2 Values used in TREMOVE

The own price elasticities for urban transport for the year 1996 are
presented in Table 3. Some values mentioned in the literature are given in
Appendix A.1. 9

                                               
9 Some references are:

Bendtsen P.H. (1980), “The influence of price of petrol and of cars on the amount of
automobile traffic”, International Journal of Transport Economics, pp. 207-213

Bron K. and H.L. van der Kolk (1988), “Sturing van het personenvervoer”, Instituut voor
Onderzoek van Overheidsuitgaven, Den Haag.

Dargay J.M. (1993), “Demand elasticities: A comment”, Journal of Transport Economics
and Policy.

Goodwin P.B. (1992), “A review of new demand elasticities with special reference to
short and long run effects of price changes”, Journal of Transport Economics and Policy,
pp. 155-163.

Johansson O. and L. Schipper (1997), “Measuring the long-run fuel demand of cars”,
Journal of Transport Economics and Policy, pp. 277-292.

Kleijn H.J. and J.P. Klooster (1991), “Het effekt van prijsmaatregelen op het vervoer”,
Economische Statistische Berichten, pp.836-839.

Oum T.H., W.G. Waters II and J.S. Yong (1992), “Concepts of price elasticities of
transport demand and recent empirical estimates”, Journal of Transport Economics and
Policy, pp. 139-154.

Pronk M.Y. and P.M. Blok (1991), “De prijselasticiteit van energieverbruik in het
wegverkeer”, Nederlands Economisch Instituut.
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For example, the own price elasticity of bus transport in the peak period is -
0.19. That means that when the monetary price of bus transport in the peak
period increases by 10%, the demand for bus transport in the peak period
will decrease by 1.9%. The own price elasticity of driving a big car alone in
the peak period is -0.69. That means that an increase in the monetary price
of the latter transport mode of 10% induces a decrease in the demand for
that transport mode of 6.9%.

In general the values are higher than in the literature because the elasticities
in literature are usually the elasticities of aggregates of some of the
transport modes. Here the elasticities specific to the individual transport
modes are given. These values are higher because of the substitution
possibilities: one not only reacts to a price increase by decreasing his
demand for km but also by substituting some of the demand for that
transport mode by demand for another transport mode.
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TABLE 3: IMPLICIT NON-COMPENSATED ELASTICITIES OF DEMAND FOR PASSENGER TRANSPORT WITH RESPECT TO MONETARY
PRICE (GREAT BRITAIN, 1996)10

P.A.BC P.A.SC P.PT.BC P.PT.SC P.B P.ME P.MC P.NMO OP.A.BC OP.A.SC OP.PT.BC OP.PT.SC

P.A.BC -0.61 0.24 -0.07 -0.07 0.04 0.04 -0.05 -0.05 0.01 0.01 0.01

P.A.SC 0.12 -0.57 -0.04 -0.04 0.02 0.02 -0.02 -0.02 0.004 0.004 0.004

P.PT.BC -0.02 -0.02 -0.35 0.17 0.01 0.01 -0.01 -0.01 0.002 0.002 0.002

P.PT.SC -0.01 -0.01 0.08 -0.3 0.005 0.005 -0.01 -0.01 0.001 0.001 0.001

P.B -0.004 -0.004 -0.004 -0.004 -0.22 -0.05 -0.03 -0.03 0.005 0.005 0.005

P.ME -0.01 -0.01 -0.01 -0.01 -0.08 -0.25 -0.05 -0.05 0.01 0.01 0.01

P.MC -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 -0.18 0.05 0.0001 0.0001 0.0001

P.NMO - - - - - - - - - - -

OP.A.BC 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 -0.9 0.03 0.06

OP.A.SC 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.01 -0.75 0.03

OP.PT.BC 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.09 0.09 -0.52

OP.PT.SC 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.05 0.05 0.03

OP.B 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 -0.02 -0.02 -0.02

OP.ME 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 -0.05 -0.05 -0.05

OP.MC 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 -0.001 -0.001 -0.001

OP.NMO - - - - - - - - - - -

Nota bene: One has to read the table from left to right: the elements of the matrix are the effects on the demand for the elements in the first row of a price
change of the elements of the first column. The following labels are used: P = peak, OP = off-peak
= pooled, (and taxi), MC = motorcycle, NMO = non-motorised transport, BC = big car, SC = small car

                                               
10 The values given are for the inhabitants of London. The values for the commuters into London, and for the inhabitants and commuters of the other
urban areas are similar.
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TABLE 4: IMPLICIT NON-COMPENSATED ELASTICITIES OF DEMAND FOR PASSENGER TRANSPORT WITH RESPECT TO FUEL PRICE
(GREAT BRITAIN, 1996)

P.A.BC P.A.SC P.PT.BC P.PT.SC P.B P.ME P.MC P.NMO OP.A.BC OP.A.SC OP.PT.BC

P.A.BC -0.14 0.06 -0.02 -0.02 0.01 0.01 -0.01 -0.01 0.002 0.002 0.002

P.A.SC 0.04 -0.17 -0.01 -0.01 0.01 0.01 -0.01 -0.01 0.001 0.001 0.001

P.PT.BC -0.005 -0.005 -0.08 0.04 0.002 0.002 -0.003 -0.003 0.0004 0.0004 0.0004

P.PT.SC -0.003 -0.003 0.02 -0.09 0.001 0.001 -0.002 -0.002 0.0003 0.0003 0.0003

P.B - - - - - - - - - - -

P.ME - - - - - - - - - - -

P.MC -0.0001 -0.0001 -0.0001 -0.0001 -0.0001 -0.0001 -0.03 0.01 0.00002 0.00002 0.00002

P.NMO - - - - - - - - - - -

OP.A.BC 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 -0.2 0.01 0.01

OP.A.SC 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.004 -0.22 0.01

OP.PT.BC 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.02 0.02 -0.11

OP.PT.SC 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.01 0.01 0.01

OP.B - - - - - - - - - - -

OP.ME - - - - - - - - - - -

OP.MC 0.00005 0.00005 0.00005 0.00005 0.00005 0.00005 0.00005 0.00005 -0.0002 -0.0002 -0.0002

OP.NMO - - - - - - - - - - -

Note: One has to read the table from left to right: the elements of the matrix are the effects on the demand for the elements in the first row of a price
change of the elements of the first column. No values are given for public transport because the information on operating costs of public transport
did not give a split between resource costs and fuel costs. The following labels are used: P = peak, OP = off-peak, B = bus, ME = metro, A =
alone, PT = pooled (and taxi), MC = motorcycle, NMO = non-motorised transport, BC = big car, SC = small car.
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TABLE 5: IMPLICIT ELASTICITIES OF DEMAND FOR LONDON FREIGHT
TRANSPORT WITH RESPECT TO MONETARY PRICE (GREAT BRITAIN,

1996)

P.BT P.ST OP.BT OP.ST

P.BT -0.31 0.03 0.04 0.04

P.ST 0.04 -0.23 0.05 0.05

OP.BT 0.07 0.07 -0.3 0.06

OP.ST 0.1 0.1 0.09 -0.2

Note: One has to read the table from left to right: the elements of the matrix are the
effects on the demand for the elements in the first row of a price change of
the elements of the first column. The following labels are used: P = peak, OP
= off-peak, BT = big truck, ST = small truck.

TABLE 6: IMPLICIT ELASTICITIES OF DEMAND FOR FREIGHT TRANSPORT
WITH RESPECT TO FUEL PRICE (GREAT BRITAIN, 1996)

P.BT P.ST OP.BT OP.ST

P.BT -0.12 0.01 0.01 0.01

P.ST 0.01 -0.06 0.01 0.01

OP.BT 0.03 0.03 -0.11 0.02

OP.ST 0.03 0.03 0.02 -0.05

3. Travel Time Elasticities

Starting from the generalised price elasticities, the elasticities of demand
for traffic with respect to travel time (TTEL)11 are obtained as follows:

TTEL  = 
∂
∂

X
TT

TT
X

*

= 
∂
∂

∂
∂

X
GP

GP
TT

TT
X

* *

= E
X

GP
VOT

TT
XX GP, * * *

= E VOT
TT
GPX GP, * *

                                               
11 In the “National Road Traffic Forecast (Great Britain) 1997” of the Department of
the Environment, Transport and the Regions these elasticities are called “mileage
suppressing elasticities with respect to travel time”.
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where TT stands for travel time and VOT stands for value of time.

The values obtained for urban transport are represented in Table 7 for
passenger transport and in Table 8 for freight transport. The values
mentioned in the “National Road Traffic Forecast (Great Britain) 1997”
are in Appendix A.2 .

TABLE 7: MILEAGE SUPPRESSING ELASTICITIES WITH RESPECT TO
TRAVEL TIME –PASSENGER TRANSPORT (GREAT BRITAIN, 1996)

PASSENGER TRANSPORT

Lon. - inh. Lon. - com. oth. - inh. oth. - com.

P.A.BC -0.37 -0.38 -0.31 -0.3

P.A.SC -0.55 -0.55 -0.47 -0.47

P.PT.BC -0.57 -0.58 -0.51 -0.51

P.PT.SC -0.78 -0.79 -0.72 -0.72

P.B -0.24 -0.2 -0.22 -0.23

P.ME -0.2 -0.25 -0.22 -0.23

P.MC -0.2 -0.18 -0.18 -0.16

OP.A.BC -0.44 -0.45 -0.37 -0.37

OP.A.SC -0.58 -0.59 -0.5 -0.5

OP.PT.BC -0.68 -0.72 -0.57 -0.58

OP.PT.SC -0.85 -0.88 -0.75 -0.76

OP.B -0.29 -0.19 -0.29 -0.32

OP.ME -0.29 -0.39 -0.29 -0.32

OP.MC -0.19 -0.16 -0.17 -0.14

TABLE 8: MILEAGE SUPPRESSING ELASTICITIES WITH RESPECT TO
TRAVEL TIME –FREIGHT TRANSPORT (GREAT BRITAIN, 1996)

FREIGHT TRANSPORT

London other urban

P.BT -0.7 -0.66

P.ST -0.72 -0.68

OP.BT -0.61 -0.57

OP.ST -0.57 -0.54
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Appendix A.1: Price elasticities from literature

This appendix provides an overview of selected values of price
elasticities found in economic literature. All elasticities are in negative
values.

Bendtsen P.H. (1980)

Elasticities of car traffic wrt to fuel price:
increase in
fuel price

decrease in
car traffic

elasticity

Australia (1955-1976) 0.08

Great Britain (1973-
1974)

56% 4% 0.07

Denmark (1973-1974) 37% 3% 0.08

 Denmark (1979-1980 58% 7% 0.12

Elasticities of public transport wrt to fare price:
increase in

fares
decrease in

traffic
elasticity

USA and Denmark 3% 1% 0.33

Goodwin P.B. (1992)

Summary of evidence from studies of elasticity of car traffic levels with
respect to petrol price:

explicit Ambiguous

short-term long-term

time-series 0.16 0.33 0.46

cross-section 0.29 0.5

Bus fare elasticities related to time period:
time period average

elasticity
Standard
deviation

around 6 months 0.21 0.12

0-6 months 0.28 0.13

0-12 months 0.37 0.18

4+ years 0.55 0.20

5-30 years 0.65 0.18
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Johansson O. and L. Schipper (1997)

Elasticities of car transport wrt fuel price (own computations based on
the data in the article):

estimation technique fuel price elasticity

OLS 0.416

GLSStat 0.147

Between 0.59

CS-mean 0.54

GLSDyn 0.081

Within 0.087

Within - 2SLS 0.138

TS-mean 0.126

Oum et.al. (1992)

Demand elasticities of automobile usage:
short run long run Unspecified

United States 0.23 0.28 0.13-0.26, 0.15-
0.45

Australia 0.09-0.24 0.22-0.31 0.22-0.52, 0.25-
0.34

United Kingdom n.a. n.a. 0.14-0.36

Demand elasticities of urban transit:
data types elasticity estimates

time series 0.01-0.62, 0.17-0.59, 0.18-0.22, 0.23-0.25, 0.23-0.27,
0.27-0.78, 0.29-0.34, 0.36-1.32

cross-section 0.05-0.34

pooled data 0.06-0.44

before/after data 0.10-0.60, 0.70

Demand elasticities of inter-city rail travel:
time series cross-section others

business travel 0.67-1.00 0.70 0.15

non-business and

mixed travel

0.37-0.40, 0.74-0.90,

0.81-1.17, 0.14-1.18,

1.08-1.54

1.40 1.19-1.50, 1.00,

0.12-0.49



European Commission --Standard & Poor’s DRI – KULeuven, August 1999 19
Draft Final Report

Demand elasticities of truck freight:
log-linear aggregate logit translog

aggregate
commodities

1.34 0.93 0.69

Pronk M.Y. and P.M. Blok (1991)

Overview fuel price elasticities for the UK:
author short-term elasticity long-term elasticity

Kouris 0.23 0.75

Rice et al. 0.16

Drollas 0.40 0.70

LUTE 0.50 0.75

Morgridge 0.10 1.00
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Appendix A. 2: Mileage suppression elasticities w.r.t. travel
time

This appendix provides an overview of selected values of mileage
suppression elasticities with respect to travel time change found in
economic literature.

Department of the Environment, Transport and the Regions (1997)

threshold of
time change

(%)

elasticity
below

threshold

elasticity
above

threshold

car HB business 0 - -0.35

car HB commuting 20 0 -0.14

car HB essential other 40 -0.07 -0.26

car HB discretionary other 0 - -0.20

car NHB business & commuting 0 - -0.35

car NHB essential & discretionary 0 - -0.28

LGV 0 - -0.03

HGV - rural roads 0 - -0.15

HGV - urban roads 0 - -0.05

PSV 0 - 0

HB: home based

NHB: non home based

LGV: light duty vehicles

HGV: heavy duty vehicles

PSV: public service vehicles
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ANNEX B: ESTIMATIONS OF DISCRETE CHOICE
FUNCTIONS FOR CAR SALES
This annex provides further information related to the estimations of the
coefficients for the different logit-functions used to estimate car sales
(see Chapter 7 of the report).

Method

The coefficients of the discrete choice functions ( logit functions) have
been are estimated using pooled data, using the available data from the
nine AOPII countries and for all years (1990-96).

The functions used have been detailed in section 7.4.2 of the Tremove
documentation.  The parameters a, ß and ? of these equations have been
estimate dusing least-squares estimates, assuming fixed effects (to
capture the differences in behaviour between countries).

Estimated coefficients

The values obtained for the equation of shares of “medium and large
cars” in “big cars” (variable shareML) are shown in Table 9.  These
values relate equation described in section 7.4.2. of Part II of the report
under the sub heading “First Step: choice between medium and large
cars”.

TABLE 9: COEFFICIENTS – CHOICE MEDIUM-LARGE

Variable name Coefficient
name

Estimated
coefficient

T-statistic

Lifetime cost α -7.038308 -1.637157
per capita income β -0.118055 -2.037883
Fixed effects
constants

medium large

Finland γ 2.006737 0
France γ 2.023778 0
Germany γ 2.12129 0
Great Britain γ 3.471119 0
Greece γ 2.287421 0
Ireland γ 2.824028 0
Italy γ 2.504571 0
The Netherlands γ 2.389749 0
Spain γ 2.157487 0
Statistics
R² 0.96442
Adjusted R² 0.957578



Auto-Oil II Cost-effectiveness Study Part II: The TREMOVE model

22 European Commission --Standard & Poor’s DRI – KULeuven, August 1999
Draft Final Report

The values obtained for the equation of shares of “gasoline and diesel
cars” in “large cars” (variable shareL) are shown in Table 10.  These
values relate equation described in section 7.4.2. of Part II of the report
under the sub-heading “Second Step for large cars: choice between
gasoline and diesel”.

TABLE 10: COEFFICIENTS– CHOICE LARGE: GASOLINE-DIESEL

Variable name Coefficient
name

Estimated
coefficient

T-statistic

Lifetime cost α -18.77826 -9.086861
fixed effects
constants

gasoline diesel

Finland β 0.785416 0
France β -1.108867 0
Germany β 0.601498 0
Great Britain β 0.859622 0
Greece β -0.398364 0
Ireland β 0.682635 0
Italy β -2.511994 0
The Netherlands β 0.709793 0
Spain β 0.038313 0
Statistics
R² 0.967433
Adjusted R² 0.961903

Finally, the values obtained for the equation of shares of “gasoline, diesel
and LPG cars” in “medium cars” (variable shareM) are shown in Table
11.  These values relate equation described in section 7.4.2. of Part II of
the report under the sub-heading “Second Step for medium cars: choice
between gasoline,  diesel and LPG”.

TABLE 11: COEFFICIENTS – CHOICE MEDIUM: GASOLINE-DIESEL-LPG

Variable name Coefficient name Estimated
coefficient

T-statistic

lifetime cost α -21.67473 -6.976803
Fixed effects
constants

gasoline diesel LPG

Finland β 4.658523 0 -
France β 1.128458 0 -
Germany β 2.705140 0 -
Great Britain β 2.634458 0 -
Greece β 6.076858 0 0.958145
Ireland β 2.397154 0 -1.842280
Italy β 2.714060 0 0.304415
The Netherlands β 2.795074 0 0.598958
Spain β 2.140292 0 -2.092337
Statistics
R² 0.914310
adjusted R² 0.899759
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Annex C: Recommendations for future work
Following the final AOPII mandate, which also requires to ensure the
transition of the currently developed tools and database into future
Community programmes, a number of recommendations for future work
have already been identified to date. These are presented in this annex.

Indeed, the TREMOVE model is still subject to further testing in the
context of the AOPII cost-effectiveness study and further improvements
are still expected. Until fully tested, due care is recommended when
using the model and the related databases. While the model structure and
its related databases can already be considered a major improvement
over existing tools, the information on costs and impacts of policy
scenarios should be further improved in order to increase the robustness
of conclusions that can be drawn before making policy
recommendations. A number of directions for future work are given
below in random order:

• TREMOVE uses external traffic data as reference scenario to analyse
variations caused by policies around this reference.  Currently, a
number of traffic forecasts have been collected from the countries
studied in Auto-Oil II.  These data and forecasts come from a variety
of sources including public organisations, transport authorities,
transport ministries, private consultants, etc.  Hence it is impossible
to fully ensure the consistency of these forecast.  Developing a
specific traffic forecasting tool to cover the European union would
help improving the consistency of the traffic forecast.  Existing
transport models could be used to minimise the cost of such a
development.

• Most data for constructing the AOPII transport base case were
collected until late 1997.  Updating these data to include historical
figures for 1997 and 1998 would improve the quality of the exercise.
Whereas, this would not necessarily significantly change the overall
shape of the emissions base case, it would allow to reliability of a
wider range of policy scenarios and increase the overall buy-in into
this multi-stakeholder exercise.

• In addition to updating the TREMOVE databases to take account of
more recent historical figures, a further investigation into the
classification of data, in particular traffic, vehicle stock and usage
data is recommended. A number of discussions were held related to
the distribution of these data across the respective vehicle types and
technologies. Particular discussion points included, for example, the
distribution of traffic demand data related to small gasoline versus
diesel cars (the share of the latter is expected to increase in future
years) and the various categories of heavy duty vehicles. For the
latter, insufficient information is currently available related to more
detailed vehicle categories which account for the specific usage of
the vehicles and their associated loading fatcors. Here again,
preliminary analysis indicated that improved information is unlikely
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to affect the overall shape of the road transport (emissions) base
case.  It would however, allow for more robust an reliable scenario
analysis when considering measures on specific vehicle categories.

• One of the more difficult discussion points during the meetings of
Working Group seven related to the actual value of some key
parameters, such as the elasticities of substitutions and the value of
time.  Because of the scarcity of data in these fields, we used the
same elasticities in all countries.  However, new studies are regularly
published on these topics.  A survey of the literature would allow
identifying more specific values, closer to the specificities of each
country and city.  Another possibility would be to launch or help
research programmes working on these topics.

• In the context of Auto-Oil II, a large number of improvements have
been brought to the COPERT II methodology to take account of
emission performance developments of near future vehicle
technologies and fuel qualities.  Work is continuing in this field, for
example at the Aristotle University of Thessaloniki (COPERT / Prof.
Samaras), in the framework of the MEET programme, at the EEA,
and at other institutions.  New improvements are expected in this
field, and should be incorporated to the emission module of
TREMOVE. It should be noted that the use of the EPEFE equations
developed in the context of the first AOP and included in the
TREMOVE model have been subject to numerous debates as regards
their applicability to near future technologies. Reviews and research
is ongoing in this field and results should be monitored in order to
modify the TREMOVE model where and when appropriate.

• Preparing a scenario for TREMOVE is not a trivial exercise, and the
operator needs to verify the impact of the scenario of a number of
parameters used in TREMOVE, and ensure the consistency of the
changes brought to these parameters.  For some scenarios, it is even
necessary to modify the formulation of some equations.  It is thus
difficult to envisage the creation of a user-friendly interface.  In order
to facilitate the access to TREMOVE in the future, it would be more
efficient to provide a channel of communication between a group of
trained TREMOVE modellers and the users community.

• Finally, it takes currently about one hour to run a TREMOVE
simulation on a PC.  This time could be improved by re-writing some
part of the code, in particular the emission module.  In the current
version, a single procedure encompasses of vehicle types,
technologies, road type, etc.  It would be more efficient to create one
module per vehicle category (gasoline cars, diesel cars, light trucks,
heavy trucks, motorcycles, etc.), as this would considerably reduce
the size of arrays used in the model and the memory requirements.

• Future research should also focus on other ways of reducing
emissions: policies to reduce traffic and develop public transport,
policies to develop completely new vehicle technologies, etc.
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• Definition of regions, e.g. with respect to population needs to be
further investigated and clarified with a view of an enhanced
integration with for example the air quality model databases.


