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Abstract

Road user charging (RUC) has a long history as a mechanism to recover infra-
structure maintenance and capital costs. The present RUC systems are facing
issues such as transparency, cross-subsidization, environmental concerns and
reducing revenue due to the likes of lessening fuel tax as vehicles become
more efficient. Therefore, this paper reviews the strengths and weaknesses of
the present RUC mechanisms implemented in the world with respect to stake-
holder problems and demands of the freight industry and to describe the need
for a more appropriate, practical and sustainable approach that can be used in
the future. Finally, a model is proposed that is transparent and considers us-
age-based charging addressing most of the weaknesses highlighted in the mod-
els reviewed. Further, it considers externalities produced by heavy vehicles into
account. The model has the potential to provide answers to key stakeholder
issues and will lead to a sustainable freight transport system in the future. En-
couraging fuel-efficient modes, optimization of loading, routing and logistics
systems, and long term land use planning are a few of them.

Keywords

Road User Charge, Heavy Vehicles, Externalities, City Logistics,
Systems Approach

1. Introduction

Road user charging (RUC) was first introduced in a form of fuel tax to recover
infrastructure maintenance and capital cost. In the past, tracking every vehicle to
charge for road usage was infeasible due to technical and administrative difficul-
ties and thus taxing fuel was introduced as an indirect method of charging since
fuel being a good supplementary product associated with vehicle usage. With tech-

nological advancements and evolvements in road user behavior, more charges
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such as registration fees, many forms of license fees and toll charges were intro-
duced reforming road user charges. More details about the evolution of road
user charging and tools are discussed later in this paper.

RUC system is faced with multiple problems in today’s context. The two key
stakeholders in this context are road authorities and users, faced with two major
problems. Authorities demand more revenue since present and future earnings
from existing RUC are not sufficient to cover the cost of infrastructure (includ-
ing maintenance) while users debate that the present system is unfair because
the link between usage and charging is weak, thus lead to cross-subsidization.
Residents, being another powerful stakeholder in today’s context, demand de-
tailed consideration of environmental and social factors such as noise, air quality
and road safety.

Road user charges often focus on heavy vehicles (significant numbers are freight)
since they occupy more road space and do the greatest damage to the road net-
work. At the same time, freight movement is an important sector in any society
or economy. As a result, the present RUC system plays a vital role in shaping
freight transportation in the world.

Sustainable freight transportation demands not only economic optimization but
also consideration of safety, environmental and social impacts, un-interrupted
quality of service and energy efficiency. Stakeholders have enormous demands and
expectations and thus solutions need to look at multi-objective multi-stakeholder
structures. Monopolistic approaches that are in use only consider commercial gains
and no longer acceptable. Thus, an integrated approach involving the likes of City
Logistics is overdue.

This paper identifies key stakeholders, their problems and demands with re-
spect to RUC and reflects on major charging schemes implemented around the
world. Finally, a new road charging model is proposed that addresses major is-

sues and problems highlighted in the review.

2. Common Schemes Used for Road User Charging

Fuel taxes, permit and registration fees have traditionally been collected to re-
cover infrastructure use costs [1]-[8] and tolls were charged for various pur-
poses. Fuel taxation started in the 1920s and remains in operation for some coun-
tries (including Australia) to recover road usage costs. This tax was initially in-
troduced as a method to recover user costs since it’s very easy to collect and theo-
retically fuel is a good supplementary product to measure vehicle usage. Thus,
fuel consumption was a relatively equitable measure to distribute system costs
(1] [9].

In other words, the more distance you travel or the more weight you carry, the
amount of fuel burnt is proportional and as a result, fuel tax is a good indirect
way of charging for road usage. These assumptions are now questionable due to
development of more fuel-efficient vehicles, larger truck combinations, progres-

sive penetration of alternative fuels, and thus fuel tax has become an unreliable
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mechanism to charge for road usage [3] [9] [10] [11]. On the other hand, kilo-
meters driven per liter has gone up (more efficient engines) over time but the
cost of maintenance never decreased (rather gone up) and as a result, revenue
collected through fuel tax has become insufficient to cover road costs [3] [12]
[13] [14]. Furthermore, when fuel prices drop, the amount of tax collected may
decrease if the tax is a fixed percentage of the selling price, e.g. in Australia
where tax is a fixed percentage (25%) over cost [15]. Thus, revenue cannot be es-
timated and major deficit occurs over time [16]. During recession times a reduc-
tion in Vehicle Miles Travelled (VMT) leads to less fuel consumption, generat-
ing less tax revenue than expected. As a result of the aforementioned reasons
fuel tax is not sufficient enough to support capital and maintenance costs and
found to be an outdated method as a tool to charge users. This situation was also
in the US and many other countries but they have reformed to use non-fuel
based sources of financing that cater to evolving customer demands [3] [17]
[18].

The following reasons were highlighted by [19] as to why fuel-based tax is
outdated and in-efficient in his study. Heavy vehicles damage the roads more
severely but do not pay in the right proportion to this damage and sometimes
the jurisdiction of fuel purchase and the site of actual travel is not the same. For
example, international hauliers in Europe and interstate hauliers in the US al-
ways pump fuel from a cheap point and travel via countries or states. The motor
fuel tax does not give vehicle operators an indication or information regarding
the total cost of a particular trip, such as one in congested traffic conditions, may
impose on society. It is not practical for government agencies to provide incen-
tives with fuel taxes to vehicle operators to change the nature of their road use,
including loading pattern, travel on high standard roads where damage from HV
could be minimum or shifting to off-peak hours.

Other than fuel tax, registration charges are another popular charge imposed
by authorities around the world mostly without any rigorous rationality. The
mere elements considered in determining such charge is a fixed element of in-
frastructure cost, administration cost and emission level in some countries. As a
result, placing greater emphasis on vehicle registration fees is not a good strategy
since these fees have a very weak relationship to the amount of road usage by in-
dividuals in today’s context and thus the charges are inexplicit [9].

Tolling is a financial charge imposed over road users either to raise finance
(recover cost of infrastructure) or to control their usage or to change their behav-
ior. Toll charges may be used to recover capital investment (spent on infrastruc-
ture development) or as a traffic management tool if variable pricing is adopted
based on demand. Beyond the usual framework, toll being charged in some coun-
tries to control emission in cities. At present, it’s popular among many countries
to charge tolls on their roadways to finance new infrastructure. The use of Pub-
lic-Private-Partnership (PPP) for new infrastructure development is rising, par-

ticularly in Europe, Latin America and Australia [20]. The popularity of Pub-
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lic-Private-Partnership (PPP) is growing in the world due to many reasons.
Rapid growth in public demand over more infrastructure and constraints on pub-
lic budgets have hard-pressed the authorities to look for alternative financing op-
tions, creating the demand for such investments, while clear terms of returns
stipulated in PPP contracts have attracted the private market [21] [22] balancing
the supply side. The latest trend in toll roads is to charge heavily on heavy vehi-
cles [10] [23].

In 1975 Singapore introduced an area-based pricing scheme [24] as a conges-
tion management tool for the first time in the world [25]. Charges were imposed
to control the number of vehicles entering city limits and charges vary by time of
a day. Many cities introduced congestion pricing to manage traffic at city limits
since then. Apart from Singapore, London (UK), some metropolitan areas in the
USA, and Stockholm (Sweden) are major success stories in congestion charging
in the world. Transport researches have carried out much research to find out
optimum toll charge for congestion control with different parameters [26]-[33].
In the year 2008, Milan (Italy) introduced a slightly different urban pricing scheme
which was to curb the pollution in the city of Milan [34]. Charges are based on
the Euro emission standard of the vehicle entering the city and have achieved its
objectives successfully.

Usually, public acceptability of toll charges is very low but this attitude could
be positively changed if road users achieved improved roads based on the mon-
ies collected. When setting up toll prices, states may have a genuine interest in
maximizing throughput as well as maximizing revenue, but these two are inher-
ently conflicting with each other and impossible to satisfy simultaneously [35].
From the public point of view toll affordability, congestion management, income
maximization/subsidy minimization aspects are carefully considered before ac-
cepting such a policy [35]. More aspects of acceptability are discussed later in

this paper under constraints.

3. Review of Existing RUC Schemes Using a Systems
Approach

City logistics is defined as, “the process for totally optimizing the logistics and
transport activities by private companies with the support of advanced informa-
tion systems in urban areas considering the traffic environment, the traffic con-
gestion, the traffic safety and the energy savings within the framework of a mar-
ket economy” [36].

“City logistics is based on system approach which promotes innovative schemes
that reduce the total cost, including economic, social, and environmental cost of
goods movement within cities” [37]. The systems approach [38] divides a larger
problem into pieces and arrives at a solution systematically. Therefore, this ap-
proach is used to solve many problems in the freight industry and to provide
more sustainable solutions. Thus, a systems approach is used in this study to re-

view road user charging systematically and to propose a valid solution.
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The rest of the paper is organized as follows. First, it identifies the stake-
holders in the freight industry, their problems, goals and objectives associated
with RUC. Section 3 reviews several major RUC systems implemented in the
world using major components of systems approach. Section 4 introduces a
model, its appropriateness, objectives and future directions. Section 5 concludes
the study.

3.1. Stakeholders

Problem definition is the first main step in the systems approach. Since the
problem has multi-tiers it is important to identify the multi-stakeholders, their

objectives and their problems (Table 1).

3.2. Existing Schemes

This section of the paper reviews the major road user charging systems imple-
mented in other countries of the world.

3.2.1. Road User Charging Schemes in Europe

In the past, like any other country in the world, Europe is also charged fuel taxes
and some fixed taxes to recover expenditure on its highway system [2]. The aim
of the introduction of Eurovignette in the EU was to recover construction, main-
tenance, repair and environmental costs on their road network. More importantly,
ensuring unbiased competition and stopping discrimination among hauliers in
the member states. However, this was a time-based charging system that is jointly
operated by Belgium, Denmark, Luxemburg, the Netherlands and Sweden [39].
The main problem found with the Eurovignette system was the charges do not
consider the distance travels by a vehicle, but the time, and therefore poorly
correlated with infrastructure costs. On the other hand, distance-based tolls found

to be corresponding much more closely to the cost of infrastructure use [40].

Table 1. Stakeholders and their problems, goals, objectives.

Stakeholders Problems Goals/Objectives
Government/ Insufficient revenue, users demand Revenue for infrastructures
Administers better solutions, users hesitant to maintenance and to build new ones,
pay taxes, delays, congestion, safety and livable cities, efficient and
crashes, pollution, energy-inefficient sustainable mode of transport,
modes of transport energy-saving, economic development
Carriers Operational cost, RUC, Cost minimization, efficient

infrastructure, travel time, receiver  transportation, safety
demands

Shippers|Receivers  Carrier charges, reliability, quality of On-time deliveries, cost minimization,
transport, delivery times, delivery fewer stock-outs,
frequency, stock management

Residents Crashes, congestion, noise, Quality air, less noise, safety, aesthetic
emissions, land use, modes of appearance, efficient transportation,
transport, TOD travel, livable cities

Private Investors Demand & toll charge Return on investment & safety

(road infrastructure)
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Later they changed to “polluter pays” principle from the “user pays” principle to
allow for the internalization of the external costs. Many countries came up with
their charging mechanisms considering different aspects. According [3], in Europe,
road generated revenues exceed road expenditures in all the countries studied.
This means road charges have subsidized other policies. To understand the basic
principles few major policies in Europe are first reviewed here.

1) German heavy goods vehicles charging system

Heavy good vehicles over 12 tonnes on German motorways have to pay a dis-
tance-based charge since 2005, January [40] [41]. This charge was imposed on
top of existing taxes and hauliers have continuously argued that the charge was
too high.

The German HGV tolling scheme is aimed at goods vehicles over the gross
vehicle weight of 12 tonnes to recover the full cost. This includes all costs of con-
struction, maintenance and operation of motorways and also charging scheme
operating cost. The charge level is determined based on vehicle characteristics
such as weight, number of axles, and the emission class [10]. The introduction of
this charging scheme in Germany in 2005, known as LKW-Maut, resulted in a
large number of heavy vehicles avoiding tolls by means of diverting from West-
ern Germany to France where the main highways are not tolled yet [5].

The latest advanced technology is used for the German HGV charging scheme.
Satellite positioning and mobile telephone communication technology cover all
the required aspects of such a charging system. A mobile telephone connection
was made between the vehicle on-board unit (OBU), which combines a GPS re-
ceiver and a digital map and charging centre. This acts as the transponder for the
charging scheme.

2) UK Lorry charging scheme

The British government had planned to introduce a lorry road user charge sys-
tem (LRUC) in 2008 but was abandoned the introduction in the year 2005 [5]
[40]. The charges would have applied to all trucks over the gross weight of 3.5
tonnes, over the entire road network and offer the varying charges by the time of
day, road type and zone. The reason for withdrawal was the complexity of the pro-
posed project and the government decided to introduce a simple distance-based
user charge system. A device called tachograph was installed to all heavy vehicles
over 3.5 tonnes, operating within the EU, to measure the distance. This installa-
tion was compulsory and distance travelled during each year was observed at the
point of registration and tolls are calculated accordingly. The British government
did not charge for the mileage run in other countries by vehicles registered in the
UK but engaged in international haulage. A fuel rebate was given based on a
benchmarked fuel efficiency level to omit double taxation. This benchmarked sys-
tem has certainly penalized vehicles underperforming in terms of efficiency and
encouraged vehicles with high fuel efficiencies [5]. This toll charging system was
purely focused on charging a fair share for using the UK roads by overseas haul-

iers rather than generating additional revenue for transport investments [40].
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3.2.2. Swiss and Austrian Heavy Vehicles Tolling Systems

Since 1985 flat fee for Heavy Goods Vehicles (HGV) was in existence and it was
changed to a nationwide distant related fee, named as the LSVA, since Swiss
government predicts a 100% increase in HGV on the Swiss road network as a re-
sult of bilateral treaties made with the European Union to extend the maximum
weight limit of HV from 28 tons to 34 tons, and to 40 tons later on. After a ref-
erendum and a subsequent vote, the LSVA started on January 1% 2001.

The LSV A applies to all domestic and foreign heavy vehicles transporting ei-
ther goods or passengers with a maximum laden vehicle weight of over 3.5 tons.
For domestic vehicles installation of an On-Board-Unit (OBU) was mandatory.
Foreign vehicles are predominantly using a ticket fetched at self-service machines.
The distances travelled by each HGV, on all public roads (not only motorways) in
the country are measured using the tachograph. A tachograph is switched on and
off when crossing the border. Charges are calculated based on the distance trav-
elled maximum permissible vehicle weight and emission class of the vehicle [42].

Trucks and buses on Austrian roadways were subjected to a time-based toll
system until 2004, where distance-based pricing was introduced [43]. In Austria,
there’s an OBU called “Go Box” and all trucks over 3.5 tonnes of gross weight
are mandatory to fix an OBU. Light vehicles still have to pay the time-related
user fee based on Vignette. Gross weight and axle configuration (3 classes) are
considered when determining road user charges per kilometer travelled, but not
emission parameters unlike in Switzerland. Only motorways and express roads
are subjected to toll, as a result, diversion of traffic to local and regional parallel
roads was inevitable. However, the proportions are found to be insignificant

(less than 2% of the total traffic on motorways).

3.2.3. Heavy Vehicle Charging in the US

In the United States, highway users pay for their roadway use through indirect
user fees that are levied at the federal, state, and local levels. Federally, the pri-
mary sources of truck user fee revenues are fuel taxes. Other federal truck user
fees include sales taxes on trucks, tractors, trailers, and tires, and an annual
fixed-rate heavy vehicle use tax (HVUT) [3]. These tax rates vary depending on
gross vehicle weight (GVW). Other than that weight-distance tax (WDT), over-
weight and over-dimension permit fees try to recover some components of the
road damages in some states.

The revenue generated primarily through fuel taxes found to be insufficient to
maintain the federal highway system (public sector subsidizes the road system)
and many suggestions were proposed in the past as measures to increase reve-
nue. Increase in fuel taxes, at least to keep pace with inflation, spreading the use
of toll highways, imposing new taxes and fees, and encouraging private invest-
ments such as PPP’s are among them [3] [14] [44].

Vehicle Miles Travelled (VMT) based fee has been identified as the most suit-
able option in the long run in the US because it could establish a reliable source
of funding, reduce traffic congestion, promote more efficient use of vehicles with

higher loading capacities, and discourage unladen miles travelled. However, im-
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plementing a usage-based pricing scheme such as VMT based faced several chal-
lenges. For example, public and political acceptance, technology, administration
and financial feasibility [18] are a few of them which are discussed in detail later
in this paper. As a result, fuel taxes still exist in the United States [3].

At present, there are more than 300 toll roads in the USA [45]. Most toll roads
define their base toll rate structures according to the vehicle number of axles and
some HVs are tolled according to registered GVW. Taken together, the analyses
conducted by [45] have strongly concluded that toll policies across the United
States have penalized large commercial vehicles disproportionately. In his study,
the toll charges were compared for various types of vehicles considering the fol-
lowing parameters. Vehicle lengths, load equivalency factors, consumption of
road space and the damage caused to the pavement are such parameters.

Congestion has emerged as one of the greatest challenges faced by transport
planners and authorities in developed economies. It’s a major social cost to the
society and the cost was estimated as high as $78 billion in 2005 in the USA and
is growing rapidly as a result of speedy increases in travel delays experienced by
users every day. The cost was estimated not only in terms of lost time but pro-
ductivity, air pollution, and energy wasted is considered. As a solution to these
severe levels of congestion, the U.S. Department of Transportation has recently
started a program to initiate congestion pricing in five metropolitan areas [46].

State Highway Cost Allocation Studies (HCAS) have a long history in the
United States spanning over 70 years. More than 80 studies have been performed
in at least 30 states during that time [47]. Federal Highway Cost Allocation Studies
(HCAS) was completed and concluded in 1997 in the United States [48] and no
major changes have occurred since then. According to [18], this self-financing
scheme was designed to attain maximum efficiency followed by horizontal eq-
uity. This comprehensive usage-based charging system will enable self-finance
construction, operation, and maintenance cost of the highway system and calcu-
lates user fees based on vehicle class, weight, configuration and distance travel on
each facility. However, externalities produced by vehicles are not considered in
this user charging scheme such as congestion and emissions and thus authors
have stated that future studies need to introduce such cost components into the
scheme [18] [48]. In the year 2000, HCAS was revised to reflect social costs cal-
culated by the Environmental Protection Agency (EPA) in the US. As a result,
crash, congestion, air pollution and noise costs were introduced and user fee based
on vehicles type and environment condition (urban/rural) was re-calculated [49].
However, any of these HCAS were not fully implemented in United States mainly
due to political setting that focuses on painless revenue generation from estab-

lished sources rather than instigating equity among highway user classes [47].

3.2.4. Heavy Vehicle Charging Schemes in Australia

Heavy vehicles (any vehicle or trailer with a mass over 4.5 tonnes) in Australia
are subjected to two pricing charges. Namely; a road user charge (RUC) and an
annual registration fee. The RUC is a levy on each liter of diesel an HV consume

and presently it’s about 38.14 cents per liter. The National Transport Commis-
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sions (NTC) provides recommendations for setting these heavy vehicle charges
which are based on a charging framework known as pay-as-you-go (PAYGO).
This was introduced in Australia in 1992 [15] [50].

The PAYGO system tries to recover the road usage cost from each heavy vehi-
cle type and to recover a share of common road costs, such as street lighting, rest
bays and signage. PAYGO scheme follows a simple mechanism to calculate heavy
vehicle charges using the latest heavy vehicle and trailer population data avail-
able at NTC. They have considered seven-year averages for both road expendi-
ture and vehicle usage data assuming that charges do not change significantly in
response to short-term changes in expenditure or vehicle use [16] [50].

In Australia, revenue recovered through heavy vehicle charges helps the gov-
ernment to provide better and safer roads. According to NTC, around 40 per-
cent of heavy vehicle costs are recovered as state and territory registration fees,
with the balance paid through a fuel-based road user charge which is collected
by the Commonwealth Government [50].

In Australia approximately three-fourths of the HV fleet is owned by ancil-
laries and rest is by for-hire. It is obvious that for-hire use more road kilome-
ters than ancillaries and registration cost is determined based on a cost-recovery
scheme which considers historic expenditure on-road services. Therefore, the
registration fee determined for vehicle type irrespective of its ownership or real
usage leads to very high inaccuracy. In addition, there are substantial variations
in registration costs between states in Australia for no valid reason. Therefore,
cross-subsidization is very high in Australia.

As mentioned before, Australia became commonplace for PPP and has a grow-
ing number of toll roads in main cities and claim to be the country having the
largest (in terms of lane kilometers) urban tolled road network in the world [20].
Based on the study carried out by [51] it was found that freight movements in
the Melbourne metropolitan region is higher than interstate freight in Australia,
which explains why toll roads with PPP are popular in cities of Australia. In gen-
eral, toll charges in Australia are based on the distance of travel, vehicle type
(very broad classification) and Time of Day. However, toll charges vary over fa-
cilities and sections with in the same facility as highlighted by [52] [53] in their
studies. Australia firstly introduced the ETC system in the CityLink project for
toll collection [54]. Despite the availability of the latest technology in CityLink
appropriateness of toll charges (representing true user charge) stipulated in
CityLink road is deplorable. As a result, a noteworthy social dialog has begun

among the truck community and stakeholders recently in Australia [55].

3.3. Evaluation

Evaluation within the systems approach to city logistics is defined as “evaluation
involves the methodical comparison of the predicted consequences of schemes,
based on a set of predetermined criteria” [56]. A critical evaluation of the key

schemes reviewed above was done using an objective-based procedure consid-
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ering a broad range of stakeholders. For more information, refer to [57]. Even

though multi-criterion evaluation technique requires derivation of relative weight-

ings, this study has done a qualitative analysis identifying the strengths and weak-

nesses of each scheme with respect to multi-objective listed under stakeholders,

refer Table 2. Because the intended purpose of this evaluation here is to look at

how well each scheme has served multi-objectives by stakeholders.

3.4. Criteria

The performance of the RUC scheme can be measured using the following criteria.

The total cost of transportation (system equilibrium);

Percentage of usage-based charges;

Transparency.

Table 2. Strengths and weaknesses of emerging user charging approaches.

Scheme Strengths Weaknesses
German *Cost fully recovered *High toll charges
*Emission considered-encourage efficiency *Not on all roads (toll avoidance)
*Technology used *LGV is not charged
*Eliminated cross-subsidization (foreign hauliers) *Noise issue not considered
*Most factors that contribute to usage been used to determine the charge *TDM is not considered
*Fuel tax
*HV over 12 tonnes are considered
UK *Fuel rebate *Distance-based cost, not perfect
*Encourage fuel efficiency of vehicles *Externalities are not considered
*Partially direct method *TDM is not considered
*All roads are tolled
*No additional charges (fair)
Switzerland *All roads are tolled *TDM is not considered
*Partially direct method *Fuel tax
Austria *Partially direct method *Emission not considered
*TDM is not considered
*Fuel tax
*Not on all roads (toll avoidance)
USA *Partially direct method *Fuel tax
*Congestion pricing in some areas *Not on all roads (toll avoidance)
*Cross-subsidisation still exist
*Externalities are not considered
Australia *Simple and conventional method *Fuel tax

*Not linked with direct usage (cross-sub)
*Externalities are not considered

*TDM is not considered

*Not on all roads (toll avoidance)

*High and non-transparent toll charges
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The ideal scheme shall minimize the total cost of freight transportation in the
network and pays charges only based on usage (no cross-subsidization) with a
very clear charging methodology (fully transparent).

3.5. Constraints

The major constraints found in implementing any new or reformed road user
charging could be political and social acceptance of such system and technology,
finance or privacy-related issues. Therefore, the following section of this paper

reviews such constraints.

3.5.1. Political and Social Acceptance

It is a well-established fact that an introduction of a new tax or toll is not usually
welcomed with open arms by the public. As a result, any transportation solution
that involves such a levy has a political implication and complicated to choose
[58 & 59]. Usually political and public acceptance is linked together where public
opinion is mostly concerned by politicians. As a result, it could be stated that
road pricing schemes are politically accepted only if it gets sufficient public sup-
port. On the other hand, it has been found that strong political decision is a
positive measure of higher public acceptance [59].

Road pricing schemes, known as the first-best solution in theory [60], could
be limited to the drawing board unless political and public acceptance is achieved.
Even though economists are certain about its intended benefits [61] [62], many
past proposals have proven that public and political acceptance is a must for
successful implementation of such a scheme regardless of how technically well it
sounds or the extent to which socio-economic benefits it could generate [24]
[59] [60] [61] [63] [64].

Nevertheless, the most refined and reflective policy design will create some
losers and induce opposition. In fact, from past failures, it can be stated that a
lack of public acceptance, correlated with political acceptance, has been the most
important obstacle to implement road pricing charges. Among many such fail-
ures reported in the world, cordon schemes were rejected by public referenda in
Edinburg and Manchester [63], combined cordon and zonal scheme for Man-
hattan stopped by the New York state legislature in 2008 [63] and congestion
metering proposal rejected in the city of Cambridge are few of them. According
to [65], the Cambridge proposal was considered as a concept in the right place at
the wrong time reasoning out the public refusal.

As mentioned above, a systematic economic rationale does not always as-
sure political acceptability [66]. Politicians are always keen to apply known or
well-established measures such as fuel taxes and registration fees since these
measures are more acceptable than that are less known or unknown ones and
generate revenue effortlessly [41]. Studies from Europe have found that the ac-
ceptance of tolls by stakeholders is high when it applies to all types of vehicles
across all countries in Europe. This indicates that equity is greatly concerned by

stakeholders. In conclusion, policymakers should endorse the perception of fair-
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ness into road pricing to gain stakeholders’ acceptability [67].

Identification of key stakeholders and their expectations is crucial for the suc-
cessful implementation of the road pricing scheme. Different stakeholders seem to
have various expectations that may not in line with the objectives of the road
pricing scheme and thus create a negative voice. But there were many proposals
failed in the past with perfect schemes due to poor presentation, unclear objec-
tives or improper timing [65] [68]. As a result, it can be concluded that clear ob-
jectives, effective communication and re-investment of revenue are primary to win
the majority of the stakeholders. As per the prediction of the approach-avoidance
theory, public attitudes were mostly adverse just before the introduction of road
charges but this dynamic attitude could be changed with test runs [59].

As explained in cognitive dissonance theory [59] [69] people initially tend to
refuse the road pricing scheme if the implementation is doubtful, however, more
people react positively if the proposal is known to be implemented anyhow. There-
fore, uncertainty among policymakers and politicians about the scheme, usually
based on its promised results, may lead to more anxiety when trying to win pub-
lic acceptance [70]. At the same time, the non-availability of a similar system for
comparison or maybe a success story to rely on could reduce the acceptance of
such schemes at an introductory level [65]. In summary clearly stated objectives,
the process and type of data collection and associated technology, and how the
revenue raised from the charge is disbursed and detailed information about im-
plementation costs are critical factors that need to be given careful consideration
before announcing a road pricing scheme.

Equity issues make the policy proposal politically weak. Horizontal equity and
vertical equity are two dimensions that policymakers work on when distributing
revenues generated from road pricing. However, who deserves the benefits is yet
a debate according to [71]. It could be those who paid the toll or those who
change their trip pattern in response to toll providing better conditions for toll
payers. In the early nineties, [62] argued that the “political response will depend
on the relative numbers of losers and gainers and the amount of utility lost by
those motorists who are priced off”. But this has grown to a far more extent over
the years where equity is concerned.

Apart from whether the public accepts this proposal or not, it was found that
politicians have concerns about technology requirements, costs of technology
and administration sometimes. Furthermore, enforcement issues and uncer-
tainty with data collected (privacy issues) makes them more worried before pre-

senting to the public [65].

3.5.2. Technology, Cost and Privacy of Data

Supporting technology for effective collection of RUC in terms of tolls is a must
to the successful implementation of any RUC scheme. Starting from manual toll
collection systems in early days, where toll booths are maintained with human
support to collect tolls or with automatic coin machines [72] have transferred to

more technical based systems such as video or CCTV cameras based systems
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with the aid of license plate recognition software’s and so on. For example, in-
frared cameras with ANPR technology have been deployed on routes into the
Stockholm city centre [73]. Initially, the tolls levels were kept flat due to charg-
ing (technical) and administrative difficulties [74] but with the advent of new
technology such as automatic vehicle identification (AVI) systems make it feasi-
ble to invent sophisticate pricing systems in a user-friendly manner [58].

The present era of this technology is Electronic Road Pricing (ETC) which
uses gantries and beyond that satellite-based ETC system [73] are now in place
in Germany to charge lorry road users. A mobile telephone or GSM based tech-
nology has been discussed for some time, but the idea was rejected majorly due
to privacy issues. The next generation of technology for RUC could be GPS (sat-
ellite) based charging mechanism where data about many parameters such as
time of the day, location (geographical location and corresponding road type in
use), speed profile, distance travelled, time held up in congestion can be collected
promptly. Once data is ready it’s just a matter of time to calculate user charge for
each vehicle both in terms of direct and externalities using the available schemes,
given suitable schemes are available and imposing them on users.

It is worth mentioning that technology used for road pricing charges has led
to several problems in the past at the implementation stage and some schemes
were even abandoned as a result. Gaining political and public acceptance in the
technology used is yet another hurdle in road pricing schemes. When Cambridge
tried to introduce congestion metering, the complexity and acceptability of the
technology were perceived as a major disadvantage [65]. A device was introduced
to be fitted on each vehicle and there were many negative concerns regarding such
installation. Respondents expressed that a scheme with less-advanced technology
would be more acceptable in the first instance [65]. Similarly, in Hong Kong, the
public was doubt about electronic road pricing technology, which was new, un-
tested in a real situation and more likely to fail [75]. Further, the public was sus-
picious that the government would use this data to tax drivers callously in the
future and thus only a few agreed to have their cars fitted with electronic number
plates [75]. Also, some groups in Hong-Kong were opposed to electronic road
pricing considering it as being technically unrealistic, ethically suspect, absurdly
expensive, and socially divisive [75]. Invasion of privacy is also challenged by the
public when this nature of advanced technology is used on roads [25] [75] [76].
Experience from Taiwan shows that initial acceptance of ETC was lower than
expected [77]. On the other hand, studies from the UK have shown that this is
one of the least concerned items by respondents in the UK [68]. Therefore, it can
be concluded that technology and data privacy is decisive to introduce and pro-
mote a road pricing scheme and needs to be handled carefully.

[78] studied the acceptability of technology by freight vehicles, especially ac-
ceptance of the ETC system. From the study, it was found that freight vehicles
do not accept electronic tags compared to private cars due to various reasons.

Unawareness was found to be the greatest challenge faced by freight vehicles
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hindering the usage of ITS features. Business attributes and attitudes towards
technology were found to be highly correlated with freight carrier willingness to
accept technology.

The traditional weigh limit enforcement is by static weighing. Weighbridges,
wheel and axle scales are used to measure gross vehicle weight and wheel or
axle loads [79]. Fixed or portable, static weighing systems suffer from several
limitations. Time taken, staff requirements and practical difficulties to measure
each truck on a highway are major issues. With the development of technology
high-speed weigh-in-motion (WIM) technology has resolved key issues. A more
sophisticated version of WIM sensors is available today in the market which can
be fixed to the vehicle and communicate with the central control centre.

Usually, the cost of operation is a major consideration in the implementation
of a more equipped, technically advanced system and it was found to be ap-
proximately 20% of the revenue collection based on the literature. However, this
was found to not be the case with the Swiss system, being 4% - 6% of the revenue
which is comparatively very low. Thus, it can be considered as the cost is not a con-
straint anymore for this nature of the application. Moreover, it’s a well-accepted
fact that technology is advancing every day and more cost-effective devices are

coming into the market.

4. A Model

It’s a well-known fact that heavy vehicles do the greatest damage to pavements,
not passenger vehicles [13] [42] [80]. As many studies have stated [2] [42] [81]
[82] pavement damage is a function of many variables such as actual loads, dis-
tance travelled, number of axles, axle combination, space between axles, tire type
and configuration, suspension type, load distribution among axles, speed and
load capacity of the vehicle and pavement type (flexible or rigid). It was found
that the relationship between axle loads and pavement damage is exponential [2]
[42] [80] [83] [84] which pay more attention to HV.

Even though pavement damage is the most significant and direct user cost
that needs to be recovered, proper calculation and apportionment were lacking
in all the schemes discussed above. German scheme has considered some of the
parameters in their scheme and some basics are considered in the Swiss and
Austrian schemes. Yet, a complete scheme was not introduced to assign true
pavement damage caused by heavy vehicles.

Social and environmental costs (externalities in terms of crashes, congestion,
emission, noise, infrastructure cost) that are generated by motor vehicles, espe-
cially HVs are becoming more of a concern for societies today. When the feasi-
bility of projects is evaluated these externalities are now incorporated by way of
calculating Social Cost-Benefit Analysis (SCBA) beyond the economic BC ratio
[85]. From a societal perspective, all transportation users should pay their full
costs including private and social [86]. Therefore, it is fair to charge the total

cost from heavy vehicle users where equity is maximized. Social and environ-
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mental costs are not direct costs but are borne by society [4]. [53] [87] have
studied the social and environmental costs generated by HV using different types
of roads and highlighted its significance. This discussion proves that how sensi-
tive the toll decisions are in terms of total cost and stakeholder objectives.

Only a few schemes have considered emission classes when deciding tolls,
namely, German, Swiss and UK schemes. But more parameters need to be in-
corporated to capture the real effect of externalities. Therefore, a more compre-
hensive model is required to determine toll levels and how to minimize impacts
while providing an efficient service.

Furthermore, it was found that toll charges are determined without any ac-
ceptable basis and methodology is not transparent to users. As mentioned earlier
there’s a trend in the world to charge HV profoundly [10] [23]. The CityLink
road in Melbourne is one of the most recent examples of that. [53] has previ-
ously discussed (early 2016) that CityLink toll charges are significantly higher
and leads to more externalities being produced due to toll avoiding nature of
HYV. Ignoring this fact, CityLink has increased the toll charges for HGV couple
of times (increase is about 2% - 3%) during the year 2016, which makes the condi-
tions awful and now they have increased the toll charges by 125% in effect from 1*
of April 2017 to support new infrastructure development [88]. This has led to a
noteworthy social dialog being initiated among the truck community and other
stakeholders recently in Australia [55]. Another example supporting the same
idea, again from Australia, would be the latest toll increase publicized for HV in
Brisbane on the Clem?7, Legacy Way, Go Between Bridge toll roads [89]. A com-
parison was made with car tolls, which was now 2.65 times for HV and will
reach 3 with the new hike. All these examples highlight the fact that there seems
to be no scientific basis or model available for governments to negotiate with toll
companies in PPPs or to determine optimal toll for trucks looking at system op-
timization, which leads to a very inefficient HV transportation system.

It was found that toll avoidance behavior is a common issue around the world
[40] [43] [53] [90] and excessive toll charges aggravate such avoidance. With lo-
gistics sprawl, as studied by [91], demand for faster routes will grow in the fu-
ture. As a result, the number of heavy vehicles avoiding toll roads in the future
will be higher in the absence of proper toll charges. Toll avoidance leads to se-
vere equity issues and cross-subsidization of road users. The condition found to
be truly unfair for people who are not using the un-priced road network and
substantial advantage for HV using the road heavily every day for zero charges
[92]. Therefore, it can be proven that direct road user charges are more appro-
priate and essential to be applied to all roads before differentiating any freeways
or infrastructure that has been developed under private investment schemes.
This was well understood by countries like Switzerland, the UK and New Zea-
land where the entire road network has been tolled [40] [93]. Toll avoidance is
not limited to an equity issue or cross-subsidization. It also produces more ex-
ternalities, high maintenance costs on alternative roads and results in less sus-

tainable transportation systems [43] [53] [87].
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Therefore, from the literature, it is quite evident that a comprehensive model
to charge road users, especially for heavy vehicles is overdue. The following sec-

tion describes an approach to develop a model.

4.1. Appropriate Methodology

Future transport and financial policy objectives require a comprehensive design
of pricing schemes to jointly address the efficient and equitable use of road net-
works, manage congestion, and account for externalities and financing of new
infrastructure. New technologies can help imposing variable charges on different
classes of users, vehicles and roads considering the level of congestion. There-
fore, the demand and capacity utilization can be managed through behavioral re-
sponses to pricing and improve network performance as stated by [94]. The ideal
road pricing scheme should be dynamic [45] and may consist of a number of
sub-models that cumulatively produce a coherent road user charging system for
the future. A model should address the objectives of multi-stakeholders includ-
ing managing congestion. Thus, proposed sub-models are described in Section
4.2 below.

4.2. Freight Vehicle Cost Model

As discussed in the previous section this section discusses the development of

freight cost model which can be used by planners, especially in Australia.

4.2.1. Crash Costs
Crash costs (Accident costs) are calculated as an exposure function considering
past data in Victoria, Australia. Thus, it’s a function of many vehicles in each

class on different road types as mathematically constructed below.

ACI =f(x') VaeAUA meM (1)

The flowchart in Figure 1 depicts the crash cost calculation process and Table 3
depicts the final figures applicable for Australia. Since crash data, vehicle kilo-
meters traveled and injury cost data are available in Victoria, Australia the method
was successfully adopted to calculate crash costs.

Therefore, the total crash cost can be calculated as:
DY ACIX'd, VaeA meM (2)
m

aaa
a

4.2.2. Congestion Costs
Congestion costs (A$/km) are a function of the v/c ratio and class-specific vehi-
cle volumes, X'.

ccl =f(x,x,/C,) vacAUA meM (3)

The total congestion costs can be calculated as:

Yy ceixid, VaeA meM (4)

The relevant cost figures are extracted from literature and given in Appendix A.
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Figure 1. Crash cost calculation process using victorian data.

Table 3. Crash cost calculated by road type and vehicle type (A$/vkm) for Victoria [AC].

Vehicle Type (m) Freeway Highway Other
Car 0.0088 0.0703 0.0703

Short 0.0064 0.0782 0.0412

2 and 3 Axle Truck 0.0076 0.0364 0.0260
All Articulated Trucks 0.0121 0.0800 0.0212

4.2.3. Infrastructure Costs
Infrastructure costs (IC) can be broadly categorized into three elements. Namely,
fixed costs, variable costs, and profits from infrastructure development (e.g. PPP
Projects). Fixed costs (capital investment) can be shown as a cost per kilometer
based on the number of lanes of the road which affect the capacity. Variable costs
can be subdivided into two based on its nature of expenditure. First, as non-usage
based fixed annual costs and secondly as, usage-based (variable) element. Finally,
profits are determined based on market rates and the terms and conditions of the
agreement made with the road authority. Since some road links are built under
PPPs and other links are mainly funded through government budgets using the
taxes of residents, capital cost investments, expected profit are quite subjective.
Therefore, the IC calculated in this study is mainly looking at maintenance cost
only for various infrastructure types caused by multi-class traffic.

Therefore, the cost of infrastructure (A$/km/veh. type) can be considered sim-
ply as a function of a number of vehicles on that link for a unit of time (per

year).
Il = (M) VacAUA meM (5)
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M is taken from the literature (see Appendix B). The numbers given in
Appendix B are cross-checked with the Australian (Victorian) real numbers and

matched well. This cost can be calculated as:

ZZIC;" x;d, VaeA meM (6)

4.2.4. Emission Costs

For this study emission costs generated by different vehicle types are calculated
considering several harmful pollutants. Existing models and data were used to
arrive at the final numbers and the process is briefly explained here. Fuel con-
sumption for multi-class vehicles under different speeds and various emission
components from fuel-burning were extracted from the [95].

Since the type of emission not only varies with vehicle type but also with vehi-
cle age, an assumption was made to simplify the calculation complexity by con-
sidering all heavy vehicles were manufactured in years between 2003-2008, and
for all light commercial vehicles, from years 2004 to 2005. In other words, a rep-
resentative age was selected for each vehicle type. For simplicity, only the most
significant and harmful emission types were considered, namely, carbon dioxide
(CO,), nitrogen oxide (NOx), sulfur oxide (SO,) and particulate matter (PM2.5).

To calculate the damage cost of each pollutant type, a damage cost model de-
veloped by the European Commission was used [96] [97]. In that model, the au-
thors considered the health impacts on humans by toxic pollutants from road
transportation and quantified the impacts in monetary terms. Impacts of GHG’s
were considered separately in terms of damage to buildings and materials, crop
losses and biodiversity and ecosystems. The costs were converted to A$ (Austra-
lian Dollars) using the GDP ratio as instructed in the report. Therefore, emission

costs can be written as a function of:

a 17 "a’ 1 a

EM=f (e{",ec. v,, f"(v) x“‘) (7)

where

e —Different emission types (7) given by weight (g or kg) per vehicle type
per liter of fuel consumed (g or kg/one liter of fuel);

ec, —Cost by weight (g or kg) for different emission type (1) (A$/g or kg)

v, —Average speed on the link a (km/hr);

f™(v) —Fuel consumption per kilometer travel by each vehicle class under
given speed (liters);

i=1 for CO,, i=2 forPM2.5, i=3,forNO,and i=4 for SO,.

Since the speed is classified into two sections, namely, free-flow conditions
and stop-go conditions, there are two main scenarios in the emission cost calcu-
lation. After plotting all numbers in a chart, the following equation was extracted
as a representative emission cost formula under different driving conditions.
The coefficients and other relevant statistics are presented in Appendix C.

The total emission cost can be calculated as:
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ZZ{(azvi+a1va+ao)7+(co+vﬁjﬂ}x;“da vac AUA meM  (8)

a m a
if 100>v, 260, y =1, 0 otherwise (9)
if 60>v, 210, F=1, 0otherwise (10)

where,

a,,8,8,,Cy,C, coefficients (values are given in Appendix C).

Equation (7) denotes the emission costs as a function of its variables and Equa-
tion (8) denotes the final equations used to calculate emission costs under both
free-flow and stop-go traffic conditions. The last two Equations (9) & (10) denote
the applicability of 7 and B based on respective average link speed.

4.2.5. Noise Costs

Noise on roads refers to unwanted sounds and vibration from motor vehicles.
Noise cost is a preliminary function of vehicle type, the number of vehicles, traf-
fic flow condition (dense or thin), time of day and surrounding population den-
sity. To determine the traffic flow condition, the volume/capacity has been used
in this study. For simplicity purposes, surrounding conditions are considered as

urban only. The noise cost can be mathematically denoted as:

Ncg‘:f(x;",xa/Ca,L[) vae AUA meM (11)

where,
L, —time of day, =1 for day and = 2 for night.
The total noise cost can be calculated as:

Y3 NCI'xid, VYaeA meM (12)

Equation (11) denotes the noise cost as a function of vehicle type, number of
vehicles, v/c ratio and time of the day. Equation (12) represents the total noise
cost calculated for given conditions. The coefficients required to calculate noise

costs are given in Appendix D.

4.2.6. Vehicle Operation Costs
Vehicle operation cost estimates been published by authors elsewhere [87] and

the following equation is used:

>y (}dVCI + Xt VT")  vaeA meM (13)
a m

Equation (13) denotes the vehicle operating costs formula that has been de-
veloped in previous studies. The VOC is not seeming to be so relevant here, but
it is required when calculating appropriate toll charges when managing conges-
tion and other traffic management related activities. Therefore, its presented in

this paper for completeness.

4.3. Model Objectives

The intended objectives and benefits of a model are as follows. These objectives
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try to address multi-stakeholder problems and their objectives highlighted at the

beginning of this paper and filling the gap for a new model.

e A comprehensive model that directly charge users for what they have con-
sumed (no indirect charges based on supplementary products, transparent,
maintains equity);

¢ No cross-subsidization of user costs;

e No subsidization of transport cost to other forms of revenue;

e Proper timely maintenance of the road network since required money is
available;

e The real cost of transportation will be known to users (detailed, transparent
calculation). This may help to shape the industry most efficiently;

e This leads to a more sustainable transport system in the future which en-
courages:

O Fuel efficient, safer fleets with high capacities;

0 Optimum loading conditions leading to high load factors and efficiency
(less unladen trips);

0 Optimum routing, less pavement damage, less burden to society;

0 Long term land use planning and control (Ex: location of warehouses,
transhipment, etc.);

0 Leads to more efficient logistics systems such as Urban Consolidation
Centres and load pooling (vehicle sharing by different logistics providers);

O Mode shift from heavy freight vehicles to other sustainable transport modes
such as rail or inland waterways if possible;

0 Outsourcing transport services is another option where private hauliers
usually suffer from less load factors;

O New industry practices such as JIT can be supported by re-structuring car-
rier’s fleet based on different sizes of vehicles with less toll charge. How-
ever, increased frequency of travel, less mass transport leads to an increase
in cost, but since the real cost of transportation is calculated it can be
transferred to receivers and thus decisions will be made by receivers looking
at marginal benefits.

Considering the above issues, there needs to be modelling methodology de-
veloped for determining the optimal level of road user charges for freight vehi-
cles in urban areas that considers the objectives of key stakeholders as well as the
social, environmental and economic impacts.

The model outlined needs to be capable of charging users directly for what
they have truly consumed and this model promotes a more sustainable trans-
portation system. However, the future of freight transportation should look at a
more proactive manner shaping freight transport to its maximum possible way.
In other words, the pricing structure should encourage users to move goods at
its lowest possible cost, including externalities.

Charging users based on direct usage (including externalities) is not sufficient
enough to create a sustainable transportation system where users behave inde-

pendently. Thus, the authors suggest a pro-active method where RUC shall use
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as a tool to optimize the total cost of transportation. System optimized traffic as-
signment can be achieved if RUC is used as a tool to push users to such an op-
timum state. This will enable to minimize total travel cost while minimizing ex-
ternalities.

Therefore, this will be a multi-objective optimization task considering multi-class
of heavy vehicles, economic, social and environmental costs and benefit. Since
these multi-objective are connected, conflicting sometimes, it is not easy to find
a solution for such a condition. However, bi-level optimization techniques can be
used in such circumstances where leaders followed by users and many research-

ers have used it to solve such transportation problems [98] [99] [100] [101].

5. Conclusions

Various road user charging mechanisms are adopted by different countries un-
der various programs aiming at one or multiple objectives. A strong argument in
the literature is that fuel taxation and registrations fees are imperfect tools to
cover road user charges and more importantly the externalities. However, fuel
taxes and registration fees still exist as a direct method to recover road user costs
in many countries mostly due to political or public resistance. User demands have
grown up for more usage-based charging systems and some countries have taken
steps to achieve that fully or partially. Charging schemes developed and imple-
mented have considered distance, emission, and pavement damage, and conges-
tion factors, all or few, by some countries to a certain extent to cover direct im-
pacts caused by HV, but still, there are gaps.

More rational methods of calculating road user charges are being hindered by
technological, political and social acceptability in the phases of data collection
method, implementation procedure followed by non-availability of models to
calculate the damage caused to environment and society in the past. Moreover,
the complexity of the solution holds the implementation of an ideal system on
one end and political and social acceptability on the other end.

This paper has reviewed major existing road user charging mechanisms in the
world, their key attributes, strengths and weaknesses. Subsequently, this paper
has suggested a transparent, yet efficient, method for determining road user
charges which incorporates the objectives of key stakeholders and the triple bot-
tom line which can be used to improve the sustainability of urban freight trans-

port in the future.
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Appendix
Appendix A: Congestion Cost (A$/vkm).

Free flow (v/c < 0.25)  Near capacity (v/c < 1) Over capacity (v/c > 1)
Vehicle Type
Freeway Highway Other Freeway Highway Other Freeway Highway Other
Cars and LCV 0.00 0.016 0.043 0.465 2.450 2.766 1.066 3.144  4.207
Short 0.00 0.016  0.043 0.465 2.450 2.766 1.066 3.144  4.207
2 and 3 Axle Truck  0.00 0.031 0.081 0.883 4.656 5.254 2.027 5972  7.992

Other

0.00 0.047 0.125 1.346 7.106  8.020 3.093 9.114 12.199
Articulated Truck

Source: [94].

Appendix B: Infrastructure Maintenance Cost (A$/vkm).

Vehicle Type Freeway Highway Other
Car 0.003 0.005 0.014

Short 0.005 0.009 0.021

2 Axle Truck 0.028 0.047 0.373

3 Axle Truck 0.038 0.062 0.501

4 Axle Articulated 0.049 0.080 0.636
5 Axle Articulated 0.057 0.097 0.773
6 Axle Articulated 0.035 0.057 0.463
B Double 0.055 0.092 0.733
Double Road Train 0.075 0.125 1.001
Triple Road Train 0.137 0.227 1.821

Source: [94].

Appendix C: Emission Cost Co-efficient.

Free-Flow Condition Stop-go condition
Vehicle Type (60 - 100 kmph) (60 - 10 kmph)
a, a, a, < c

Car 3.03E-06 —-0.000297 0.0371 0.681 0.0334
Short Vehicle 7.43E-06 —0.000754 0.1017 2.104 0.0865
2 Axle Truck 1.32E-05 —-0.000927 0.0895 1.215 0.1326
3 Axle Truck 3.45E-05 —-0.00255 0.2765 4.618 0.3928
4 Axle Articulated 4.57E-05 —0.0031 0.3464 3.960 0.5520
5 Axle Articulated 4.23E-05 —-0.0028 0.3659 4.378 0.5929
6 Axle Articulated 4.23E-05 —-0.00273 0.3957 4.728 0.6508
B Double 4.32E-05 -0.0027 0.4911 5.626 0.8316
Double Road Train 4.40E-05 -0.0027 0.5619 6.246 0.9669
Triple Road Train 4.75E-05 —-0.0027 0.7100 7.385 1.2576
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Appendix D: Cost of Noise in Urban areas under the different time of day and traffic

condition (A$/km).

Traffic Condition-Day

Traffic Condition-Night

Vehicle Type
Dense Thin Dense Thin
Car 0.0132 0.0321 0.02415 0.05835
LCV 0.066 0.1605 0.12045 0.29205
All Articulated Trucks 0.1215 0.2949 0.2217 0.5373
Source: [95].
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