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1. Introduction

In many developing countries, informal transport plays an integral role in people’s mobility.
Informal transport is private mass transport that operates without regulation and official endorsement
(Cervero & Golub, 2007, Godard & Ngabmen, 2002, Ferro etal., 2013). In Nairobi (the matatus), informal
transport is the primary mode of transport, about 33% of the total public transport demand was served
by Matatus (Takyi, 1990; Cervero, 2000). In Asia, mini- and micro-bus services have historically served
from 5% to 10% of all trips in India and Thailand and as many as half of all trips in the Philippines
(Cervero, 2000). Mostinformal transport modes are not subject to a fixed route. The amount of flexibility
varies; while some vehicles have fixed routes along popular corridors, others generally smaller vehicles,
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have variable, demand responsive routes. In addition to the routes, the size of the vehicle varies, with
vehicles ranging from motorcycles to minibuses. The informal sector almost always delivers
paratransit-type services, meaning services are either door-to-door or flexible enough to deviate from
standard routes. Pricing is similarly flexible.

Public transport is often considered to be a public good and market products. Public transport
pricing systems can reflect a market price, fully operational cost or providing it free of charge. Public
funding is an important and sometimes the main contributor to the cost structure of public
transportation systems. Transportation pricing policies are often discussed in public debate with close
links to attitudes towards freedom, fairness and personal norms. But, in general, public transport pricing
is never discussed in the presence of informal transport as an autonomous and competitive mode of
transport or a substitutable mode of public transport.

This article explores one of the most important segments of public transport in developing
countries, particularly in the African countries, namely informal transport and his relation on the pricing
system of public transport. Informal transport plays a vital role in the mobility of people in African
countries. It is important to know the mechanisms of this activity, as well as the subtle differences
between public transport and the informal transport. Informal transport differs from one country to
another and therefore not possible to generalize or extrapolate the knowledge of this sector from one
country to another country. Public transport provides people with mobility and access to employment,
medical care, services and businesses. To ensure greater accessibility in urban areas, governments must
produce an efficient and equitable public transport service. Accessibility in this case relates to the ease
of reaching various destinations as measured by the availability of services, speed and affordability.
Measures to improve the accessibility of public transport could therefore consist on investments in
infrastructure, increasing supply products or introducing public transport pricing system.

The contribution of this paper is twofold. First, we develop a theoretical model, which adds to the
literature on the pricing of a congested mode (informal transport) when there is competition between
modes that strategically set the price of their transport services (public bus transport). In this model,
we take into account three congested modes of transport (public bus, private car and informal
transport) that are perceived differently, but the externalities associated to all modes of transport are
not taken into account. Based on the literature studied below, and to the best of our knowledge, informal
transport has never been incorporated into a intercity transport pricing analysis and this is the first time
that informal transport has been considered an autonomous mode in a Pricing model. Secondly, the
model fairly accurately reproduces the existing urban situation in most African countries characterized
by a supply deficit of public transport, prompting informal transport operators to develop this activity.
This model and methodology can be useful in assessing intercity transportation policies in countries
with a shortage of public transport systems, and help predict the effects of any regulatory changes or
market structure changes (entry of new operators, a new tax).

This paper is organized as follows. The next section briefly reviews previous literature on public
transport pricing and informal transport implication. Section 3 presents the assumptions of the built
model that takes informal transport into account as a substitute mode of transport for the other two
modes of transport. The first best and second best prices are given in Sections 4 and 5. Section 6 presents
the analysis and discusses the implications therein, and conclusions are then drawn in the final section
of the paper.

2. Literature review

The issue of pricing in the presence of informal transport was not subject of any research. In the
majority of countries where informal transport is already present, bus activities are owned by
government, through public transport companies. Bus supply levels are instruments for regulating and
maximizing social welfare (De Borger and Wouters, 1998). The urban transport pricing studies differ in
terms of the amount of spatial, temporal and modal detail in the representation of urban transport, as
well as in the transport cost components that are taken into account. In this paper, the urban transport
system is represented by many transport markets (rail modes, road modes). Demand is an aggregate
representation of the choices of transport users. The demand for passenger transport is generated by
assuming that a representative group of people optimally divide their generalized revenues between
transport and other goods. Many passenger transport services are available: bus, passenger cars and
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informal transport. We do not distinguish here between peak and off-peak travel and we consider three
available modes: bus, particular vehicle and informal transport.

Given the structure of the transport market, what is the optimal structure of services to be offered
to bus passengers? More precisely, what is the optimal frequency of services and at what price should
be applied when we take into account the informal transport? We try to answer to the effect of including
informal transport alternatives in the optimal pricing of motorized modes (public transport and car)?

The literature on optimal public transport pricing, frequencies and vehicle sizes is abundant
(Glaister & Lewis, 1978; Small, 1983; Viton, 1983; Kraus, 1989; De Borger et al,, 1997). De Borger et al.
(1998) and Proost and Van Dender (2001)) but we found the lack of treatment of informal transport
effect on optimal public transport pricing. Quinet (2005) in the analysis of the transport pricing system
distinguishes between the first best (in which all prices correspond to marginal costs) and the second
best policies. A historical review on the research developed on public transport pricing policy shows
that there has been an evolution to increasingly integrate transport externalities into the analysis.
Mohring (1972) works on optimal frequencies. Jansson (1993, 1997) extends the model to look into the
optimal fleet size and vehicle size in multiple periods. Viton (1983), De Borger, Wouters (1998) and Bly,
P., Oldfield, R.(1986) incorporate externalities other than congestion in their evaluation of optimal
pricing and characteristics of transit supply. Another strand of literature (Kraus (1991), Tirachini et al.
(2012)) focuses on the effects crowding externalities, confirming the importance of crowding in the
evaluation of transport policies. Arnott and Yan (2000) examine a two-mode problem, where both
modes are subject to congestion and there is no congestion interaction between them, and study the
joint optimization of prices, road capacity and rail capacity. Others papers of Verhoef et al. (1997) and
Ivaldi and Vibes (2008)) devoted their analysis to an interurban setting. Verhoef et al. (1997) discusses
the social feasibility of road pricing for users. Ivaldi and Vibes (2008) analyze inter- and intra-modal
competition in intercity passenger transport markets.

The analysis of transport pricing schemes usually distinguishes between first best and second best
policies. A situation in which all prices match marginal costs is known as first best. As reviewed by
Quinet (2005) and Tirachni et al (2012), for the first best world there are no external effects, no public
goods, firms are price-takers, there is no tax or taxes are optimal, there is no uncertainty or asymmetry
in information, no redistribution problems.... However, transport systems in the reality do not match all
these conditions and several departures can be found, such as the influence of external factors, non-
competitive markets... associated with a condition known as second best. Technological or acceptability
constraints are common factors that impose second best situations within the transport sector, given
the impossibility of taxing at marginal cost all modes or all locations in a network.

The first best fare is the one that maximizes social welfare, defined as the sum of users’ and
operators’ benefit (Mohring (1972), Turvey and Mohring (1975) and Jansson (1997), Quinet (2005),
Borjesson. M., Man Fung. C., Proost. S. (2017)). The social optimum, where both travelers’ benefits and
firm’s profits are taken into account, is considered first. Socially optimal prices equate marginal costs
that can be considered null in the case of road transportation. Socially optimal frequencies are such that
the travelers’ waiting time costs equate the average (production) costs.

Informal transport or paratransit or Intermediate Public Transport (IPT), is an important
component of its overall transport services, is not considered a self-sustaining transport mode in pricing
research. In the literature, several researches on informal transport (Cervero, 2000; Cervero etal., 2007;
Parry et al., 2010; Godard et al., 2002; Chavis & Daganzo, 2013) analyze the characteristics of informal
transport, its social and economic role, barriers to entry, production capacity, etc., but the role of
informal transport in determining the optimal price of public transport, the relationship between public
transport and informal transport are not treated in these researches. However, there is no clear vision
of what would be an efficient structure of public transport services in the presence of informal transport.
Specifically, what should be the frequency of public transport services and how should these fares be?
This paper aims at answering, at least partially, these questions.

Informal transport as a result of the malfunctioning of public transport, it is a recognized mode of
transport in developing countries and is an alternative that is available to users. The question of the
influence of informal transport on urban transport pricing policy is not addressed and no attempt is
made to determine how the pricing policy would change by considering or ignoring the transport
Informal. We propose a model that incorporates informal transport and reconstructs the impact of a
capacity constraint on optimal public transport prices.
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3. Model assumptions

In several developing countries (Asia, Africa, Latin America), informal transport is a highly
responded modal alternative. We consider in this analysis a single origin-destination pair and three
modes: Private car (VP), Public Transport (TP) which could be a bus, and informal transport (TI)
(minibus, Foulafoula, Cladestin...). In our model, we assume that the informal transport mode is an
alternative to the choice of a motorized mode. The competitiveness of informal transport depends on
these performances and the quality of the service offered...In all situations, informal transport as a
substitute for conventional motorized modes generally increases as the capacity of public transport
decreases and its quality in terms of speed decreases as well.

In the model, we follow much of the notation of Small and Verhoef (2007), Mirabel. F (1999),
Pederson (2003) and Tirachini, A. and Hensher, D.A. (2012). We consider that the operating period is
normal, i.e. we do not take into account peak periods, which allow us to find closed formulas for the
optimum prices of the private car, public transport and informal transport, to inform the impact of the
constraints of specificity of each mode of transport on the pricing policy. Road capacity is fixed and tax
distortions are ignored. The decision variables are the optimal prices for the passenger car and public
transport, as well as the frequency and capacity of buses or trains.

In this model we ignore the income effect and the level of the economy. The road capacity and
taxes are fixed. The joint demand function of the three modes can be obtained from the benefit function
B(Sw, Stp, Sti ), which expresses the consumers’ willingness to pay for a particular combination {s., s¢,
ss } of travel by automobile, public transport and transport informal. The inverse demand function d; for
mode i is given by:

di(svp'stp'sti) - aB(Svg'sitp,Sﬁ) poi= {optp,ti} (1)

For the cost function, we only take into account the cost of time and operating costs. Let C; the
total cost function and c; the average cost function of mode i, is given by:

C; = s;c; wheni = (vp,tc,ti) (2)

Let us consider that

Cvp (Svp, St » Sti s fip » Kep), Cep (Swp, St Sti, fip , Kep ) @and i (Svp, St Sti s fip , Kip ) (3)
are the average cost of particular vehicle, bus travel and transport informal respectively.

We assume that the mode of public transport is a bus that shares the right of way with cars and
informal transport, resulting in a dependency of congestion between the three modes. Buses running
on segregated bus ways are a special case that will not be dealt with in this paper. We also consider that
the three modes of transport use the same road infrastructure and the informal transport mode
competes directly with the particular car and buses, and its capacity is not limited since it is a factor of
adjustment of the transportation system in general. We assume that these cost functions depend on the
demand s,,, bus frequency f, and capacity K, related to bus size, demand s, increases with crowding,
demand s that increases with the sub-offer of public transport. The relationship between car demand
svwp and car flow f; is fip = uwp Svp, Where u,, is the inverse of the average occupancy rate per car. Bus cost
cp includes users cost ¢, : access, waiting and in-vehicle time costs; and operator cost ¢, which depends
on bus frequency and size, hence

Ctp = Cyu+ € (4)

Transport informal cost c; includes users fixed cost ¢; (access, waiting and in-vehicle time costs,
These costs of informal transport are perceived to be lower than those of public transport) and operator
cost ¢, which depends on frequency, maintenance and reparation of the vehicle, hence

Ci = G+ ¢ (5)

The Social welfare function SW (6), maximized subject to an effective capacity constraint for
public transport vehicles, given by the expression (7), which stipulates that the capacity of public
transport is always maintained below the total demand sy (under transport offer i.e. actual offer is
under actual demand).

SW= B(Svp' Stp, Sti)' Svpcvp (Sva Stp, Stis )' StpCtp (Svpr Stp, Sti)' StiCti (Svpr Stp, Sti) (6)

Under constraint:
Stp = ftpktp (7)
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In equilibrium, the marginal benefit is equal to the generalized price, ¢, + Typ; Crp + Trp and ¢ +
7¢; for particular vehicle, public transport and informal transport respectively , where t,,, is the road
use charge for the automobile, 74, is the fare for public transport and 7;; is the road use charge for
informal transport. We assume that the mode of public transport (bus) shares the right of way with
passenger cars and with informal transport, which leads to a dependency of congestion between the

three modes.
aB 9B

dB
= Cypt+ Ty —astp = Cp + Tp and P Cei + Ty (8)

sup
4. First best pricing

To solve constraint-maximization problems, we consider the following Lagrange function:
L=B (Svp:stp:sti) — SvpCup (Svp:stp, Sti'ftp :ktp) — StpCtp (Svp'stp, Sti:ftp ’ ktp) -
StiCti (Svp'stp, Sti'ftp 'ktp) + A (Stp - ftpktp) €)]
Where 4 is the Lagrange multiplier associated with constraint (5), which represents the marginal
social benefit when increasing the production capacity of bus by one unit. The application of the first
order conditions allows us to conclude the following (see appendix 1):

9cyp e dcyi
Top=spp 65 t Sep Bsyp t Su sy (10)
and
dcti dcep Ocyp
— 11
T qtl as + Stp asti + Svp asti ( )

The equation (10) represents the Plgouvian tax of cars. The second term is the marginal cost on
bus cost due to car demand and the third term is the marginal cost on informal transport do to use of
the particular vehicle on the road. In The equation (11), the second term is the marginal cost on bus due
to informal transport demand and the third term is the marginal cost on particular vehicle due to
informal transport demand. In this spirit of reasoning, the optimal solution for bus fare, frequency and
capacity depends on the capacity constraint that is binding. In this case Lagrange multiplier 4 # 0 .i.e

that’s means the optimal fare is obtained as:

ac,,p 6ctp
Ttp = Co + Slip 9ss + s tp 95t + s Sti _aS - (12)

From Equation (A5), the marginal welfare beneﬁt of capacity can be expressed as:

_ L 6cvp actp dcyi
/1 - Ktp (Svp af + tp af + tl aftp) (13)
fop _ 1
Using s¢p = ftpktp = % = E

gc 9Ctp oct; Svpacvp actp Sti0Ce;
Pt s + + Sttt 14
p a tl as f (St aftp aftp Stpaftp ) ( )

In the situation of a country where informal transport is plentlful and the public operator is unable
to increase the production capacity of buses, the only possibility is to increase the frequency of buses to
satisfy the excesses and effective demand (6). The equation (14) expresses the relationship between bus
frequency and optimal bus fare. This frequency of buses expressed in terms of the number of seats
offered, which is generally unfulfilled, will be rewarded by the offer of informal transport. In this
equation, the term within the brackets is positive and represents the impact of the increased frequency
needed to deal with excess demand on the marginal costs of the car and bus. But the key question is
what advantage can be drawn if we increase the frequency of buses? However, note that the frequency
and capacity can be optimal and the capacity constraint can actually be binding. But when there is no
additional benefit of providing excess capacity i.e. no comfort improvement and no overcrowding of
buses, in this case, when the frequency has been optimized, the actual size of the vehicle is considered
as the minimum that satisfies the equation (6). In the latter case, the expression (14) is still valid, but
the term relative to the capacity in the brackets is zero because the frequency is optimal, then equation
(14) is reduced to the optimum fare without capacity constraints. When the public operator sees that it
is necessary to increase the frequency of buses, the optimal frequency and capacity are obtained by

solving the following system of equations:
act Ocyp dcei
Svp Ofep t Oftp

— 9cvp
Ttp = Co + Svp 35ty + s

=0 (15)
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stp?”i—t; + s,,pzlcc—i'; + s :Z; =0 (16)

The mostimportant result that can be drawn is that the public operator does not have the financial

or technical possibilities to increase these transport capacities immediately but on the other hand he
must reach the optimum buses frequency to meet the demand Excess. The public operator is then in an
optimal frequency situation and in direct competition with the informal transport, which itself operates
in a situation of optimality. Informal transport, which operates in a competitive situation, defines its
optimal frequency and optimal production capacity according to the capacity and optimal frequency of
the public operator's buses. In this case, the public operator defines optimal rates always taking into
account the capacity constraint that is usually binding. The optimal frequency depends on the

congestion situation and several external factors that we will not take them into account in this analysis.

5. Second best pricing

When we consider that no road price for particular vehicle was applied, the same problem can be
solved and the Lagrange function becomes:
L=B (Svp:stp:sti) — SvpCup (Svp:stp, Sti'ftp 'ktp) — StpCtp (Svp'stp, Stirftp ’ ktp) -
dB dB
StiCti (Svplstp, Sti:ftp 'ktp) + 1 (Stp - ftpktp) + Yup (CVP - @) + Vep (Ctp + Ttp — @) +

Yei (Cei — :Ti) (17)

In the case of public transport pricing, the situation we are dealing with concerns buses that
compete with low-priced informal transport, which imposes a second best constraint when determining
Public transport tariffs. The classic argument is that if informal transportation is offered at competitive
prices, there will be a surplus of travel demand for informal transportation; Therefore, it is necessary to
improve the welfare of individuals by, on the one hand, the reduction of the public transport tariff in
order to attract certain users of passenger cars and informal transport to buses, on the other hand, by
the reduction Level of congestion and other traffic externalities on the road network. This situation
Justify the second best pricing by public transport subsidy, after the first best pricing (Preston, (2008);
Parry and Small, (2009)). As argued by Parry, I. and A. Bento (2001) and Small (2004), the first and
second best tariff analysis, congestion charging could be seen as a means of reducing the financial needs
of public transport, as an optimum road charge should decrease the subsidy required for public
transport, even if the revenue from road pricing is not earmarked for public transport.

The second derivative of the inverse of demand d, obtained from the equation (1) represents the
marginal change in willingness to pay for mode i due to a marginal change in the amount of travel on
mode j. In our case, the three modes of transport are substitutable (if public transport tariffs thus
increases demand for VP and informal transport also increase), this is why the second derivative must
be different from zero. After many manipulation and simplification (see appendix 2) the second best
bus fare is:

2B 2%

B
&ﬂ _172_B+ OsypOstj  Ostpdsy
Ostp  Osyps 3%B

2
ac ac acy st
Sb vp tp ti !
l=T — Syn—+ S, — + Sy +
tp~ tp ( VP 3syy tp 0syp u Fsyp ) %\
acvp ) azB + (asvpasti>
Isvp sy 9°B
azsti
a a '
SvpYyp dCyp Ctp St~ Yy Ocy
o e o

sp Ofy,  Ofy sp Oy
2
The second best pricing! is expressed above in equation 18. The informal transport is a substitute
for public transport modes or particular car. Mathematically the substitution parameters between these
different modes are expressed at the level of equation (18) by the second
derivatives athp%ti,E)szp_,ti "(')ZBtp_,vp . Theses expressions explain the interactions between the

1 The first order conditions for solving the equation are given in Appendix (2).
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three competitive and substitutable modes. In a context of public transport sub-offer, it is logical that
the three modes are substitutable and each of these modes is chosen according to its intrinsic
characteristics. If particular vehicle (VP) does not interact with the buses (tp), and at the same time the
informal transport (ti) does not interact with the buses (tp), the second derivative athp_,ti =
0; aszpﬁn- =0; athp_)vp =0 and the second term of the equation (18) is null (the second-best
correction is zero: second term on the right-hand side of Equation (18)), in this case the second best
fare is equal to the first best fare (14). In other words, if there is no substitution between modes, the
second best fare equation equalizes the first best fare equation (18) = (14). The second best fare is equal
to first best fare T?S: Ty, when the second best correction is zero, i.e. the terms (1) and (2) in the
equation (18) are equals (1 = 2).

2

[P @ g
dp %8 o | Fsvpdsy Fstpdsy
Ostp  OsypOstp BZB
BZSti actp

—f ( SVP_-Y‘,p dcyp + + Sti~ Yy % ) (19)
5 = —_— _—
2%B P Stp aftp aftp Stp aftp

acvp_ a%B N Osypdsg

Isvp a%syp \ a%s

aZSﬁ

2

Ocwp dcyp dcy
Syp =+ Stp =+ Sij
( vp Osyp tp Osyp t Osyp

In this case, we assume that there is no substitution between modes tp and ti, and vp and ti then
9B _ 9°B _  0°B
dsppdsei  OpOpi  OSyp0sep
modes (vp and tp), i.e., in this case there is no distinction between private car and informal transport.
This result was obtained by Small and Verhoef (2007) and Ahn (2009) for the case in which there is no
congestion interaction between modes. This situation is reflected in equation (18) by the equal marginal

costs of the two modes, i.e.

= 0 , which we consider the second best bus fare considering only two

Octp _ Ocey

oy Osew
Thus, we can consider that the bus demand does not affect the travel time of the car, so there will
be no substitution between modes and the structure of the market is generally stationary. This remains
valid as long as the production capacity has not evolved. As long as the production capacity of the buses
is constant, the travel times of the other modes do not change, so there will be no changes in the

generalized costs of these modes, i.e.
Ocop _ 9cp _ Octi
Ofep Oftp Oftp
If the cross demand elasticity between particular vehicle and the bus, and the cross demand

elasticity between the bus and the informal transport are zero, i.e. ath,Hu- = 0; athp_mp = 0, the
second best bus fare is equal to the first best price (szf = T4p ) even though a fares applied to the bus is

aCtp +

low, does not change the market structure and the shares of each mode. On the other hand, if PR
tp

aCtv

0or # 0 in this case, the second best fare (18) is not equal to the first best fare even if the cross

Osty
demand elasticities between the three modes are zero. For a fixed level of congestion, Tirachini, A. and
Hensher, D.A.(2012), Proost, S. and K. Van Dender (2008) have shown that the second best bus fare is
higher than the first best fare when we intervene in our analysis three modes of transport (bus, private
vehicle, informal transport ) instead of two modes (bus, private vehicle). This conclusion remains valid
as long as we do not take into account the congestion situation and the negative externality factors. This
rule that we have just shown in this paper remains valid as long as we do not take into account the
external factors (congestion, taxation, pollution).

If equation (19) is not checked, i.e. the second best correction is not equal zero, and the second
best fares is not equal to the first best fares Tigi Ty - When the correction factor (2) of equation (18)

exceeds the correction factor (1), the second best fares exceeds the first best fares rfg = Typ- This
situation is expressed in the equation below:
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2 2

0°B 0°B
dotp %8 | svpdsu Dsepds
Ostp . Osypdstp aZ_B
ftp ( IR 5C£+ T ¢ 20 % ) = ( Svp T * Sp i St 94 ) \ 2 aZSti/ (20)
Stp 0y fyp sp  Ofy dsyp dsyp dsyp / 2B \
dcyp a2 . <asvpasti>
dsyp i 6zsvp a°B
aZSti
9’B
When the cross-elasticity between the public transport and the informal transport is high ( ),
Osyp0sy
and the cross -elasticities between private cars and informal transport and between public transport

02
asvpasn asvpﬁstp
higher than the first best fares (rib = Typ ) - In other words, when the modal substitution between public
transport and informal transport is higher than the substitution between public transport and private
cars, it is noted that a high fares of public transport attracts more passengers to the informal transport.
On the other hand a low public transport fares attracts more passengers to public transport. But, we
note that the change could go to the other way as well (Ttp Typ ) if the modal substitution between the
automobile and the informal transport is stronger than between public transport and informal transport

2’B 2’B
ds Vpasn . Osyp0sy
and the capacity of the public buses. But the main question is whether or not the operator provides the
optimal transport capacity? And the optimal frequency?

Optimal frequency and bus capacity2 are the solution of equation below:

a L
(Svp va) af P+ (s Stp — th) B g (sti — )/u) act =
6
(Svp - va) okep =+ (Stp Vt’p) Ctp + (Sti = Vei) g;zl =0 (21)

aCVP dap , o i
SVPsyp  SPasyy ' Stgsy,

2
2%B
dovp 9B L | \Oswposei

and private cars ( ) are low (in values absolute), we can see that the second best fares is

(low values of ). To point out, that these conclusions depend on the optimal frequency

(20)

It is very important to indicate that y, =

represents the second best

dsvp 0zsvp 2%B
0zsti
case the congestion externality of buses to cars, and is less internalized because y,,,, > 0. If there is no
ac, a .
= ; 22 = 0; £ = 0, the rules for first-best
Bftp aftp aftp

and second-best frequ and bus capacity are the same. But in general, there is a negative effect of buses

on travel time by cars and informal transport must be noted and which are expressed by: 5 f”p *
tp

3
0 and ac“ # 0 which shows that the first-best and second-best fares are different.
tp
Conclusion

In this paper we focus on the economic fundamentals of pricing policies and their implication on
the pricing policy. We have developed a model to analyze the informal transport and their implication
on the transport market structure. It is shown that the effect of considering the informal transport mode
on optimal public transport fares depends on the demand substitution between modes. The potential
substitution between public bus and informal transport should be considered when estimating the
second-best public transport fare. If the modal substitution between public transport and informal
transport is strong relative to the substitution between public bus transport and car, and between car
and informal transport, it is more likely that the optimal public transport fare was underestimated if
informal transportis ignored. When we derive the second-best bus fare with explicit account of cars and

2 Relation between optimal frequency and capacity of bus and optimal frequency and capacity of informal transport will be
studied in a future paper.
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informal transport, we obtain analytically the conditions that lead to the underestimation or
overestimation of the optimal bus fare.

When bus fares are set at the optimum without any improvement in quality, the substitution
between public buses and informal transport becomes greater than the substitution between the
automobile and public transport, i.e., we will have a change in market structure and additional demand
for informal transport. Passengers consider the quality of informal transport service is better than the
quality of public bus transport service. The optimal pricing of bus transport limits the substitution
between the three modes of transport taken in this analysis and determines the structure of the
transport market in general.

We have revisited that the capacity constraint in public transport service is very important, and
plays a role in optimal pricing when bus capacity can be set at its optimum level. In developing countries,
the public transport operator does not have the financial and technical means to instantly increase these
production capacities to meet excess demand, but it must maintain an optimal frequency of buses to
satisfy it. In fact, if public transport companies are working at their optimum capacity and with optimal
frequency, but as long as the quality of service is poor, there will be a reorganization of the market by
the substitution effect between public bus and informal transport on the one side, and private cars on
the other. This situation forces public transport companies not to apply optimal fares in order to
maintain its attractiveness and retain its customers.

Future research needs to explore the significant role of the informal transport quality and its
implications on optimal pricing of public transport. The relationship between quality of informal
transport, buses congestion and pricing on public transport needs to be better understood. Relations
between optimal frequency and capacity of public buses and optimal frequency and capacity of informal
transport must be studied. Many search trails with a special qualification related to informal transport
need to be explored (congestion, accident externalities, optimal investment in public transport
infrastructure...). The characteristics of supply and pricing strategies of informal transport operators
will need to be studied. This research will provide statistical confirmation and qualitative of previous
findings around the factors influencing informal transport supply, and must add significant new insights
that can help shape more effective responses to the mobility challenge.
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Appendix

First conditions for first best:

L = B (Syp, Stp, St) —
StiCti (Svplstp, Stivftp lktp) + A (Stp - ftpktp)
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First conditions for second best:
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