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Abstract

A theoretical model is adopted in order to examine optimal fare and optimal
quality of supply schemes for a transport operator. The analysis shows how
fares and quality of supply are related to travel distance and to the transport
operator's weight on profit versus consumer surplus. Under reasonable
assumptions imposed on the actual functions, it is found that the more
weight the operator gives to profits, the higher the fare level and the higher
the generalised travel costs. How the operator’s objectives influence the
quality of transport and how travelling distance affects fares, quality of
transport and generalised travel costs are ambiguous, and depend on the
initial restrictions placed on the actual functions. The paper then investigates
how different additional restrictions imposed upon the functions influence
the results. The paper also examines the special case in which the quality of
transport is exogenous to the transport operator. One important result then is
that higher demands towards the transport operator regarding the quality of
the transport supply do not necessarily reduce the transport users
generalised travel costs.
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THE INFLUENCE OF TRAVEL DISTANCE AND TRANSPORT OPERATORS OBJECTIVES

ON FARES, TRANSPORT QUALITY AND GENERALISED TRANSPORT COSTS

1. Introduction

Several economists have been engaged in searching for optimal fares and optimal supply
within different areas of public transport. Two of the pioneering works within this field are
Mohring (1972) and Turvey and Mohring (1975) who, by taking an example for urban bus
transportation, are considering both direct costs from bus operations and the passengers’ time
costs in discussing optimal strategies in fare and supply management in transport route
operations. In the spirit of Mohring’s work several similar analyses have been carried out

since, see for instance Jansson (1979), Larsen (1983) and Jansson (1993).

All the works mentioned above are searching for first best optimal policies regarding fares
and services. Inspired by the seminal work of Baumol and Bradford (1970) on the theory of
the second best, many authors have, however, been searching for optimal fare and supply in a
context where financial constraints are to be fulfilled by the transport operator, see for
instance Glaister and Lewis (1978), Hervik (1983), Jargensen and Solvoll (1999) and Kolstad
and Solvoll (2000). Additionally, Nash (1978), Glaister and Collings (1978) and Bas (1978)
are analysing optimal fare, supply schemes and financial results for the operators when they
pursue other goals than socia welfare maximisation; for example they aim to maximise profit,
bus mileage or passenger mileage subject to a budget constrain. In order to reach the above
objectives in practice, the operators offer more and more sophistic pricing and product
differentiation schemes such that the capacity utilisation of the scheduled services will be as
high as possible. Such yield management procedures are, in particular, well developed in

scheduled flight services, see Button (1993) and Botimer (1996).



One specific problem that the operator faces when optimal management in transport route
operations comes into practise is how should the fares and qualities of supply vary with the
passengers travel distance. Often transport companies design fare and supply schemes for all
their operations, where the fares and sometimes also the quality of supply vary with the travel
distance rather than choosing fare and supplies on single distances or routes. It is also seen
that in cases where public authorities have the opportunity to regulate transport operations,
they claim that such fare and supply schemes should be developed and encompassed for all
routes operated by the company. Also if a transport company is operating under free market
conditions, it may find it advantageously to design fare and supply schemes that are related to

travel distance in auniform way.

In Norway, some empirical works have analysed the actual relationships between fares and
travelling distance for different modes of passenger transport; Ertkjern and Tausvik (1996) for
bus transport, rail transport, regional air transport and fast—craft transport, Jargensen and
Solvoll (1999) for ferry transport and Kolstad and Solvoll (2000) for bus transport in different
counties. Depending on mode of transport and range of travelling distance, all these works
showed, as expected, that the relationships between fares and travelling distance were
stepwise increasing or none convex continuously increasing. Broadly speaking, the analyses
also showed, that travelling distance influenced fares more on fast modes (air transport) than
on slow modes (bus transport). The same characteristics with the fare schemes are probably
present for the majority of countries. Except for ferry transport where the Norwegian
authorities control the fare schemes directly and where the fare level is the same all over the
country, the authorities only regulate the operators' fare level indirectly, by claiming that the

practised fares must be sanctioned in advanced.



Neither of these works show, however, how the quality of the transport service and thereby
individual resources spent on travelling, measured be generalised travel costs, vary with
travelling distance; is, for example, the quality of the buses, ferries and planes better on long
routes than on short routes? Common sense tells us that this would be the case, but no
empirical works have, as far as we know, been undertaken in any country analysing this issue

thoroughly.

Although the travelling distance varies considerably among passengers on the same mode of
transport and although the actual fares are highly related to the travelling distance, issues
dealing with how fare and quality of transport services should be related to travelling distance
are scarcely deat with in both theoretical and empirical works. The bases for the latter
assertion are the following: Firstly, no matter whether the operators aim to maximise profit,
social welfare or pursue other objectives where cost effectiveness is important, finding such
optimal relationships demands knowledge about the relationships between margina costs and
travelling distance for different levels of transport quality. Such relationships are, however,
seldom estimated (Jargensen and Preston, 2000); estimates on margina costs are often
average figures for all passengers and, thus, without the travel distance and quality
dimensions. Secondly, when the operators have financial targets, designing optimal
relationships between fare and transport quality on one hand and travelling distance on the
other hand, also demands knowledge about how travelling distance influences the fare
elasticity and transport quality elasticity with respect to demand. Very few studies have dealt
with this problem too: see for example Button (1993) and Ippolito (1981) who concluded that

the fare elasticity islikely to increase, in absolute terms, with the length of the journey.
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Our main concern in this paper will be to deduce optimal fare and supply schemes for the
operators where specia focus will be placed on how fares and quality of supply should vary
with the distance travelled by the passengers. These analyses will be carried out under
different assumptions concerning the transport operators objectives. The above discussions
give also rise to analyse how generalised travel costs will vary with the travel distance when
transport fares and qualities are designed optimally. Since the latter issue will be seen in the
light of the operators objectives or preference function, our work should be important when
discussing welfare consequences for people living in different geographical areas. If, for
example, privation of transport operators influences the preference function, the actual
transport policy and thereby the relationship between generalised travel costs and travelling
distance for their customers, the change in ownership structure will influence long distance

1

travellers and short distance travellers differently.~ The above discussion should, thus, be an
interesting aspect when evaluating possible disadvantages under different regulatory regimes

of the public transport sector for people living in rural areas versus urban areas of aregion.

The rest of the paper is structured as follows: In section 2 we outline a model describing
reasonable cost and demand conditions for transport operators. Furthermore, we deduce the
first order conditions for optimal fares and quality of the transport services under different
assumptions concerning the operators objectives. Section 3 analyses the travel distance
influence on fare, the quality of the transport service and generalised travel costs when the
operators pursue different goals. In order to simplify the comparative analysis, section 4
analyses the travelling distance influence on fare in particular when the quality of the

transport service is regarded as uncontrollable or exogenous for the transport operators. As far

! How the ownership structure of a transport company influences its objectives is, for
example, discussed in Jergensen and Pedersen (1990).
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as the Norwegian transport operators are concerned, this is a reasonable assumption; at |east
in the short run. Finally, in section 5 we draw some conclusions and suggest how to go further

with the issues.

2. A Modd of aTransport Operator’s Behaviour
2.1 TheCost Structure
The costs of operating a system of transport routes within a specific area, C, are assumed to
be given by:

C=C(X,q,4). (1)
X isthe number of passengers served, ¢ is a variable denoting the quality of transport supply,
supposed to influence on the subjective time costs passengers experience by travelling and,
finally, A measures the mean distance travelled by the passengers in the system of routes
supplied. With regard to the operator’ s cost function, we suppose that:

c,>0,C,>0,C, >0,C,, 20,C, 20,C,, 20,C,, >0,C,, >0,C,, >0 B

This means that costs are supposed to be strongly increasing and convex in the number of
passengers served, the quality of services and the average distance travelled. Additionaly, it
Is assumed that marginal costs in serving passengers and marginal costs in supplying higher
quality are strongly increasing when the travel distance becomes longer. Finadly, it is
supposed that marginal costs in serving passengers are strongly increasing in the quality

supplied.

2 Here and throughout the paper the notation Y, means the partial derivative of Y with regard
toZ.
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2.2 Generalised Travel Costsand Demand Structure
In order to simplify, let us suppose that the consumers are identical and that their generalised
travel costs, R, are given by the sum of the fare, p, and the value of the time spent on the
journey, T. The time value is supposed to be dependent on the quality of service and the
distance travelled:

R=p+T(q,4) =R(p.q.4). 2
Moreover, the 7 and R functions are assumed to satisfy the following conditions:

R,=LR =T <0,R, =T, >0,R, =T,, >O,R , =T,, <O,R,, =T,, 20.

Firstly, this means that generalised costs increase equal to the fare level, they decrease when
quality is improved and are higher for longer than for shorter travel distances. Secondly, it is
supposed that the reductions in the time costs from improved quality of supply become less as
the quality is increased and the reductions in generalised costs from improved quality of
supply become stronger as the travel distance increases. Finally, we find it reasonable to
assume that the marginal increase in time cost as the travel distance becomes longer does not

decrease as the distance travelled increases.

Furthermore, the numbers of travellers are supposed to be conditional of the generalised costs,
defined by an ordinary demand function:

X =X(R). (3)
We make the common assumptions concerning the demand function; i.e. strongly decreasing
and convex, X, <0, X,, 20, telling us that increased generalised costs reduce the number of
travellers at a decreasing rate. Additionally, it should be noticed from (3) that the travel
distance has no direct effect on the demand but influences it indirectly through the generalised

costs. From the restrictions placed on the R function follow that a partial increase in travelling
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distance decreases the travel activity. This means, all other things being constant, that the

longer the distance between two places, the lower will be the number of travellers.

2.3 TheTransport Operator’s Objectives
By using the demand function in (3), we define the consumer surplus coming from the

transport activity, V, by:

V= X(r)dr =V (p,q,A). 4

R(p.gq,4)
Additionally, we make two reasonable assumptions concerning the ¥ function. Firstly, it is
assumed that as the travel distance increases, the consumers’ utility coming from a marginal

increase in quality of the transport services will not be reduced, i.e. ¥, 20. Secondly, it is

reasonable to believe that the consumers' welfare of higher quality will not increase as the

quality of the transport servicesimproves, i.e. ¥, <0.

Based on (1), (2) and (3), the transport operator’s profit, 11, from serving the passengersin the
routes is defined by:
m=pX[R(p,q,4)] - X[R(p,q,4)].q, 4} =Tp.,q,4). ®)
The profit function is supposed to be strictly concave in p and ¢. In order to be able to discuss
optimal fare and quality schemes for different kinds of objectives, however, we introduce the
following utility function hold by the transport operator:
U=@1-0)V(p.q,4)+am(p,q, )

= (- G)R(,j; A)X(r)dr +of pX [R(p.q, )] ~CEX (R(p.q, 4),q, )3 (6)

=U(p.,q;4,0).
The first term in the operator’s utility function is the consumer surplus coming from the

public transport activity multiplied by (1- o), while the second term is the operator’s profit
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multiplied by a. This means that we can interpret a and (1-a) as the operator’s weights
placed on profits and consumer surplus, respectively. In our analyses we restrict ourselves to

Bl

discuss cases where 2 <a<1.” In the specid case where a =3, the transport operator

weights consumer surplus and producer surplus equally. If the relationship between A and o
in footnote 3 holds, the efficiency loss of rising public funds in this case is zero (A =0) and
maximising (6) is equivalent to maximising the sum of profit and consumer surplus; that is
the social surplus related to the transport activity. Furthermore, it is seen that when a =1, the
operator is only concerned about profit. Providing that the relationship between A and o
holds such that A isinfinite, maximising U is still equivalent to maximising social surplus. In

intermediate cases where 4 <a<1, the operator evaluates profit higher than consumer

surplus.

2.4 TheOperator’s Choice of Fare and Quality
Maximising the utility function in (6) with regard to the fare level, p, and the quality of
service, g, givesthe following first order conditions for optimality:

U, = (o-DX(Q+al(p - C,)X,] =0, 7)

A

U, ==1-a)X(OR, +al(p -Cy)X,R, -C,] =0. (8)

% |t can be shown that if there is an estimation of an exogenous shadow price of rising public
funds (A) through inefficiencies caused by ordinary taxation, this value will implicitly define

1 0(1’ see for instance Lewis and Sappington (1988) and
the discussion made in Pedersen (1995). Here A must be interpreted as the extra costs which
come when one is going to rise one unit of money for public spending given that one taxes in
away which causes the lowest efficiency loss in the economy. When the above relationship
between A and a holds, maximising U in (6) is, thus, equivalent to maximising social
surpluswhen 2<a<1.

* Given the assumptions made above, it can be shown that the second order conditions are
satisfied.

a by the following fraction: A =
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In order to interpret the optimal fare and quality of supply scheme, the conditions in (7) and
(8) may be rewritten as:

p—CX=_(2(]—l)X:2(X—1E,1_' )
p o0X,p a E

p

-XR, =C, . (10)
It is easily seen that the first order conditions obtained give the well-known monopoly
solution when a =1. From (9) it follows that in this case the relative fare difference from
marginal costs of serving passengers is equal to the absolute value of the inverse fare
elagticity (£,). Moreover, it is aso seen from (9) that we obtain the ordinary first-best
welfare solution when a =1, i.e. the fare paid by travellers, p, should be equal to the costs
experienced by the operator of serving a marginal passenger, C, . In al intermediate cases
where 1 < a <1, the relative difference between fare and marginal costs will be positive and

lower than in the monopoly case, and as the value of a increases, ceteris paribus, the relative

fare difference from marginal costs becomes higher.

Additionally it is seen from (10) that the optimum of fare and quality is characterised by

equality between the income stemming from the final quality unit supplied, —XR_, and the
costs experienced by supplying this unit, C, . It should be noticed that this holds for all values

of a. Thisis because our model, based on homogenous consumers, implies that the marginal
income of improved quality is equal to the marginal increase in the consumers’ surplus, see

Spence (1975). Thevaue of a has, thus, no direct effect upon the choice of optimal quality.
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3.  Comparative Statics Concerning Optimal Schemes
In order to characterise the optimal fare and supply scheme further we are now searching for
what happensto fare, quality of transport, generalised travel costs and travel activity when the

travelling distance (4) and the transport operator’s weight on profit (a) change.

3.1 Travelling Distance Influence on Optimal Fare and Quality

By differentiation of (7) and (10) with respect to 4, we obtain the following expressions for

changed optimal values of p and ¢, respectively p” and ¢ :

op YU, -2U

rq ' 11
04 E (1)
9 _ZU, +WU,, | 12)
04 E
where:
Upp =(Ba -1 X, —aCy, (XR)2 +a(p—Cy) X <0,
Y =-X,(R)* -XR, ~Cy, X;R, -C,, =V, —Cy X,R, C,, <0,
U, =(a=1DR X, —0Cy (X;)’R, —aC, X, +a(p=Cy)X R, 2(<)0
if (20 =R X, = 0C, (X)’R, —0C, X 2 ()= a(p—Cy) X iR,
U, =(a-1)XR, —0Cy (X;)°R, —0Cy, X, +0(p=Cy) X R, 2(<)0
if a[(p—C )X R, —Cy, X:] 2(aC,, (X)°R, —(2a-)X,R,,
W=-Xy(R, +Cy,) 2(90
if Cy 2(9)-R,
Z=C,XR, +C, +X,R,R +XR , <(>0
if V,=—XR,R, ~XR,, 2(9C, +C X R,,

and E=U,Y-U,W >0.
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The effects on optimal fare and optimal quality might be seen as a sum of a direct and an

indirect effect. Taking a look a (11), the direct effect on p is =YU ,/ E, telling us what
happens to the optimal fare for a predetermined value of ¢. The indirect effect is -ZU , / E,

measuring what happens to the optimal fare as a consequence of possible changed value of

optimal g. Anaogously, asseenin (12), ZU,,/ E and WU,/ E are the direct and the indirect

effects on ¢, respectively. According to presumptions made and ensuring that the second
order conditions are satisfied, we know that U, <0, Y <0 and E>0. Based on these
assumptions only, the signs of the direct and indirect effects are, however, uncertain both in
(11) and (12). This makes it, of course, impossible to draw unambiguous conclusions
regarding the sums. With reasonable restrictions placed upon the actual functions it is, thus,
impossible to draw unambiguously conclusions how travel distance influences fare and
transport quality, no matter how the transport operator weights profit contra consumer

surplus.

In order to come a bit further in our analysis, let us sort out situations where the signs of the
changesin p and ¢ are unambiguous. Thiswill be the case when the direct and indirect effects

have the same signs. From (11) and (12) we can identify the following cases:

If (8 U,,20,U, 20 and Z<0 or (b) UpAzo,quSOandzzomen%iAzo. (13)
If (8 Z<0,U,,20and W=00r (b) Z<0,U,, <0and W <0 then%iAzo. (14)
If (8 U,,<0,U, <0 and Z<0 or (b) UpAso,quZOandzzomen%iAso. (15)

If (8 Z20,U,,20and W<0or (b) Z20,U,,<0and W20 then%iAso. (16)
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In (13) we have found two sets of sufficient conditions giving us two cases where the optimal
fare will be non-decreasing in the travel distance. In (13a) the direct effects on fare and

quality are both non-negative (U

p.

>0 and Z <0 respectively) and higher quality imposes
the operator to choose at least as high fare as originaly (U, 2 0). In (13b) the direct effect on
fare is non-negative, U,, =20, and the direct effect on quality is non-positive, implying
Z 2 0. Additionally, (13b) is characterised by a situation where lower quality induces the
operator to choose a fare at least as high as origindly (U, < 0). Analogously, from (14), we

find two sets of conditions giving us two cases where the optimal quality is non-decreasing in

the travel distance.

As mentioned previously, one would expect that fare and the quality of the transport services
increase with travelling distance, no matter what weight the transport operator gives to profit
(a). Let us, therefore, have a closer look at (13) and (14) and infer what restrictions upon the
actual functions these inequalities in combination lead to. By combining the information in

(13) and (14) we find the sufficient conditions for excluding any other possibilities than
dp 104>0 and dg /94 >0 are:

U,>0, 2<0,U, >0 W >0. (17)
When U, ispositiveand Z is negative, we know for sure that the direct effects on fare and
quality respectively, caused by longer travel distance, are positive. Furthermore, if U, and W

are positive, it is secured that also the indirect effects on fare and quality respectively are
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positive meaning that higher quality imposes increase in fare and higher fare imposes higher

3

quality.~ Therefore, let us take a closer look at the situation in (17).

The first inequality in (17) means that the marginal utility gain for the transport operator by

increasing fare must be higher when the distance becomes longer, i.e. U,, >0. From the
expression defining U, above, generaly having an ambiguous sign, we see that this will
surely hold in the welfare maximising case (o =) given that marginal costs of serving
passengers are independent of the number of travellers, i.e. C,, =0. The second inequality in
(17), restricting the sign of Z, concerns the effect on marginal utility of quality when the travel
distance changes. Looking at the different terms defining Z, it should be noticed that V,,
measures the increase in the marginal consumer surplus with regard to quality when distance
becomes longer, while C ,+C, X,R, measures the change in the marginal costs in
supplying higher quality when the travel distance increases. The first term in these marginal
costs, C,,, is the direct marginal cost increase, while the second term, C, X R, , measures

the margina cost reductions following from fewer travellers using the route system when the
general costs increases as a consequence of longer distance. If the marginal growth in the
consumers welfare of quality dominates the net effects on the marginal costs of quality, Z
will be negative. The third inequality in (17) states that fare and quality must be complements

in the operator’s utility function, i.e. U, >0. This means that the operator’s utility of

increasing the fare marginally becomes higher as the quality isimproved. From the expression

> |t should be noticed that U e and W are different because we have chosen to use one of the

first order conditions (equation (7)) and a combination of (7) and (8) (equation (10)) when
doing the comparative statics. This means that # must be interpreted in the light of what
happens to optimal ¢ as a consequence of marginal changes in p given that p is optimally
chosen, i.e. that equation (7) holds.
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defining U, above, it is seen that this will always hold in the case of a welfare maximising

operator because then fare is equal to margina costs, i.e. p=C, . It is aso seen that this
holds if the demand function is linear, i.e. X,, =0, without regard to the value of a. The
fourth condition in (17) concerns the sign of . It is seen that if C, >-R , i.e. that the

marginal costs in serving passengers increase more than the generalised costs decrease when
quality of services increases, W is positive. If this holds, the operator will find it
advantageously improving the quality, as the optimal fare becomes higher. The above

discussion gives, thus, rise to the following conclusions:

Result 1. The following sufficient conditions are identified securing that optimal fare and

optimal quality will be higher as the travel distance becomes longer:

(a) The operator’s marginal utility of fare must be increasing in the travel distance. This
surely holds when the transport operator gives equal weight to profit and consumer
surplus and when marginal costs of serving another passenger are independent on the
number of travellers.

(b) The increase in the marginal consumer surplus of quality for longer travel distance
must dominate the net increase in the operator’s marginal costs of quality as the
distance becomes longer.

(c)  Price and quality must be complements in the operator’s utility function.

(d) The growth in the marginal costs of serving passengers as quality increases must be
higher than the reduction in the generalised costs caused by the same increase in

quality.

Before leaving the discussion of the impact on optimal fare and optimal quality of supply

caused by marginal increase in travel distance, it might be useful to take a short ook at the
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cases stated in (15) and (16) above. In (15) we find sufficient conditions identifying two cases
which are contra-intuitive in the sense that the optimal scheme is characterised by fares being
non-increasing in the travel distance. Analogously, (16) gives us sufficient conditions for two
cases where optimal quality is non-increasing in the travel distance, which also might be seen
as unlikely cases compared to what one should expect in practice. The situations described in
(15) and (16) can, however, not be ruled out based on the original assumptions made in our

theoretical moddl.

3.2 TheOperator’'sWeight on Profit Influence on Optimal Fare and Quality
In order to study how the weight on profit influence on the optimal choices, we differentiate
equations (7) and (10) with respect to a . It then follows:

ap* _ —Y(T[p +X)
dal E ’

(18)

dq _ w(m, +X)
da E ’

(19)

where 11, =(p -C,)X, +X . If profit maximum fare is the highest possible one in our
model, we know that for al relevant p’s, 1t, 0. Then it follows directly from (18) that if the

weight on profits becomes higher (and the weight on consumer surplus decreases), the
optimal fare will increase. What happens with the optimal quality of services will depend on
the sign of W. If C, >(<)—R, such that W is positive (negative), the optima quality of
service increases (decreases) as the weight on profits becomes higher. Then the higher fares

stimulate the transport operator to increase (decrease) quality. In summary, we can, thus,

conclude:
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Result 2: If the operator weights profit more heavily in the utility function, it follows that:
(a) Optimal fare will increase.
(b)  Optimal quality increases (decreases) if marginal costs of serving passengers increase
more (less) than generalised costs are reduced as the quality is improved.
(c) If one of the sufficient conditions ensuring that optimal fare and optimal transport
quality increases with travelling distance (W >0), optimal quality will increase as the

weight given to profit increases.

3.3 Influence on Generalised Travel Cost and on the Number of Travellers
Let the values of generalised costs and numbers of travellers in optimum be denoted R and
X" respectively. Using (2), (3), (11), (12), (18) and (19) it is found that changes in these two

variables for increased distance and increased weight on profit are given by:

* * * + — +
dR :6p LR 0q 4R, :(Xqu Cc U, —azZw RAE, (20)
dA 04 704 E
ax’ dR’ (XR_+C U, —aZW
- = — =X.[R + 49 a4q P , 21
IRy <R, E ] (21)
* * * + +
dR" _0p , » 94 _ (AR, +C,)(T, +X) >0, 22)
doa  oa ‘0 E
di =X, di <0. (23)
da da

What happens to generalised costs when the travel distance becomes longer is according to
(20) dependent on the sign and sizesof dp" /34, R,(dg /04) and R, . If (17) holds, however,
R will increase more than with the value of the direct effect as the travel distance becomes
longer, i.e. (OR"/04) >R, >0. It then follows from (21) the number of travellers will be

reduced when the travel distance increases; that is 0X /04 <0. Furthermore, from (22) and

(23) it follows that the generalised travel costs increase and the numbers of travellers decrease
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as a becomes higher for any travelling distances. The above discussion may, thus, be

summarised as follows:

Result 3:

(a) When the transport operator gives higher weight to profit, generalised travel costs will
increase and travel activity will be reduced.

(b) Under the original restrictions placed on the actual functions, the travelling distance
influence on generalised travel costs and travel activity is ambiguous.

(c) When the conditions described under Result 1 hold, an increase in the travelling

distance will increase generalised travel cost and decrease the numbers of travellers.

4.  Comparative Staticsfor Predetermined Quality of Transport

Let us now suppose that the quality is predetermined (for instance by the superior public
authorities) and, thus exogenous for the transport operator. In many countries, this is a
reasonable assumption, at least in the short run. In order to simplify the discussion in this
case, let us restrict ourselves to situations where the relationships between operator’s costs
and the number of passengers and between the number of passenger and generalised travel

costs arelinear; that is C,, = X,,; =0.

4.1 Influence on Optimal Fare of Changesin the Exogenous Variables

When C,, = X,, =0, then (11) and (18) simplify to:

op’ :_UpA __(2a-DR, -aC,, (24)
04 U 30-1 ’

rp
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Op _ _2X+(p-C)X, _,

oa (3m-1X,

(25)

The sign of dp" /94 is now dependent on the sign of the direct effect only and in cases where

20-1

Cyy =Xz =0, it followsthat U, = (<)0 if R, <(>)C,,. This means that the optimal

fare will be:
— , . 20-1
* Increasing inthetravel distanceif R, <Cy,;
a
— , , 20-1
* Decreasing in the travel distance if R,>C,,.
a

The left hand side of these inequalities, measures the increase in the travellers generalised
costs stemming from longer distance, weighted by an index defining the relative more
influence profit has to consumer surplus in the operator’s utility function in (6). If profits and
consumer surplus is equally valued, i.e. o =1, this index is zero, while it is 1 when only
profits count in this objective function, i.e.a =1. The right hand side of these inequalities,
C,,, is the increase in marginal costs of serving passengers when distance increases. This
means that if “the weighted” generalised costs grow more slowly (faster) than the operator’s
marginal costs in serving passengers as the travel distance increases, the optimal fare will be
higher (lower) for longer distances than for shorter ones. If we consider the case of pure

welfare maximum, i.e. a =3, it follows directly from (24) that the growth in the fare as the
travel distance becomes longer should equalise the growth in the margina costs of serving

travellers as the distance increase, i.e. %LA =C,,. In the profit maximising case, i.e. a =1,

the fare will increase (decrease) with travel distance if the generalised costs increase more

dowly (faster) than marginal costs in serving passengers as the travel distance becomes
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longer, i.e. R, <(>)C,,. Equation (25) tells us that optimal fare will increase when the

operator gives higher weight to profit.

Equations (24) and (25) hold if ¢ is supposed to be an exogenous variable. However, it is
interesting to know how exogenous changes in the quality influence optimal fare. Given our
simplifying assumptionsthat C,, = X,, =0, it follows from (7) that:

op _ (20-1R -aC,, S
0q 3o-1

0. (26)

No matter transport distance and how the transport operator weights profit versus consumer
surplus, higher demands from the authorities regarding the quality of the transport supply,

will always impose the transport operators to increase fares.

In order to elucidate more thoroughly how optimal fare is influenced by the exogenous
variables above, let us have a closer look at (24), (25) and (26). By differentiation of (24) with

regard to 4, we obtain:

azp* - _ (2a - 1)RAA —aCy,, ' (27)
04> 30-1

It seems reasonable to believe that C,,, <0, i.e. that the increase in marginal costs of serving

passengers when the travel distance increases, is not increasing as the distance becomes

longer. Having in mind that we have supposed that R,, =0, the expression in (27) will be

non-positive. This means that the fare increase per distance unit should not to be higher as the
2

6p<

4%

travel distance becomes longer, i.e. 0. In the case of pure welfare maximum (a = 1)

and C,,, =0, the relationship between travel distance and fare is linear. Furthermore, by

differentiation of (25) with regard to a, it is seen that:
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azp* — 3XR[2X+ (P _CX)XR] <
0o [B-DX,I

0. (28)

This means that the influence on giving more weight on profits on optimal fare reduces as the
value of a isincreased. Moreover, differentiation of (26) with regard to ¢ gives us that:

azp* _ _(ZG - 1)qu - GCqu (29)
0q° 30-1 '

A sufficient condition for (29) to be negative, is that C, <0, i.e. that the higher quality

becomes, the lower is the growth in marginal costs of serving passengers as quality improves.
In this case it is ensured that the optimal fare grows less with higher quality of transport as the
quality is further improved. In the case where the transport operator aims to maximise social

welfare and where C, =0, the relationship between fare and transport qudity islinear. The

above discussion may be summarised as follows:

Result 4: Given that the quality of transport supply is exogenous and that C,, =R, =0, we

can conclude that:

(a) Optimal fare will be increasing and concave in the weight given to profit in the
transport operator utility function.

(b) The less weight the transport operator gives to profit, the more likely it would be that
optimal fare increases with the travelling distance. If C,,, <0, this relationship would
be concave. In the case where the operator aims to maximise social welfare and where
C,,, =0, optimal fare will increase linearly with the travelling distance.

(c) Optimal fare will increase when the transport authorities demand higher quality of

transport from the operator and it will increase concavely if C, <0. When the

operator aims to maximise social welfare and Cy,, =0, the relationship is linear.
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4.2 Interdependence between the Effects of the Exogenous Variables
It is also interesting to know what happens with the margina changes in optimal fare level,
described by (24), (25) and (26), when there are changes in one of the other exogenous

variables. Firstly, it is seen that:

0°p" _ R, +Cy,

= 1 <0. (30)
9400 (-1

The interpretation of thisisthat as the transport operator gives higher weight to profit, the fare
level will be less positively related to the travelling distance. This means, for example, that an
operator maximising profits (a =1) will deduce an optimal fare system where the growth in
fare when travel distance increases is lower than what an operator maximising welfare
(a=2) will calculate. Equation (30) may also be interpreted such that the longer the travel
distance, the less influence have the operator’s objectives on optimal fare. Secondly, it is
found that:

02y :_(Za_l)RqA_aCXqA S0 if C..>0. (31)
9q04 -1 "

This means that if the growth in marginal costs serving passengers when quality increases
becomes higher when the travel distance increases, it is ensured that the optimal fare increases
more with longer travel distances as the quality isimproved. Finaly, it isfound that:

0°p _(40( -DR, - (20 -1)C,, S
0goa (30 - 12)°

0. (32)

This inequality tells us that the growth in the optimal fare followed by improvements in
quality increases with the weight given to profit in the objective function. This means that as
we move from a socia planner, maximising the sum of producer surplus and consumer
surplus towards an operator concerned about profit only, fares becomes more strongly

positively related to quality. In summary, we can conclude:
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Result 5: Given that quality of transport supply is exogenous, and that C,, = X,, =0 we find
that:
(a) When the transport operator gives higher weight to profit, optimal fare will be less
positively related to the travelling distance.
(b)  The marginal impact on optimal fare from increased quality demands becomes higher
as the travel distance and the weight put on profits in the operator’s utility function

increase.

4.3 Influenceon Generalised Travel Costsand on the Number of Travellers

Also when the quality of transport supply is exogenous for the transport operator, it might be
interesting to show what happens to the total individual resources spent on transport (R") and
on the number of travellers (X" ) when 4, a and ¢ change. Using the expressions in (3), (24),

(25) and (26) above give us that:

dR’ =‘9£+R _A(R,+Cy)

an 0, 33
dA a4 30-1 (33)

_dR :ai>0, (34)
da  oa
* * a(C, +R
AR _0p e _0(Cy* k) >(90 if Cy,2(9)-R,. (35)

dg 0q 30-1
The generalised costs are, thus, increasing both in travel distance and in the weight given to
profit in the transport operator’s utility function. However, it is generally uncertain what
happens with R when the transport quality is changed, see (35). The direct effect is of course
that generalised costs are reduced when quality is improved, but the fare is shown to increase
implying higher individual travelling costs. It is seen that this indirect effect through higher
fare level dominates the direct effect if the marginal costs in serving passengers grow faster

than the generalised costs are reduced as quality is improved. In summary, it is not sure that
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higher quality demands on transport supply from the authorities, will reduce generalised

travel costs.

Using (3) it is easily seen that the number of passengers will be reduced when the travelling
distance and the transport operator’s weight on profit increase, while the quality of transport
demands impacts on the number of passengers is ambiguously. Furthermore, using equations

(2), (27), (28), (29) we obtain:

d’R° _0°p a(R,,+C -

e =67{72+ » :(M—_lXAA) >(90 if R, =2(<)—Cy, (36)
d’R° _9°p
da” a7 <O e

dzR* _ azp* + G(qu + Cqu)

dq? - Py " =T 2(90 if R, 2(<)-Cy,, (38)
jAga } :Agu ) (39)
225;:§Z;+ Mzgggié%@as(ﬁoifC&MS(ﬂ—RM, (40)
d°R _0°p g )

dodg  dadg
It is seen from (36) and (38) that R can be both concave and convex in 4 and ¢, dependent on

the size of R,, compared to C,,, and R compared to C, , respectively. Equation (37)

implies that generalised travel costs increase and are concave in a, meaning that as the weight

on profit is increased, the slower grow the generalised costs. It is also found from (39) that
drR" . - L : o
T is decreasing in o, implying that the marginal growth in individual resources spent on

travelling with regard to distance becomes lower as the operator weights profits more heavily
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o : . drR* . . _ :
in his utility function. From (41) it is seen that o isincreasing in ¢g. This means that the
a

marginal growth in generalised costs with regard to a becomes higher as the quality
improves. Finally, equation (40) implies that the marginal impact on generalised costs from

higher 4 can be both higher and lower as quality improves conditional on the size of R,

compared to C,,, . The above discussion can be summarised as follows:

Result 6: Given that quality of transport supply is exogenous, and that C,, = X,, =0 we

have:

(a) Generalised travel costs are strictly increasing in the travelling distance and in the
transport operator’s weight on profit.

(b) The influence on generalised cost of increased transport quality demands from the

regulators is ambiguous; they will increase (decrease) if C,, 2 (<) =R, .

(c) The marginal impact on R from changed A becomes lower the higher weight the
transport operator places on profits and lower (higher) as quality is improved if
Cop <) R,

(d) The marginal impact on R from changed weight the transport operator gives to profit
becomes higher the higher the demands from the authorities regarding the quality of the

transport supply.

5. Concluding Remarks
In this work we have developed a model aiming to discuss how travelling distance and the
transport operator’s weight on profit versus consumer surplus influence the fare levels, the

quality of transport supply and generalised travel costs, measured as the sum of pecuniary
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costs and time costs for the traveller. As a starting point we assume that both fares and quality
of transport supply are regarded as controllable variables for the transport operator. In order to
simplify the analysis, we also, however, discuss thoroughly the specific case where the quality
of transport supply is exogenous for the transport operator and controlled by the transport
authorities. As emphasised previoudly, this may be a realistic case in many circumstances.
Besides analysing how travelling distance and the operator’s objectives influence fare and
generalised travel costs in this particular case, we also discuss how changes in the transport

authorities demands regarding the quality of the transport supply, influence these variables.

In almost al practical examples within transportation, we believe, one will find that the fare
levels and probably also the quality of supply are increasing as the travel distance for the
passengers becomes longer. Common sense indicates too that travellers' generalised cost
increase with the distance travelled; the eventual positive effects of increased transport quality
are outweighed by longer travel distance and higher fares. Consequently, the number of
travellers becomes less the longer the distance between two places. This is in line with the
conclusions in the most common gravity models of trip distribution; see for example
McDonald (1997). Our model, built on what seems to be reasonable assumptions regarding
the transport operators objectives and their costs and demand conditions, however, generaly
gives ambiguous answers to how fare, quality of supply and generalised travel costs vary with
the distance travelled by the consumers. We have, therefore, inferred how different additional

restrictions imposed on the actual functions influence the results.

Firstly, if fare and quality are complements in the operator’s objective function and the
operator’s marginal utility with regard to fare and quality of supply isincreasing in the travel

distance, it is secured that both optimal fare and quality will be increasing in the travel
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distance. Under the above conditions will an increase in the travelling distance aso increase
generalised travel costs and reduce the number of travellers; the increase in fares as the
distance becomes loner outweighs the effects of increased quality of transport supply. It is,
however, worth noting that without imposing rather strict restrictions upon the transport
operator’s cost and demand conditions, it is ambiguous how travelling distance influence

fares, quality of transport and generalised travel costs.

Secondly, if the transport operator weights profit more heavily in the utility function, optimal
fare will increase. Furthermore, if an increase in quality of transport influences marginal costs
of serving passengers more (less) than generalised costs are reduced, an increase in the
operator’s weight on profit will increase (decrease) optimal quality of supply. When having a
closer look at the restrictions ensuring that fare and quality of transport increase with the
travelling distance, it is seen that these conditions also ensure that quality of supply will
increase with the operator’'s weight given to profit. Finally, generalised travel costs will
always increase the more weight the transport operator gives to profit. If one accept the
common hypothesis that privately owned companies give more weight to profit versus
consumer surplus than the public ones, one should expect that transport users would prefer

publicly owned transport companies.

Thirdly, in the version of the model where the quality of supply is predetermined, it is found,
that the optimal fare is increasing and concave in the weight the transport operator gives to
profit versus consumer surplus. In this case to, the travelling distance influence on optimal
fare is according to the original restrictions on the actual functions ambiguous. The less
weight the transport operator gives to profit versus consumer surplus and the less generalised

travel costs are influenced by the travelling distance (i.e. the lower the travellers' time costs
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are and the higher the speed of the mode), the more likely it is that fare is increasing and
concave in the travelling distance. Such relationship between fare and travel distance is not
unusual; in Norway, concave positive relationships between fares and travelling distance are,
for example, estimated for trains and plains, see Ertkjern and Tausvik (1996). Furthermore,
when the regulators demand higher quality of supply from the operators, optimal fares will
increase. When the quality of transport supply is exogenous for the transport operators,
generalised travel costs will increase when the travel distance becomes longer and when the
operator gives higher weight to profit. The effect on generalised costs of increased demands
for the quality of transport supply is, however, ambiguous, these cost increase (decrease) if
the marginal costs increase more (less) than the generalised costs are reduced as the quality
increases. It is, thus, not sure that the travellers will benefit from increased quality demand of
the transport supply. As far as the interdependence between the effects of the exogenous
variables is concerned, it is seen that the optimal fare and generalised travel costs are less
related to travel distance as the weight on profits versus consumer surplus in the objective
function is increased. It aso seems most likely that optimal fare and generalised travel costs
are stronger positively related to travel distance as the quality is improved. Higher quality
demands and more weight on consumer surplus, make, thus, generalised travel cost more

sensitive to the travel distance.

The most important conclusions of the analysis above are that it is not as clear as one should
expect how travel distance influences fare, quality of transport supply and generalised travel
costs. Nevertheless, our model analysis has made us aware of some important mechanisms
influencing on the optimal fare and quality of supply schemes which one should have in mind
before turning over to empirical studies of the fare system and of the quality schemes for

different modes of transport. In order to operationalise the model further and in that way
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develop econometric models for estimating the actual relationships and testing relevant
hypotheses, it may be sensible to impose special functional forms as far as the cost structure

and the demand conditions are concerned.

The data needed for such econometric analyses are probably attainable in many countries.
Firstly, it is probably easy to obtain information about how fares vary with the travelling
distance for all modes of transport and for different transport operators. Secondly, different
aspects of the ownership structure of atransport company may give a good indication on how
the company weights profit versus consumer surplus, (see, for example, Jargensen and
Pedersen, 1990 and Jargensen et al, 1995, for a discussion on this issue) and such information
is also attainable; at least in Norway. Thirdly, it is possible to give indicators of the quality of
the transport supply for routes with different average travelling distance; for example by
finding the average age of the modes serving the routes. Finally, even though the travel
distance dimension is scarcely dealt with in empirical studies analysing the demand and the
costs conditions for different modes of transport, a vast amount of data are available for such
analyses. By taking our theoretical model as a basis, it should, therefore, be possible to come

up with fruitful empirical analyses.



29

REFERENCES

Baumol, JW and Bradford, D.F (1970). Optimal Departure from Marginal Cost Pricing.
American Economic Review, June, pp 265-283.

Button, K (1993). Transport Economics. 2™ Edition. Edward Elgar, Cambridge.

Botimer, T.C (1996). Efficiency considerations in Airline Pricing and Yiled Management.
Transportation Research A, Vol 4, pp 307-317.

Bas, D (1978). Distributional Effects of Maximation of Passenger Miles. Journal of
Transport Economics and Policy. September, pp 322-329.

Ertkjern, T and Tausvik, T (1996). Sammenheng mellom billettpris og reiseavstand. (The
relationship between fare and travelling distance). in Norwegian. Student thesis. Bodg
Graduate School of Business, Bod.

Glaister, S and Collings, J.J (1978). Maximation of Passenger Miles in Theory and Practice.
Journal of Transport Economics and Policy, September, pp 304-321.

Glaister, S and Lewis, D.L (1978). An Integrated Fare Policy for Transport in Greater
London. Journal of Public Economics, June, pp 341-355.

Hervik, A (1983). Teori og empiri om subsidier og takstsystemet for kollektive
trasnporttjenester.(Theory and Data about Subsidies and Fare System for Public
Transport). in Norwegian. Working paper. Molde College, Molde.

Ippolito, R.A (1981). Estimating Airline Demand with Quality of Service Variables. Journal
of Transport Economics and Policy, January, pp 7-15.

Jansson, J (1979). Marginal Cost Pricing of Scheduled Transport Services. Journal of
Transport Economics and Policy, September, pp 268-294.

Jansson, J (1993). Optimal Public Transport Price and Service Frequency. Journal of
Transport Economics and Policy. January, pp 33-49.

Jargensen, F and Pedersen, P.A (1990). Tilpasning i trafikkselskap. (Transport Companies
Behaviour.) in Norwegian. Bodg Graduate School of Business, report nr 9, Bodg

Jargensen, F, Pedersen, P.A and Solvall, G (1995). The Costs of Bus Operations in Norway.
Journal of Transport Economics and Policy, September, pp 253-262.

Jargensen, F and Solvoll, G (1999). Fergetakster og fergekostnader. (Ferry Fares and Ferry
Costs). in Norwegian. Sosialokonomen, 4, pp 18-26.

Jargensen, F and Preston, J (2000). Estimating Short-Run, Medium-Term and Long-Run
Margina Costs in Bus Transport. Working paper. Transport Studies Unit, University of
Oxford, Oxford.

Kolstad,P and Solvoll, G (2000). Nytt takstsystem for bussi Nordland. (New Fare System for
the Buses in Nordland County). in Norewegian. Nordland Research Institute, report nr
9, Bodg.

Larsen, O. | (1983). Marginal Cost Pricing of Scheduled Transport Services. Journal of
Transport Economics and Policy, September, pp 315-317.

Lewis, T.R and Sappington, D.E.M (1988). Regulating a Monopolist with Unknown Demand.
American Economic Review, December, pp 986-998.

McDonald, J.F (1997). Fundamentals of Urban Economics. Prentice-Hall, Inc, New Jersey.




30

Mohring, H (1972). Optimization and Scale Economies in Urban Bus Transportation.
American Economic Review, September, pp 591-604.

Nash, C.A (1978). Management Objectives, Fares and Service Levels in Bus Transport.
Journal of Transport Economics and Policy, January, pp 70-85.

Pedersen, P.A (1995). Public Regulation of a Transport Company with Private Information
about Demand. Journal of Transport Economics and Policy, September, pp 247-251.

Spence. A.M (1975). Monopoly, Quality and Regulation. Bell Journal of Economics.
Autumn, pp 417-429.

Turvey, R and Mohring, H (1975). Optimal Bus Fares. Journal of Transport Economics and
Policy, pp 280-286.



