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Study of the Influence of Groundwater Table in
Mechanical Behavior of a Full-Scale Pavement Structure
Modeled in a Test-Pit

Ben-Hur de Albuquerque e Silva', Lindsay Ivey Burden® and Laura Maria Goretti da Motta’
1. Department of Civil and Environmental Engineering, University of Virginia, Charlottesville 22903, US4
2. Department of Civil and Environmental Engineering, University of Virginia, Charlottesville 22904, USA
3. Civil Engineering Department, Federal University of Rio de Janeiro, Rio de Janeiro 20000, Brazil

Abstract: The mechanical characteristics of road pavement layers are influenced by moisture conditions. Drying and wetting change
the moisture content of the materials used in pavement structures, consequently affecting the mechanical response. An experimental
program was conducted to evaluate elastic deformations of a road pavement structure utilizing repetitive rigid plate load tests in a
model test-pit facility. A typical Brazilian pavement (a multilayer system composed of a concrete asphalt and coarse base, and
subbase) was simulated in this test-pit with devices for measuring humidity (TDR (time domain reflectometry)) and suction
(tensiometers) installed every 20.0 cm along the profile. A pair of displacement transducers was attached on the surface of the
pavement structure to record deformations due to dynamic loads. Two levels of groundwater table were analyzed, verifying that the
pavement structure displacement increases with groundwater table growth. The structural response was evaluated and compared in
physical and numerical models, and the results confirmed that the higher groundwater levels caused the greatest pavement
displacements.

Key words: Pavement structure, resilient modulus, suction.

1. Introduction (groundwater table) and capillary rise.

The moisture existing in a road pavement layer 2. Previous Studies

plays a significant role in defining the mechanical )
) . . Ping et al. [1] tested three types of granular
behavior of the pavement material. Depending on the o . .
. i subgrades, submitting them to moisture oscillations and
subgrade  material, the local environmental . .
o . . observing the damage they cause to mechanical
characteristics and the road design, resilient modulus . .
) ] . performance of its base. They observed that an A-3 soil
and suction alterations may occur with the presence of .
type, when used as subgrade, supplied greater

protection than the other two tested soils (other A-3
and one A-2-4 soil). In addition, despite the greater

moisture. In the latest analyses, these factors are
shown to regulate the mechanical behavior and fatigue

life of the road pavement. . . .
] ) . values of suction that were present in A-2-4 soil, A-2-4
In this paper, a typical Brazilian road pavement . . . o
) ) ) soil was more sensitive to a moisture variation than the
structure, as shown in Fig. 1, was subjected to i
) . ) ) ) A-3. The authors also conclude that the percentile of
moisture changes in a concrete test-pit, with extensive L. . .
) ] o ] fines existing in the subgrade soil governs the
instrumentation, monitoring and analysis of the . . ) .
. ) influence of moisture on its resilient modulus.
predicted performance, when subjected to a GWT . . .
Medina and Motta [2] mentioned the mechanisms,

Corresponding author: Ben-Hur de Albuquerque e Silva, by which the moisture interferes in a pavement,
D.Sc., research fields: geotechnical engineering and pavement.

E-mail: benhuralbuquerque@yahoo.com.br. showing that the groundwater table oscillation, due to
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_| AC (asphalt concrete) I
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L
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Fig. 1 Lateral view of test-pit with the installations of TDRs (time domain reflectometry).

the rain water access, can cause moisture variations in
subgrade in the case of groundwater table being at a
small depth (about 1.0 m or less). Medina and Motta
[2] also noted that the migration of salt existing in soil
or in aggregates of pavement layers can occur by
capillarity (with dissolved salts) to upper layers. When
it reaches the surface, the water evaporates depositing
the salts. This phenomenon creates stains in asphalt
concrete’s cracks and confirms the capillarity
ascension in pavement layers.

Perera et al. [3] collected foundation pavement soils
from various parts of the USA and studied the
moisture equilibrium of road foundation soils. They
concluded that moisture directly influences the stress
and strain in pavement layer systems. The authors also
concluded that the matric suction measured in situ
shows a good correlation with the Thornthwaite index
and with soil type, a very similar result obtained
previously by Russam and Coleman [4].

Ping and Ling [5] highlighted the problems faced
by road constructions in Florida. They showed that the

typical constituents of pavement foundation (A-1, A-3

and A-2-4) attract an excessive amount of water and
will become hard during drying and compaction. The
experimental results also show that the soil suction
and its relative humidity have a direct effect on the
soil drainage. The suction values in this study varied
significantly with the amount of water when the
percentage passing #200 sieve was greater than 20%.
They have also concluded that drainage decreases
with the increase of soil suction for each type of soil
and with the increase of fine percentile. Based on their
findings in this study, the authors suggest that
moisture influences the drainage of soil more
significantly than temperature.

Silva [6] said that drying and wetting processes in
soils give rise to variability in suction values, which
change the resilient characteristics of constituent
materials within pavement layers. These changes are
so significant that drying a material to a moisture 2%
below the optimum moisture can duplicate its resilient
modulus. On the other hand, the opposite is also valid,
i.e., a moisture gain, especially in fine soils (more
sensitive to moisture changes), decreases its resilient
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modulus.

Sadasivam and Morian [7] studied the effect of the
groundwater table on pavement performance
(cracking from top to bottom, bottom to top and
sinking of wheel trail) using simulations in four
different levels of groundwater table (1.52, 3.05, 6.10
and 9.15 m), six different subgrade soils and two
typical pavement structures. They pointed out that the
groundwater table level is an input parameter in
AASHTO (American Association of State Highway
and Transportation Officials) Design Guide 2002 and
in EICM (enhanced integrated climate model)
software. The subgrade permanent deformations
forecasted were compared with the Ayres model for
permanent deformations in granular materials. They
concluded that:

* With a rising GWT, the cracking from top to
bottom in pavement surface decreases, while the
cracking by fatigue in the base of the bituminous layer
increases;

* The groundwater table does not significantly
influence the sinking of wheel trail of the bituminous
layer;

* The subgrade permanent deformation is much
more affected by changes in groundwater table,
depending on the subgrade soil type (silt or clay).

Liang and Rabab’ah [8] said that the majority of fine
soils show a decreasing resilient modulus pattern with
the increase of moisture and that the matric suction has
been a suitable state variable to predict the dependence
of resilient modulus with moisture for clayey soils.

Therefore, considering the possible hazardous
effects in pavement performance caused by moisture
conditions, this study aimed to evaluate the
consequence of two levels of moisture conditions for a
specific pavement structure, constructed with common

materials used in Brazilian pavements.

3. Materials and Methods Employed

3.1 Test-Pit

In this paper, the variation of the GWT position on

the elastic vertical displacements measured at the top
of the pavement, when it is subjected to cyclic loading
with five levels of pressure and two possible positions
of GWT, will be studied.

The test-pit used for this experiment was made with
concrete walls of 20.0 cm thickness and had
internal dimensions of 2.0 m % 2.0 m. Two of the
opposing walls were doubled and a water entrance
consisting of a hole (at 15.0 cm height) allowed
water to flow from bottom to top of the inserted
pavement.

A load application structure was built at the top of
the test-pit using metallic beams through which loads
up to 200.0 t could be applied to the middle of the
2.0 m space. A compressed air installation was used
for applying dynamic loads.

The load was applied at the top of pavement by a
rigid plate in contact with pavement surface. This
rigid plate had a 15.2 cm diameter and the load levels
applied to the structure were 0.28, 0.44, 0.61, 0.77 and
0.94 MPa.

The GWT levels considered were: (1) the pavement
material newly compacted in optimum moisture
non-existence or
and (2) the subgrade

content, i.e., simulating the
non-influence of GWT;
completely saturated.

In addition, holes were drilled in one of the walls at
20.0 cm increments to allow the passage of instrument
cables into the pavement structure. One of these
instruments was the TDR (time domain reflectometry)
sensor, which was used to assess moisture content at
20.0 cm increments along the pavement profile.

This evaluation was necessary to define the time at
which the capillary fringe stopped rising, thus
defining the equilibrium of the water table at that
position. This equilibrium was defined as the point at
which two consecutive measurements did not indicate
any change greater than 0.5% in the moisture profile
of the structure. The load and strain measurement
applications on the pavement were only conducted
after the advance and capillary fringe development
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measurements were completed. The instrumentation
also included an external piezometer to verify the
exact level of water in the test-pit before the tests. It
was observed that for the pavement materials tested, it
took 25 days to advance and attain an equilibrium
condition of the capillary fringe.

Two faucets and two drains were installed to
control inflow and egress of water in order to verify
the hysteresis of the phenomena (resilient modulus
and suction) studied. A reinforced blanket and a
10.0 cm stone layer acted as a filter to avoid the
blockage of the drain by fine particles of soil.

Fig. 1 shows a schematic design of test-pit. It shows
the pavement structure, the installation of the TDRs

and the load application for the whole pavement

profile. Figs. 2 and 3 show the test-pit with the

systems of load application, reaction beam,

deformation measurement (LVDTs (linear variable

displacement transducers)) and water entrance
position.

3.2 Materials Employed

The subgrade, subbase and base materials

employed were chosen from common pavement
structure used in Brazil. The physical characteristics
are specified in Table 1.

4. Results and Discussion

Fig. 4 shows the resilient modulus variation with

moisture content.

T
|

Water
|

) sources

8” >< 4’7
30.5kg/m |[*r—

I

Fig. 3 Upper view of test-pit with the metallic beam to support the load (dynamic and static).
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Table 1 Classification and physical characteristics of employed materials.

AASHTO USCS PI (plasticity index) 5g (grain density)

Subgrade A-1b SW NP 2.68
Subbase A-la GW NP 2.73
Base A-1b GW NP 2.65
USCS is the unified soil classification system; SW means sand well-graded; GW means gravel well-graded; NP means non plastic.
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Fig. 4 Resilient modulus (MR) versus moisture content (w) for pavement materials.

Resilient modulus is the ratio between the vertical
stress and its correspondent elastic strain (MR = o/¢).
It is proportional to the vertical and confining
pressures and is calculated by regression.

The results of dynamic loads applied to the
of OMC (optimum

moisture content) of all layers, i.e., without raising the

structure under conditions
water table and that for the groundwater table
completely saturating the subgrade, are shown in Fig. 5.

The condition without the water table simulates the
situation of a pavement recently built, i.e., the
compliance of design technical requirements, in which
the pavement is newly compacted at the OMC, with
no seasonal influence caused by the oscillation of the
GWT.

The total saturation of the subgrade depicts a
critical situation that can be attributed to several

factors: failure in the drainage system, design errors

and accidents or floods that might occur in the life of

the highway.
4.1 The EFin3D Software

EFin3D (three dimensions finite element) is a free
use software, which contributes to the establishment
of a mechanistic-empiric method. EFin3D is part of
another program called SisPav (pavement system),
which is the subject of a doctoral thesis [9]. This
program is used for evaluating stresses, strains and
displacements using three-dimensional finite element
method.

In this paper, the EFin3D software was used to
evaluate numerically the results obtained physically
by the test-pit facility. The entrance data of the
software are: height, Poisson coefficient, resilient
layers and load

modulus of each pavement

characteristics (pressure and plate diameter).
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Fig. 5 Total elastic vertical displacements at the top of the pavement (x 10> mm) with vertical pressures (MPa).

Table 2
models.

Difference between numerical and physical

Numerical (x 10 mm) Physical (x 10 mm)
30.4 28.0

4.2 Comparison between Numerical and Physical
Models

Table 2 shows the difference deflections obtained
by numerical (EFin3D) and physical models for the
same conditions (moistures and stresses).

From the results shown in Table 2, we observe that
the software EFin3D can provide good and fast notion
of pavement structure behavior from the knowledge of
moisture, resilient modulus (mechanical behavior) of

the layers and the traffic pattern.

5. Conclusions

The comparison between the results obtained by
vertical displacement in test-pit facility and those
obtained by physical modeling by finite elements in
three dimensions showed that the physical model
developed is an excellent tool for studying the
mechanical behavior of pavement, with the option of
leveling the GWT at any point in pavement structure.

The values of total elastic vertical displacements
also showed that the materials used in this study were
sensitive to moisture content, and developed a greater
deformability as the moisture increased.

Thus, the results of studies in the test-pit may lead
to the development of highway designs, which

consider moisture changes in pavement layers,

especially in humid and extremely humid areas, where
it is common to find pavement layers with moisture
contents much higher than optimum level. In these
areas, as we know how much moisture can affect a
material’s performance, we can use the test-pit to
design pavement structures, considering the local
materials and traffic conditions.

It will also allow that other non-conventional
materials can be tested as pavement layers.
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Abstract: This paper discusses aspects related to competitiveness in the ITB (invitation to bid) of the public tender for the
concession of the urban bus public transport services in the RMR (Metropolitan Region of Recife) in the Brazilian northeastern
region. The bid was made public through a consortium formed by the two major cities of the RMR—Recife and Olinda, and the
government of the State of Pernambuco. Throughout the paper, the basic features of the bidding terms are presented and some
aspects of these characteristics that undermine competitiveness are pointed out and submitted to criticisms. Aspects such as the small
number of lots, the lack of diversification of lot sizes and the possibility of forming consortia with unlimited number of participants
were targeted. In order to prove the criticisms stated, a simulation of an arrangement amongst incumbents is presented, based on the
rules of the tender, in which the allocation of incumbents ex post bidding does not differ from the ex ante scenario. Thus, the main
objective of this article is to assess whether good practices that foster competition were followed by the ITB and the main conclusion
is that competitiveness was put in jeopardy.

Key words: Competition, competitive tendering, urban buses, public transport.

1. Introduction The bidding was announced by the GRTC (Greater

) ) . Recife Metropolitan Transport Consortium) [2], a
Rolim et al. [1] discussed aspects of some Brazilian ] ) o T
. ) ) public consortium comprising the municipalities of
competitive tendering processes that had undermined ) ) ) o
. . ] Recife and Olinda, two major cities of the RMR, and
competitiveness, so this paper sheds some light upon a
) » ) by the government of the State of Pernambuco [3].
new specific Brazilian tendering process to assess o ) ) ]
. ) . . . This dispute was long awaited [4] since services have
whether its clauses have improved in comparison with . .
. . ) . neither been awarded through tendering processes nor
previous Brazilian experiences. Hence, the main
o ] ] preceded by contracts and have been conducted based
objectives of this article are: (1) to analyze whether .
o . solely on service orders, and been renewed under a
the bidding terms for the concession of the urban bus ) ) o
) . ) ) ] “negotiated re-contracting” basis in the same pattern
public transport services in the Metropolitan Region

of Recife STPP/RMR (Passenger Public Transport
System of the Metropolitan Region of Recife), in the

observed in other Brazilian cities [5]. Therefore, it is
not only at odds with constitutional principles, but
. . also not in compliance with adequate parameters of
Brazilian northeastern region, have put . .
economic regulation.
The bid was first released through ITB (invitation

to bid) 01/2013 and its initial session occurred on

competitiveness in jeopardy; (2) to discuss the market
structures ex ante and ex post the tendering process.

Corresponding author: Leonardo Herszon Meira, D.Sc., April 16th, 2013, but no bidder attended. Seven out of

research fields: competitive tendering and public transport. eight lots in which the STPP/RMR has been divided
E-mail: leonardohmeira@gmail.com.
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(the eighth lot had been previously tendered so it was
not included in ITB 01/2013) were simultaneously
auctioned. With the failure of the first process, the
GRCT changed some conditions and subsequently
released ITB 02/2013 covering only two lots
comprising the BRT (bus rapid transit) corridors and
with its initial session due on July 30th, 2013. The
remaining lots will be later auctioned through another
ITB so far scheduled for August 30th, 2013 [6].

These authors could not foresee that 1TB 01/2013
would fail and intended to analyze not only features
such as bidding terms clauses that jeopardize
competition, the amount of participants, the ex ante
market structure, but also the resulting ex post market
structure. Nevertheless, the bidding had not yet been
completed by the time this article was written. The
analyses developed are not restricted to the features of
the ITB and it will be appointed a possible ex post
market structure resulting from any collusion that may
occur due to inconsistencies observed in the ITB
which favor an accommodation of incumbent
entrepreneurs.

This article is not limited to formal and legal
aspects. Many opinions and conclusions rely on the
discretion, seen as a duty and not a right, to choose
from the many options given by legislation, those
which better fit the case to adequate principles both of
economic regulation and auction theory. In addition,
the article also criticizes aspects where legislation is
not necessarily aligned with the most appropriate
principles so occasionally regulatory changes may be
suggested.

The authors would like to state that the analysis in
this paper is theirs alone and do not represent the
official point of view of the institutions where they
work. The authors also do not intend to suggest that
their findings indicate the bidding terms violate any
laws or rules.

This paper is divided into: (1) this introduction; (2)
a description of the features of the ITB; (3) analyses
of the features of the ITB in the light of adequate

principles aiming at fostering competition; (4) a
simulation of how inconsistencies identified in “c”
may cause the ex post market structure to reproduce
the ex ante structure due to the loss of competitiveness
enabled by the bidding terms themselves; (5)
conclusions; and (6) references list.

2. Main Features of the Bidding Terms

Table 1 presents the main features of ITB 02/2013
[7]. The analyses further developed in Sections 3 and
4 are based on these characteristics and it is assumed
that when the remaining lots are tendered, these
features will be adopted as well.

The object under dispute comprises 371 routes
divided into seven lots shown in Fig. 1 that also shows
an eighth lot (already operated by CRT (Cidade do
Recife Transporte S/A)) already tendered. Currently,
the entire STPP/RMR is operated by 18 companies®
[8]. ITB 02/2013 comprises Lots 4 and 7.

Recife, Pernambuco’s capital and its largest city,
had an estimated population of 1,537,704 inhabitants
in 2010 over an area of 218.435 km® (7,037.61
inhabitants/lkm®). In turn, the RMR comprises 14
municipalities and had a total population of 3,690,545
inhabitants in 2010 over 2,551.825 km? (1,446.24
inhabitants/km?) [9]. Recife’s total fleet (including all
modes) corresponds to 543,631 vehicles and the RMR
has a total fleet of 998,865 vehicles. In 2010, Recife’s
fleet grew by 9.12% [10].

Figures from ITB 01/2013 show the evolution of
the number of passengers of the seven lots under
dispute from 2011 to 2014: 468,048,298 (2011);
474,763,208 (2012); 476,035,342 (2013, estimate);

'BOA—Borborema Imperial Transportes Ltda.; CAX—Rodoviaria
Caxanga Ltda.; CDA—Cidade Alta Transporte e Turismo Ltda.;
AVC—Auto Viagdo Cruzeiro Ltda; EME—Empresa
Metropolitana S/A; GLO—Transportadora Globo Ltda,;
ITA—Transportadora  Itamaracd Ltda.; PED—Empresa
Pedrosa Ltda.; ROL—Rodolinda Transportes e Turismo Ltda.;
ROD—Rodotur Turismo; RME—Rodoviaria Metropolitana
Ltda.; STA—Auto Viacdo Santa Cruz; SIT—Auto Viagdo Sdo
Judas  Tadeu; SPA—Empresa  S&o Paulo Ltda.;
TRC—Transportes Coletivos Ltda.; VRC—Expresso Vera
Cruz Ltda.; VML—Viag¢éo Mirim Ltda.; and CRT—Cidade do
Recife Transporte S/A.
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Table 1 Main features of the bidding terms.

Feature

Description

Participation requirements
(number of requirements)

Legal compliance (2); technical qualification (7); financial and economic qualification (5); fiscal
compliance (8); labor compliance (1); commitment of non use of child labor (1); bidding bond of USD
4,550,625.00 (1).

Fixed-price contract with economic price adjustment; the GRCT will pay the operator for each passenger

Contract type she carries a price named PRO (operator remuneration price) lower than the fare paid by the passengers.
o . The lowest PRO the operator charges the GRCT, limited to a maximum PRO (PROmax) that functions

Bidding type (awarding . . Lo . .

criterion) as a reserve price set up in the bidding terms (each lot has a specific PROmax). It is a paper-based sealed

bid tendering.

Fare setting method

The GRCT sets a fare that should cover PRO and the expenses of the GRCT for managing the
STPP/RMR.

Consortia

Companies are allowed to join as consortia with unlimited number of participants, provided that no more
than four of them will be active operators of the system. In addition, the same company may not take part
in more than one consortium.

Awarding constraints

Each bidder may submit proposals for as many lots as desired, but can only win one lot due to
Pernambuco State Law 14,474/2011 that does not allow one operator to hold more than 20% of the
system in order to avoid lock-in.

Abnormally low tenders

Tenders will be rejected according to Federal Law 8,666/1993 arts. 44, § 3° and 48, 11, conditional on the
bidder not being able to justify its price quotation.

Adjustment clause

Annual adjustment based on the IPCA (general consumer price index).

Contractual review clause

Broad price review, including production indices, every four years (note: there is no adjustment in
revision years).

Economic and financial
rebalancing clause

Rebalancing may occur at any time during contract execution due to any unforeseen eventualities that
may happen.

Demand risks

Demand risks are borne by contractors.

Contractual period

15 years, with the possibility of renew for another 5 years, since the performance indicators established
in the bidding terms are met throughout the contract execution.

Estimated contractual
value

Approximately USD 6.76 billion for the seven lots during the initial 15 years.

Changes

Since the contracts will be comprised of lots of lines, rather than isolated lines, there may be contractual
changes with creation and modification of lines within the bidding batches with two restrictions: (1) each
contractor may operate no more than 20% of the lines of the STPP/RMR (limit imposed by Pernambuco
State Law 14.474/2011); (2) contracts may not exceed their initial value in 25% (due to Federal Law
8.666/1993, art. 65, 1, b), unless some unforeseen eventualities require deeper changes (Federal Law
8.666/1993, art. 65, 1, a).

Performance indicators

Fortnightly full payments conditional on contractors simultaneously meeting at least 90% of the four
contractual performance indicators: travel rate index, travel interval index, vehicle failure index and user
satisfaction index.

Contractor flexibility at
the operational level

The GRCT establishes technical and operational parameters such as fleet, frequencies, times of operation
and inspection.

The exchange rates from BRL (Real) to USD (US dollar) were consulted at www4.bcb.gov.br/?TXCONVERSAOQO, taking the

publishing date (June 26th,

2013) of the bidding terms as the point of reference. However, figures may vary over time according to

fluctuations in the exchange rate.

497,782,670 (2014, estimate).

3. Analysis and Criticism of Some of the
Features Adopted in the ITB

that auction design matters [11]. For instance, bidding
packages of lots in successive bids may result in more
than bidding for all batches
simultaneously in a single bid. Nevertheless, the

competitiveness

Initially, it should be mentioned that the kind of
analyses here proposed should be viewed in a
different

simultaneously involved and even slight deviations

systemic way since parameters are

from adequate principles in a single parameter may

lead to pitfalls. It is always important to bear in mind

apparent advantage of differentiating the moments of
dispute may be mitigated and collusive behavior
through bidding rings may be fostered since
the participation of consortia without restrictions on
the number of their members has been allowed.

It is beyond the scope of this article to discuss
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e
Fig. 1 STPP/RMR and its eight lots (CRT and seven

under dispute).

contract theory so it will not be discussed whether the
payment structure resulting from the adopted type of
contract (fixed-price contract with economic price
adjustment) is the most appropriate in comparison to
cost-reimbursement  contracts (cost-plus) or to
incentive contracts. It is also beyond the scope of the
article to discuss the most adequate kind of
procurement, whether negotiations or competitive
tendering processes.

Hence, in the following subsections, some features
of the bidding terms are confronted with some
assumptions here considered as good practices,
bearing in mind the search for competitiveness as a
principle since its commitment may result in hiring an
inefficient company at higher prices [12, 13]. In the
analysis, it was considered that issues such as
ownership of depots, contractual terms, size of lots
and participation requirements are critical to
maintaining contestability amongst incumbents [14].
Accordingly, any features of the biding terms that
pose a barrier to entry on the bidding or may facilitate
collusion among potential bidders will be considered
harmful to competitiveness.

3.1 Participation Requirements

In competitive tendering contests, it is usual that
only qualified companies may bid in order to ensure
proper execution of the contract so participation
requirements are set up in the bidding terms. Table 1
shows that ITB 02/2013 established eight categories
of requirements and a total of 25 documents to be
presented by bidders. Despite requiring such a number
of documents depending on the discretion of the
public authority in charge of the bidding terms, it
should be stated that other countries generally require
the bidder to satisfy three to five categories [15]. Thus,
it can be interpreted that the Brazilian legislation or its
implementation by public authorities may be
demanding too many qualification documents for
interested companies, which may somehow restrict
competitiveness.

3.2 Competitive Tendering Format

Assuming that procurement processes through
negotiations are not allowed by Brazilian concession
legislation, the debate remains whether the
competitive tendering format better suited to the case
would be a sealed-bid tendering or an auction.

Knowing the degree of uncertainty regarding the
costs of running the service is fundamental for a more
suitable choice. The production costs of a contract
involve two dimensions: private values and common
values [16]. The latter relates to the company’s ability
to identify and measure the different tasks to fulfill the
contract, e.g., the composition of demand, and the
former relates to the company’s efficiency in
performing each task required by the contract [18].
Thus, the choice of the competitive tendering format

2ITB 02/2013 may be considered a procurement auction in
which the auctioneer is a buyer and bidders are sellers who
have costs of supplying the object [17]. Nevertheless, we have
adopted a different approach to make comparisons easier so we
have considered sealed bid tendering a competitive tendering
process in which prices are submitted through sealed-bid
tenders (being it paper-based or on-line) and auction a
competitive tendering dynamic descending price competition
[13].
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depends on the degree of uncertainty present in these
components.

Albano et al. [18] state that in situations in which
uncertainties regarding common values, prevailing
auctions would be employed (since, in these cases, the
dynamics of the bids would help generate information
to competitors to mitigate the uncertainties) while
sealed bid tendering would be appropriate when
uncertainties on private values prevail. Kagel and
Levin [19] reported that sealed bid tendering before
uncertainties on common values (as it is the case since
the risks of demand are assumed by competitors) do
not lead to efficient outcomes and the magnitude of
the winner’s curse increases with the number of
participants. In contrast, a reduction in the number of
participants in general reduces competitiveness. Ref.
[20] indicates that, in the presence of affiliated
information (as is also the case since incumbents are
interested in the bidding), the procurer benefits more
from an auction than from a sealed bid tendering
procedure.

In turn, Klemperer [11] cites fiascos in auctions in
which uncertainties involving common values
prevailed and reports cases of extreme success
(regarding both competitiveness and economy) in
which a hybrid solution (the Anglo-Dutch auction)
consisting of an initial auction followed by a sealed
tendering was employed. In this model, inexperienced
bidders may gather information produced by more
experienced competitors during the dynamics of
auction, thus enhancing competitiveness [18].

Milgrom [21] states that the main advantage of the
Anglo-Dutch auction is its ability to attract more
bidders. Another advantage of the Anglo-Dutch
auction is the lessening of the possibility of collusion.
The benefits of this procedure were reaped by the
British government in the auction for its 3G mobile
phone spectrum [11].

Thus, it can be concluded that the adopted
competitive tendering format, despite being in

accordance with Brazilian law, does not produce more

efficient results and does not enhance competitiveness,
suggesting a need for a revision of legislation to
expand the formats allowed by law.

3.3 Division into Lots and the Participation of
Consortia (Joint Bidding)

In this paper, the following assumptions suggested
by GEIPOT (Brazilian Company of Transportation
Planning) [22] targeting the quantity and dimensions
of lots when granting urban bus systems are
considered good practice:

* The size of the lot is closely related to the
construction of a competitive contestability
environment;

* The formation of lots with different sizes and
complexities should be prioritized;

* The search for lowest fares and best allocative
efficiency should be suggested;

¢ The variation in lot size helps to ensure the
contestability of the market;

* The grouping of services in order to obtain
benefits from bundling itineraries in the same
geographic area should be suggested;

* The division of lots as a function of the number
of vehicles and the technological and operational
complexity of the routes should be suggested;

* The operation and the vehicular technological
complexity increase with the size of the lot.

The system was divided into seven large lots,
according to the classification indicated in Ref. [22].
Thus, the recommendation of varying lot sizes as a
function of the number of routes and fleet was not
followed. Since there are neither small- nor
medium-sized lots, barriers to entry are raised,
hampering the access of small- or medium-sized
companies. Thus, in order to survive, these companies
will be tempted to bid jointly with larger ones through
consortia, leaving competitiveness in jeopardy. In fact,
Nash and Wolanski [23] state that large lots are
barriers to entry for small operators.

To give just one example of the size of the lots,
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Gibson [24] cites that Wellington (New Zealand)
envisaged extending the number of buses from 60 to
86 in order to be considered a large lot. For the ITB
02/2013, the smallest lot (Lot 4) had 243 vehicles.
Other figures are as follows: 429 (Lot 1), 351 (Lot 2),
406 (Lot 3), 351 (Lot 5), 366 (Lot 6), 498 (Lot 7).

It should be stressed that the permission for
consortia to participate does not eliminate the barrier
to entry for small- and medium-sized companies.
Indeed, if these companies win a lot through a
consortium, their role may be weakened by the
pressure their stronger associates may exert upon
them during the contractual execution. In the worst
scenario, the small and medium companies could be
excluded from the consortium. A different situation
occurs, however, if those companies are given the
opportunity to compete by themselves for a small- or
medium-sized lot. If successful, the liability for the
contract would lie solely with the small/medium-sized
company, so maintaining the company provision of
services
relationship with the GRCT, and not with third
parties.

In addition to GEIPOT [22], the findings of Amaral

et al. [25], when comparing the results from London

or not would depend only on their

and several cities in France, state, among other
reasons, that the sizes of the lots interfered in the
resulting competitiveness. According to these authors,
the results were better in London than in France since
in London the contests involved small batches and in
France large lots.

Another aspect that should be addressed derives
which

requirements for the division of an object into lots

from auction theory, establishes basic
when the formation of consortia is allowed in order to
mitigate the possibility of collusion [26]:

* The number of lots should be smaller than the
expected number of participants;

* The number of possible combinations resulting
from the various possible arrangements between the

potential bidders should be smaller than the number of

lots;

* When it is impossible to establish a number of
lots smaller than the number of potential bidders (e.g.,
due to technical or geographical constraints), the
number of lots should be increased (which implies
smaller lots) so that small firms may face large firms.
In addition, increasing the number of lots hampers
coordination between bidders, thus fostering
competitiveness.

The requirements mentioned above are necessary
but not sufficient conditions, since even in situations
in which the number of lots is smaller than the number
of interested bidders collusion may occur (e.g.,
through rotation schemes, subcontracting agreements
and multi-markets).

In contrast to the requirements above, ITB 02/2013
allows for a scenario in which the number of possible
arrangements amongst incumbent firms, taking into
account the permission to form consortia with an
unlimited number of components, is greater than the
number of lots in dispute. Of course, this poses a
threat to competitiveness, due to a real possibility of
collusion [1] since there are 18 incumbents who may
group into seven consortia and each wins one lot (a
simulation of this situation can be seen in Section 4).

This threat to competitiveness is reinforced by the
fact that a competitor may not be granted a number of
routes that exceed 20% of total routes from the
STPP/RMR’. Thus, the ITB clauses may cause the
legislation to produce an opposite effect to its purpose
(which was to avoid market concentration) since the
bidding terms facilitate collusion, thus jeopardizing
competitiveness.

It should be noted that one of the differences
between ITB 02/2013 and ITB 01/2013 was the
tendering being split into two stages. However, this
measure aiming to enhance competition may be

undermined by the bidding terms themselves for not

31t should be cited that Pernambuco State Law 14,474/2011
establishes the same rule given by Federal Law 8,884/1994, art.
54 aimed at tackling actions that concentrate relevant markets
in 20% or more.
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diversifying the size and scale of the lots and for
allowing the formation of consortia with an unlimited
number of participants.

3.4 Contractor Inflexibility at the Operational Level

The GRCT establishes technical and operational
parameters such as fleet, frequencies, times of
operation and inspection leaving no room for
seek to foster

contractors to innovative ways

innovation (e.g., through strategies related to
maintenance, personal scales, definitions of vehicle
model or travel schedules). Therefore, bidders have no
way of differentiating their services from their
competitors, since the public authority has imposed
the way to provide the services in the bidding terms.
This lack of flexibility ends

competitiveness, as it affects efficiency. Santos et al.

up jeopardizing

[27] cite that good regulatory practice establishes that
decisions regarding operational definitions should be
left to the operators. Hence, the bidding terms do not
adopt appropriate regulatory practice in this field as
well.

This lack of flexibility also benefits incumbents,
who already have more knowledge of how they are
assessed and enforced by GRCT during contractual
Thus, this

competitiveness.

execution. aspect also undermines

3.5 Lack of Balance between Lot PROs

Fig. 2 should lead one to criticize the adoption of
the same fare for the seven lots, although their
production costs differ. The pricing model is designed
as follows:

(1) The user pays a fare determined by the GRCT,
which should cover the following expenses:

* the contractors’ payment (PRO);

* the maintenance of the economic and financial
balancing of the concession;

* the costs arising from the management of
electronic ticketing;

* the management of the STPP/RMR;

* the costs involved in running integrated terminals,
stations and stops;

* gratuities and allowances;

(2) Contractors will be paid according to the PRO
they tender, limited to a reserve price (PROmax) set
up by the GRCT;

(3) Since the STPP/RMR is comprised of an
integrated system in which passengers change buses
inside integrated terminals without paying another
fare, but the GRCT still lacks the technology to count
the number of integrations between buses, the amount
to be paid to contractors by the GRCT corresponds to
the number of ticketed passengers plus an estimated
number of integrated passengers multiplied by the
contractor’s PRO. To cover this expense, the GRCT
collects from passengers an amount equal to the fare
multiplied by the number of ticketed passengers. The
balance between revenue and expenses has been met
so far.

One could conclude from Fig. 2 that GRCT’s
revenues substantially differ amongst lots which
suggest that users of certain lots subsidize those of
others. For instance, users from both Lots 1 and 6 will
pay the same fare (USD0.98) whilst production costs
in Lot 6 are considerably lower than costs in Lot 1.

On the other hand, differentiating fares in a system
that seeks integration is not feasible. Thus, the
solution would comprise a review of the amount

and distribution of lots, including the establishment of

USDO0.98
USDO0.89 USD0.92
= USDO0.80
E USDO0.48 USDO0.64 USDO0.71 USDO0.70 USDO0.64
-UsSDO0.02
Lot 1 Lot 2 Lot 3 Lot 4 Lot 5 Lot 6 Lot 7
PROmax per lot

Fig.2 Fare vs. PROmax per lot.
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smaller lots and greater flexibility in the types of
buses (to meet the fluctuation of demand during
operation), provided no imbalance in the system
would occur. This equalization could benefit users,
since, in different lots, users would pay fares in
accordance with their operating costs, thus avoiding
some lots subsidizing others.

Fig. 2 compares fares with PROs taking into
account the most usual fare (Fare A: USD0.98).

3.6 Contractual Terms

ITB 02/2013 has adopted a 15-year term, renewable
for another 5 years. Terms as long as this have been
commonplace in many Brazilian biddings for the
concession of the urban bus public transport services
[1,28].

Gibson [24] and Augustin and Walter [29] cite that
long terms can attract more bidders. However, long
terms undermine both market contestability and the
possibility of new bidders entering competition
besides the incumbents in future rounds. It should be
remembered that, in urban bus markets, competition
for the market rather than competition in the market
should be sought. In other words, competitiveness
through market contestability occurs in different but
complementary ways: at the time of entry (i.e.,
through the bidding process) and through the
possibility of both incumbents and new companies
from outside the system, having a chance to win the
bidding which should be repeated frequently [30].

In addition, enforcement of regulations (e.g.,
surveillance, control and performance analysis) and
short contractual terms would improve efficiency and
cost savings. Otherwise, the longer the terms and the
more lenient the enforcement, the lower the
competitiveness and the greater the tendency for the
formation of cartels, with higher risks for the system
[27].

Contractual terms of around 5 years are
recommended in Refs. [22, 30-33], with occasional

extensions to 7 years depending on contractors’

compliance with performance indicators [27]. The
Swedish experience would recommend terms between
3 and 5 years [34]. Nash and Wolanski [23] cite 8
years as optimal terms (and this may even be lower,
between 2 and 3 years, before the existence of a
second-hand market for vehicles). Tukiainen [35]
estimated 4.78 years as the average length of terms for
contracts in Helsinki. Terms such as those established
in the bidding terms have been applied to the
operation, maintenance and improvements of rail
services [23], activities with significant sunk costs.

It should also be stressed that the cash flow of the
concession shows a 10-year period with an IRR
(internal rate of return) of 8.95%. Nevertheless, the
ITB established the contractual term for 15 years, with
the possibility of extension for another 5 years
conditional to some performance indicators. Thus, the
extrapolation of the contract term beyond 10 years
suggests impairment of competitiveness, as well as the
establishment of inflated fares.

4. Possible Market Structure ex Post
Analysis of the Bidding Model

In this section, it will be shown how the above
mentioned inconsistencies in the ITB may result in a
market structure ex post bidding that reproduces the
structure ex ante due to the lack of competitiveness
that arise from the bidding terms (e.g., barriers to
entry and collusive behavior). It should be stated that
both the knowledge of the ex ante market structure
and the details of the ITB design are crucial to prevent
the dispute from occasionally resulting in a fiasco [11].
Thus, the inconsistencies in the bidding terms may
indicate that the contracting authority (the GRCT) has
not conducted an adequate study of the market
structure.

To analyze the proposed bidding model, it is
initially important to characterize how the incumbents
would operate in the years 2011 and 2012, hence ex
ante bidding. Therefore, Table 2 shows how current
routes are distributed amongst incumbent operators
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and to which lots these routs fit. The closest lots to the
incumbents depots are also shown.

Based upon the ITB clauses criticized in Section 3,
it is possible to speculate on a possible arrangement of
incumbents in which each operator wins (hence ex
post bidding) the routes (hence the lot) in the area
more closely located to their depots without a
significant change in the percentage of routes operated
by each company. This scenario is justified since the
location of depots constitutes a deciding factor when
choosing which route to compete for, not only
because proximity to depots facilitates daily
operations, but also due to difficulties in obtaining
large lots for such large batches in an already
well-established urban area. The unavailability of
suitable locations can be a strong barrier to entry for
new entrants [23, 24]. Table 3, drawn up
accordance with the requirements of the ITB, exhibits
this possible composition.

From Table 3, it can be seen that, even without
breaching the ITB clauses, since the participation of
consortia with unlimited number of members is

in

allowed, it is possible to accommodate each
incumbent into the lot their depots are nearer to,
which in itself is quite a comfortable situation. It can
also be noted that, in this scenario, there is no
significant variation in the number of routes allocated
to each company between ex ante and ex post
tendering. It can thus be inferred that the ITB clauses
do not hinder the emergence of collusion.

ITB 02/2013 also depicts incumbents’ revenue in
the years 2011 and 2012, and a projection of revenue
for the years 2013 and 2014. Thus, Table 4 shows a
summary of the evolution of revenue per lot for the
possible composition shown in Table 3. Table 4
elaborates on information given in Table 3 and
presents the composition according to the business
groups the incumbents belong to. It can be seen that
the composition allows all the incumbents to benefit,
thus confirming that the bidding terms
competitiveness in jeopardy.

From the simulation in Table 4, it can be seen that
only Lot 2 represents a reduction in revenue between
2011 and 2014, which could affect the possible

leave

Table 2 Division of routes according to incumbent operators ex ante bidding.

No. Incumbent E)[[(;StEOSt Ex ante lot Division of routes per lot (ex ante bidding) Ex ante number
operator depots 2 3 4 5 6 7 of routes

1 BOA 1 1 31 6 16 - - - - 53

2 CAX 6 6 - 3 3 2 - 35 4 47

3 CDA 7 7 - - - 1 - - 29 30

4 AVC 2 2 8 - - - - - - 8

5 EME 3 3 - 7 32 - - - - 39

6 GLO 5 5 - - - - 16 3 - 19

7 ITA 7 7 - - - 1 4 1 39 45

8 PED 5 5 - - - - 15 1 - 16

9 ROL 7 7 - - - - - 1 - 1

10 ROD 7 7 - - - - - 1 9 10

11 RME 4 4 - - - 34 - - - 34

12 STA 3 3 - 3 8 - - - - 11

13 SJT 2 2 12 - - - - - - 12

14 SPA 6 6 - - - - 2 16 - 18

15 TRC 5 5 - - - 1 12 - - 13

16 VRC 2 2 - 29 4 - - - - 33

17 VML 3 3 - - 4 - - - - 4

Total 51 48 67 39 49 58 81 393
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Table 3 Possible composition of incumbents by lot ex post bidding.

Incumbent  Closest lots Ex ante Ex pO.St lot Ex post number -
No. Ex ante lot number of STPP/RMR  (possible STPP/RMR Variation

operator to depots o of routes

routes composition)

1 BOA 1 1 53 13.49% 1 53 14.29% 0.80%
2 CAX 6 6 47 11.96% 6 38 10.24% -1.72%
3 CDA 7 7 30 7.63% 7 27 7.28% -0.36%
4 AVC 2 2 8 2.04% 2 8 2.16% 0.12%
5 EME 3 3 39 9.92% 3 51 13.75% 3.82%
6 GLO 5 5 19 4.83% 5 17 4.58% -0.25%
7 ITA 7 7 45 11.45% 7 37 9.97% -1.48%
8 PED 5 5 16 4.07% 5 15 4.04% -0.03%
9 ROL 7 7 1 0.25% 6 1 0.27% 0.02%
10 ROD 7 7 10 2.54% 7 8 2.16% -0.39%
11 RME 4 4 34 8.65% 4 38 10.24% 1.59%
12 STA 3 3 11 2.80% 3 12 3.23% 0.44%
13 SJT 2 2 12 3.05% 2 11 2.96% -0.09%
14  SPA 6 6 18 4.58% 6 15 4.04% -0.54%
15 TRC 5 5 13 3.31% 5 12 3.23% -0.07%
16 VRC 2 2 33 8.40% 2 24 6.47% -1.93%
17 VML 3 3 4 1.02% 3 4 1.08% 0.06%
Total 393 100.00% 371 100.00%

Table 4 Revenue evolution per company per lot (2011-2014) according to the possible composition and to incumbent
business groups incumbents.

Ex post Overator Number of routes Number of Revenue Revenue 2012 Revenue Revenue 2014 Variation between
lot P 2011 and 2012 routes 2014 2011 (USD) (USD) 2013 (USD) (USD) 2011 and 2014

1 BOA 53 53 67,247,142 74,060,406 71,463,806 72,236,605 7.42%
AVC

2 SJT 53 43 50,909,417 55,231,844 38,984,304 42,222,674  -17.06%
VRC
EME
STA
VML

3,4,6 RME 153 159 150,563,031 165,317,312 178,885,215 192,113,109 27.60%
CAX
ROL
SPA
GLO

5 PED 48 44 45,677,051 49,202,747 49,556,247 49,556,247  8.49%
TRC
CDA

7 ITA 85 72 88,712,376 95,893,698 89,357,102 94,617,832 6.66%
ROD

Total 393 371 403,109,017 439,706,007 428,246,674 450,746,467 11.82%

composition. However, despite the small number of seems to be the fact that these companies would no
passengers” in comparison to other companies of the longer compete on the road (competition in the market)
STPP/RMR, the greatest advantage of VRC and SJT in their main operation areas with larger companies

“Data from ITB 01/2013.
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(ex ante tendering SJT competes directly with BOA
and VRC competes with BOA and EME).

This accommodation would enable innovations in
service and demand generation for these operators. It
also should be stated that the ITB allows changes in
the number of routes so the apparent loss of Lot 2 may
be mitigated through possible future changes to the
contract.

Besides all this, one should remember that, due to
previous experience and observations during actual
field operations, incumbents have less uncertainty
about common values regarding demand than other
competitors so they are in better conditions to predict
the effects of the winner’s curse [18]. Because of this,
even in a situation where the requirements of the ITB
does not jeopardize competition, incumbents generally
have inherent competitive advantages. McAfee and
Williams [36] point out that the level of uncertainty
for a new company is greater than for an incumbent,
so new entrants feel compelled to take more risks thus
facing competitive disadvantages. Thus, incumbents’
benefits are greatly increased when an ITB establishes
rules that encourage their accommodation in consortia
in which every potential bidder may profit.

5. Conclusions

This article described some aspects of ITB 02/2013
regarding the concession of the Public Transport
Passenger System of the Metropolitan Region of
Recife which ultimately jeopardized competition.

Initially, the basic features of the ITB were
presented, then it was assessed whether those aspects
undermined competitiveness or not, notably the
possibility of forming consortia with unlimited
number of participants. Also the division into lots, the
participation requirements, the competitive tendering
format, the type of competitive tendering procedure
adopted, and the inflexibility imposed by the GRCT
on operators at the operational level, the lack of
balance between the PROs of several lots, each of
which tended to jeopardize competitiveness to a

greater or a lesser extent, were studied.

In order to reinforce the criticism made to the ITB,
a simulation of a possible arrangement amongst the
incumbents was presented, based on the rules of the
tender, in which the allocation of companies ex post
bidding does not differ from the ex ante scenario. This
simulation does not correspond to a guesswork, rather
it constitutes a real possibility given by the bidding
terms themselves what suggest the public authority in
charge may not have developed an adequate study of
the market structure. It is thought that this fact alone is
enough to justify the criticisms made throughout this
article. The considerations here developed may be
adapted and applied to other ITBs in order to help
fostering competition.

Finally, it is noteworthy stating that inadequate
practices criticized in this article are not exclusive to
the bidding conducted by the GRCT and some of
them have been observed in recent biddings for
delegation of public transportation by bus in other
Brazilian cities.

As recommendations for future work, it could be
pointed out the need for strict review on the Brazilian
ITBs way has been conducted, so good practices
related to the economic regulation could be adopted.
Legislation review should also be pursued since most
of the ITBs have adhered to the laws, but the laws are
not necessarily in line with the best practices.
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Abstract: In line with European developments, a Dutch second phase coaching program, referred to as the DX- (Driver Xperience)
program, was developed for young novice drivers to counteract their high accident risk. More specifically, the aim of the
DX-program was to enable young drivers to make responsible decisions and develop positive attitudes regarding four levels of the
driving task: combining life style and driving, planning and navigation, participating in different traffic situations and handling the
vehicle. In this paper, the design principles of the program are described. The empirical study focused on the entry characteristics of
the participating young drivers (n = 3,117) as compared to a reference group of young drivers (n = 345). Results show that the
DX-program attracted young drivers that, in some respects, showed a more risky profile than average young drivers in terms of speed
violations, anger and the number of fines. In addition, four groups of participants with sharply differing driving styles could be
distinguished. Implications for educational design and follow-up research are discussed within the theoretical framework of

self-regulated learning.
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1. Introduction
1.1 Second Phase Driver Training

In order to counteract the high accident risk of
young novice drivers during their first year of solo
driving, several European countries have introduced
so-called second phase training programs, aimed at
young drivers who have recently acquired their
driving license. It has been emphasized that these
should

variables, i.e., the way that young people choose to

programs concentrate on driving style
drive [1]. Helman et al. [2] mention style variables
that are associated with collision risk: speed choice,
close following, high-risk overtaking, violation of
traffic laws, driving anger and engaging in distracting
activities, such as texting and phoning. Also, factors
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located on the lifestyle level appear to be associated
with collision risk: fatigue-related factors, alcohol use,
overconfidence, sensation seeking and boredom. The
readiness and ability to take these factors into
consideration when driving require higher order skills,
such as self-reflection and awareness of emotions [3, 4].
Recent studies show that dedicated training aimed at
these higher order skills does counteract the factors
that cause young drivers’ crash involvement [5-8].
Regarding the preferable approach, it is stressed
that higher order skills development should involve
forms of driver coaching. According to recent insights
[9], driver coaching puts learners in an active role,
encourages learners to accomplish personal goals, and
raises awareness and responsibility of learners
regarding their values, attitudes, knowledge, skills and
habits. Coaching is expected to stimulate a sustainable
learning process by supporting cognitive and affective

self-regulation on the part of the learner [10].
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However, a challenge for the coaches is to deal with
differences in learner entry characteristics that are
predictive for subsequent learning: prior knowledge,
cognitive abilities, past performance, degree of
self-regulation and motivation [11, 12]. From research
on teaching, it is known that group heterogeneity is
one of the most challenging factors for teachers to
deal with. In general, it takes at least five years for
licensed teachers to reach a level of expertise to be
able to gear their instruction and coaching to
individual students [13]. Generally speaking, driving
instructor preparation is shorter and less far-reaching
than teacher training [14]. However, driver coaches
have to deal with differences in driver (learner) entry
characteristics, which are similar to the differences
faced by elementary school teachers. This study aims
to shed some light on the entry characteristics of
recently young licensed drivers who have chosen to
participate in the DX-program (Driving Xperience
program).

In addition to the driving style variables as
mentioned above, the study includes young drivers’
motivation to participate. In school settings, it is
generally found that learners who participate in
learning activities on the basis of intrinsic motivation
or on internalized forms of extrinsic motivation,
referred to as “identified regulation” use stronger
self-regulation strategies during the learning process
than learners with unclear motives (“amotivation”) or
extrinsic motives [15]. These very strategies (goal
planning, = monitoring

setting, progress  and

self-evaluation) tend to contribute to active
involvement in learning processes and subsequent

positive learning outcomes [16-18].

1.2 The Dutch Second Phase Coaching Program

“Drive Xperience”

The current study focused on a Dutch second phase
coaching program, the “DX” (Drive Xperience),
developed as part of a EU-project on the evaluation of
post-license training for novice drivers [19]. The

DX-program was introduced parallel to post-license
training programs in five other European countries in
2003. It was funded by the Regional Agency for
Traffic Safety in the province of Gelderland in the
Netherlands.

Since 2003, the DX-program has attracted about
2,000 young drivers per year. This number of
participants cannot be exceeded because of a limited
available budget. As opposed to other European
countries, participation in the program is voluntary.
The cost per participant amounts to approximately
€150. This amount does not include costs for the
training venue, communication with participants and
for cars used on the track. These extra costs were
covered by the municipality and the local companies
in the city where the coaching day took place.

Participants were recruited in two steps. As a first
step, representatives from municipality councils,
aldermen responsible for traffic design and safety,
were contacted two or three months before the actual
coaching day in order to get consent for hosting the
program and the bearing of additional costs.
Relatively big municipalities, with about 200,000
inhabitants hosted up to eight coaching days, serving
about 280 recently licensed young drivers, whereas
small municipalities (about 30,000 inhabitants) hosted
one or two coaching days serving 70 young drivers.
The second step took place after support from the
municipality was acquired. The actual recruitment of
young drivers took place by means of advertisements
in local newspapers, announcements on Facebook and
by means of announcements on the website of the
DriveXperience organization. The construction of
these tools was financially supported by the Regional
Agency for Traffic Safety in the province of
Gelderland. In
received a personal invitation letter, signed by the

some municipalities, participants
mayor.

The actual coaching day took place during Friday,
Saturday or Sunday within the boundaries of the
participating municipality. Other days could not be
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chosen because of vocational or educational
obligations of the young drivers. In addition, most
driver coaches involved had training duties that
withheld them from providing the DX-program during
other days of the week.

In general, the program aims to support young
drivers during the most dangerous phase of their
driving career and thereby to prevent them from
getting involved in accidents. More specifically, the
aim of the DX-program is to enable young drivers to
make responsible decisions and develop positive
attitudes for four levels of the driving task: (1)
combining life level and work tasks with driving; (2)
planning and navigation; (3) participating in different
traffic situations; and (4) handling the vehicle.

The design principles of the DX-program are drawn
from different sources of research. First, throughout
the program, it is emphasized that driving style is
affected by decisions on higher level tasks [3]. These
include life tasks, e.g., socializing with peers, and
strategic tasks, e.g., route decisions. Second, in the
DX-program, it is emphasized that drivers need to
reflect on their own decisions, actions and
consequences regarding driving. Third, in line with
their underdeveloped calibrating skills [20], young
drivers are supported to maintain a safe balance
between their own level of proficiency and the
complexity of the traffic situations they engage in.
Fourth, as the ultimate goal of the coaching program
is improvement of driving quality, coaches are
encouraged to address five inter-related criteria of
driving performance [21]: (1) driving safely; (2)
facilitating the traffic flow; (3) consideration with
other road users’ interests; (4) smooth vehicle control;
(5) environmentally-responsible driving.

As part of the program, participants complete two
web-based assessments a week before the start of the
coaching day: the DRA (driver risk assessment) and
the DSA (driver self-assessment). These assessments
result in individual driver profiles, which are used to
determine personalized learning goals at the start of

the day.

The actual driver coaching day consists of three
parts:

(1) a coached trip, of which the main objective is to
deliver feedback to the drivers about their driving
performance;

(2) track experiences, of which the main objective
is for participants to experience the limits of their
skills in vehicle control and to share these experiences
with other participants. In line with research findings,
the emphasis is not on skills to get out of a skid, but
instead, in anticipation and not getting into any
emergency situation [22];

(3) group discussion, of which the main objective is
to stimulate recognition of potential risk factors in
everyday driving situations, such as alcohol use and
speed choice.

In this study, attention was focused on the entry
characteristics of participating young drivers, which
make up the conditions under which driver coaches
deliver their coaching. The following research
questions were addressed:

(1) What are the driving characteristics of young
drivers enrolled in the DX-program (DX-participants)
in terms of their driving history, their personal risk
factors and their self-perceptions regarding driving
performance? Do DX-participants differ from the
average young Dutch driver on these driving
characteristics?

(2) Are there any recognizable sub groups of
DX-participants that differ from each other in terms of
driving characteristics?

(3) How are participants motivated to take part in
the DX-program? How does the type of motivation
(intrinsic, extrinsic motivation) relate to driving

characteristics?
2. Method
2.1 Data Collection

Most of the data were collected within the structure

of the DX-program, which included online
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assessments as preparation for the coaching day. Data
from the DRA and DSA were used to investigate the
research questions. The DRA is a 119 item web-based
questionnaire regarding the driver’s history and
behavioral risk factors. Driving history pertains to
years of driving experience, mileage, types of traffic
situations to which the driver is exposed, the number
of active and passive accidents he was involved in
during the past year and the number of fines received
the past year. Questions regarding behavioral risk
factors pertain to speed choice, lane preference on
motorways, alcohol use and driving, anger towards
other participants, distraction and fatigue. Most of the
questions are Likert-type items.

The DSA is a web-based questionnaire consisting
of 45

self-assessment of driving performance addressing the

illustrated questions. It comprises a
five performance criteria of driving described above.
Each question is accompanied by a picture, showing
the essential features of the traffic situation to which
the question refers. Participants respond by using a
four-point Likert-scale.

To assess young drivers’ motives for participation,
a translated version of the SIMS (Situational
Motivation Scale) [23], a 16-item questionnaire, was
administered to a sub sample of 174 participants on
seven randomly chosen coaching days. This
questionnaire was chosen because we had a limited
time frame available, i.e., 15 min before the start of
the coaching day. We needed to collect participants’
motives just before they were going to start the
program. Despite its limited length, the SIMS is a
highly valid and reliable short questionnaire, which
different

educational contexts and school subjects. In addition,

has proven to be applicable across

it proved to be predictive for scores on more laborious

alternative instruments [23]. The questionnaire results
in scores for amotivation, extrinsic motivation and

intrinsic motivation.
2.2 Participants

Data from young drivers enrolled on the
DX-coaching program (referred to as “DX-group”)
were used. The DX-group (n = 3,117) participated in a
total of 110 training groups, distributed across 66
municipalities.

The training programs involved took place in the
period between August 2010 and November 2012, and
enrolled 1,651 male and 1,466 female participants.
The participants, aged between 18 and 24 years, had
held their driving license for about one year. Their
average mileage amounted to 7,274 km, which is
somewhat less than the mileage of the average Dutch
young driver. The sub sample of 174 participants was
representative for the whole DX-group in terms of the
background variables described above.

To enable comparison with a reference group of
young drivers (referred to as “YD-Ref group”),
several analyses were performed on a database
containing data from a large-scale survey that used
representative samples of the Dutch population. This
survey had been carried out almost yearly since 1990
[24] until 2005. For purposes of comparison, only the
data from 2005 were used (n = 345), since traffic
safety figures had changed considerably since 1990.

3. Results

Table 1 shows the average number of accidents per
one million kilometers. Since the data concerned
frequency data on a fixed number of kilometers that
were skewed to the right, a Poisson model was
active accident

appropriate  for modeling the

rates (driver at fault). The parameter differentiating the

Table 1 Mileage and average number of accidents per million kilometers.

Group and age Mileage Active accidents Passive accidents Fines
DX-group (n =2,060) 7,274 22.0 11.0 71.7
YD-Ref group (n = 345) 9,785 21.9 11.4 48.6
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Table 2 Self-reported behavior regarding risk factors.

Subscale DRA (driver risk assessment)

DX-group (n = 2,060)
SD (standard

YD-Ref group (n = 345)

M (mean) deviation) M SD
Exposure to various risky traffic situations (five items, a** = 0.78) 0.52* 0.22 - -
Extensive alcohol use (two items, o = 0.66) 0.38 0.23 - -
Adversary alcohol strategies (11 items, a = 0.93) 0.06 0.18 - -
Concentration loss (13 items, o = 0.81) 0.10 0.08 - -
Seriously angry towards other road users (two items, a = 0.51) 0.03 0.14 0.01 0.13
Irritated towards others (four items, a = 0.63) 0.19 0.27 0.13 0.23
Withholds anger towards others (four items, a = 0.59) 0.57 0.30 0.43 0.26
Stays calm towards others (two items, a = 0.48) 0.74 0.35 - -
Violation speed limits under various circumstances (nine items, o = 0.92) 0.14 0.13 - -
Xi6051;1tion speed limits under favorable circumstances (three items, o = 0.23 0.17 0.20 0.19
Driving on outer lanes (five items, o = 0.75) 0.33 0.24 - -
Fatigue during driving (five items, a = 0.70) 0.09 0.10 - -

*0.0~0.16: rarely; 0.17~0.33: occasionally; 0.34~0.50: sometimes; 0.51~0.67: rather often; 0.68~0.84: very often; 0.85~1.0: most of
the times; a** = coefficient Cronbach’s alpha for internal consistency of the respective subscales.

averages in the DX-group and the YD-Ref group was
tested using chi-square () distribution with 1 df (degree
of freedom). The observed value did not differ
significantly from (> = 0.06, df = 1, p = 0.86). The
two groups did not differ in their active accident risk.

Similar results were found for the passive accidents
rate (driver not at fault). The two young driver groups
did not differ significantly (> = 0.06, df =1, p = 0.06).
Finally, the DX-group had a significantly higher fine
rate than the YD-Ref group (> = 2,158, df = 1, p <
0.001).

Table 2 shows results regarding behavioral risk
factors. DX-participants reported that they rather often
drive in risky traffic situations: during rush hour and
weekend nights, on roads outside built-up areas and in
town centers. In addition, they reported that they
sometimes extensively use alcohol (mean: 0.38).
However, they reported that they seldom combine
extensive alcohol use with driving. This is reflected
by the low score on the scale use of “adversary
alcohol strategies” (mean: 0.06), referring to questions
about adversary strategies to minimize the effects of
alcohol once participants had taken alcohol, e.g., drink
a cup of strong coffee before driving home.

A next risk factor, loss of concentration, rarely

occurred to DX-participants (mean: 0.10). This scale

referred to unconscious and distracted driving (e.g.,
cell phone use). The anger subscales referred to the
driver’s reaction on other road users’ violations or
deviating driving behavior. In terms of anger,
DX-participants very often reacted calmly (mean: 0.74)
but also rather often with withheld anger (mean: 0.57).
Irritated reactions towards other participants occurred
occasionally (mean: 0.19). Seriously angry reactions
occurred rarely (mean: 0.03).

Comparisons of mean scores between the young
driver reference group and the DX-group were made
using #-tests for independent samples. These r-tests
yield #-values which indicate a significant difference
when the values are above 1.96 or below -1.96. It
appeared that average young drivers reacted less
frequently with irritation (¢ = 4.4, df = 2,992, p <
0.001), withheld anger (t = 9.2, df = 2,992, p < 0.001)
and serious anger (¢ = 2.5, df = 2,992, p < 0.05) than
the DX-participants.

A fourth risk factor pertained to speed choice and
lane preference. On average, DX-participants claimed
that they rarely violate the limits under average
circumstances (mean: 0.14) and occasionally under
favorable circumstances (mean: 0.23). DX-articipants
reported that they sometimes prefer to drive on the
outer lanes on the motorways (mean: 0.33). Finally,
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on average, DX-articipants rarely experienced fatigue
while driving (mean: 0.09).

Table 3 shows results for the driver self-assessment.
The first scale consisted of 14 items addressing errors
that affect traffic safety (e.g., following too close),
traffic flow (e.g., causing others to wait) and vehicle
control (e.g., errors when using gears). On average,
DX-articipants reported that they occasionally commit
errors (mean: 0.18) that affect these criteria.

The second scale, “driving in a hurry” referred to
the tendency to drive faster than the speed limits and
to get irritated by those who drive slower than that.
DX drivers reported that they sometimes drive in a
hurry (mean: 0.44). The overall scale “perceived own
driving proficiency” (45 items) covers the degree to
which the driver reported a safe, flow-aiding, social,
controlled and environmentally considerate way of
driving. On average, DX drivers reported that they
often show this driving behavior (mean: 0.74).

One hundred and seventy-four participants reported
about their motives to participate through the SIMS
questionnaire. The four-factor structure as found by
Guay et al. [23] could be replicated after employment
of a principal factor analyses. Also, the resulting
subscales showed satisfactory internal consistencies
(Table 4). Turning to the results on the SIMS, on
average, the participants took part out of rather strong
intrinsic motives (Table 4, items referred to statements

as “it seems interesting”, “it seems fun” and “it was
my own decision”). Also, identified regulation, in the
form of internalized motives offered from outside,
was reported (e.g., “it gives a good feeling”, “it is for
my own good” and “it is important to learn™). To a far
lesser degree, participants reported external regulation
in the form of conformation to outside pressure (“I
had no choice”, “I had the feeling” and “I had to™). To
a little higher degree, participants reported unclear
motives that reflect amotivation (“I don’t know if I go
on with this” and “I don’t know why | participate”).

Correlations between the scores on the four
motivation scales and the reported driving
characteristics are presented in Table 5. To the extent
that participants scored higher on the internalized
form of extrinsic motivation, they tended to drive less
hurried, violate speed limits less frequently, drive less
frequently on outer lanes and report in general a
higher perceived driving proficiency. Opposite
relationships for proficiency self-image, speed
violations and hurried driving were observed for the
degree in which participants show amotivation.
Intrinsic motivation correlated positively with driving
proficiency and negatively with committing driving
External regulation, which comes with
conformation to outside pressure, correlated positively
with committing of driving errors and negatively with
overall perceived driving proficiency.

errors.

Table 3 Driving proficiency reported by the DX-group (n = 2,924) on the driver self-assessment.

Subscale DSA (driver self-assessment) M SD

Committing driving errors (14 items, o = 0.77) 0.18 0.10
Driving in a hurry (six items, o = 0.74) 0.44 0.17
Perceived own driving proficiency* (45 items, a = 0.83) 0.74 0.81

0.0~0.16: rarely; 0.17~0.33: occasionally; 0.34~0.50: sometimes; 0.51~0.67: rather often; 0.68~0.84: very often; 0.85~1.0: most of

the times; *negatively formulated items reversed.

Table 4 Motivation of a representative sub sample of participants (n = 174).

SIMS (subscale situational motivation scale) M SD

Intrinsic motivation (four items, a = 0.79) 5.67 0.82
Identified regulation: internalized motives offered from outside (four items, « = 0.81) 5.10 0.99
External regulation: conforming to outside pressure (five items. o = 0.79) 2.31 1.14
Amotivation (three items, a = 0.63) 2.73 1.07

Likert-scale per item: 1 = does not apply to me; 4 = applies reasonably to me; 7 = applies totally to me.
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Table 5 Correlations between motivation and some driving characteristics.

A External regulation:  Identified regulation: Intrinsic
Amotivation . . . . .
outside pressure internalized motives  motivation

Committing driving errors 0.15 0.19* 0.09 -0.19%*
Driving in a hurry 0.19* 0.04 -0.29%* -0.12
Perceived own driving proficiency -0.32%** -0.27** 0.26%* 0.32%*
Violation speed limits under various circumstances  0.19% 0.08 -0.37** -0.13
Driving on outer lanes 0.11 0.00 -0.24%* -0.03

%p < 0.05; **p < 0.01.

Finally, hierarchical cluster analyses on the driving
characteristics identified four sharply distinct clusters
of participants. The biggest cluster reflected the
average DX-participant (71%), as described above.
One small cluster (1%) represented “fast and
aggressive” drivers who found themselves rather often
on outer lanes (mean: 0.60) and who drove in a hurry
most of the times (0.84), and reported more errors
than drivers in the other clusters, but who, at the same
time, did not consider themselves as erratic drivers
(0.26). Both their relative active accident risk (61
accidents per one million kilometers) and their
number of fines (120 fines per one million kilometers)
were two times higher than those of the average
DX-participant. Another cluster represented “erratic
and fast” drivers (4%), who reported that they
sometimes committed driving errors (mean: 0.37).
Their relative active accident risk (54 accidents per
one million kilometers) and number of fines (139
fines per one million kilometers) were comparable to
that of the “fast and aggressive drivers”. A final
cluster represented “rule following calm drivers”
(25%). They reported that they seldom violated speed
limits (mean: 0.07) nor lost concentration during
driving (0.08) and that they reacted calmly towards
deviating drivers (0.86). All reported differences were
tested by means of analyses of variance. These
analyses yield F-values, which indicate whether
pre-defined groups differ from each other. The
difference between the clusters was highly significant,
with F-values ranging between 3.7 (lowest significant
value for active accident risk) and 1,130 (highest

significant value for hurried driving). The median

F-value for the differences between the clusters was
38.

For the subset of DX-participants who completed
the SIMS, a comparison of the driving characteristic
clusters could be made for two clusters, the “rule
following calm drivers” versus the average
DX-participant. It turned out that the first group
reported higher levels of intrinsic motivation (means
5.9 vs. 5.6; t = 2.0; df = 129, p = 0.04) and identified
regulation (means 5.7 vs. 5.0; ¢t = 3.6, df = 129, p <
0.01) than the second group, whereas the groups did
not differ on external regulation. Finally, the rule
followers showed significantly lower Ilevels of
amotivation than the average DX-participant (means

2.3vs.2.8;t=-2.3,df =128, p <0.05).
4. Discussion
4.1 Summary of Findings

From research on teaching, it is known that group
heterogeneity is one of the most challenging factors
for teachers to deal with. Given the context of the
second phase training program under study, referred
to as the DX, a one day program enrolling participants
unknown to the coaches, heterogeneity was expected
to be an issue for driver coaches. This study has shed
some light on the entry characteristics of recently
young licensed drivers who chose to participate in the
DX-program.

As part of the DX-program, participants went
through assessments that yielded a picture of their
individual driving styles and accident, and fine history.
Driver coaches were encouraged to use the assessment

reports in order to adapt the coaching to the individual
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participants’ needs.

The online assessments yielded rich data that
enabled the current study regarding driver entry
characteristics to be carried out. In the period between
June 2010 and November 2012, over 3,000
participants enrolled in the DX-program. On a smaller
scale, we collected data about young drivers’
motivation to participate in the DX-program amongst
174 young drivers.

In the current study, participants of the
DX-program were compared with average young
drivers. In addition, analyses related to the group
heterogeneity were carried out. The following
behavioral factors were involved: fatigue, driving
anger, concentration and distraction, speed choice,
lane choice, exposure, alcohol use and driving. These
factors have proven to be important to explain
accident involvement. Most of the assessed factors are
considered to originate in the personal life style of the
driver. During the DX-program, participants commit
themselves to personal learning goals which address
the combination of lifestyle and driving. These goals
reflect the highest level of the GDE (Goals for
Education) matrix [3].

Looking at their entry characteristics, the following
conclusions can be drawn regarding DX-participants.
Looking at the driving history, it appears that
DX-participants have an equal accident risk when
compared with average young drivers. Their number
of fines per one million kilometers appeared
significantly higher than average. In general,
DX-participants reported that they rather often drive
in risky traffic situations, including driving during
rush hours and weekend nights on roads outside
built-up areas and in town centers.

Regarding the self-perceptions, DX-participants
reported that they often drive safely, flow-aiding,
socially and environmentally considerate, and
controlled. They reported that they only occasionally
commit errors that affect traffic safety and traffic flow.
In addition, they reported that they rarely violate the

speed limits and sometimes prefer to drive on the
outer lanes on the motorways. So, all in all,
DX-participants hold a positive self-image regarding
their own driving proficiency.

Regarding their personal risk factors, the
DX-participants reported that they seldom combine
alcohol use with driving. Loss of concentration rarely
occurred to DX-participants, as was the case for
expression of irritation or aggression towards other
participants. On the contrary, on
DX-participants very often reacted calmly towards
others. DX-participants rarely experienced fatigue
while driving.

Despite their positive self-image, DX-participants
showed a somewhat less favorable driving style than
the average young (Dutch) driver. In terms of their
relative accident risk, they were comparable to the
average young driver. However, their number of fines
was higher, they reported more frequently irritation
towards other drivers. Although the absolute reported
frequency was relatively low, they committed more
driving errors and speed violations than average
young drivers.

Looking within the group of DX-participants, it
became clear that the coaching program attracted
young drivers with different driving styles. Next to a
large group “average” DX-participants, three other
groups could be discerned. The largest of them
represented drivers, who always obey speed limits,
showed low accident rates and generally stayed calm
towards other road users. Next, there were two
relatively small groups that had very unfavorable
driving characteristics. They had been more frequently
involved in crashes than average, collected many
more fines, and reported more often unfavorable
driving behaviors regarding speed choice and
aggression. These two latter groups differed in their
self-image. One group reported own erratic behavior,
while the other group hardly did. So, all in all, the
group heterogeneity in terms of past driving
performance and driving characteristics was

average,
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considerable within the analyzed period of two years.

With regard to their motivation to participate,
participants showed either strong intrinsic motives or
internalized motives offered from outside to take part.
Both intrinsic motivation and identified regulation
made up positive conditions for subsequent learning.
However, some participants started from unclear
motives or from outside pressure (e.g., forced by
parents). We found that unclear motives paralleled
with unfavorable driving styles, whereas intrinsic
motivation or internalized motives were related to

more favorable driving styles.
4.2 Methodological Limitations

Some methodological limitations need to be
mentioned. The first two of them represent threats to
the generalizability of the research findings. First, the
data from the young driver reference group, against
which the DX-group was contrasted, were taken from
2005. This reference group may not be equivalent to
the DX-group, due to a different time frame. In the
period of seven years, some traffic safety issues may
have changed, for instance, regarding distraction by
multi media. The use of social media running on cell
phones and tablets inside cars has introduced invasive
kinds of distraction. On the other hand, risk factors
such as anger, fatigue and speeding, have not changed
since 2005 and remain applicable in the current time
frame.

Second, the samples used are in fact samples of
convenience, which may have resulted in possible
effects of self-selection. However, at least, the results
show demographic comparability of the DX-sample
with the sample of average young drivers. In addition,
the results show that possible self-selection has not
resulted in inclusion of only highly motivated, rule
following participants, who already show favorable
driving styles, as could be expected from a field study
[25].

Third, participant motivation was measured by
means of questionnaires. Instead, we could have asked

open-ended questions in in-depth interviews with
respect to the motives that had led participants to the
DX-program. We did not choose to do so for practical
reasons. However, the SIMS proved to be a very
reliable and valid measure for situation specific
motivation that showed high correlation with scores
on in-depth measures in earlier studies [23].

4.3 Practical Issues

A first practical issue relates to the question
whether the program has attracted the intended target
group. The idea was to attract not only the well-raised,
highly-educated and wealthy young drivers, as some
policy makers thought would happen, but instead a
representative sample of young drivers. The latter
turned out to be the case, as was demonstrated in the
appearance of four distinct clusters of drivers with
different driving characteristics.

A second practical issue relates the group
composition for the coached drives. How should
driver coaches compose their small groups in which
they set off for the coached drives? In each car, three
young drivers changed roles between being the driver
and being the provider of feedback to a peer
participant. A question would be whether groups
should be more homogeneous or heterogeneous in
terms of driving characteristics and motivation to
learn. In general, the quality of dialogues is expected
to be richer in heterogeneously composed groups
[26, 27]. On the other hand, a reason to opt for
homogeneous groups is that heterogeneous groups ask
for a differentiated approach on part of the coach,
which leads to a heavier task burden [28]. Regarding
group composition, a measure that was taken during
the DX-program was to prevent close friends to get
into the same car to prevent restraint in giving honest
and constructive peer feedback.

A third practical issue pertained to the availability
of the program for all young drivers. Although there
are similar programs all over the Dutch country, just a
fraction of the population of young drivers is actually
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involved. It would have been preferable that all
licensed drivers were involved in the second phase
driver coaching program. Due to budget limitations,
this turned out to be infeasible. To counter this
problem, the pre and post license phases of driver
training are increasingly being integrated in the
Netherlands. Building on the experiences of the
DX-program, driving schools are beginning to offer a
two-phase program in which learner drivers buy in.
Approximately half a year after licensing, a group of
young drivers is invited to enroll in the second phase
day, which is a regular part of their pre-ordered and
pre-paid programs.

4.4 Considerations Regarding Educational Design

and Research

To conclude this paper, some considerations can be
made regarding educational design of driver training
and coaching. The question of group heterogeneity is
just one of the variables that need to be addressed in
research into conditions and characteristics of
effective instructional design.

The prevalent research message that educational
interventions have little effect on traffic safety [29] is
increasingly contradicted by new research findings.
Isler et al. [8] demonstrated that it is possible to
counteract unsafe driving styles using sophisticated
educational designs that address higher order skills of
the driver (learner).

One of the objections against the conclusion of
non-effectiveness of driver training can be that the
studies also included training programs which reflect
a restricted view of driving competence, mostly
defined as vehicle handling and knowledge of traffic
rules. In general, educational goals for the 21st
century have moved away from taxonomies of
unrelated superficial knowledge and reproductive
skills. Instead, more emphasis is put on meaningful
learning of higher order skills [30]. Likewise, the
introduction of the GDE-matrix has changed the
conception of driving competence. Driving a car is

now seen as a complex task that is intertwined with
daily life tasks and involves strategic skills such as:
aligning life-level goals with travel purposes,
reflecting on the effects of own driving behavior for
traffic safety, planning and adjusting the route
according to travel purposes. The changed learning
outcomes ask for different educational designs, as
recognized by several authors [31].

Apart from the possibly restricted notion of driving
in the past, it stands to reason that the absence of
effects of driving instruction could be attributed to
poor instructional design and unpreparedness on the
part of the driver trainers and coaches. Following the
fundamental tenet of modern learning theory that
different kinds of learning goals require different
approaches to instruction, a new generation of training
programs is to be developed. Research from cognitive
psychology has increased our understanding of the
nature of competent performance in a wide variety of
areas [32]. Within the educational research field, a
knowledge base has emerged. It is time to apply and
extend this knowledge in the field of driver training
and coaching. We would therefore urge for a next step
in research regarding driver learning in which
instructional designs are introduced, which are
informed both by traffic psychology, educational
psychology and insights from educational research.
Until now, in-depth knowledge from educational
research sources has hardly been used nor referred to
in traffic safety journals. Inclusion of concepts and
methods originating from educational psychology
[33, 34] helps to gain more insight into the quality of
the educational design, the subsequent learning
process and the effects on driving competence.

The role of calibration skill, self-regulation,
motivation and self-reflection, as referred to in the
introduction of this paper, will be crucial to explain
differences in learning gains [35] and in safe driving
[20, 36]. Questions to be addressed could be: how
accurately do young drivers estimate their own
driving proficiency? How accurately can they set
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improvement goals that match their actual needs,
based on individual driving style reports? How
accurately can they monitor their progress towards
stated goals? How adequately do they adjust their
learning strategies [37]? How are motivation to learn
and self-regulation related during driver learning? Are
these skills amenable for change in a driver learning
context?

Investigating these questions requires intrusive
forms of data collection, like analyses of the dialogues
and interactions among learners and coaches [38],
analyses of thinking aloud protocols during driving
tasks, analyses of the types of expert and peer
feedback that are provided, and analyses of how
feedback is used by learners.

Finally, it cannot be expected that a single one day
intervention, which comprises the DX-program after
effects. Probably, a
combination of interventions, which put driving safety

all, will have long-term

permanently on (young) drivers’ learning agendas, is
to be preferred above short-term interventions. In the
end, the question will be whether the combination of

educational interventions results into sustainable

learning gains, in terms of improved driving

competence and eventually in terms of safer driving.
For practical purposes, it is important to sort out
which educational design characteristics contribute to

these effects [39], directly or indirectly.
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Abstract: The paper focuses on the enhancements needed in traffic simulation models to properly assess vehicle energy consumption
and CO, emissions when innovative ICT (information and communication technology) systems are implemented. Examples of these
are the eco-driving applications. The implementations of certain ICT systems not only affect the overall traffic performance but also
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1. Introduction

The eco-driving behaviour varies the attitude in
setting speed and distance to the preceding vehicles.
Speed and distance are parameters that influence, at
the macroscopic level, the speed and density of traffic
flow. Since these parameters are the basis for
micro-simulation, which is used to assess impact of
such way to reduce fuel consumption and in turn CO,
emissions, cares are needed to properly simulate the
“standard” drivers and the “eco-drivers”. Analysis on
recent collected data of speed and distance profiles of
“standard” and “eco” drivers has led to improvements
of mathematical traffic models. In some cases, the
formulations have been revised, in others, the values
of the parameters have been set [1-3].

In the paper, detailed descriptions of the data
analysis of the applied methodology and of the
enhancements in the mathematical models are
presented. The analysed measured data have been
extracted from the Fiat eco-driving database,
containing measured time-histories (second by second)
of more than 5,000 drivers who made more than
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400,000 trips in five months in five countries: UK,
Italy, Spain, Germany and France. Detailed
descriptions of the data analysis of the applied
methodology and of the enhancements in the
mathematical models are presented in the next
sections.

2. Car-Following Models

Our main interest is the analysis of driver behavior
and his attitude in setting speed and distance to the
preceding vehicle, being these the factors which
influence, from the macroscopic point of view, speed,
flow and density of traffic flow and being these the
factors that, for some extent, affect the “eco-behavior”.
Models that describe the process by which drivers
follow each other in a traffic stream are generally
referred to as “car following” models. During the past
50 years, driver behaviour within the traffic stream
has been studied and models that attempt to describe
this behaviour have been proposed, starting with
simple models and then making them more and more
complex in an attempt to make them more close to the
actual behaviour of drivers. The main approaches
undertaken are: GHR (Gazis, Herman, Rothery),
General Car following model in General Motor Lab;
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safety distance or collision avoidance model [4, 5];
psycho-physical model (action point).

To select the right model for car-following for
micro-simulation, there are mainly four “keys”:

* ability in matching actual data at microscopic
level (speed-distance function);

* ability in matching traffic macroscopic behaviour
(expressed by the fundamental diagram);

* casiness to use (also with
improvement/modification) to represent
eco-behaviour;

* tools available used in micro-simulation.

The research has been carried out considering
previous experience of people involved in the project
and taking into account that three micro-simulation
tools available in the project (AIMSUN, SUMO and
MESSINA) are based on that “car-following” law, the
selection has chosen the Gipps model [4, 5] . Gipps
model is one of the most widely studied and applied
models for the microscopic simulation of traffic. It is
the basis for the simulation of traffic dynamics in
several micro-simulation programs. The attractiveness
of the model relies on the intuitive assumption behind
the formulation and on the obvious physical meaning
of parameters that suggest using common practice
values “without to elaborate complicated calibration
procedures”. Despite of these, Gipps model, as
implemented in micro-simulator tool, has also some
needs of improvement to satisfy the “topics” listed
above. In Section 3, we will describe how we have
improved Gipps model for better simulating real
traffic condition and as best as possible eco-drive
capabilities.

3. Extended Gipps Model

If we consider two vehicles traveling in the same
direction in Fig. 1.

The Gipps car following model is classified as
“behavioural” because it defines the law of tracking
the vehicle in front, starting from the consideration
that a driver tries to adapt the distance from the vehicle

. —
L)
Vi
Xn
Vn -1
Xn—1

Fig.1 Car following.

that precede as a function of speed, in order to
guarantee a safe situation or, in other words, to
guarantee the ability to stop before reaching the
collision. The original Gipps car-following model is
divided in two parts: a first law “free speed” that
manages the user’s behaviour at free flow, when the
interactions between the vehicles are low, and a
second law “following speed” that is derived from the
assumption that the driver wants to keep a sort of
safety distance, which manages the user’s behaviour
when it is engaged in following another vehicle. The
“free speed” model is the following:
Vin(t + 1) =

) + aa,(l = V0Va)(B+VOVy (1)
where:

T: delay time;

V(t): speed of vehicle at time #;

Viw(t + T): free speed,;

a,: max acceleration;

V4 max speed (the speed the driver would get if
there are not constraints).

The formula generalizes those proposed by Gipps
with «, f and y parameters to be calibrated with
experimental data instead of the fix value suggested
by Gipps.

The “following speed” model, based on safety
distance concept, is as follow:

Vit + T) = by T+ (b, T = ba[ 2001 = 54 = x2) -
VAT + Vo0 1,113 o)
where:

V,(f) and V, — ((¢) are, respectively, the follower’s
and the leader’s speed at time ¢,

n is the follower vehicle;
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n — 1 is the preceding vehicle;

Xn » Xn —1 are vehicle n and n — 1 positions;

bn is the most severe braking that the driver of
vehicle n (i.e., the follower) wishes to undertake;

b,_; is the follower’s estimate of the leader’s
maximum braking rate;

Sy is the length of vehicle n plus a safety margin.

The vehicle length + safety margin S, and the
breaking ratio b,/b, - have been enhanced with two
sub-models able to better describe the user
behaviours:

Sn =50 + 7V (effective length) 3)

bu/bn 1 = (1 = V/Vimax)” (breaking ratio)  (4)

where, Spo is the vehicle length; V. is the maximal

speed of the vehicle; y, 6, oy, A are parameters to be
calibrated.

These two sub-models also provide us with an
interesting interpretation of driver behaviour. The
variability of bp/b, - (called &) as a function of speed,
with values greater than 1 at low speeds and
progressively decreasing until it reaches the value 0
for the maximum speed, tells us that the “behavioral
model” changes from imprudent at low speed to
gradually more prudent as the speed increases, as well
as the space to stop the vehicle increases as the speed
increases, interpreting higher safety levels with
increasing speed. The performance of the two
sub-models: s (effective length) and b,/b, - (braking

ratio), are shown in Fig. 2.
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4. The Calibration Process of the

Eco-Driving Model

The calibration process must estimate, for both
categories of “normal” and “eco” driver, the optimal
value for the parameters o, fand y for “free speed”
model and parameters, ¥, o, ap, A, for “following
speed” model. In order to define the characteristics of
eco-driving  behaviour, in  acceleration and
deceleration phase, we have analysed the journeys
data of some drivers who had used the Eco-Drive
system developed by Fiat.

The whole sample provided by Fiat refers to an
interval of time from June 2009 until September 2009
and it is composed of about 5,000 drivers who drove
about 330,000 journeys. This period does not involve
months too cold and, for the analysis, this is a good
thing because it allows to avoid big differences in fuel
consumption due to the difference of temperatures.
For the first analysis, it was decided to select from the
“Eco-Drive” Database [6], no less than 100 journeys
done by at least five different drivers, having the
complete time-history (with a resolution second by
second).

In order to define the eco-driving parameters, we
should select a sample of trips which allow as to
compare the same journey made by the same driver,
sometime driving in “normal” way, sometime driving
in “eco” way. Since it is very important to compare
different behaviours (“normal” versus “eco” driving

1.40

1.20
1.00
0.80
0.60

Braking ratio

0.40
0.20

0.00

0.000 0.500 1.000

V/Vmax
(b)

1.500

Fig. 2 Performance of the two sub-models: (a) Effective length; (b) braking ratio.
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style) of the same driver, on the same path and on the
same traffic condition, we must analyse the influence
of driver’s behaviour on fuel consumption,
independent to other parameters, like traffic, slope,
etc.. In this view, the selection was done among the
journeys with departure time between 5:00 a.m. and
6:00 a.m.. In that interval of time, the probability is
very high that the trip is a systematic one (from home
to work) and therefore it is very probable that the
driver chooses the same path. Moreover, at that time,
the traffic level is low and the driver has the
maximum freedom to change his behavior and to
drive according to his/her own style without being
influenced by traffic situation.

The sample of the journeys with time of departure
between 5:00 a.m. and 6:00 a.m. is composed of about
2,500 journeys (0.8% of trips) done by about 620
drivers (12.5% of drivers). Since the Eco-Drive data
do not have geo-referenced information, to identify
the journeys done on the same path several times ( at
least 10 times) by the same driver, we have selected,

from the sample of 5:00 to 6:00 in the morning, those

Table 1 Vehicle characteristics by driver.

journeys with the same length (with a maximum
difference of 100 m). The condition on the length is
very strict, but in this selection, we prefer to discard
trips that probably are the same, rather than
considering travel that looks the same but they are not.
The 348 journeys done by 20 drivers satisfy these
requirements. From this set, a random sample of seven
drivers which made 103 journeys have been extracted.

Table 1 shows the characteristics of the vehicle
used by the seven different drivers. While Table 2
shows the average characteristics of the journeys
made by seven different drivers.

The overall sample accounts for 103 journeys made
by seven drivers with a total of 1,231 km travelled in
25.3 h. The very small value of standard deviation and
CV (coefficient of wvariation) of journey length
confirm the “repetitiveness” of the journeys made by
drivers.

In Figs. 3-5, some examples of the time history
(speed as a function of space travelled) of journeys
performed by three different drivers are plotted.

In order to find parameters representative of the

Driver Vehicle Type Displacement (cc) Fuel Market
1 FIAT/198/N.BRAVO/I-CE BERLINA 1368 Gasoline AT
2 FIAT/199/G.PUNTO/I-CE BERLINA_5P 1368 Gasoline DE
3 FIAT/198/ N.BRAVO/I-CE BERLINA 1368 Gasoline DE
4 FIAT/199/G.PUNTO/I-CE BERLINA_3P 1242 Gasoline DE
5 FIAT/199/G.PUNTO/I-CE BERLINA_5P 1248 Diesel IT
6 FIAT/312/N.CINQUECENTO/I-CE BERLINA 1242 Gasoline UK
7 FIAT/198/N.BRAVO/I-CE BERLINA 1368 Gasoline DE
Table 2 Vehicle driver/journey characteristics.

. Number of Average Length standard Averz_;lge Average speed Total Total
Driver journey length (km)  deviation (m) CV length dur.atlon (km/h) (km) duration (h) Context

repetition £ (min)

1 14 18.8 23.2 0.12% 20.3 55.4 262.6 4.7 Exurb
2 14 5.8 20.8 0.36% 10.4 333 80.7 24 Urb
3 12 343 204.8 0.60% 35.6 57.8 4120 7.1 Exurb
4 14 17.7 83.3 0.47% 20.9 50.8 2472 409 Exurb
5 11 8.3 59.3 0.72% 11.4 434 909 2.1 Exurb
6 18 3.1 29.2 0.93% 6.5 29.0 56.6 2.0 Urb
7 20 4.1 6.4 0.16% 6.2 39.5 81.5 2.1 Exurb
Total 103 92.0 - - 111.3 48.7 1,231.5 253 -
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style of driving, a set of metrics have been computed. * stops per km;
The metrics computed to “qualify” the trips are the * percentage of idle.
following: The 103 journeys extracted are classified, for the
* average velocity (km/h); seven users, by the eco index and the mean fuel
* standard deviation of velocity (km/h); consumption measured in L/100 km (stored on Fiat
* average of squared velocity; “Eco-Drive” database). The relation between eco
* average of cubed velocity; index and fuel consumption has been investigated and,
* average acceleration; even if each user has different behaviours according to
* inertial power; the trip, it is quite evident the correlation between eco

* average of squared acceleration; index and fuel consumptions: if your eco index is



102

higher, your fuel consumption is as lower. As
expected, there is also a good correlation between eco
index and average acceleration.

In general, all the metrics calculated provide
indication as expected. In fact, the best journey as eco
index also has a good value for the stop time percentage
and a high value of average duration. The velocity
alone (simple, squared or cubed) among the several
metrics seems, instead, the metric less related with the
eco index. A criterion to select the most “eco” driven
trips in order to estimate the “eco” driver model and
“normal” one has been to take the journeys having the
maximum value of eco index and the minimum value
of fuel consumption. Hence, the analysis of the metrics
tells us that the choice of taking for each user the best
two trips having eco index higher and fuel consumption
lower as representative of eco-drive style seems to be a
good one. In the same way, the “normal” trips have
been selected by the opposite criterion of taking for
each user the two worst trips as eco index and fuel

consumption.
4.1 Calibration of Free Speed Model

The aim now is to analyse the differences (if any)
for the “eco” and the “normal” driver for the first
sub-model (free speed). Fig. 6a shows all data
belonging to the time history of “eco” journeys chosen

according to the criterion explained in the previous
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section. Then the points of the journeys with positive
acceleration has been chosen and a regression has
been built

estimating the relationship between

acceleration and ratio between actual speed and
desired one using the function suggested by Gipps
(Eq. (1)). The data dispersion is very high and
interpretation of average behaviour is very difficult.
Then, to reduce the variability of points, the value of
ratio V/V; has been grouped in classes having a range
of 0.01, getting a total of a hundred classes where, for
each of them, the mean values, standard deviation and
number of data have been computed.

Now, using average value for each class, we
estimate the parameter o, fand y of Gipps extended
model. Estimate has been done using weighted last
square method (where weights are number of
observation). Fig. 6b shows, using a bubbles diagram,
the number of samples for each class and the standard
deviation as error bars. The class with more samples is
those having a low standard deviation as expected.
Fig. 7 also shows the best fit for the relationship
between acceleration and V/V, ratio.

The same methodology, of course choosing the set
of trips having the opposite metrics, has been applied
at journeys selected as “normal”. The point has been
processed in a similar way. Fig. 7 shows the
distribution of these points and the free speed model
for normal driver.

Eco-drive selected data
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Eco-drive free speed car following law
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H—
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—
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Fig. 6 Relationship between V/V,; and acceleration for eco-driver: (a) raw points; (b) model.
The parameters of the extended Gipps model, that fit the experimental eco-drive data, are: a, = 5.21, 2.60, 1.89, -4.42 with a

correlation coefficient R* = 0.73.
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Standard selected data
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Fig. 7 Relationship between V/V,; and acceleration for normal driver: (a) raw points; (b) model.
In this “normal” case, the estimated parameters are: a, =2.95, a=1.47, f=1.91, y=-2.47 with a correlation coefficient R?=0.62.
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Fig. 8 (a) Acceleration and (b) deceleration function for eco-drive and “normal” driver.

Fig. 8a, finally, shows the comparison between the
two estimated curve for “eco” and “normal” driver. The
eco-driver curve is always below the “normal, no eco”
driver curve. This means that eco-drive behaviour tends
to reduce the acceleration, as expected.

Using the same method applied for analysing the
acceleration described above, we also obtain the
relations for deceleration as function of the V/V; ratio
(Fig. 8b).

Also in this case, eco-driving deceleration is lower

than those for normal driver.
4.2 Calibration of Following Speed Model

The data from Fiat “Eco-Drive” database rely on
behaviour of “single” vehicle. There are not any data
concerning the distance and speed of the car in the
front. This means that there is no possibility to use
these data to estimate parameter of the “following
speed” model which requires, by definition, data of

follower and leading vehicle, so we have to follow
another approach.

Since we know that micro behaviour (speed-distance
law) must be coherent with traffic macro behaviour
(fundamental diagram) [7], we can use this relation to
the the
distance-speed law and, in turn, the car following model.
To do that, we have estimated the FD (fundamental
diagram) for the “average lane” of a road section

estimate, at least for normal driver,

belonging to a two lane motorway. For the estimate, we
have used the FD formulation proposed by Cremer:
v = wll = (W)Y (%)

where:

vy free flow speed;

k: density;

kj: jam density;

a, f: parameters to be calibrated.

The typical parameters for the traffic on two-lane

highway are: vy= 123 km/h; k; = 91 Veic/km; a = 1.4;
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p=4.

In Figs. 9 and 10, the shape of the fundamental
diagram and those built integrating the original Gipps
speed-distance model (with a braking ratio = 0.75) are
reported together.

If we use the “enhanced model” [6] (with effective
length [5] and braking ratio [7] sub models) for
speed-distance law, a decisive improvement in the
validity of the model is obtained. Fig. 10 shows the
comparison between this new model and the FD. The
improvement is well evident.

The parameters were determined using least squares
technique:

7=1s, 1=0.3862
b=4m/s’, so=11m
Vinax = 123 km/h, y=2.561
op=1.224, 5= 0.3446

As a measure of the goodness of the fit, we use the
value of correlation coefficient R* of the regression
between the values calculated with the speed-distance
model and those calculated with the fundamental
diagram law. The value of R* is equal to 0.999 with
the following regression equation:

Flow CF =1.0021 flow DF 6)

As said before, this can be considered adequate for
the “normal” driver. Unfortunately, we have no any
data collected on board of vehicle to see how the
behavior of eco-driver affects the shape of the

speed-distance law.
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5. Results and Discussions

To check the correctness and realism of the model’s
enhancement (Section 4) and the effect of eco-driving
behaviour, we have used the speed profile of the seven
selected trips (Section 4), as speed profile of a “leader
vehicle”, while the behaviour of the follower vehicle
has been simulated using the enhanced Gipps model,
considering two scenarios: the first “normal”,
adopting acceleration and deceleration functions for
“normal driver” (Section 4.1) and the second “eco”,
adopting acceleration deceleration function for
“eco-driver” (Section 4.1). Comparison has been
made in terms of fuel consumption. Within the
simulation tool, we have implemented the Akcelic
fuel consumption model (one of the most used in
microsimulation tool). The model consider the
behaviour in each phase of driving task (acceleration,

deceleration, cruising and idle), according to these

rules:
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1,500.00 i N Fundamental diagram
—~ Fi ‘\‘
< ! :
B .' \ |
2 100000 H "_ Car following
]
Eo 1 \‘\‘ ----- Fundamental
7 ‘\ diagram
500.00 i '\
] \
.
0.00 Sl

0.00 2000  40.00 60.00 80.00 100.00

Density (v/km/lane)

Fig. 9 Fundamental diagram (density-flow function).
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Fig. 10 (a) FD density-flow functions; (b) FD density-speed functions.
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Table 3 Akcelic fuel consumption model.

Vehicle state Fuel consumed (mL) during At
Idling FiAt

Accelerating with acceleration a (m/s®) and speed v (m/s) (c1 + coav) At

Cruising speed v (m/s) (ki (1 + (Wv)Y) + kaAv)At
Decelerating F At

F; and F; are the constant fuel consumption rate in mL/s for idling and deceleration phases; ¢, and ¢, are parameters to be calibrated
(depending on vehicle model); &, and k, are parameters to be computed knowing true fuel consumption for 90 km/h and 120 km/h; v,,
is the speed at which the fuel consumption rate is at minimum for a vehicle cruising at constant speed.

Table 4 Characteristics of driving phases (Vel = speed and FC = fuel consumption).

Vel (km/h) FC (L/100 km) Delta% (eco vs. no eco)
Eco No eco Eco No eco Vel FC
Cruise 58.8 62.9 5.5 5.8 -6.5% -4.6%
Acceleration 44.7 50.8 9.5 11.4 -12.1% -16.7%
Deceleration 42.7 49.9 2.7 2.5 -14.5% 8.3%
Idle 0.0 0.0 0.0 0.0 - -
Total 48.8 49.0 6.0 6.8 -0.5% -12.0%

Table S Characteristics of driving phases (share of phases in terms of 77 = travel time, space travelled and F'C = fuel consumption).

T Space FC
Eco No eco Eco No eco Eco No eco
Cruise 52.4% 36.2% 63.1% 46.4% 57.9% 39.3%
Acceleration 22.1% 27.9% 20.2% 28.9% 31.8% 48.0%
Deceleration 19.1% 24.2% 16.7% 24.6% 7.4% 8.9%
Idle 6.5% 11.6% 0.0% 0.0% 2.9% 3.8%
Total 100% 100% 100% 100% 100% 100%
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10.00 -1.0 s Feo
...... Delta
—_ -2.0
E 8.00 ———Espo. (no eco)
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2.00 ot 60 V= 19700e7
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2000 3000 4000 5000  60.00 70.00 = 18.084¢
2 _
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Fig. 11 Speed-FC functions (Espo. means exponential curve and delta means FC difference between eco and noeco in %).
o idle if ¥<0.1 m/s and |a| < 0.15 m/s*; Each phase, on the set of trips extracted from the
e acceleration if a > 0; “Eco-Drive” Database, has been analysed. In Tables 4
e cruise if V> 0.1 m/s and |a| < 0.15 m/s*; and 5, results of main characteristics of different
* deceleration if a <0. phases and share of them (on travel time, on distance
In Table 3, the Akcelic fuel consumption model for travelled and fuel consumption) are reported.

each phase is presented. The eco-driving effect on reduction of fuel
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consumption is mainly due to different behaviour in
acceleration (Table 5). From field data, the average
fuel consumption reduction is around 12%, while the
reduction of fuel consumption in the acceleration
phase is around 17%. Applying simulation (with the
extended Gipps model and acceleration function as
described in Section 4.1), we have an average fuel
consumption reduction around 8% with a reduction on
acceleration phase around 16%. This confirms a quite
good match of simulated data with those coming from
the field.

It is also interesting to note that if, instead of
considering just the average consumption for each trip,
we link these to the average speed for the overall trip,
we can estimate the relationship between speed and
fuel consumption. Fig. 11 shows the results.

As expected, fuel consumption is a decreasing
function of the average trip speed and fuel
consumption with eco-driving behaviour is lower than
with normal behaviour.

Fuel consumption percentage reduction is almost
linearly decreasing with the speed, considering
average speed of selected trips, fuel consumption

reduction is around 4.5%.
6. Conclusions

Enhancement of Gipps car following model with
introduction of specific submodels for “vehicle
equivalent length” and “braking ratio”, and new
calibration of “free speed” model with actual data
coming from vehicle used in real life, allowed to
estimate effect of eco-driving behavior on reduction of
fuel consumption.
are quite good:

Quantitative results average

reduction of fuel consumption for the sample of actual
trips is around 12%. Average reduction for the same
speed profile used within the simulation tool is around
8%, while considering a more conservative evaluation
which takes into account relationship between average
trip speed and fuel consumption. Final estimate of fuel
around 4.5% which
is a value very close to the usual target for this

consumption reduction is

measure.
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Abstract: The main objective of this paper is to analyse the vertical loads effects applied on the pavement, considering the variation of
tire pressure, from a truck’s front suspension. For the measurements, a durability test track located in Brazil has been used. The tire
pressure was increased by 10 psi from 90 psi to 130 psi with a constant load of 6 t on the front suspension, the maximum allowed load
for front axle according to Brazilian legislation. By applying relative damage concept, it is possible to conclude that the variation on the
tire pressure will not affect significantly the load applied on the pavement. However, it is recommended to repeat the same
methodology in order to analyse the influence on the variation of the other quarter car model variants.

Key words: Vertical load, pavement, relative damage.

1. Introduction
1.1 Background

Besides impacting directly on the vehicle dynamic
behavior (rolling resistance, ride and handling, fuel
economy, noise, Vvibration and harshness), the
tire-road interaction is also a factor that compromises
the pavement integrity. As larger loads and vehicles
appear in the road transportation system, pavement
damage concerns are taking greater relevance in road
construction and maintenance activities [1, 2].

Vertical dynamic load is directly related to the
deterioration of the pavement [3]. Therefore, this
relation can also be extended for the vehicles variants,
especially for the commercial vehicles (trucks and
buses).

By analysing the quarter car model (Fig. 1) [4], it is
expected that the tire spring rate could influence it by

Corresponding author: Pablo Yugo Yoshiura Kubo, Ph.D.,
engineer, research field: pavements. E-mail:
pyykubo@hotmail.com.

changing the tire pressure.

Some authors suggest relationship between
pavement damage, due to tire interaction, such as
braking [5], different tires configurations [6, 7], and
even due to different tire pressures [8], but still lack of
studies that correlate tire pressure with vertical
dynamic load applied to the pavement.

1.2 Boundaries and Assumptions

In order to analyse the influence of the tire pressure,
it is necessary to keep constant the other variants of
the quarter car model (Fig. 1):

* sprung mass and unsprung mass: set as 6 t, the
maximum allowed weight on the front axle according
to the Brazilian legislation;

e primary suspension spring rate and shock
absorber damping forces: set according to the
manufacture specification—new components;

» pavement longitudinal profile: the tests have been
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K, é Eda

ki

Fig. 1 Quarter car model [4].

M,: sprung mass; K;: primary suspension spring rate; ¢;: shock
absorber damping force; m;: unsprung mass; k-: tire spring
stiffness.

performed on a proving ground located in Brazil, in
order to keep the same track in all measurements;

* rigid truck with the configuration of two steering
axles, one drive and one tag axle (Fig. 2), which
consists in one driven axle and three non-driven axles,
has been chosen and all measurements reflect the
loads of both front steering axles.

2. Methodology
2.1 Metal-Foil Strain Gauge

The metal-foil strain gauges (Fig. 3), also identified
as metal-foil resistance strain gauges, are sensors
composed by a thin resistive foil, fixed on an electrical
insulation  material,  usually  polyamide or
epoxy-phenolic resin, called base [9].

The main advantages and characteristics of the
metal-foil strain gauges are [10]:

* high precision and linearity;

* low cost and weight;

* good dynamic and static response;

* use in wide range of temperature and vibration.

The working principle of this strain gauge is based
on the fact that all electrical conductors change their
resistance when elongated [11]. This characteristic is
stated in the second Ohm’s Law, which relates the
resistance (R) of a conductor to its length (L),

cross-sectional area (4) and resistivity (p):

Fig. 2 Tested truck.

Solder tabs
Matrix length ,_|
Gage length
=
3 =t
< z
o ®
2 g
(]
o0 =
G S—
Base
Fig. 3 Illlustration of a metal-foil strain gauge [12].
R=2 (1)

A
Considering a generic elongation in an electrical

conductor, Eq. (2) can be rewritten as follows [5]:
AR _ KAL

.= @
where, the factor k is defined as the sensitivity of the
strain gauge, corresponding to a constant that varies
with the resistive material used. Its value varies
between 2 and 4, for most alloys used, and shall not be
related to the magnitude of the measured strain [9, 12].

Considering that the giving strain is measured as the
total elongation per unit length of material [9], the
following equation is obtained:
2= ke 3)

Eq. (3) indicates that the magnitude of the measured
strain (¢) is proportional to a relative change in the
resistance, which is the working principle of this type
of sensor [9].

As the strain gauge resistance changes, the strain
results are computed through the electric circuit of

a Wheatstone bridge (Fig. 4). This is mainly due to the
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E,

Fig. 4 Illlustration of a Wheatstone bridge circuit [13].

capacity of this circuit to detect small changes in
resistance (R; to R4), and to allow temperature
compensation and also voltage adjustment (£ and Ej)
[13].

The Wheatstone bridge consists of four resistive
arms (R, R, R; and R4) connected to a supply voltage,
where each arm can be connected to one or more strain
gauges [14].

Several arrangements of strain gauges and
resistances are possible in this circuit (1/4 bridge, 1/2
symmetric/asymmetric bridge and full bridge), each
one with a specific application. Fig. 5 illustrates the
quarter-bridge arrangement, the same used in this
methodology.

Finally, the result is obtained by associating the
strain to an electrical signal (analogue), which

subsequently will be conditioned in a data acquisition
system [15].

2.2 Instrumentation and Calibration

Uniaxial strain gauges were placed on the main leave
spring of the 1st and 2nd steering axle (Fig. 6) on the
LHS (left hand side) and RHS (right hand side) of the
vehicle.

The recorded values given by the mentioned
instrumentation were in ue (micro-strain). Therefore, it
was necessary to calibrate the system in order to
estimate the force applied on the pavement.

A weighting scale has been used and different loads
have been applied on the vehicle body with the
objective of having the calibration curves between ue
and the load applied on the ground in tons (Figs. 7 and 8).

Due to the fact that all tested springs have the same
spring rate, all calibration curves have similar
characteristics.

For the test procedure, a pothole track has been used
in the proving ground for the measurements with the
following conditions (Figs. 9 and 10):

* vehicle weight: 6 t per front axle;

* vehicle speed: 40 km/h;

¢ new shock absorbers;

* new spring unit;

* tire size: 295/80 R22.5.

It is important to highlight that most of the events on
the left and right hand sides of the pot hole track are
different, so different loads on both sides of the vehicle
would be expected.

<

Fig. 5 Tensile test: strain gauge with quarter-bridge arrangement [9].
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Fig. 7 Weighting scale used for the calibration.

1st axle, LHS (front)

o
3

_ >
. »=00013x+23182 _—*
o
3
ES — 1
-1,500 -1,000 -500 "0

Strain on the spring

—¢—Load on the wheel ——Linear (load on the wheel)

Fig. 8 Example of one spring calibration.

The only variant set was the tire pressure:

* 90 psi (621 kPa);

* 100 psi (690 kPa);

* 110 psi (758 kPa)—recommended pressure for the
applied vehicle weight;

* 120 psi (827 kPa);

* 130 psi (896 kPa).
Three measurements with each tire pressure
configuration have been performed.

3. Analysis and Results

Fig. 11 presents an example of the time signal of
each front spring for a shock absorber condition (new).
The mentioned figure refers to the load applied to the
pavement on each front axle tires in tons.

By analysing the time signal data, it is not possible to
make conclusions. Therefore, it was necessary to use
other statistical analysis.

Fig. 12 presents one of the histograms for the tested
tire pressures. It is possible to visualize on this figure
that the counting cycles close to the static load (3 t) are
the mandatory values. Nevertheless, with this statistical
tool, it is not possible to analyze the behavior of the
other loads to the pavement.

Fig. 9 Detail of the pothole track.
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Fig. 10 Interaction between tire and pothole.
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Load applied on the pavement-tire pressure: 110 psi (758 kPa)
PH @ 110 psi (rsp) Ch 1: 1st steering axle, LHS, load
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Fig. 11 Time signal—load applied on the pavement at 110 psi.
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Fig. 12 Histogram of the load applied on the pavement—1st axle, LHS.
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Fig. 14 Example of a sinusoidal load [16].

4. Relative Damage Calculation

If a test specimen is subjected to a sufficiently severe
cyclic stress, a fatigue crack or other damage will
develop, resulting to complete failure of the
component/system [13].

The data of the different loading levels can be
presented by a stress-life curve or Woeler curve

(Fig. 13).

The mentioned curve is defined through controlled
samples that are tested until its complete failure with a
constant frequency/amplitude sinusoidal load (Fig. 14).

Through a stress-life curve, it is possible to obtain
the number of cycles until its failure (1.E + 01 is equal
to 10) of a signal with constant load (o, Fig. 13).
Unfortunately, just few applications have such
behavior (Fig. 14).

Within this scenario, Palmgren suggested the
following equation:

N N. N Nj
N_f11+ N—;+N—;+--- = EN—ffj= 1 &
where:

N;: number of cycles for each constant load;

Ny: number of cycles (failure) from stress-life curve,
for each constant load.

Basically, Palmgren stated that a component will fail
when the sum of the ratio between the number of cycles,
for each segment, and the number of cycles from
stress-life curves would be equal to 1 (Fig. 15).

Palmgren created this concept early in 1920, but it
has been world wide spread through Miner [17], and
due to that, it was named as the Palmgren-Miner rule.

On the other hand, Dowling [16] highlighted that for
loads with high variation levels, it is not feasible to do
the calculation as stated by Palmgren-Miner. Fig. 16
presents an example of wing acceleration (in G’s)

during an airplane real measurements.

N3, cycles —

Oq

Ny(cycles to failure)

Fig. 15 Palmgren rule [16].
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Fig. 16 Example of a real life signal-airplane wing acceleration [16].
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Fig. 17 Principle of the rainflow cycle counting [16].

In this way, it is necessary to adopt a procedure
called rainflow cycle counting, created by Endo and
Matsushi [18]. This analysis considers a cycle counting,
if it follows the criteria from Fig. 17.

With the combination of the peak-valley-peak
“X-Y-Z” (Fig. 17), a cycle will be considered, if the
amplitude variation, Aoy, is equal or greater than the
previous amplitude variation [18].

Finally, using the concepts from
Palmgren-Miner/Endo and Matsushi, it is possible to

define the following equation for the absolute damage:
0, = (Fmax ; Omin) (5)
where:
o,: average amplitude from each rainflow cycle (omax
and Opin);
Oomax: Max amplitude (peak) of each rainflow cycle;

Omin: Min amplitude (valley) of each rainflow cycle.

1 \/Omax-Oa 1
Npj= 3= (6)

where:
Ny: number of cycles (failure) from stress-life curve,
for each constant load;
o'y theoretical loading that indicates failure with zero
cycle (material property);
b: stress-life curve slope (material property);
j

YU absolute damage.
Nrj

Therefore, the relative damage will be the ratio
between a given tire pressure damage with the baseline
(110 psi).

By analysing Fig. 18, it is possible to conclude that
the relative damage, regarding tire pressure, has no
significant relation with the vertical load applied on the

pavement.
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Fig. 18 Relative damage among tire pressures, k = 5.
5. Conclusions and Recommendation

By applying relative damage concept, it is possible
to conclude that the variation on the tire pressure, one
of the parameters of the quarter car model, will not
affect significantly the load applied on the pavement.
However, it is recommended to repeat the same
methodology in order to analyse the influence on the
variation of the other quarter car model variants.

Finally, the optimized instrumentation developed
could be emphasized, which could be used on any
commercial vehicle with metallic suspension.
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Abstract: This article presents a study of vehicle acceleration distribution at a traffic signal stop line in an urban environment. Accurate
representation of vehicle acceleration behavior provides important inputs to traffic simulation models especially when traffic related
emissions need to be estimated. A smart eye TDS (traffic data sensor) system was used to record vehicle trajectories, which were
extracted to calculate vehicle acceleration profiles. This paper presents the acceleration distributions obtained from over 300
passenger-car acceleration cycles observed on site from the stop line up to a maximum speed of 40 km/h. These distributions are
compared with the outputs from a traffic micro simulation tool modeling a similar stop line scenario. The comparison shows that
measured accelerations present wider distribution and lower values than the micro simulation. This result highlights the importance of
using acceleration distribution calibrated with real-world measured data rather than default values in order to estimate accurate
emission levels.
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1. Introduction Inaccurate representation of vehicle acceleration
behavior in traffic micro simulation models has been
identified as a significant source of uncertainty in
emissions predictions in several studies [1-4]. Accurate
real-world measurement of vehicle acceleration
trajectories is required to ensure the model which is
appropriately calibrated and able to produce realistic
emission estimates for the traffic situation being
studied. Innovations in sensing technologies can be
used to provide locally-relevant calibration parameters
for acceleration in traffic models.

Previous research studies into vehicle acceleration
have suggested that there are inconsistencies between
reality and microscopic models [4]. In this study, high
resolution camera images were used to extract vehicle
trajectories at a signalized intersection in Rotterdam,
the Netherlands. The study compared the real-world

Corresponding author: Simon Hu, Ph.D., research fields: measurements with simulated data from microscopic
transport telematics, vehicle emission modelling, traffic simulation software. The results showed that the speed

simulation modelling, dynamic route guidance system, traffic . . . .
management and data fusion. E-mail: j.s.hu05@imperial.ac.uk. and acceleration estimates from the simulation model

The rationale for investigating vehicle acceleration
is driven by the growing need to combine traffic
simulation with the modeling of emissions caused by
traffic. The pollutant emission rates of a vehicle are
strongly dependent on the magnitude of its acceleration.
Current traffic simulation software tools rely on
predefined acceleration models. Typically, default
parameter values are used and amended to ensure
realistic representation of traffic operations (e.g.,
junction capacities) rather than being calibrated to
ensure accurate representation at the individual vehicle
level. In instances where calibration of the acceleration
profile for a specific road network does occur, usually
rather limited field data are used (e.g., from floating car
techniques).
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were much higher than real-world data. It is indicated
that drivers accelerate with much more variation in the
real world than in the simulations with values measured
in the range 0 to 5 m/s®. Another study undertaken by
Hirschmann et al. [5] has used high time resolution
GPS (global positioning system) to obtain the vehicle
trajectories on an urban signalized corridor. The
vehicle position was recorded at a rate of 20 Hz, so that

the vehicle acceleration activity could be
studied. The study showed that the desired
acceleration rates from the VISSIM
(“VerkehrinStddten—SIMulationsmodell”,  German

for “Traffic in Cities—Simulation model”) simulation
model are too high by default, and suggested that these
parameters need to be calibrated against the real-world
measurement before the model can be used for
emissions estimation. The acceleration values
determined from this study are from 0 to 4 m/s°.

Other research into the wvehicle acceleration at
signalized junctions [6-8] has focused on developing
different models for estimating acceleration rates. In
Ref. [7], the study proposed a vehicle dynamic model
for predicting maximum acceleration for passenger
vehicles. The model predicted values of
acceleration range between 0 and 4.3 m/s? for the tested
vehicles.

The “smart eye” TDS (traffic data sensor) used for
the vehicle trajectory recording and analysis presented
in this paper overcomes some of the practical
limitations of conventional video processing methods,
such as limited dynamic range and non-real time
processing. A specialized optical dynamic vision
sensor [9] delivers zero-redundancy, asynchronous
data containing precise timing information of moving
objects. This device features a 1 ms temporal resolution
and wide dynamic range of 120 dB of illumination. The
raw data rate of this sensor is relatively low compared
to conventional video due to its on-chip data
compression mechanism. The analog pre-processing of
the visual motion information on the sensor focal plane
suppresses the static background and allows for a

sparse representation of the vehicle trajectory. Unlike a
conventional video based sensor, the smart eye sensor
is capable of on-board, real time vehicle detection and
speed measurements on up to four lanes
simultaneously have been presented in previous
publications [10-14]. The important aspect of the work
presented here is that the TDS device is capable of a
continuous, long-term road side deployment whereas
the video-based approaches found in literature are
typically not. Video techniques often lack of real time
processing capabilities and typically do not have
sufficient dynamic range for day and night operations
or operations under all weather and lighting conditions.

In the work presented in this paper, the raw sensor
data have been utilized to record and analyze
the full trajectories of the vehicle and the recorded data
have been processed offline using MATLAB. The
major contribution of the work is to use this special
high time resolution, optical sensor technology for
acceleration measurement, which provides very
accurate data to calibrate vehicle acceleration
profiles.

The results will be used in the traffic micro
simulation that serves as a basis for a decision support
tool for adaptive traffic management developed by the
CARBOTRAF (a decision support system for reducing
CO, and black carbon emissions by adaptive traffic
management) project within the European 7th
Framework Programme. The CARBOTRAF project
aims to support traffic operators in real time when
choosing the most effective ITS action to reduce CO,
and BC (black carbon) emissions.

The article is organized as follows: Section 2
describes the vision sensor and field setup; Section 3
explains the method of acceleration calculation;
Section 4 describes the traffic micro simulation that
was performed in order to compare with the field
results; in Section 5, the acceleration results are
presented and compared with those obtained by the
micro simulation; Section 6 provides the conclusions
of the study.
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2. Sensor System and Field Setup

In this section, the smart eye traffic sensor and the
road setup for the vehicle trajectory recording are
described. In contrast to traditional semiconductor
CCD CMOS
(complementary metal-oxide-semiconductor) imagers

(charge-coupled  device) or
that encode image irradiance and produce constant data
volume at a fixed frame-rate irrespective of scene
activity, the sensor contains an 128 x 128 arrays of
autonomous, self-signaling pixels which individually
respond to relative changes in light intensity. Pixels
respond by placing their address on an asynchronous
arbitrated bus with a latency of less than 100 ps,
generating the so-called “events”. Pixels that are not
stimulated by a change in illumination are not triggered,
hence static scenes produce no event output. Because
there is no pixel readout clock, no time quantization
takes place at this point. The sensor operates largely
independent of scene illumination, directly encodes
object reflectance, and greatly reduces redundancy
while preserving precise timing information. Because
the output bandwidth is automatically dedicated to the
dynamic parts of the scene, a robust detection of fast
moving vehicles is achieved. The high dynamic range
of the photosensitive element (> 120 dB or 6 decades)
makes the sensor well-suited to applications under
uncontrolled light conditions.

The pixel locations (i, j) in the imager array are
AER

(address-event-representation) [15], as shown in Fig. 1.

encoded in the data by

The scene information is transmitted event by event
and stored to a binary data file as 16-bit addresses and
corresponding time stamps with a 1 ms time resolution.
This corresponds to a 1,000 frames per second imaging
when compared with a conventional video sensor.

The traffic sensor is capable of detecting and
transmitting 100,000 illumination changes per second
(100 kilo “events” per second, keps) and more.
However, for a typical traffic surveillance scenario, the
peak data rate from the 128 x 128 pixel imager is not
higher than 50 keps on average. Fig. 1 shows a visual

reconstruction of four image frames from the AER data
as seen from the sensors perspective. The four frames
taken with a 20 ms time difference contain two moving
vehicles. The vehicles front sections with headlights
and bonnet can be distinguished (indicated by “H” and
“B” in Fig. 1).

In contrast to the studies mentioned above, which
used video equipment mounted on a high tower 100 m
above the road [4] or high time resolution GPS
installed in a set of test vehicles [8], this study uses a
device that can be easily integrated into existing road
side infrastructure and can capture vehicles under
in Fig. 2. Field

investigation thereby becomes simpler to implement,

normal operation, as shown

and more representative of the actual traffic conditions.

Fig. 1 A sequence of four image frames reconstructed
from the asynchronous AER data showing two moving cars
from the traffic sensors perspective.

The time difference between the four frames (a)-(d) is 20 ms.
Black pixels in these images represent changes from bright to
dark, white pixels represent changes from dark to bright. In the
reconstructed images, the bonnets (B) and headlights (H) of the
cars can be distinguished in frames (a) and (c). The image plane
coordinates (i, j) are indicated in the second frame (b). In frame
(d), the dashed lines mark the lane boundaries of the monitored
lane (L).
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Monitored lane
(a)

Fig. 2 (a) Field setup at the signalized intersection in the Vienna urban area; (b) important mounting parameters and the
world coordinate system.

The processing capability of the embedded sensor
system furthermore offers the possibility to implement
the acceleration sensing directly in the device, serving
future traffic management systems to ingest live
acceleration data from the road network at locations of
interest.

Fig. 2a shows the setup at the traffic light at a
signalized junction in the Vienna urban area. The
sensor field of view covers three lanes of the four lanes
of the street. The data from one lane were used for this
analysis. The sensor is mounted overhead, above the
monitored lane on a sign bridge and faces upstream,
into the traffic flow. The stop line is located 4.6 m
upstream of the sensor position. The sensor is mounted
at a height 4 of 5.6 m above the road surface at a
viewing angle S of 62° against the normal. The world
coordinate system (x, y) applied to the data after
rectification is indicated in Fig. 2b. Although the sensor
field of view covers three lanes, only the vehicles
driving in the center lane (directly underneath the
sensor) have been used for this evaluation study. This
lane is marked as “straight ahead only”, with no turning
vehicles. The reason why data from other lanes have
not been used for this study is that only this lane is
completely covered by the sensors field of view (lane
indication “L” in Fig. 1). Fig. 3a shows a typical
example of an AER vehicle trajectory data as recorded
by the sensor in space-time representation. The
trajectory for a vehicle approaching the sensor is shown
in a space-time representation, with i and j being the

(b)

horizontal and vertical axes in image space (compared
with axes indication in Fig. 1), respectively.

Using the known camera parameters of the sensor,
the AER data are rectified to the world coordinate
system where vehicle trajectory is represented as
distance from the sensor and function of time. Fig. 3b
shows the full trajectory (top) and extracted leading
edge (bottom). This leading edge represents the front
part of the vehicle.

From the leading edge of the trajectory, the
space-time representation of the vehicle trajectory is
obtained, from which speed and acceleration are
derived. Traffic counting and speed measurement of
TDS were previously validated using manual counts
from video recordings and speed measurements [14, 15].

3. Acceleration Calculation

Trajectories were annotated from their arrival
approximately 13 m upstream from the sensor position,
corresponding to a zone from about 7 m upstream to
about 0.5 m downstream the stop line (6 m from the
sensor position).

The first three cars passing the stop line after green
have been included in the investigation, ensuring that
only accelerating vehicles are added to the database. To
a MATLAB based

graphical user interface has been developed that allows

implement this annotation,
the addition of trajectories and other relevant vehicle
parameters, such as vehicle class, to a common
database of vehicle trajectories.
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Fig. 3 (a) Address event representation of a vehicle trajectory in image space (in pixel), i horizontal axis, j vertical axis; (b)
extracted and rectified address event data of the trajectory in world coordinate space x (in m).

Fig. 4 shows a screenshot of the main window of the
annotation tool. The upper axis presents a rough
reconstruction of the vehicle top view from the AER
data (“2” in Fig. 4) to the user allowing classification of
the vehicle into different size categories (“1” in Fig.
4).The lower axis presents the reconstructed trajectory
in space-time where the AER activity is rendered for
imager coordinate ; versus time (“3” in Fig. 4). Bright
lines in this axis indicate strong bright edges of the
vehicle, dark lines indicate dark edges of the vehicle,
grey areas indicate unchanged background. This AER
activity “image” is a histogram of the event activity per
time wunit. The temporal resolution at this
reconstruction is 10 ms corresponding to an equivalent
frame rate of 100 frames per second when compared
with conventional video data. The annotation is
performed by locating several points (“4” in Fig. 4)
along the track of the leading edge of the vehicle with
the mouse cursor, thereby reconstructing the path in the
image space.

The user input for the given example is indicated in

Fig. 4 by white crosses. Typically 3~10 trajectory
segments with a sampling interval of 0.1 s to 0.6 s have
been annotated per vehicle trajectory. Manual
annotation has been chosen in preference to an
automated extraction of the trajectory points at this
stage to ensure data quality for this study. Furthermore,
these data are indented to be used as ground truth test
cases for the acceleration detection in the embedded
traffic sensor device.

The speed and acceleration have been calculated for
the individual segments after the transformation from
image (pixels) to world coordinates (meters). In total,
323 trajectories with 966 segments have been
evaluated.

4. Traffic Micro Simulation of Stop Line
Accelerations

Using state-of-the-art PTV (Planung Transport
Verkehr AG) VISSIM traffic simulation software [16],
a number of vehicles accelerating from the stop line
have been simulated.
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A microscopic simulation model has been developed
to replicate the traffic operations of the junction in
Vienna measured by the smart eye TDS traffic sensor.
One signalized junction is coded in the simulation with
a cycle time of 60 s, and a detector is installed 16 m
upstream from the stop line to measure the arriving
vehicles. Along with the vehicle record files from
VISSIM,

corresponding to the field of view of the traffic sensor

vehicles entering a detection zone
are filtered out. Only the first three vehicles passing the
stop line after green have been included in the study.

The key configuration parameters in VISSIM are set
as per Table 1.

For the purpose of this study, there are only two
types of vehicles specified in the simulation: cars and
HGVs (heavy goods vehicles). For each vehicle type,
the desired speed distribution is specified in the
simulation. In VISSIM, a stochastic distribution of
desired speed is defined and the range of distribution is
also specified by a minimum and maximum speed

shown in Table 1. The simulation duration was set as 1

h, excluding 30 min simulation warm-up time at the
beginning.

The speed and acceleration of each individual
vehicle are recorded at 10 Hz frequency in the
simulation. This provides sufficient resolution for the
acceleration trajectory analysis in this study. All
default parameters are used in the simulation (such as
desired speed and acceleration) in order to compare the
real-world vehicle dynamics with the modeled. This is
a limitation of the study as these parameters can affect
acceleration and deceleration. The dataset used for the
analysis contains 1 h of simulation which results (after
data processing and filtering) in about 200 vehicle

trajectories.
5. Results
5.1 Speed and Acceleration from TDS Sensor Data

The measured trajectory data are smoothed to
remove outliers using a simple moving average. The

derived speed and acceleration curves are again
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smoothed. The resulting distribution of speed and
acceleration of the individual segments are shown in
Fig. 5. The majority of the speeds are located in the
0~25 km/h range. This is explained by the fact that,
typically, only the first few vehicles after the green
light have been annotated to achieve results for the
most significant phase with respect to emissions. The
acceleration values calculated for the corresponding
segments have a maximum of their distribution in the
range of 1~2 m/s>. Higher values up to 5 m/s> can be
seen in Fig. 5, however these results are most probably
from a few outliers that have not been removed by the
smoothing step. More advanced filtering algorithms
may be required. The published results of Hirschmann
et al. [5], Rakha et al. [7] and Wang [8] suggest that
acceleration values for stop line accelerations are in the
1~2 m/s* range with peak accelerations which are in
the 3~4 m/s> range. Our results support the findings
with a slightly higher peak acceleration observed.

Fig. 6 shows the obtained field data as a scatter plot
of speed-acceleration pairs, with each dot representing
the result from an individual trajectory segment.
Although the scatter plot suggests accelerations up to 5
m/s?, the distribution density shows that this is only
true for very few segments indicating that these are
outliers.

Number of trajectory segments

0 10 20 30 40 50 60 70
Speed (km/h)
(a)

5.2 Comparison with Traffic Micro Simulation

The comparison between micro simulation and TDS
acceleration distributions is shown in Fig. 6. This
analysis suggests that there are inconsistencies between
measured distributions of real-world acceleration
behavior and ones observed in the traffic micro
simulation model. As can be seen from the speed and
acceleration plots in Fig. 6, the acceleration values at
lower speed (below 10 km/h) are much more spread in
reality than in simulation. In the simulation results, the
acceleration is quite uniformly distributed over a
straight line at lower speed, with little variation
observed. In contrast, the field data suggest that there is
substantial variation, with a much broader distribution
than in simulation.

A plausible explanation for this is that, in reality, due
to heterogeneity in driver behavior, drivers accelerate
from stop line in a more varied fashion than in the
simulations. This is consistent with the findings of
Wilmink et al. [4].

Table 1 Micro simulation settings.

Vehicle Fleet composition Desired Desired

type (%) speed (km/h) acceleration (m/s?)
Cars 98 50 3.5

HGV 2 30 2.5

350

Number of trajectory segments

I
01 2 3 4 5 6 7 8 9 10

Acceleration (m/s?)
(b)

Fig. 5 Distributions of all trajectory segments derived for the cars accelerating from the stop line derived from the manual

trajectory annotation: (a) Speed; and (b) acceleration.
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Fig. 6 (a) Field data scatter plot of acceleration and speed; (b) field data distribution density plot; (c) micro simulation data
scatter plot of acceleration and speed; (d) micro simulation data distribution density plot.

A further observation is that the rate of acceleration
in the simulation (below the speed of 2 km/h) tends to
be higher than in reality, with the majority of simulated
vehicles having an acceleration from the stop line that
corresponds to the upper bounds of the observed
distribution. In reality, the majority of vehicles have
lower acceleration values. This is clearly illustrated in
the density distribution graph in Fig. 6.

In the context of emissions estimation, the
consequence of this hard acceleration behavior in micro
simulation will tend to result in an overestimation of
emissions for the initial acceleration phase at this
location. Therefore, it is crucial to calibrate these default
simulation parameters to make it closer to real-world
vehicle acceleration trajectory in order to obtain realistic
emission estimate for a specific test site.

6. Conclusions

This study investigated the acceleration behavior of
passenger cars at the stop line of a traffic light in an
urban area. A comparison of vehicle acceleration
distributions obtained from an optical smart eye TDS
traffic sensor and a micro simulation tool has been
undertaken. The results obtained from the sensor in a
speed range from O to 40 km/h show the majority of
acceleration values in the range of 1~2 m/s%. A
comparison with the results from the traffic micro
simulation software shows that the measured
acceleration, especially in the speed range below 10
km/h, is distributed more widely than in the simulation
results, and with generally lower acceleration rates.
This analysis suggests that the default acceleration
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distribution in the micro simulation tool should be
replaced by measured data to ensure accurate
representation of driver behavior. This is particularly
relevant when traffic micro simulation tools are used in
conjunction with emission models as acceleration
distribution greatly affects emission estimates.

The optical sensor system developed here for the
recording of vehicle trajectories is significantly more
flexible
infrastructure than the video-based measurement

and easier to integrate in roadside
systems described in the literature. The embedded
sensor offers the possibility to implement the
acceleration sensing directly in the device serving as a
traffic that future traffic

management systems to ingest live acceleration data

smart sensor allows

from the road network, and infer local estimations of

traffic behavior and emissions.
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Abstract: Urban road pricing schemes are becoming increasingly popular among researchers and politicians as they promise a handle
on increasing inner city traffic and economy as well as sustainable improvements for cities facing huge congestion and pollution

problems. As in the cases of London and Stockholm, many European cities are going to implement such toll systems, especially as also
the European Commission is voting for such pricing schemes in the recent white book on transportation and traffic. This research
therefore provides a description of different urban road pricing schemes, their cost implications for city (last mile) transport as well as
the decision and management options derived from these schemes for logistics companies. These options are furthermore checked

regarding their advantages and disadvantages under the described toll schemes.
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1. Introduction

Congestion is one of the central problems of urban
traffic. It results in time losses, emissions and accidents
with negative welfare impacts. An efficient instrument
to avoid this is road pricing that leads to a lower
demand. With road pricing, individuals and companies
have to decide whether to travel to the inner city and
pay for it or not to drive and not to pay. Hence,
unnecessary trips tend to be avoided and congestion
can be mitigated [1-3]. This line of thought is presented
in many concept papers and also the current European
Commission White Paper [4] on transport regarding
urban traffic concepts. It is also connected to many
other developments in logistics, i.e., sustainability
requirements, demographic change, expected transport
volume increases and electric mobility concepts for
cities [5, 6]. A prominent example for a road pricing
scheme is the London Congestion Charge that led to a
significant decline of traffic volume. However, the
greatest portion of the decline occurs in off-peak times.
This is due to technological limitations of the system.
Because of this, charges in London do not vary by

time-of-day. Hence, the pricing scheme 1is not
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load-dependent and with its flat rate character, it gives
no incentives for an efficient use of scarce road space
[7].

A pricing system based on GNSS (global navigation
satellite systems, e.g., GPS (global positioning system),
Galileo) ensures a usage-based approach as these
systems are able to locate the vehicles within a certain
area [8, 9]. By this, load-dependent charging is feasible
where charges are determined by the distance driven,
the time of the trip and the position of each vehicle such
as the implemented German toll collect system for
trucks on motorways. Thus, vehicles can be charged
with an efficient toll. Therefore, traffic volumes tend to
be shifted away from the morning and evening peaks,
e.g., logistics companies can shift inner city deliveries
into night times, helping to decrease congestion.

The research objective is to evaluate a pricing system
concept based on GNSS and to show the advantages of
introducing such systems for urban road pricing systems.
We evaluate the expected cost of introducing these
systems especially for logistics companies (last-mile
deliveries). This cost increase analysis will prepare the
way for a cross-sectoral input-output analysis in order to
evaluate the total economic excess burden of urban
pricing systems, including the increased transport cost
and therefore the overall increase in prices and services
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(regarding transport chains with a source or destination
in urban areas).

Our paper concentrates on two relevant aspects: the
technological aspect and the aspect of system and
sector-relevant costs. To implement an adequate
system, all significant aspects would have to be taken
into account. The failure of present pricing schemes to
relieve current peaks is a central problem of pricing
hurdle for the

implementation of further systems. The paper suggests

schemes. This might be a
that this issue might be mitigated by using a GNSS
system that allows for load-dependent pricing and
gives incentives to efficiently use roads, especially for
logistics companies. It indicates that these systems
might be introduced at reasonable cost if there is
flexibility for last-mile logistics. The introduction of
this concept evaluation allows for the first time a
comparison of different existing road pricing systems
with pricing systems based on GNSS including the
occurring costs for the logistics and retail sector.

This research paper therefore attempts to provide a
first draft calculation for the cost effects of different
city toll schemes on logistics, i.e., last-mile transport.
The paper is structured as follows: Section 2 presents
the different feasible toll schemes in cities; in Section 3,
a first rough analysis of cost implications for last-mile
transports is conducted; additionally, Section 4
provides decision options for logistics managers in
coping with toll schemes in cities; this is evaluated in
SWOT

(strengths-weaknesses-opportunities-threats) analysis

Section 5 with an adjusted
in relation to the different urban toll schemes; Section 6

finally presents a conclusion.
2. Description of City Toll Schemes

Concurrently, in this section, three different urban
road pricing systems are described: the London
Congestion Charge and the Stockholm Congestion
Charge as examples for cordon pricing and a
theoretical GNSS-based area pricing scheme, modeled
on the San Diego I-15 Hot Lanes as an example for

corridor pricing.
2.1 London Congestion Charge

The London Congestion Charge has been introduced
in 2003 as an area license with a flat rate character. The
standard charge that is applied to private cars and
commercial vehicles entering the charging zone during
the charging time (Monday to Friday, 7:00 a.m. to 6:30
p-m.) is £10. Once entering this zone, each driver can
use the inner city roads without any further charging.
The charging zone is known as “central London”, a 22
square kilometers area. Inhabitants of central London
receive a 90% discount on the charge. There are certain
types of vehicles exempt from charging: bicycles,
motorbikes, buses, taxis, cars used by disabled
travelers, alternative fuel vehicles, fire fighters,
emergency vehicles, etc.. The enforcement of the
charging is realized by about 200 video cameras that
are installed at every entry point of the charging zone.
An ANPR (automatic number plate recognition
technology) is used to identify vehicles and their
drivers obliged to pay the charge. ANPR is able to
identify 70% to 80% of the cars for a single pass. Since
the users usually pass several video cameras, the
11]. A
western extension of the charging zone (Kensington,

estimated detection rate is up to 90% [10,

Chelsea) that was introduced in February 2007 was
stopped in January 2011.

In literature, the effects of the London Congestion
Charge have been interpreted differently. On the one
hand, the initial aims of the system—reducing traffic
volume, increasing average speed in the city,
increasing public transport and additional revenues for
investments in public transport [10]—have been
achieved so that most reactions are positive [11, 12].
Furthermore, comparisons of costs and revenues by,
e.g., Bowen [13] and Transport for London in 2008
document a net benefit of the system. Transport for
London identifies net revenues of £137 million for the
financial year (August 2008). This is due to total

revenues of £268 million and total costs of £131
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million. The costs can be differentiated in operational,
publicity and enforcement costs of the scheme (£91
million) and other costs like staff costs and costs of
traffic management. On the other hand, several authors
criticize the effects of the system [14]. Particularly, the
inefficiency of the system has been at the centre of
criticism. The technology that is limited in the
recognition of number plate leads to a reduced
effectiveness of the toll system. This is dependent on
the toll that does not vary by time-of-day. Fig. 1
illustrates that the greatest portion of the realized traffic
reduction concerns off-peak periods in the afternoon.
Pre-charging and today’s traffic volumes do not differ
significantly during the main peaks. This leads to a lack
of effectiveness of the scheme that is in line with the
moderate congestion cost reduction that is measured
in London in the last years [7, 15]. These developments
are motivated by the flat rate character of the scheme. If
the daily charge is once paid, no incentive for a further
minimization of using scarce road space is given. An
overview on further critique is given by Bowen [13].

2.2 Stockholm Congestion Charge

The Stockholm Congestion Charge was introduced
in August 2007 after a temporary trial between January
and July 2006. The objectives of the charging were a
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reduction of traffic volumes, an improved access to the
inner city, lower emissions and an improved perception
of the inner-city environment by the population. The
trial consisted of three components: the introduction of
urban road pricing, the improvement of public traffic
and the promotion of park and ride facilities. Each road
user had to pay a certain time-dependent toll if he
passed one of the 18 access points to the city during the
charging time, in both directions (Monday to Friday,
6:30 am. to 6:29 p.m.). In contrary to London, the
Stockholm pricing system is time-dependent. During
the morning peak (7:30 a.m. to 8:29 a.m.) and the
afternoon/evening peak (4:00 p.m. to 5:29 p.m.) higher
fees are payable. In the off-peak times, between 6:30
p-m. and 6:29 a.m., no toll is payable. Emergency
vehicles, fire workers, buses, motorbikes, etc. are
exempted from payment. The technology of the system
is comparable to the technology used in London.
Registration of the vehicles is possible via ANPR or
alternatively via on board units. The determination of
the data is carried out by cameras, laser detectors and
transceivers that are coupled to control points or signal
bridges. Data are moved in real-time to data centers
[10, 16, 17]. The objectives of the system have been
largely achieved. Traffic volume has been reduced by
22% or some 100,000 vehicles per day on average.
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Fig. 2 outlines the distribution of vehicle passage
toward and from the cordon area in vehicles per hour,
dependent on time of day, for the periods April 2005,
October 2005, April 2006, October 2006 and October
2007 [18].

Similar as in London, cost-benefit analyses
document different results of the effects. However,
most of the results are positive. Eliasson [19], for
example, shows the overall economic benefit of the
Stockholm Congestion Charge. In his analysis, he
identifies a total socioeconomic surplus of €82 million
An

investigation of Transek [20] differentiates between the

per year, excluding the investment costs.
trial and a permanent introduction of the charging
scheme. Looking at the trials only, a benefit-cost ratio
of just 0.22 arises. In this case, the measure “road
pricing system” is to reject from an overall economic
point of view. A long-term introduction and usage of
the system result in a benefit-cost ratio of 1.5. An
isolated examination of the charging (without the
massive investments in public traffic) results in a

benefit-cost ratio of 4.9.

2.3 I-15 HOT Lanes in San Diego and GNSS Toll

Scheme

HOT lanes or high occupancy/toll lanes are the best

Logistics Implications of Urban Road Pricing

approximation to economy first best pricing so far.
Drivers of certain vehicles on specific roads pay a toll
that is dependent on the demand. This type of pricing is
called congestion pricing. There are one or more
uncharged lanes and at least one charged lane, the
so-called express lane. If there is no congestion on the
uncharged lanes, the price of using the express lane is 0.
The more congestion arises, the higher is the price of
using the express lane [21]. I-15 HOT lanes in San
Diego were the first road project with dynamic pricing
and toll levels within a range of US $0.50 and US
$8.00. Congestion is computed by underground sensors
that measure the flow rate in dependence of capacity.
Every 6 min, the data are actualized to maintain a
certain level of service. Potential users of the road or
the express lane are informed of the actual toll rates by
certain signs so that every traveler can decide whether
to use the untolled lanes or the express lane. In case of a
breakdown of the untolled lane(s), the price of using
the express lane will rise to the maximum of US $8.00
[7]. At the I-15, no tolls have to be paid for carpools,
vanpools and buses. This is one of the central ideas of
the so-called HOT lanes. Incentives are given not to
drive on your own but to promote carpooling. The daily
traffic on I-15 express lanes ranges from about 200,000
to 300,000 vehicles. In 2003, time delays were on

50,000

P Y

45,000

40,000

35,000

/~—\
///\/\%\

/7//) :
7

\
25,000 \:3/-/\/\/

Q
S
g
=}
&
=}
<
<
gz J\/\//
SIS
Z3 30,000
E;n% \ —Apr. 5
g2 ——Oct. 5
2
g8 Ij Apr. 6
55 20,000 P!
3z ] R —0ct 6
ST 15,000 —Oct. 7
G © /
S
8 10,000 / \
= :
3% 5,000
8]
@) OM
S O O O O O O O O O = om oo o= e = = = = N NN
S = [\ w S W N ~ [~ el (=} — 5o} o A O o ~ = Nel (=] — [N} w
=R =R =J -~ N — N~ — N — N — S — B — SR — N — S — N — S — N — S — S = S — S — S = S
(=R} [=} (=] [=} [=} (=] [=} [=} 0.0 [=} (=] [=} (=R - (=] [=} [=} (=] (=] (=] (=)
Time of day

Fig. 2 Stockholm traffic changes depending on time of day 2005-2007.



Logistics Implications of Urban Road Pricing 129

average about 30~45 min. According to simulations in
2020, average delay would have been expanded to
80~90 min without the express lanes.

Combining the described existing cordon and
corridor pricing concepts, an “area pricing” scheme can
be developed according to traffic and peak patterns.
Therein, areas with higher traffic densities could levy
higher charges in a GNSS-based city toll system in
order to achieve the desired theoretical objectives. This
makes sense as especially in these areas where traffic
demand exceeds capacities and congestion problems
are expected. Table 1 summarizes the comparison of
the three pricing systems according to the type of road
pricing, the area size, the level of charges and the
number of relevant vehicles per day.

3. Concept Calculation of Cost Burdens on
City Transports

In this section, we analyze the cost burdens on city
transports by the introduction of different road pricing
systems. Our cost calculation is based on a calculation
of actual tour costs (without road pricing) per 100 kg
payload. It differentiates between kilometre-based

Table 1 City toll scheme characteristics.

costs (fuel, etc.) and time-based costs (vehicle, driver).
The calculation of kilometre-based costs is based on
average kilometres per tour (80 km), average cost per
kilometre (€0.3622 ) and an average maximum payload
of 1,310 kg. Time-based costs reflect the assumption of
€172 per day. Table 2 documents that actual tour costs
per 100 kg amount to €15.34.

The regarded pricing systems (London, Stockholm,
GNSS) impose different additional cost burdens on the
users. The cost increase per 100 kg payload in the
London case is +4.67%. This is due to an additional
€9.38 toll divided by the assumed maximum payload
of 1,310 kg. The cost increase in the Stockholm case is
between +0.6% and +1.2%. This is based on an
additional time-dependent toll of €1.2 to €2.4, and the
assumed maximum payload. The cost increase in the
GNSS case is dependent on the traffic situations: we
assume that €0.05 per km has to be paid at a low level
and €0.25 per km at a high level of congestion. With
these assumptions, the additional cost burdens are
between +1.99% and +9.95%. Table 2 shows these
calculations in details.

The total cost increase depends on the pricing system.

Characteristics London scheme Stockholm scheme GNSS city toll
gr}g:)ien(g)f road Cordon pricing Cordon pricing, time-sensitive ~ Area pricing, time-sensitive

Area size/distance 22 km’ 34 km’®

Flexible

(a) By zoning, i.e., 1 Euro per entered sub-zone or (b) by

Charges 9.38 Euro 1.20~2.40 Euro distance, i.e., 0.05~0.25 Euro per travelled kilometre
according to traffic situation

Number of relevant 180.000 125.000 Flexible but with necessary, GNSS units, alternatively

vehicles per day ’ ? with a manual system of payment, has to be established

Table 2 Cost impact calculation.

Vehicle costs Calculation Vehicle costs/tour/100 kg

Kilometer-based costs (fuel, etc.) _ €28.98 per tour

80 km per tour on average x €0.3622 per km

(€28.98 per tour divided by 1,310 kg max. payload)
x 100 kg = €2.21 per 100 kg

172 € per day

Time-based costs (vehicle, driver) (and therefore tour)

(€172 per day divided by 1,310 kg max. payload) x
100 kg =€13.13 per100 kg

Tour costs per 100 kg payload 100%

€15.34 (per 100 kg)

Cost increase in London case +4.67%

(Additional €9.38 toll divided by 1,310 kg max.
payload) x 100 kg = €0.72 per100 kg

Cost increase in Stockholm case  +0.60% to +1.20%

(Additional €1.20~€2.40 toll divided by 1,310 kg
max. payload) x 100 kg = €0.09 to €0.18 per 100 kg

Cost increase in GNSS case +1.99% to +9.95%

(Additional 0.05 to 0.25 € per km at 80 km divided
by 1,310 kg max payload) x 100 kg =€0.31 to €1.53
per 100 kg
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In the Stockholm case, the additional cost burden might
be the lowest (+0.6% up to +1.2%). In this
time-dependent scenario, the wusers have the
alternative and the incentive to shift their transports
from the peaks to non-congested times (e.g., night
deliveries).

However, total cost increases can be expected to be
quite low, though 1 to 4 percent above average
ROI/EBIT (return on investment/ earnings before
interest and taxes) values in transport and logistics, and
therefore probably might cause for reactions in the
logistics sector (Section 4).

4. Decision and Management Options for
Logistics Concepts

Section 3 illustrated that the implementation of
certain road pricing systems leads to increased costs of
the transport companies. However, as seen above, these

Table3 SWOT analysis according to city toll scheme.

cost increases are not prohibitively high. Furthermore,
road pricing implies a benefit for the regarded users
from decreased travel times.

Independently of the type of pricing system, the
transport companies do have an incentive to optimize
their behaviour and try to save additional toll costs if a
pricing system is implemented. There are several
reaction options to make use of all saving potentials.
Reaction options are as follows:

(1) night deliveries (outside the prices imposed by
the toll schemes);

(2) larger vehicles (and less tours);

(3) electric vehicles (and therefore more tours due to
lower payload capacities);

(4) combined transport concepts (transhipment at
toll scheme borders, like older city logistics concepts);

(5) use of alternative transport modes (streetcar,
underground, bike);

Logistics reaction options London scheme (cordon)

Stockholm scheme (cordon,
time-sensitive)

GNSS city toll (area- and
time-sensitive)

(a) Night deliveries (+) Avoiding toll costs
(outside the prices imposed (-) No steering impact on road
by the toll schemes) users

(+) Avoiding toll costs-depending (+) Avoiding toll costs-depending
on time zones defined
(-) No steering impact

on time zones defined
(-) No steering impact

(+) Positive cost and
environmental impact (partly
avoiding toll costs)

(b) Larger vehicles (and (-) Increased handling and

less tours)

service providers) and
consignee

(+) Positive cost and
environmental impact (partly
avoiding toll costs)

process costs for LSP (logistics (-) Increased handling and process
costs for LSP and consignee

(+) Positive environmental impact
(+) Areas can be defined for
different truck sizes (positive
steering effect)

(-) Increased handling and process
costs for LSP and consignee

(+) Avoiding toll costs
(-) Even stronger increase in
overall transport costs due to

(c) Electric vehicles (and
therefore more tours due to
lower payload capacities)

(+) Avoiding toll costs

(-) Even stronger increase in
overall transport costs due to
electric vehicles and more tours electric vehicles and more tours

(+) Avoiding toll costs

(-) Even stronger increase in overall
transport costs due to electric
vehicles and more tours

(d) Combined transport
concepts (transhipment at
toll scheme borders, like
older city logistics
concepts)

(+) Avoiding toll costs partly
(-) Larger increase in overall
transport costs due to
transhipment (additional
handling) costs

(+) Avoiding toll costs partly
(-) Larger increase in overall
transport costs due to
transhipment (additional
handling) costs

(+) Avoiding toll costs partly

(-) Larger increase in overall
transport costs due to transhipment
(additional handling) costs

(+) Avoiding toll costs
(e) Use of alternative
transport modes (streetcar, costs due to system costs
underground, bike) (investment, training, missing
flexibility)

(+) Avoiding toll costs

(-) Increase in overall transport (-) Increase in overall transport
costs due to system costs
(investment, training, missing
flexibility)

(+) Avoiding toll costs

(-) Increase in overall transport costs
due to system costs (investment,
training, missing flexibility)

(+) Avoiding toll costs partly
(-) Increase in transport costs
due to longer tours
(detour)—total effect depending
on toll level

(f) Tour direction changes
(avoiding most of the toll
areas if possible but leading
to longer routes)

(+) Avoiding toll costs partly
(-) Increase in transport costs due (-) Increase in transport costs due to
to longer tours (detour)—total
effect depending on toll level

(+) Avoiding toll costs partly

longer tours (detour)—total effect
depending on toll level

(+) For positive effects, (-) for negative effects.
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(6) tour direction changes (avoiding most of the toll
areas if possible but leading to longer routes).

5. SWOT Analysis of Logistics Management
Options

The analysis so far has shown that, given the
implementation of a scheme, a

time-dependent toll might be the best of all the bad

road pricing

alternatives for transport companies. This is due to the
fact that, in this case, they have the best possibilities to
react. In this case, as shown in Section 3, only
moderate cost increases might occur. Furthermore,
potential benefits from decreasing time costs as a
consequence of the implementation of a pricing
scheme have to be taken into account.

Table 3 outlines the specific impacts of different city
toll schemes on the six suggested measure options for
logistics.

Obviously, most options for logistics possess
advantages and disadvantages at the same time. The
most interesting option are maybe night deliveries.
Therefore, such concepts can be expected more and
more in last-mile distribution concepts in the future.
Furthermore, it becomes obvious during this analysis
that the toll scheme as described has little differing

impact on the six action suggestions.
6. Conclusions

The described research has outlined the theoretical
options (base models) for city toll systems, which can
be expected to evolve in urban transport systems all
over Europe in the next 10~20 years. According to
these schemes, an evaluation of the impacts for last
mile transports has been conducted and management or
decision options have been suggested and evaluated,
depending on the specific nature of the city toll system.
This will enable further research regarding impact
analysis of such schemes for the logistics and transport
sector as well as provide first hints for possible action
and concepts for the case of already implemented city

toll systems for transport managers. Regarding the six

described first set of reaction options for logistics
regarding city toll systems, the following observations
and future research questions have to be highlighted:

* Night deliveries, feasible due to noise and
entrance restrictions, will gain importance and attract
concept research in urban logistics;

* Larger vehicles do not seem that attractive and are
defined mainly by regulation restrictions anyway. In
Germany for example, the motorway toll classes are
dominantly defined truck, sized to be changed from 12
tto7.5¢;

* Electric vehicles will also see a surge in interest
and research regarding future urban transport also in
the concept of toll systems though the major backlog
here is not the toll cost question but the payload
question due to heavy battery weights (not feasible for
higher/larger payload trucks);

* Innovative transport concepts and modes will gain
much importance in a long-term perspective as usually
strategic planning and investment have to be involved.
But, e.g., for newly planned city districts and areas, this
will be a major research and business question;

* Tour optimization does not look that promising
from our analysis regarding toll regimes in urban
areas—this might change when the level of toll fees
would be rising significantly, but for the current levels
employed in the example areas in Europe, impact on
tour planning might be minimal,;

* Finally, it has to be stressed that for all
management alternatives, a crucial trade-off between
running and fixed (investment) costs have to be
observed.
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