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Abstract

Congestion in major cities around the world calls for the
proper management of space vehicles occupy onroad
networks. The paper develops models that combine
the density of car usage in an area, space occupies by
vehicles and the damage they cause to roads in the
payment of vehicle registration, renewal, and towing
rates. The paper confirms that larger vehicles cause
greater congestion on roads by virtue of the space they
occupy and causes greater damage to the road, as
compared to small-sized vehicles. Vehicles should pay
road rates commensurate with the density of vehicles,
the space they occupy and the damage they cause to
the road. From our models, Mercedes-Benz and
Toyota, Camry are undercharged across all the offices
in the country, except for Tema and Bolga, which
charges 120 and 80 Ghana cedis respectively above
the 60 Ghana cedis national charge. For new car
registration fees, we found that the current charge is
higher for New Audi A1 Sportback 2019 except at the
Tema registration office, which charges more than 20
Ghana cedi above the national charge of 100 Ghana
cedis. The paper also provides models for costing the
removal of vehicles that park at unauthorized places as
well as broken-down vehicles on highways. The paper
suggests that this method of road user rates payment,
aside being a good source of revenue for governments
would encourage people to patronize public transport.
This will ease road congestion, road rage as well as
other unwanted road behaviors, particularly around
and within city centres.

Key words and phrases: Car density, congestion,
damage, space, vehicle registration fees, vehicle
renewal fees

Introduction

It is common to drive to city centres in Ghana and
have trouble in getting a place to park. The situation
becomes critical, particularly during Christmas, Eas-
ter, and public holidays. Vehicles fill parking spaces

African Journal of Management Research (AJMR)



130 Road Pricing

Andoh et al.

during such occasions, spilling onto the
roads thus narrowing the road space for
vehicular movements and manoeuvring.
Congestion on road networks in cities in
Ghana can be attributed to several sour-
ces. Firstly, major roads get blocked by
drivers of “tro-tro” buses (a form of mini-
buses for conveying passengers), in their
quest to load and off-load passengers.
This forces other vehicles to either stop or
slows down. Secondly, pavements meant
for pedestrians are used as trading places
by hawkers and traders. Consequently,
pedestrians are forced to share the road
with vehicles, slowing down vehicular
movement in the process. Thirdly, broken
-down vehicles are sometimes left unat-
tended on busy roads obstructing the free
flow of traffic. Fourthly, although other
roads may be accessible to the city, the bad
nature of some of the roads, compels
most drivers to use the main roads to the
city centre. Limited road transport infra-
structure, excessive number of vehicles
and road works, pose as added reasons to
the congestion on Ghanaian roads. In
addition, vehicle ownership represents
growing affluence and social status in
Ghana. The number of cars in the country
has been growing because of improve-
ment in standard of living. People have
become accustomed to the ease of mobi-
lity through private ownership of vehicles,
while public transportation is often pet-
ceived as unreliable, inefficient, or incon-
venient. Thus, economic activities in the
cities are slowing down because of the
large number of vehicles on roads. As
such, there is the urgent need to find
innovative ways to manage Ghana's road
congestion.

Vehicle manufacturers produce vehicles
of various designs, shapes, and sizes to
meet the needs of their customers. Large
vehicles are safer to drive than smaller
ones. As a result of their heavy weight,

they are solid on the road, which allows
them to have firmer grip on the road and
thus steadier. On the other hand, small
cars occupy smaller space on the road and
less likely to cause greater damage to the
road compared to big cars. They are
generally economical to use because fuel
consumption is lower compared to the
large-sized vehicles. Large vehicles occupy
greater space on the road and contributes
greatly to congestion compared to small-
sized ones. For salon and other small
vehicles, Driver and Vehicle Licensing
Authority (DVLA), in Ghana charges
vehicle registration and renewal fees
mainly based on the cubic capacity (CC),
but not their size, weight nor the place
where the vehicle spends more time. This
model for registration charges would have
been appropriate in the past when there
was a correlation between vehicle cubic
capacity and size: the larger the CC, the
larger the vehicle. However, in recent
times it has become imperative for the size
of the vehicles to be considered in the
determination of the fees because
modern technology allows car manufac-
turers to design bigger cars with relatively
smaller CC. These bigger cars, despite
occupying more space and causing more
damage to the road, pay lesser road rates
because of their registration and vehicle
renewal fees being solely based on their
CC. Moreover, DVLA vehicle registration
and renewal charges does not incorporate
the number of vehicles in the region or the
city where the vehicle is registered and
operates. To compel people to drive less in
congested cities and towns, these must be
factored in the vehicle registration and the
renewal of fees. In Ghana, the application
of charges to vehicles that park at unaut-
horized places have been ad-hoc. The
same goes for broken down vehicles that
are left unattended on roads. The paper
provides pricing models for these cases as
well.
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This paper contributes to the existing li-
terature by developing model that uses
damage and the space occupied by vehi-
cles to determine the amount to pay for
vehicle registration and renewal fees. To
the best of our knowledge, the paper is
first of a kind to come up with such a
model and it will form the bases for
further research in traffic congestions in
Ghana. Specifically, the paper argues that
large vehicles cause greater congestion by
virtue of the space they occupy and con-
sequently should pay fees commensurate
with the size they occupy on the road and
the damage they cause to the roads. We
also develop pricing models for vehicles
that are left unattended or packed at
unauthorized places. These models incor-
porate the density of the vehicle, the area
in which a vehicle operates or spends
more time, vehicles left unattended or
patked. This mode of vehicle registration
and renewal fees can influence a vehicle
owner's decision to drive or patronize pu-
blic transport. The latter option would
reduce the number of vehicles on the
road. The models will be used to assess
whether vehicle registration and vehicle
renewal fees are appropriately assigned by
DVLA vis-a-vis the space and the damage
these vehicles cause to the road. The mo-
dels will be a huge relief to the DVLA as it
struggles to find appropriate models for
fairer fee charges. The models will also be
useful to organizations that clamp vehicles
that park at unauthorized places. It will
guide policy on what charges to impose on
vehicles parked at unauthorized places as
well as broken-down vehicles left on roads
unattended. Environmental pollution and
its associated costs will hopefully decline
as lesser number of vehicles use the road.
This will also deter big cars from entering
the city and encourage motorists to pat-
ronize public means of transport.

The rest of the study is organized as
follows. Section 2 contains the literature
where a discussion of the car market in
Ghana is provided. The development of
the model is contained in section 3
whereas the section 4 discusses the results
based on the model developed. Section 5
give the summary, concludes, and pro-
vides some recommendations for policy-
makers. Study limitation is also provided
in section 6.

Literature Review

This section provides an overview of the
car market in Ghana, discusses space pti-
cing incorporating the reasons for space
pricing and the general deterrence theory
which underpin the study. Ghana is gene-
rally a technology taker: majority of the
vehicles used on the roads are imported.
Almost every vehicle type can be found in
Ghana but small vehicles of up to 2000CC
abounds on roads. From data obtained
from DVLA, nearly 30% of all vehicles in
Ghana falls in this category as at 2018. As
can be seen from Figure 1, from 2008, the
number of motorbikes has surpassed the
usage of small vehicles of capacity up to
2000CC.

There is currently one indigenous Car
Manufacturing Company, Kantanka
Automobile (see kantankaautomobile.
com). Established by Apostle Dr. Ing.
Kwadwo Safo in 1994, it was incorporated
as a limited liability Company in 2004 to
research into car manufacturing, Since go-
ing into commercial production in 2017, it
is believed to have produced just over
1000 vehicles with the largest purchase by
Government of Ghana in 2019 to encou-
rage local patronage. The current vehicles
manufactured by Kantanka Automobile
and their price list is indicated in the table
below.
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Table 1: Vehicle type and Prices

Kantanka Vehicle Model Price (GH¢)
Onantefo 150,000

Omama Luxury 130,000

Omama Ordinary (4x4), 95,000

K71 65,000 and 70,000
Amoanimaah 70,000

Mensah 130,000

The vehicles are designed to meet the
challenging needs of the African road
networks. However, Kantanka Automo-
bile vehicles have, however, been critici-
zed by the public as over-elaborated and
expensive (1$ = GH¢5.60), for the average
worker in Ghana. Thus, questioning the
market target of the vehicles manufac-
tured by Katanka Automobile.

The dynamics of global transportation
landscape has made it difficult to restrict
the use of vehicles. Consequently, govern-
ment through regulatory agencies resorts
to fiscal regimes to control the purchase,
circulation, and movement of vehicles as
strategy to reduce the negative impact on
the environment (Mabit, 2014). Over
time, studies have established that raising
taxes as a control measure in the car sector
have always received opposition promp-
ting scholars to explore alternative
measures (Arnberg, Bjorner, Fosgerau
and Larsen 2008). Space pricing has been
identified as an effective fiscal measure for
controlling the high spate of congestion
and its associated environmental impact
of emission and congestion. According to
Bull (2003), space pricing is an integrated
framework of charging vehicles for occu-
pying an authorized or unauthorized
space based on weight and space occu-
pied. Similarly, space pricing is seen as an
allocation of space to road users and

charging them a fee for the space occu-
pied. The practice of space pricing invol-
ves allocating traffic space to vehicles
based on their size, time of the day and
space occupied by the vehicle at a fee.
Studies have established that vehicular
buyers and users are more sensitive to
price (Greene, Evans and Hiestand 2013;
Killian and Sims, 2000).

The effect of fiscal policies has been wide-
ly recognized in emerging literature even
though no consensus exists especially in
European countries employing fiscal
measures in the Automobile sector
(Bergantino, Intini, and Percoco, 2019).
According to Bergantino et al. (2019),
Superbollo fiscal regime in the automobile
sector had a positive effect on the reduc-
tion of carbon emission and kW (engine
power of vehicles expressed in Kilowatt).
The study further noted that the effect of
a fiscal regime is only realized when people
buy cars with smaller engines. According
to Hennessy and Tol (2011), space pricing
is to serve as a measure to control for
carbon dioxide emission, shifting the sale
and purchase of petrol cars to diesel cars
in Ireland. Cavallaro, Giaretta and Nocera
(2018), established that it aimed at raising
funds to regulate demand for traffic space,
manage roads, and to reduce excessive and
unauthorized parking and circulation of
vehicles. Hibbs's (2004), argument corro-
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borate the work of Cavallaro et al. (2018),
that charging vehicle owners for parking
space at a particular time of the day is an
efficient strategy to road use which reflect
in a low level of road congestion, particu-
larly in the cities.

Space pricing continues to grow because
population and economic activities in the
cities continue be on the surge (Downs,
2004). Obviously, due to limited road par-
king capacity, space pncmg solutions has
become necessary to improve road capa-
city use, mostly in the city where conges-
tion is high (Bull, 2003). Unauthorized
parking causes traffic congestion and en-
vironmental hazards that are more diffi-
cult to quantify in terms of waste and
environmental pollution. Recent studies
have alluded to the fact that there is a
health consequence on people living in
vehicular congested areas (Invernizzi,
Ruprecht, Mazza, De Marco, Mocnik,
Sioutas and Westerdahl, 2011). Hence,
charging vehicles for authorized use of
road will improve the efficiency of road
use and reduce congestion (Bull, 2003).
Apparently, lack of policy attention from
city road regulators and its ramifications
have led to scholars calling for an integra-
tion of land use and the transport system
as a strategy to improve the negative effect
of city congestion (Zhao, 2010; Cervero,
2013; Zegras, 2012).

According to Cavallaro et al. (2018), the
rationale for space pricing is straight-
forward in a form of reducing congestion,
lost time, pollution and cost of road
accidents. It is to reduce congestion, save
lost time, pollution and minimise the cost
of road accidents. Even though space
pricing schemes may not be the only
scheme to control unauthorized vehicle

parking and traffic congestion, an inte-
grated model that incorporates optirnal
space pricing scheme as tax policy is
important to achieve the objective of
space pricing (Button, 1993). The litera-
ture identifies many impacts of space
pricing model such as weight of the vehi-
cle, peak and non-peak hours and the
behaviour of the vehicle user (Sinha and
Labi, 2007). The theory further suggests
that space pricing might be more efficient
(Arnott, De Palma and Lindsey, 1993), but
the efficiency of space pricing will depend
on the responses of the vehicle users
(Gibson and Carnovale, 2015). Indeed,
the behavioural dimensions of space pri-
cing, and the behaviour of road users are
key to ensure successful achievement of
space pricing policy.

Integrating space management strategies
into tax structure and policy in developing
countries has become a new paradigm for
controlling vehicle congestion. Over the
years, the idea of taxation has remained an
important source of revenue for the
Ghana government. Government agen-
cies and institutions are always devising
taxation models to widen tax “bracket”
and also enhance tax compliance and
collection. Superbollo tax was introduced
in Italy in 2011 for car exceeding 185 kW
(Berganitino et al.,, 2019). According to
Berganitino et al. (2019), Superbollo fiscal
regime in the car sector had a positive
effect on the number of cars circulating
and also reducing larger capacity cars.
Similarly, Gervasoni and Sartori (2007),
noted that different road pricing systems
such as road tolls, value pricing, high
occupancy tolls, travel distance-based
charging, travel time-based charging, road
space rationing, cordon-based charging,
zonal schemes, satellite-based road pricing
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schemes exist.

The transport industry is one of the
avenues for the implementation of fiscal
regimes including a collection of driver
and vehicular license and toll charges
among others. Several avenues exist in the
transportation industry for the govern-
ment to control movement, parking and
dis-use of environmental unfriendly vehi-
cles. Even though these charges may seem
confusing, they all serve different pur-
poses. Mabit (2014), established that in
Denmark, for instance, vehicular tax
reform has a significant impact on vehicle
purchase behaviour. Berganitino et al.
(2019), noted that the Superbollo tax
resulted in a behavioural change towards
greener cars, thus reducing the emission
of carbon dioxide.

From a behavioural perspective, aware-
ness and persuasion of vehicle users about
the existence of vehicle incentives are
important in controlling the use and
movement of vehicles in the environment
(Cerruti, Daminato and Fillipini, 2019).
They showed that vehicle owners who are
aware of the incentives will be encouraged
to exhibit good behaviour to take up the
monetary benefits.

Governments and city authorities have
used space pricing as a strategic tool to
control antisocial behaviour and generate
public revenues (Croci, 2016). These stra-
tegies have yielded some significant result
in controlling traffic and vehicular conges-
tion on roads, especially in the cities.
Despite the strategic nature of space pri-
cing, the problem of wunauthorized
parking and congestion remain which
precipitate the fact that unauthorized
parking and congestion requires more
than persuasion. Cole (1998), noted that

there are some instances which create
recurrent high demand at certain times,
thus creating road congestion. In view of
this, extant literature opined that a high
number of vehicles in a country must
relate with increase fiscal regimes (Button,
1993). The effectiveness of the relation-
ship between space pricing strategy and
taxation has, however, received attention
in terms of anti-social welfare (Raux,
2005), and pollution abatement in cities
(Eliasson, Hultkrantz, Nerhagen and
Rosqvist, 2009). In a survey by Vrtic,
Schuessler, Erath and Axhausen (2010),
behavioural responses of the vehicle users
are also essential in the integration of
space pricing and taxation policy.

A study by Dargay, Gately and Sommer
(2007), examined the relationship bet-
ween annual growth in GDP per capita
and vehicle growth per 1000 inhabitant in
45 nations, representing 75 per cent of the
wotld's populations. The study found that
vehicle fleets of the world in 2002 was
around 800 million and was predicted to
increase to 2 billion in 2030. They showed
that not only has ownership of cars in-
creased but also the usage of vehicles,
particularly in the cities. Importantly,
findings from this study suggest that
increase in vehicle use on roads has the
potential to contribute to traffic conges-
tion, hence a pricing scheme for parking
space will significantly improve conges-
tion situation and also generate revenue
for the government. In a pluralist pers-
pective, vehicle users must be held
responsible at different levels to pay a
price that fully captures the problem
caused (Croci, 2016). According to Bull
(2003), the charge for unauthorized par-
king and parking space must take into
consideration a high number of vehicles
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used especially in peak hours where
demand for the road usage is high.

Downs (2004), and Bull (2003), opined
that the desire to live in low-density settle-
ments and government policies contri-
buted to the increase in car ownership and
usage. Similarly, as policy prescription,
governments as a policy prescription must
integrate the ownership and usage of
vehicles into the tax policy where people
are taxed based on the space and weight
occupied by the vehicle. In such a practice,
public-private collaboration can be
enhanced which will ensure that specia-
lized places are designed for vehicles to
park for a fee. Consequently, this integra-
tion will reduce time lost due to conges-
tion, local pollution, noise, pavement

costs and road damages, increase in acci-
dents risks (Croci, 2010).

Extant literature confirmed several
determinant of space pricing policy such
as space occupied, time, size of vehicle
and number of travels, as a strategy to
generate revenue and control traffic beha-
viour (Tiwari, Cervero, and Schipper,
2011; Ewing and Cervero, 2010; Givoni,
Brand and Watkiss, 2009). Integration of
space pricing base of space, weight and
time of the day means that people will
drive only when the benefits from driving
outweigh the sum of the costs, which
include prices to be paid (Newbery, 1988;
1990). Phang and Toh (2004), further
noted that space pricing policy captures
tolls per entry where vehicle are charge
based on size, route taken, and time of the
day. In Milan for instance, a congestion
charge is implemented concurrently with
the space occupied, time and park-and-
ride facilities (Rotaris, Danielis, Marcucci
and Massiani, 2010). These strategies

generate revenue for the government
while controlling road congestion and
unauthorized parking on roads. Peculiar to
Ghana, integration of space pricing into
the tax policies means that government
must enhance the operations of public
Bus Rapid Transport, Metro Transport
and State Transport which will convey
commuters.

This research, therefore, proposes an inte-
gration of a model which incorporates
space pricing approach into fiscal regimes
such as space pricing policy. In such as
integration, space price ot toll should con-
sider four key elements including the size
of the vehicle, weight, space occupied and
routes taken by the vehicle. An integrated
approach will mean the ability to charge
these vehicles for parking either in govern-
ment or private designated parking space.
Consequently, this initiative will reduce
externalities such as authorized parking,
road congestion, accidents, while genera-
ting money for the state.

The General Deterrence Theory (GDT) is
adopted to underpin this study. According
to Cuccia (1994), behavioural compliance
is primarily viewed from General Deter-
rence Theory, which posits that indivi-
duals can be dissuaded from engaging in
antisocial acts by using countermeasures
including disincentive and sanctions
(Schuessler, 2009). General Deterrence
Theory is adopted for this study to under-
stand how states can use countermeasures
such as taxes to positively influence the
wrong parking behaviour of vehicle users.
Schuessler (2009), noted that using GDT
as a guideline, countermeasures such as
education, training and reprimands are
important to mitigate, eliminate and/or
prevent the occurrence and reoccurrence
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of behaviour. This study expands the
tenants of this conceptual view of GDT
to include non-human measures such as
taxes as an approach to deter vehicle users
from unauthorised parking and also gene-
rate revenue for the government. In order
for the integration between space pricing
and tax to yield result, vehicular users'
needs to show positive behaviour towards
traffic space.

Methodology and Model
Development

Following the taxonomy of Phang and
Toh (2004), space price or toll must incul-
cate four key dimensions which will deter
people from unauthorized behaviour and
at the same time generate revenue from
those who will opt to park. This paper
proposes that space price factors such as
vehicle weight, size of the vehicle, vehicle
concentration in an area and the length of
time a vehicle is abandoned on the road
should be used as indicators to determine
prices thus ensuring fairness as well as
creating revenue for government. Again,
the behaviour of the road users (whether
they heed to the proposed changes or
otherwise), will determine the degree of
deterrence, and the revenue that the
government would generate. The models
have been developed for these categories
of vehicles: conforming vehicles, vehicle
registration, break down vehicles, left on
roads (classified as risky), and vehicles
packed at unauthorized places.

To compute the taxes for well-behaved
vehicle owners, let T}, be the tax paid by
vehicle 7 in region j within a given period ¢
and suppose that the surface area of
vehicle i is .. Let D, be the damage to road
caused by vehicle i within a given period 7.
The greater the damage caused by a

vehicle to the road, the greater the amount
of funds needed to put the road in good
shape. Therefore, we set T}, to be directly
proportional to D,. Moreover, the greater
the surface area of the vehicle, the lesser
the space available for other road users i.e.
creating more inconvenience on the road
therefore paying more tax (sin tax).
Consequently, we set T, to be directly

proportional to S;. We can thus write
7,=KSD, 1)

where K, is the constant for the town or
city j, the town or city of registration of
the vehicle i. We call K the car density
(compare with Freund and Bertsimas
(2004), pp. 283-284 where they computed
sales per population that they called sales
density). The town or city constant is
estimated as

N
P
e

where N, is the number of vehicles in the
town or city j and P, the population in
town or city.

Remark 1: K; penalizes the vehicle owner
in regions where greater number of
people possesses their own vehicle. The
constant e can be adjusted depending on
the severity of the congestion. In the
general case, K is estimated by

N,
P
a

wherea e R, a#1.

K increases as @ — o0 and decreases as a
— 0. If 2 = 1, then congestion does not
matter in payment of taxes which we rule
out.
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The heavier the vehicle, the greater the
likelihood that a vehicle will cause damage
to the road. In addition, the greater the
mileage covered within a given period ¢,
the greater the chance that a vehicle will
cause damage to the road. Therefore, we
estimate D, by multiplying the weight of
the vehicle W, and the mileage covered

i

within period ¢, M,. Thatis
D, = WM,

Compare with Andoh and Quaye
(2017), pps. 423 and 432.
Consequently,

T, = KjSi WM, )
Proposition 1: If P,>> N then
N,
Ty =|1+5-|SD,

J

To see this, observe that

2 3
K=l+£+ N
B W B U
N,
....:1+P— for P,>>N,.

J

This proposition says that in regions or
cities where the number of vehicular
usage is far less than the population, then
the car density can be approximated by

]Vj
1+F

J

Proposition 2: If P =N, then T},=eSD,.

This proposition provides the tax that
must be paid by a vehicle owner in regions

or cities where almost every person has a
vehicle.

Proposition3: 7, € [S,D,, eSD,] for N.e
[0.P].

This proposition says that the maximum a
vehicle owner must pay as tax should not
exceed eS,D, and no one should pay an
amount lower than SD, as a road user
provided the number of vehicles do not
exceed the population. The proposition
provides guidelines to vehicle owners on
the amount they have to pay as tax for
usage of vehicles.

Proposition4: If N, > P, then

G

T,=eSD,e" CeZ

To see this, observe that if N, > P, we
can write N, > P+C, for C, € Z'. Then

<G <G
1+—

P P
K=e " =ee’

The result then follows from equation (2).

C.can be interpreted as the additional units
of cars beyond the population. This
proposition indicates that if the number
of cars exceed the population in a
particular region, vehicle owners must pay
taxes which depends on exponentially
growth of the additional unit of cars
beyond the population. Thatis, the vehicle
user pays more taxes if the vehicle is been
used in a region where the number of cars
exceeds the population.

Propositions 3 and 4 can be used to verify
whether the taxes imposed on luxury
vehicles introduced in August 2018 by the
Ghana governmentare fair.
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In order to compute vehicle registration
fee (which is a requirement by law of all
vehicles imported or manufactured in
Ghana), let T} be the fees paid by vehicle i
inregionjand set

N,

J

T,=0KSW,=de SW, 3)

Equation (3), take into account the car
density which penalizes the user for
registering in regions where the volume of
vehicles is high. d is the mileage constant, a
proxy for the age of the vehicle and
penalizes the user for vehicles with greater
mileage. The higher the mileage covered
by the vehicle, the greater the likelihood
that the vehicle will either break down and
obstruct other road users. In addition,
such vehicles pollute the environment the
most and users of such vehicles must pay
for the mess. Thus d is to deter people for
importing overused or over age vehicles
into the country. The surface area of the
vehicle S, and the weight of the W, of the
vehicle also has a direct feed into the
vehicle registration fee.

To compute the taxes required for vehicles
that breakdown on roads, let L, be the
length of time a vehicle is abandoned on a
highway and p the position where the
vehicle is abandoned. Let 7}, be the
tax/fee paid by vehicle 7 in region/city j
for an abandoned vehicle for a period 7.

We set T,j, to be partly fixed and varies
directlyas L, S, and D, and so we can write

v

Tijt = mp + KjSiDitLl (4)

where m, and K, are constants. Call m,, the
position constant, the place where the
vehicle is abandoned. The position where
the vehicle is abandoned will be described

as risky or risky-free. We estimate m, by
the going market rate for towing
abandoned vehicle. If a vehicle is aban-
doned at a risky place, then the going
market rate of towing that abandoned
vehicle apply otherwise m, is zeto.

Remark 2: It should be noted that in
computing K; in (4), the region j where the
vehicle is abandoned is used.

Risky positions are places where vehicles
are abandoned in curves, at junctions, in
hilly areas, zebra crossings, railway cros-
sings and places where the vehicle
seriously obstruct free flow of traffic.

Remark 3: For vehicles abandoned at
risk-free positions, we place a maximum
allowable time of two days beyond which
equation (4), will apply to the vehicle

owner.

Proposition 5: If P,>> N, then

v N
Tijt:mp+ 1+P_ SD,L,

j
Proposition 6: If, P,= N, then

T,=m,+eSD,L,

Proposition 7: For all abandoned ve-
hicles, the amount charged lies in

1+N’
P

J

m, + SD,,m,+eSD,L,

i

provided N, € [0, P]

This proposition gives the vehicle owner a
sense of how much must be paid for
vehicles thatare abandoned on highways.
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Proposition 8: If N,> P then

C

J

o 7
T, =m,+eSD,Le
where C is as defined in proposition 4.

This proposition means that if a vehicle is
abandoned in a region where the number
of cars exceed the population, vehicle ow-
ners must pay taxes which depends on
exponentially growth of the additional
unit of cars beyond the population, the
surface area, the damage it causes plus the
costof towing the vehicle.

To compute taxes for vehicles parked at
unauthorized places, we let T, ( to be
partly fixed and varies directly as S, and L,

and so we can write
T, =m,+KS.L,
if there the need to tow the vehicle and

T,=KSL,

ol

Total number of some
selected vehicles

if there is no need to tow the vehicle
parked.

Model Test, Results and
Discussions

This section tests the models developed
on vehicles that typically ply on the Gha-

naian roads.

Data for the analysis was obtained from
Driver and Vehicle Licensing Authority
(DVLA), and Ghana Statistical Service.
From DVLA, we obtained data on the
number of registered vehicles that ope-
rates on the Ghanaian road space from
1995 to 2018, the number of vehicle regis-
tration offices, vehicle roadworthy char-
ges and vehicle registration charges. The
population data for regions/cities where
DVLA operates were obtained from the
Ghana Statistical Service website.

Figure 1 below shows the plots of the
number of selected vehicles registered
from 1995 to 2018.

e Motor cycles

------- Private vehicles up to 2000 CC

------------ Commercial vehicles up to 2000 CC
Private vehicles above 2000 CC

Private buses and coaches

I
2000

0
1995

Time

Figure 1: Total number of some selected vehicles from 1995 to 2018.
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Overall, there is gradual increase in the
number of vehicles on the road from 1997
to 2018. In 1996, there was re-registration
of all vehicles and that can be seen in the
upsurge of all vehicular types during this
period. DVLA normally does this to check
for fraudulent registration. From 2008,
the use of motorcycles has become
popular among Ghanaians surpassing the

use of private vehicles up to 2000 CC.
From Figure 1, the use of private coaches
is on a slight decline. On the other hand,
private vehicles with engine capacity
above 2000 CC is on the ascendancy. This
can be attributed to the bad nature of
some roads in many parts of the country
which require these vehicles to access with
minimal breakdown of one's vehicle.

‘ @ Number of vehicles registered at offices ‘
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i _
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Number of registration offices

Number of
registered vehicles
versus population

i

o H@E

E
[ )

@ Number of vehicles registered at offices

Population in town where office resides

6 8 10 12 14 16 18 20 22

Number of registration offices

Figure 2: Upper plot: Number of registered vehicles across Ghana as at December 2018
Lower plot: Number of registered vehicles and the population in the city where

office resides

The number of registered vehicles for the
various offices at the end of December
2018 lies in [701, 816473], with Accra
recording the greatest number of
registered vehicles. This can be seen from
the upper plot of Figure 2. Other offices
with high number of registered vehicles
are Tema, Kumasi and Weija. The office
with the least number of registered
vehicles is Danu, in the Volta region of
Ghana. The lower plot compares the

number of registered offices with the
population of the town where the office
resides. It can be seen from the lower plot
of the Figure 2 that although Kumasi is
the third in terms of number of vehicles, it
has the largest population. Table 6 in the
appendix shows numerical numbers that
have been used to designate the
registration offices. For example, '1' stands
for Accra, '2' for Tema, '3' for Kumasi, and
soon.
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Figure 3: The car densities for the 21 registration offices.

N,

The car density, K, = el J=1,...,21, is
depicted in Figure 3. Tema has the greatest
concentration of vehicles and consequ-
ently has the greatest car density. Thus,
people residing in Tema will pay the most
for purchasing vehicle for their daily
routines. The car density of vehicle regis-
tered in Tema is approximately two times
that of a vehicle registered in Accra. This
is followed by Bolga, Accra and Bivac-
Kutunse.

We illustrate how much fees have to be
paid using three different brands of
vehicles: Mercedes-Benz C-Class, New
Audi Al Sportback 2019 and Toyota
Camry 2018. From equation (2),

T

it

=KSWM,

Because DVLA does not keep records of
mileage that comes for renewal of road-
worthy certificates and vehicle registra-
tion, we assume that these three vehicles
cover a mileage of 50000km within a given
period . The dimensions (surface area), of

the vehicles are computed in kilometres to
be consistent with the mileage. Also, the
weights are computed in tons. The results
obtained can be seen in Table 2 (see

Appendix).

Note: The units of T}, is fonskn’ and we
have chosen 1 fonskm to be equivalent 1

GH¢ in Table 2 above. It should also be
noted that 1000kg is equivalent to 1 ton.

It can be seen from Table 2 the discri-
mination in the prices for the different
registration offices. For example, the ow-
ner of Mercedes-Benz C-Class registered
in Tema pays GH¢ 185.04 as fees and the
same vehicle registered at Mampong pays
GH¢ 63.81, about one-third of the fees
charged at Tema. Also, observe the diffe-
rences in the fees for the three categories
of vehicles. Toyota Camry 2019 is the
most expensive to use among the three
vehicles for all registration offices largely
because of the area it occupies on the
road.
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Figure 4: Fees for registration offices for different vehicles with current charge.

Figure 4 shows the fees for these vehicles
with the current charge super-imposed.
Clearly, Mercerdes-Benz C-Class and
Toyota Camry 2019 are undercharged for
all registration offices.

For registration of vehicles to be used on

the road for the first time, we use equation
(3), to determine the fees shown in table 3
(see Appendix) for a year old of all three
vehicles. In computing the values shown,
0 is measured in weeks and the dimensions
of §,arein kilometres.

200 n s [ ercedes-Benz C-Class

----------- New Audi A1 Sportback 2019
------- Toyota Camry 2018

. 150 Current charge
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Figure 5: Fees for a year old three categories of vehicles at different registration offices with

current charge imposed.

From Figure 5, the current charge is
higher for New Audi A1 Sportback 2019

except at Tema registration office. The
fees, however, rises relatively fast with the
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age of the vehicle especially for cities with
high car densities.

Checking the fairness of the Luxury
taxes

Table 5 shows the engine capacities of
vehicles and the corresponding levies the
government of Ghana imposed on
August 1,2018.

Table 5: Government levies of Luxury vehicles

Number Engine Capacity (CC) Levy (GH¢)
1. 2950-3549 1000

. 3550-4049 1500
3. Above 4049 2000

We use our models to determine how
much should be paid for three categories
of vehicles, one of each category of Table
5. These vehicles are Jaguar F-TYPE
Coupe with engine capacity 3000CC,
Chevrolet Colorado ZR2 with engine
capacity 3600CC and 2019 Jeep Cherokee
Sport with engine capacity 5900CC. We

assume that these three vehicles cover a
mileage of 50000km within a given period
t. The fees for each category of vehicle is
as depicted in Figure 7. Even if the
mileage is doubled, the fee at the greatest
car density does not reach the least value
indicated in Table 5.

350 s [aguar F-TYPE Coupe with engine capacity 3000CC
300 'n" Chevrolet Colorado ZR2 with engine capacity 3600CC
"' ‘-I 2019 Jeep Cherokee Sport with engine capacity 5900CC
» 1 1
= 250 )
7 iy A
1 Y
€200 /AL CN
< 1 H
) S
o 150 I 1
g |
%
= 100 -
50
0 Il Il Il Il Il Il Il Il Il Il Il
0 2 4 6 8 10 12 14 16 18 20 22

Number of registration offices

Figure 6: Fees for luxury vehicles with engine capacity 3000CC, 3600CC
and 5900CC at different registration offices.

As can be seen from Figure 6, these fees
are well below the levies that the
government imposed even for cities with
high car densities.

Suppose that m, = 200 and that L, = 2
hours or 120 minutes, Table 4 (sece

Appendix) shows the charges for the three
categories of vehicles for the different
cities where a breakdown of vehicle occur.
For example, in computing the charges for
Mercedes-Benz C-Class, using equation
(4), we have
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ijt

T, =200 + 120 X K >< 4648 X 1810 X It should be noted that in computing T,
1505 x 107, j =

21

(5)  the dimensions of S, were kept in

kilometres and the length of time vehicle

where we have adopted the convention is abandoned in minutes. Consequently,
that 1km’ kgmin=1GH¢

Chatges in Ghana cedis
z 5 & £ 2 2
S (=] (=] (=] (=} (=]

[
1=
S

58]
w
=)

the units of the second term of T}, is
km’ kg min.
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- Toyota Camry 2018
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Figure 7: Charges for abandoned vehicles for three categories of vehicles

It can be seen from Figure 7, that fit any country.
abondoning vehicles in the Tema area is

most expensive. Next, we use equation (3) to determine the
registration fees for a year old of these
Note: In computing these values, the vehicles.

units of measurements can be altered to

350

300

200 [~

150 |~

T

100

Registration fees in Ghana cedis

50
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"""" Chevrolet Colorado ZR2 with engine capacity 3600CC
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Figure 8: Fees for a year old of three categories of luxury vehicles at different registration offices
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Again, we see from Figure 8 that the fees
are lower than the levies charges by the
government even for vehicles within
2950CC-3549CC for all registration
offices. It should, however, be noted that
these fees rise relatively faster with the age
of the vehicle especially for cities with
high car densities.

Summary, Conclusion and
Recommendations

In this paper we developed models that
incorporate the density of car usage in a
locality, size and damage caused by vehi-
cles in vehicle registration and renewal
fees. The paper also provides models for
the cost of removal of vehicles that park
at unauthorized places and broken-down
vehicles on highways. Specifically, we
found that Mercedes-Benz C-class and
Toyota Camry 2019 is undercharged ac-
ross all vehicle registrations centres across
the country, except the Tema and Bolga
centres which charge 60 and 20 Ghana
cedis above the national charge of 60
Ghana cedis. For a year-old cars, we found
that the current charge for New Audi Al
sportback 2019 is high, except for the
Tema centre which charges 20 Ghana
cedis above the national average. Our
model also shows that charges for aban-
doning vehicles on the road are more
expensive in the Tema area. This confirms
the increase in the charges for car usage in
high vehicle concentrated areas.

Our model provides a good decision tool
that can be modified to fit any jurisdiction.
It allows the decision maker to incor-
porate the regions of high vehicle concen-
tration in setting vehicle renewal and regis-
tration fees. Our models show that some
vehicles pay far less for vehicle registration
and renewal of roadworthy fees. This

strategy of price setting can be used to
compel people to move from highly popu-
lated areas with high concentration of
vehicles to regions of sparsely populated
areas to encourage the decongestion of
roads nation-wide. Businesses can also be
motivated for setting up branches in
sparsely populated areas with less concen-
tration of vehicles to benefit from low
vehicle registration and renewal fees. This
in the long run allow free movement of
people, goods and services and serve as
source of revenue generation to the
Ghana government especially in cities
with high vehicle concentration. Also, be-
cause there is a direct link between the fees
people pay and the mileage covered by the
vehicle, some people will be motivated to
use their vehicles wisely and will further
assist in decongesting roads. In addition,
vehicle owners will be conscious on the
length of time they have to leave their
vehicles on the road anytime there is a
break down and will go a long way to free
the roads from unnecessary traffic build
up. It will help minimize accidents on our
roads especially when a vehicle breaks
downina curve.

Consequently, there should be a regulation
that compels vehicle owners who register
their vehicles in regions of greater usage,
to operate them in those regions. Failure
to comply should result in heavy fines.
Also, DVLA currently do not keep re-
cords of the mileage of vehicles that come
for registration and renewal of roadwor-
thy certificates at each renewal date. These
records have to be kept to facilitate the
computation of fees to be paid at each
renewal date. We call for the abolitions of
toll charges on all government managed
roads as they unnecessary slow down
vehicular movement. Moreover, it is un-
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clear whether funds collected at these toll
gates are propetly accounted for by toll
gate collectors. Once a vehicle pays its
yearly (semi-annually, or quarterly rate at
DVLA office), that should suffice.

There is the need for government to take
the issue of towing of vehicles seriously at
least in major cities and towns. However,
this service is currently either not properly
organized or unavailable especially for
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APPENDIXES

Table 2: Renewal fees for three categories of vehicles at different registration offices

Registration office Type of Vehicle

Mercedes-Benz New Audi Al Toyota Camry 2018
C-Class Sportback 2019 50000 mileage
50000 mileage 50000 mileage (Fees in GH¢)
(Fees in GH¢) (Fees in GH¢)

Accra 98.46 62.15 104.11

Tema 185.04 116.80 195.66

Kumasi 74.13 46.79 78.39

Takoradi 72.45 45.73 76.61

Sunyani 99.24 62.64 104.93

Koforidua 96.43 60.87 101.96

Cape Coast 79.52 50.19 84.08

Ho 75.50 47.66 79.83

Tamale 85.04 53.68 89.92

Bolga 132.96 83.92 140.59

Wa 87.17 55.02 92.17

Weija 83.33 52.60 88.11

Obuasi 84.62 53.41 89.48

Techiman 72.00 45.45 76.13

Denu 64.47 40.70 68.17

Bekwai 64.27 40.57 67.96

Mampong 63.81 40.28 67.48

Nkawkaw 64.40 40.65 68.09

Tarkwa 66.39 41.91 70.20

Bivac-Kutunse 93.601 59.08 98.98

Sked Somanya 63.95 40.36 67.62

Table 3: Registration fees for 4 year old three categories of vehicles at different
registration offices

Registration office Type of Vehicle

Mercedes-Benz New Audi Al Toyota Camry 2018
C-Class Sportback 2019 (Fees in GH¢)
(Fees in GH¢) (Fees in GH¢)

Accra 102.68 64.81 108.58

Tema 192.97 121.80 204.05

Kumasi 71.31 48.80 81.75

Takoradi 75.55 47.69 79.89

Sunyani 103.49 65.32 109.43

Koforidua 100.56 63.47 106.33

Cape Coast 82.93 52.34 87.69

Ho 78.74 49.70 83.26
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Table 3 (cont’d)

Registration office Type of Vehicle
Mercedes-Benz New Audi Al Toyota Camry 2018
C-Class Sportback 2019 (Fees in GH¢)
(Fees in GH¢) (Fees in GH¢)

Tamale 88.68 55.98 93.77

Bolga 138.66 87.52 146.62

Wa 90.90 57.38 96.12

Weija 86.90 54.85 91.88

Obuasi 88.25 55.70 93.31

Techiman 75.09 47.39 79.40

Denu 67.24 42.44 71.10

Bekwai 67.03 42.31 70.88

Mampong 66.55 42.01 70.37

Nkawkaw 67.16 42.39 71.01

Tarkwa 69.24 43.70 73.21

Bivac-Kutunse 97.62 61.62 103.22

Sked Somanya 66.69 42.09 70.52

Table 4: Fees for three category of vehicles that break down on roads at different towns

Registration office Type of Vehicle

Mercedes-Benz New Audi Al Toyota Camry 2018

C-Class Sportback 2019 (Fees in GHg¢)

(Fees in GH¢) (Fees in GH¢)
Accra 436.31 349.16 449.87
Tema 644.09 480.31 669.59
Kumasi 377.92 312.30 388.13
Takoradi 373.87 309.75 383.86
Sunyani 438.17 350.33 451.84
Koforidua 431.43 346.08 444.71
Cape Coast 390.84 320.46 401.80
Ho 381.20 314.37 391.60
Tamale 404.09 328.83 415.81
Bolga 519.10 401.42 537.42
Wa 409.20 332.05 421.21
Weija 399.98 326.23 411.46
Obuasi 403.08 328.19 414.74
Techiman 372.80 309.07 382.72
Denu 354.73 297.67 363.62
Bekwai 354.25 297.37 363.11
Mampong 353.15 296.67 361.94
Nkawkaw 354.56 297.56 363.43
Tarkwa 359.34 300.58 368.49
Bivac-Kutunse 424.65 341.80 437.55
Sked Somanya 353.47 296.87 362.28
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Table 6: Registration offices and the
numerical designation

Registration office Number
Accra 1
Tema 2
Kumasi 3
Takoradi 4
Sunyani 5
Koforidua 6
Cape Coast 7
Ho 8
Tamale 9
Bolga 10
Wa 11
Weija 12
Obuasi 13
Techiman 14
Denu 15
Bekwai 16
Mampong 17
Nkawkaw 18
Tarkwa 19
Bivac-Kutunse 20
Sked Somanya 21
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