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1. Introduction

Inrecent years economists have carried out a lot of research on the effect of fuel prices on
car ownership and use but have devoted far less attention to the style of driving the car and
its consequences for energy use and environmental damage. Nevertheless, the style of
driving the car seems to be an important determinant of total fuel use. Those who take care
that their car is well maintained and drive gently cause less environmental damage and
have lower fuel expenditure. It seems interesting therefore to investigate the presence of
large and systematic inefficiencies in fuel use per kilometre driven and their dependence
on fuel prices.

Although the effect of fuel prices through driver behaviour on fuel use per kilometre
driven is predicted clearly by economic theory, almost no empirical research on the
relationship between both variables appears to have been undertaken. The only example
that can be cited is an investigation of the possible influence of higher gasoline prices on
the average speed of automobiles on highways in the Netherlands (Pronk and Blok,1991).
No significant effects could be detected. However, in a recent survey of research on the
price elasticity of fuel demand Goodwin (1992) remarks that there are clear indirect
indications about the existence of such an effect:

“[...] both short term and long term effects of petrol price changes on traffic levels
are considerably less than their effects on petrol consumption. This implies that
even in the short run there are behavioural adaptations that affect petrol consump-
tion more than traffic; changes indriving styles and speed may be suggested, though
it has not previously been thought that this effect would be big enough to explain
the difference. There is also the possibility that there is a preference to modify the
least energy-efficient journeys.” (p.158)

This paper attempts to measure this effect in a direct way.
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2. Minimum Fuel Use

Fuel use of a car at a given speed is determined by its technical characteristics, notably its
weight, design (aerodynamic drag), cylinder volume and the type of fuel used. A
minimum fuel use per time unit is needed to keep the motor running. In order to keep the
vehicle running at the given speed, friction of air and the car itself have to be compensated
for, which requires additional fuel use. Total fuel use per unit of time, z, can therefore be
regarded as the sum of the fixed fuel use, z,, caused by the need to keep the motor running
and additional fuel use, z;, needed to maintain the speed v of the car:

2=+ 2y(v) 1
The value of z; is primarily determined by the cylinder volume of the car, the value of z;
by its weight and design. The fuel needed to maintain the speed of the car increases more
than proportionally in relation to speed.
In this paper we are interested in fuel use per kilometre driven, which will be denoted
asx, x=z/v:

x=zo/v+ ;(W)v 2
The first term on the right-hand-side (RHS) of (2) is decreasing in v, the second is
increasing inv. For low speeds the first effect dominates, for high speeds the second. The
optimal speed with respect to fuel use per kilometre driven, v, is determined by the
following equality:
oz, :
X = W (3)
which says that fuel use per kilometre equals the marginal fuel use per unit of time needed
in order to maintain speed.
When (3)is true, fuel use is at a technical minimum determined solely by the technical
characteristics of the car.! Drivers who want to minimise fuel use should aim at this speed,
which lies in the range of 50-60 kilometres per hour.

3. Optimal Speed Selection

The minimisation of fuel use per kilometre driven does not make sense as a target or utility
function for drivers. In addition to fuel costs, time costs, the risk of an accident and the
possibility of being fined if a speed limit is exceeded also influence speed selection. There
is some literature on optimal speed selection by drivers which concentrates on the effect
of speed limits on the behaviour of drivers. A recent example is Jgrgensen and Polak

1 A model developed by the Dutch Institute for Applied Natural Sciences (TNO) and published in Pronk
et al. (1993, Appendix 6) which is used in Dutch policy evaluation, specifies fuel use per kilometre driven at
constant speed as: x = (0/v) + 0 + 0p* V2.

The first term on the RHS of this equation refers to fixed fuel use, the second and the third to fuel needed
in relation to frictional resistance of the car and aerodynamic drag. The o’s are coefficients whose value is
determined by the technical characteristics of the car. Optimal speed v°, from the viewpoint of fuel efficiency,
follows as 0 = (a/0,)'.
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(1993).2 In Jgrgensen and Polak a loss function is specified that is also U-shaped. The
optimal speed depends on the value of time, the perceived risk of an accident and the risk
of being fined. Fuel costs are not included in the utility function used in the study.3

For a general approach involving fuel costs as well as other considerations, the relevant
loss function (denoted as L(v)) may be specified as the sum of two parts, the first (denoted
as pex(v), with p the fuel price) corresponding to fuel costs, the second (denoted as O(v))
to other costs. Both parts are U-shaped functions of speed. The total loss per kilometre
driven is then equal to:

L(s) = p*x(v) + O(v) 4
The optimal speed is reached when:
ox , 00 _
Pty =Y ©)

It canbe inferred from this equation and the shape of the function O that the optimal speed
v*lies between the minimum of the fuel cost function, givenin (5), and that of the function
O(v). It is also easy to verify that the optimum approaches the minimum of O(v) when p
is very small and that the optimal speed approaches v° when p is very large. The minimum
of O(v) may well be below v° (for instance, when the road is in a bad condition or when
itleads through a city centre with many pedestrians). On quiet and straight roads it should
be expected to be larger than v,

It can be shown that the difference between the optimal speed v* and the fuel cost
minimising speed v° decreases when the fuel price increases.* It may be concluded
therefore that theory unambiguously predicts a negative effect of increases in fuel prices
on fuel use per kilometre.

4. The Fuel Cost Function

Until now we have only considered the general shape of the fuel cost function and its
minimum. However, especially in cases where the minimum will not be relevant and
speed may be changing during the trip, the shape of the function outside the minimum
becomes more interesting.

The general shape of the fuel cost function (4) is shown in Figure 1.5 The upper line
in that figure refers to a car with average weight, cylinder volume and age in 1986. Fuel
use as a function of speed decreases rapidly for low speeds, reaches a minimum at a speed
of 48 km/hr and increases gradually thereafter. The lower line in Figure 1 refers to a car

2 Other examples of studies involving speed selection are Blomgquist (1986) and Mannering et al. (1990).
3 For the road considered in their empirical analysis Jgrgensen and Polak estimated an optimal speed just
above 100 km/hr if there is no speed limit and just below 100 km/hr (but above the limit) when there is one.
The estimates suggest that drivers are sensitive to the possibility of being fined.

4 Attheoptimum speed we should have: p*0x(v)/@v + d0(v)/@v = 0. Both partial derivatives are increasing
inv.If v* <v°, pedx(v)/dv < 0 and dO(v)/dv > 0. An increase in p decreases p*0x(v)/dv and therefore v* should
increase. If v* > v°, pedx(v)/ov > 0 and dO(v)/dv < 0. An increase in p increases p*0x(v)/dv and therefore v*
should decrease.

5 Similar curves were presented by Henham and Jacobson (1983).
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Figure 1

The Fuel Cost Function
(source: computations based on TNO, 1993)

with the same weight and cylinder volume, but five years younger.® The function becomes
flatter and shifts down. The optimum speed does not change much and remains equal to
48 km/hr, :

On the first part of the curve the decreasing effect of a higher speed on fixed fuel use
perkilometre is the dominating force. On the second part of the curve the additional energy
needed to overcome acrodynamic drag is the mostimportantdeterminant. For heavier cars
the U-shaped curve becomes narrower, which implies that identical deviations from the
optimum speed result inlargerincreases in fuel use for such cars. Technical progress shifts
the curve downwards, but does not change its shape.

The possibilities for improving fuel efficiency suggested by the fuel cost curve are
quite large: at a speed of 120 km/hr twice as much fuel is used per kilometre driven than
at a speed of 50 km/hr. Even if minimisation of fuel costs per kilometre is not the main
target of the driver, higher fuel costs induce him to change his driving style in such a way
as to diminish their impact.

So far the discussion has referred to situations of constant speed. However, accelera-
tion is also an important determinant of fuel use. Even if one desires to drive at constant
speed, at the beginning of the trip acceleration is necessary. Moreover, most of the time
a constant speed cannot be maintained during a trip because of other traffic, traffic lights
and bends in the road.

6 Since the average age in the sample was five years, the difference concerns a new car and a car of average
age, with the same characteristics otherwise.
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The optimal acceleration time to any desired speed level can be analysed in a similar
way to optimal speed selection. Considerations of fuel use, time and convenience
determine an optimal acceleration time which is an increasing function of the fuel price.

Acceleration speed is probably the most important aspect of the social role of car
driving. As we all know, some drivers like to be ahead of all others when the traffic lights
turn green and seek to impress others by their style of driving. This behaviour can be
regarded as a commodity that is bought at the price of increased fuel use. An increase in
the fuel price should be expected to result in a lower demand for this good.”

Figures presented by Henham and Jacobson [1983] indicate that the differences
between fuel consumption with ‘brisk’, ‘normal’ and ‘gentle’ driving methods are quite
large.® This suggests that relatively small adaptations in driving style may give rise to
significant changes in fuel consumption.

S. The Data

The information about fuel use per kilometre driven comes from the Dutch Private Car
Panel (abbreviated as PAP). This is a rotating panel in which car drivers participate for
three months. At the beginning of their participation the drivers are asked how many
kilometres they drive, on average, with one litre of fuel. Since this is the only time when
data about fuel use are gathered, we cannot do a panel data analysis. The number of new
participants is approximately equal to 300 every month. This means that there is monthly
information about fuel use of a relatively large number of cars, while at the same time a
number of characteristics of the cars and their drivers are known. If there is any effect of
fuel prices on fuel use per kilometre, it should be expected to show up in these data.

The information about fuel use given by the participant is clearly an estimate, that can
be regarded as the sum of the real fuel use that is determined simultaneously by the
characteristics of the car, the driver and the road, and a measurement error caused by
incomplete knowledge.’ Analysis of such a variable is usual in econometrics research. It
therefore seems perfectly reasonable to investigate the relation between the available
information about fuel use and the other information about the car and the driver.

The variables we have information about are the following. With respect to the car, we
know its weight, cylinder volume, the year of construction and the type of fuel. We know
the sex of the driver and there is a classification about his or her age and income. Moreover,
we know the total number of kilometres driven per year by the main user of the car and,
for employed persons, the distance between the residential and work location. Finally, we
also have information about using the car for business purposes and whether the driver
receives a compensation for the cost of his or her car.

7
8

Assuming this type of image building is a normal good.

The difference between normal and brisk driving is larger than that between normal and gentle driving.
The former ranges from 20 to 45 per cent, the latter from —13 to 30 per cent.

9 More accurate information would probably have been gathered were participants asked to register their
fuel use as well as their number of kilometres during the three months of their participation in the panel.
However, such questioning would make drivers more aware of the possibilities to economise on fuel use and
may therefore result in biased figures.
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Monthly Prices for Car Fuel in 1985 and 1986
(source: Shell)

(degrees Celsius)
20

15 o TR

A0 N

o\
-5 \/

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Figure 3

Average Monthly Temperature in the Netherlands in 1986
(source: KNMI)
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Monthly information about fuel prices was given by Shell, the largest supplier of
gasolinein Holland. In order to take into account the possibility that the weather influences
fuel use, we employed information about average monthly temperature. These data are
published by the Royal Dutch Meteorological Institute (KNMI). Figures 2 and 3 show fuel
prices in 1985 and 1986 and average monthly temperature in 1986 respectively.

7. Model Specification and Results

In our analysis we used information about the fuel use by the cars of the (approximately)
300 new participants in the PAP in each of the 12 months of 1986, when fuel prices were
relatively volatile. After correction for (partial) non-response and cars that were used as
taxis or mainly for transportation purposes, 3,080 observations were left.

We computed the minimum fuel use per kilometre and the associated maximum
number of kilometres per litre of fuel on the basis of TNO (1993). Comparison of the
reported figures and the computed minimums showed that in seven cases the reported
figure was lower than the minimum. These observations were removed from the sample.

All our estimates refer to specifications that are linear in the parameters and are the
result of OLS. The logarithm of the number of kilometres driven per litre of fuel as
indicated by the respondent is the dependent variable in all estimation results reported. !

The explanatory variables used in the various regressions are listed in Table 1, while
Table 2 gives information about their averages and standard deviations. Estimation results
are reported in Table 3. The first column of Table 3 refers to a simple regression with the
logarithm of the optimal fuel use per kilometre as the only explanatory variable. The
estimated coefficients imply that the ratio of the actual and maximum possible distances
driven with one litre of fuel is lower for the fuel-efficient car types. The second column
of Table 3 refers to a regression where the technical characteristics of the car are added
as explanatory variables. Heavier cars are less fuel-efficient than others, a phenomenon
that is probably explained by their larger energy requirements for acceleration. Diesel cars
are even more efficient than could have been expected on the basis of the computed
optimum; cars that use liquefied petroleum gas (Ipg) are less fuel-efficient.

In the previous section attention was focused on the relation between fuel use and
speed, or more general driving style. Since we do not have directinformation about speed,
we have torely on the indirect information incorporated in the socio-economic character-
istics of the main driver. In the third column of Table 3 results of a regression with socio-
economic variables and prices are reported. Somewhat surprisingly, we do not find an
effect of the logarithm of the income of the main driver.!! However, we find an effect of
some related variables, such as the dummies referring to the type of employment of the

10 We experimented with fuel use per kilometre, number of kilometres driven per litre of fuel and their
logarithm as our dependent variable. The logarithmic transformation performed slightly better than the others
and allows for easy interpretation of the coefficients as elasticities.

11 Such aneffect could be expected on the basis of the relation between income and the value of travel time,
the latter influencing speed selection (see, for example, Mannering et al., 1990), and therefore fuel use per
kilometre.
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Table 1
Variables
Variable Description
USE Natural logarithm of the number of hectometres driven per litre of fuel
OPTUSE Natural logarithm of the number of hectometres driven per litre of fuel with maximum
fuel efficiency, computed on the basis of TNO (1993)
DDIES Dummy for diesel
DLPG Dummy for lpg
WEIGHT Weight of the car when empty (kilos)
CYLINV Cylinder volume (litres)
YEAR Year of construction
SEX Sex of the main user
INCOME Natural logarithm of the net income cf the main user (thousands of Dutch guilders,
class midpoint)
DNINC Dummy for main users without an income of their own
AGE Age of the main user (year, class midpoint)
DNJ Dummy for main users without a job
DM Dummy for managers
DSE Dummy for self-employed people
DCOMP Dummy for receipt of compensation for car costs
PGAS Natural logarithm of the price of gasoline (per litre) multiplied by (1-DDIES-DGAS)
PDIES, PLPG Analogous variables diesel and lpg
AKMMU Annual number of kilometres driven by main user
HWD Commuting distance of main user
TEMP Average temperature in the month preceding the interview wtih the respondent

maindriver. Using employees as ourreference group, we find that people not having a job,
managers and self-employed persons all have a less fuel-efficient driving style. The
negative effect for people without a job is surprising considering their presumably low
evaluation of travel time.

10
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Table 2
Descriptive Statistics
Variable Average Standard
Deviation

USE* 12.14 271
OPTUSE* 20.59 4.11
DDIES 0.068 0.25
DLPG 0.093 0.29
WEIGHT 0.883 0.16
CYLINV 1410 0.40
YEAR 81.167 3.18
SEX 0.242 043
DNINC 0.089 0.29
INCOME 9.282 294
AGE 37.497 17.28
DNJ 0.303 046
DM 0.081 0.27
DSE 0.084 0.28
Dcomp 0.367 048
PGAS** 1.503 0.06
PDIES** 0.842 0.10
PLPG** 0.460 0.08
AKMMU 15902 10503
HWD 8.886 17.10
TEMP 8.992 6.11

*  Figures refer to untransformed variables
** Figures refer tountransformed variables and only to those observations for which the variable is relevant.

A gender effect was not found,!? but age has a significant coefficient indicating that
older drivers are in general less fuel-efficient drivers.!?

No effect of a large annual number of kilometres driven by the main user could be
detected. The coefficient for the commute has the expected sign, but is also insignificant
at conventional statistical criteria. The coefficient for the average monthly temperature,
added to take into account the effects of driving with a cold or warming motor on average
fuel use, is significant at the 10 per cent level, but not at the 5 per cent level.

12 Vogel and Rothengatter (1985) and Jgrgensen and Polak (1993) found that women were slower drivers;
Rajalin (1991) found no gender effects on speed selection.

13 This is at variance with the results of Rajalin (1991) and Jgrgensen and Polak (1993) on the relationship
between age and speed selection.

11
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Table 3
Estimation Results
(absolute t-values in parentheses)

I b/ 1

CONSTANT -0.060 0.977 0.852
(1.4) @.7) (4.0)

OPTUSE 0.842 0.568 0.605
(59.6) 438) (.1)

WEIGHT -0.321 -0.301
(5.3) (5.0)

CYLINV -0.004 0.016
(0.1) (0.6)

YEAR -0.001 -0.000
(0.3) (0.1)

DDIES 0.095 0.139
(1.9) (2.3)

DLPG ~0.080 -0.012
(3.3) 0.2)

SEX 0.001
0.2)

AGE/100 -0.045
2.1)

INCOME -0.002
0.7)

DNINC -0.010
0.7)

DNJ -0.030
2.3)

DM ~0.074
2.6)

DSE -0.033
(29)

AKMMU/10,000 -0.001
(0.4)

HWD/100 0.003
(15)

TEMP/10 0.009
(1.8)

DCOMP -0.006
0.9)

PGAS 0.149
2.0)

PDIES -0.014

(0.15)

PLPG 0.002
(0.02

R 0.54 0.54 0.56
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There is a significant effect of the price of gasoline. The elasticity of fuel use with
respect to the price of gasoline equals 0.15, indicating that a 1 per cent increase in fuel
prices would induce drivers to increase the average distance per litre of fuel by 0.15 per
cent. No significant effects of the prices of diesel or 1pg could be detected, which may be
related to the much smaller number of drivers using this type of fuel. Receiving a partial
compensation for driving costs did not result in significant differences in fuel efficiency.
Estimation of separate regression coefficients for drivers who do and who do notreceive
such a compensation (not reported in Table 3) resulted in a slightly larger coefficient for
the latter group. !4

Experiments with other specifications of the regression equations included removal of
the employment dummies (still no significant effect of income was found), incorporating
the technical characteristics directly in quadratic form (hardly any changes in the
coefficients for the socio-economic variables were recorded) and adding lagged values of
fuel prices (there was no indication that the effect of the gasoline price occurred only
temporarily). Since the price effect of gasoline was found in virtually all of these
regressions, it can be considered as robust, as far as these data are concerned. !’

9. Conclusions

In this paper we analysed fuel efficiency of private cars in relation to both the technical
characteristics of the cars and the socio-economic characteristics of the drivers. Economic
theory clearly predicts a relation between fuel prices and fuel efficiency. This effect, as
well as others that have been studied earlier in the literature has been investigated for a
sample of Dutch drivers. The data refer to the year 1986, when fuel prices changed
significantly (at least when compared to the subsequent four years). Apart from the
technical characteristics of the car, we found significant effects of the age and type of
employment of the driver and the price of gasoline. No effects of gender or income of the
driver, annual number of kilometres driven, commuting distance and prices of other types
of fuel could be detected, while the effect of the monthly temperature is at the boundary
of significance.

The findings of the present study confirm a number of results about the effect of socio-
economic variables on driving style reported in earlier studies (effect of type of employ-
ment), while contradicting others (no effect of income). However, it should be kept in
mind that most of the earlier studies referred to speed choice on a given road segment,
while there is no monotonic relationship between speed and fuel use per kilometre.

The central result of the paper is the significant effect of gasoline prices on fuel use,
which confirms the indirect evidence of a short-run price effect mentioned by Goodwin
(1992). Our inability to verify a similar effect for diesel and Ipg should probably be
explained by the much smaller fraction of users of these types of fuel in our sample.

14 The hypothesis that both coefficients are equal could not be rejected.
15 Correction for heteroscedasticity resulted in negligible differences in the estimated standard errors.
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