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PREFACE

This research project was funded through an agreement signed
in January, 1875 by the Brazilian Government and the‘ United Nations
Development Programme (UNDP). The Ministry of Transportation, acting
through the Brazilian Transportation Planning Agency [GEIPOT], assumed
the résponsibility for the project on behalf of the Brazilian Govern -
ment and the International Bank for Reconstruction and Development

{IBRD) acted as the executing agency for UNDP,.

The research was carried out by GEIPOT and the National High-
way Department (DNER), acting through its Road Research Institute
(IPR). Funding from the Brazilian Government was channeled through the
Institute for Economic and Social Planning (IPEA) aﬁd the Secretariat
for International Economic and Technical Cooperation LSUBIN],ahr@ with

the Ministry of Transportation.

The World Bank contracted the Texas Research and Development
Foundation (TRDF]} to organize the international %echnical staff and to
select and purchése the imported equipment needed for the research.

The participation of the TRDF continued until December of 138789,

This report is comprised of twelve volumes (each edited in
both English and Portuguese) which summarize the concepts, methods and
results obtained by December, 1981 by the project entitled "Researchon
the Interrelationships Between Costs of Highway Construction, Mainte -
nance and Utilization (PICRJ”. It includes a documentary index volume
which will aid researchers in locatihg topics discussed in this report
and in numerous other documents of the PICR. This report contains much
detailed analysis which is being presentéd for the first time, and also
incorporates relevant parts of earlier reports and documents produced
under the 13975 Agreement, updating them through the inclusion of new

results and findings.

A special mention is due the Highway Departments of the States
of Minas Gerais and Goids, the Universities 'of Aston, Birmingham and
Texas, and the Western Australia Main Roads Department which placed some
of their best and most experienced personnel at the service of thispro-

Ject to 111 many key positions on the reseéearch staff.
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SUMMARY

This Volume records the activities of the PICR User Cost Sur-
veys Group which conducted a large vehicle operating cost survey in
Central, Western and Southern Brazil during the period 18975 +to 18981.
The Group was responsible for the collection and analysis of wvehicle
maintenance parts and labor costs, tire costs, depreciation and inter-
est charges, and drivers' salaries. 'In addition, fuel consumption ana
speed data were collected, the latter when easily available, to serve
as consistency checks on the equations derived from experimental data.
The Group was also responsible for collecting data on surface rough -

ness, as well as vertical and horizontal geometry characteristics of

the routes of those cperators registered in the survey.

The prihary data collection phase ran from 1875 to 18979 and
26 staff members were employed, comprising 14 field workers, 8 clerical
assistants and 4 supérvisors. More than two years wss spent in devel-
oping and testing appropriate methodologies, documentation and data
processing systehs for the collection, checking, -storage and analysis
of both operating cost and highway characteristic data. Contact was
made with over 3080 compahies and more than 2500 vehicles were regis -
tered ?or survey membership. Operating cost data were then collected
on a regular basis from company records. Many difficulties had to be
overcome during this period. A number of companies only had records of
a few cost components and, where possible, assistance was given to pro-
vide the necessary documentation and training to collect missing items.
Some compahies dropped out of the survey and data collection in others
was discontinued because the route characteristics of theilr vehicles
were found to be redundant to the needs of the PICR. Finally, data on
ovér 1600 vehicles derived from 132 companies were availeable in 1979

for preliminary analysis.

Highway characteristics were collected using two specially
instrumented vehicles. Roughness was measured with a Maysmeter and ca-
libration maintained through a GM Profilometer and Quarter-Car-Simula-
tor which generated a series of profiles for a calibration course of
highway sections established near Brasfilia. Vertical geometry was mea-
sured using a linear accelerometer connected to a panel scale capable
of recording grade changes of 2 1% to ¥ 12%. Horizontal measurements

were taken from a standard aircraft directional gyro compass, mounted

xyii
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in the survey vehicles. Over 85,000 km of roughness and geometry data
were collected after measuring more than 36,000 km of operators' routes.
After editing, these data had then to be combined with the vehicle oper-
ating cost data so that a single file comprising both dependent and in-

dependent variables could be made available for analysis.

s

The second PICR Phase covered the period 1980 to 1981, The
staff was reduced to 5, who were principally engaged in conducting more
detailed analyses. The statistical methods employed were rationalized
into distinct groups of technigues and advanced econometric procedures
employed. An important technique which provided a number of the equa-
tions reported herein was tﬁe generalized least squares estimation of
the error bomponent model. The létter considers. the Combany specific
error term and the vehicle specific error term which jointly form the
components of the unknown random error term considered by ordinary
least squares technigques., This is one of the first reported applica-
tion of error components analysis in the field of transportation stu -
dies. All the different techniques are detailed in the analysis pro -
cedures section of this Volume. The analyst was able to run a selec -
tion of these techniques simultaneously on any data set., This made

comparison of the results and the choice of recommended eguations an

easier task.

Vehicle operating cost information presented for analysis co-
ver the full'range of vehicles operating on Brazilian highways. These
are grouped into cars, utility vehicles, buses, medium trucks and heavy
articulated vehicles for analysis purposes. .The results of the anal -
yses of fuel consumption, o0il and grease consumpticn, maintenance parts
and labor, tirsAconsumption, depreciation and interest charges and ve-
hicle speed are presented. All five vehicles classes are used in the
analyses except for speed which is restricted to cars and buses, and
tire costs which are analysed by tire size. The eguations recommended
in this Volume concentrate on estimating roughness; vehicle age, vehi-
cle characteristics (where appropriatel and geometry effects only when
these appear unambiguous. A substantial amount of time was spent esti-
mating the effect of geometry on the various operating cost items and
details on the progréss made are given in both main text and selected
appendices. It is clear thaf more time is needed to resolvé this issue.
Further small analyses, .together with the findings of the operating cost
study in Indla, presently being analysed, may result in the emergence

of a more coherent pattern of the geometry effect on user costs.
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The PICR User Survey data are the most comprehensive collect-
ed to date and are important both to Brazil, where out-of-date cost
tables are widely used and the international research community, where
they .complement the Kenya, Caribbean and India studies. The PICR sur-
vey data covers a spectrum of vehicle types and appears to be the only
study with a full range of truck classes. The data have now passed
through several phases of analysis and fhe results presented in this
Volume, together with the relevant technical memoranda, can be fegarded
as an interim final form. They are now ready for extensive evaluation
in a variety of economic exercises. When they have passed these tests
they can be viewed as being in final form for the period ending Decem-

ber 31, 1981,

Comparisons are made between total operating costs predict -
ed from the various equations recommended in this Volume and prevail -
ing transport service rates and tariffs. The results are encouraring
and give confidence to the view that the recommended equations will
provide better pfedictions of vehicle operating costs than anything cur-
rently used in Brazil. It is recommended that a user cost manual Be
prepared to allow the results of the PICR survey to be widely dissemi-

nated.
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1.1 INTRODUCTION

The construction, improvement and maintenance of highway in-
frastructure requires capital, a limited resource for which other sec-
tors of the economy compete. It is important to assess both the costs
and benefits of any proposed highway project iIn order teo chjectively
evaluate its economic implications. Economic analyses have evolved to
essist administrators, engineers and planners perform these cost-bene -
fit evaluations. These analyses provide guidance for highway network
investment planning and an important component of such economic anal -
yses is the determination‘of vehitle operating costs. The relationship
between these costs and roadway characteristics, particularly for low-
volume roads, is not well understood. In Brazil, the relationships and
tables most widely used to calculate vehicle aoperating costs are based
on North American data, some of it derived from research carried out in
the 1940's. For this reaéon, one of the main objectives of the PICR is
the establishment of relationships between road user costs, road geo -
metric standards and surface conditions for rural roads in Brazil. A

detailed background on the PICR is given in Volume 2 of this report

series.

Two different procedures were used to develop improved vehi-
cle operating cost predictions. One involved defining aseries of con-
trolled ekperiments that were designed to generate data to be used to
derive predictions of vehicle speed and fuel consumption. The analysis
and results of that Group's activities are given in Volume 6 of this
report series.  In the second procedure, a survey of road users was im-
plemented as the only practical method of obtaining vehicle operating
costs for maintenance parts and labor, tires, oil, depreciation, inte-
rest and drivers' salaries. It is this Group's activities which are re-
ported in the present volume., This Chapter provides a brief summary
of the methods and data so that the reader may bétter understand the
results and analyses in the subsequent Chapters. The organization of
the-Group and the methodologies employed are given in detail in Chapter

3 of Volume 2 of this report series.
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1.2 OBJECTIVES

Establishing the full range of vehicle cperating costs for
feasibility studies and model building relies on a program of data col-
lection within the road transport industry, normally using company cost
records as 'the basic dats socurce. Survey technigues play a prominent
role in this program. The wide range of~brocedures and skills neces -
sary for the efficient collection and analysis of vehicle operating data
from company records required the Formétion of a specific team, the User

Cost Surveys Group, within the structure of the PICR study.

The broad objectives of this Group were to establish relation-
ships between the various components of vehicle operating costs and road
characteristics, essentially for low volume rural roads. These objec-
tives required thatvoperating cost data be associated with quantifiable
road characteristics so that cost differentials, attributable to changes
in highway characteristics, could be determined. The inference space,
or that set of vehicle and route characteristics to which the results
can be inferred, héd to cover the widest possiBle range of operating
conditions available in Brazil. Furthermore, confidence intervals had
to be placed on the predictions so that the potential user could make

an intelligent assessment of the reliability of the estimated relationships.

Vehicle operating cost data collected from road transport
companies can be assigned to routes. The characteristics of these
routes have then to be quantified before operating data can be anal -
ized. The Group was given the responsibility for collecting data on
route characteristios, in addition to information on operating costs,
because it was considered that management of both data sets would yield

the best opportunity for determining the cost differentials.

1.3 ORGANT ZATION

The organization of the User Cost Surveys Group reflected the
need to perform the collection of vehicle cost data and the measure -
ment of route characteristics. These tasks were different in terms of
methodoiogies, techniques, equipment, management and personnel. How -
ever, in order to achieve the Group's primary objectives, the activi -

ties were closely coordinated from the stage af initial data collecticn
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until final analyses. Vehicle operating cost data collection activi -

ties were grouped into two geographical areas:

1) The Federal District, Southern Goids, Espirito
Santo, Triéngulo Mineiro, Matoc Grosso and Mato
Grosso do Sul, Rio Grande do Sul and Sao Paulo,
with researchers based in BrasiIlia and Goidnia; and

2) Minas Gerais, (except the Triangulo) with re -
searchers based at the DER-MG (the State’s Highway
Department]) headgquarters in Belo Horizonte.

There were 23 main centers of data collection activity within both areas ,
where visits were made at least once a month and these are shown on the

map indicating the geographic scope of the surveys (Figure 1.1).

The User Cost Surveys Group initially concentrated their ef-
forts in the States of Minas Gerais, Goids and the Federal District »
and the major proportion of vehicles recruited for survey membership
derived from these regions, It became necessary, however, to supple -
ment these vehicles with others from States with different geographic
characteristics in order to ensure that the greatest possible range of
highway variables were covered for analysis. Accordingly vehicle data
were sought in Mato Grosso, Mato Grosso do Sul, Rio Grande do Sul and

S&o0 Paulo.

The route survey team measured approximately 36,000 km of oper
ating routes located within the'survey area and collected 85,000 km of
data on highway characteristics. Route data were regorded using . two
specially désigned survey vehicles {Linder, Visser and Zaniewski, 08/
07/1877) which weré instrumented, serviced and based at the GEIPOT ga-
rage and workshop. There was no field capability to repair or cali -
brate survey vehicles and any serious problems forced them to return to
Brasilia. A range of procedures were developed, the most immn%anttming
vehicle préparation and instrument calibration, to minimize the risk of
failure in the field. These activities played an important part in en-
abling the team to successfully measure routes in the distant regions

of Mato Grosso, Mato Grosso do Sul and Rio Grande do Sul.

The PICR User Survey has gone through two distinct phases in
terms of organization. The first phase covered the period 1975 to 1979
and 26 staff members were employed to conduct pre-pilot and pilot stud-
ies, develop office procedures, collect data and process it for anal-—
ysis, assist in the vVvarious analyses and finally write up the prelimi-
nary results in a technical report (GEIPOT, 18980). Staffing was reduced
to. 5 in the second phase of the PICR covering the period 1980 and 1981,
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Some additional data were collected to supplement the main body of in-
formation but the major emphasis was on conducting further analyses,
The results reported in this volume largely derive from the analyses

conducted in this phase of the research.

1.4 VEHICLE OPERATING COST COMPONENTS

Data items which would esteblish and corroborate the rela -
tionships between vehicle coperating costs and highway characteristics
were determined with relative eas®. Previous investigations into ve -
hicle operating costs in Kenya (Hide, ef af, 1875) provided an adequate
basis for identifying, with confidence, those data items likely to be
available from the road transport industry and useful for analyses, even .
though the most suitable survey design for Brazil was unknown 1in the
initial stages of the project. Data items were therefore listed and
grouped to enable the survey team to develop an appropriate strategyfor
their collection and to allocate resources accordingly. These data are
specified in Table 1.1 which 1ists each item, gives its survey number
and identifies fhe general analytical category to which it was assign-
ed. Each data item collected by the User Cost Surveys Group is iden -
tified by a combination of prefix and number. The prefix specifies the
survey responsible for its coilection and the number locates it within

the activities of the specific survey. The prefixes are given below.

1.4.1 MS - Main Sunrvey

When a transport company had been inﬁerviewed and considered
.suitable for inclusion into the User Survey, a number of details were.
recorded which thereafter were not checked on a regular basis. Vehi -
cle specificetions, for example, were considered fixed for the duration
~of the survey. Such data were, howeQer, subject to cross checks by

senior staff from time to time.
1.4.2 MSC - Main-Sunrvey Continuous

These are vehicle operating cost components which require col-
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TABLE 1.1 - USER COST SURVEYS DATA

Data Item Survey No. Category
Fuel : MSC 1
1’01l and Grease MSC 2
Tire Life MSC 3
Ss 2
Maintenance Parts MSC 4 Dependent
Maintenance Labor MSC 5 Variables
Accident Costs -MSC 6
Crew Time MSC 7
Depreciation MSC 8
’ Ss 7
Utilization MSC 9
Age MS 2
Payloads, Freight, Pas-
sengers MSC 10
Distance Travelled MSC 10 Independent
Time Spent on Route SS 5 Variables:
SS 6 Vehicle
Number of Stops, Loading SS 5
and Unloading SS 6
Vehicle Speed SS 5
v 4 SS B
Vehicle Specifications MS 3
Pavement Type RS 1
Roughness RS 2 Independent
Vertical Geometry RS 3 Variables:
Horizontal Geometry RS 4 Route
Pavement Width RS 5
Land Use RS 6
Traffic Ss 4
Labor Hours ' 58 1
Utilization of Heavy Trucks 5SS 3
Vehicle Valuations, Finan-
ing Charges -85 B Supplementary
.. Informatiaon
Inflation Indices . SS 7
Taxes and Duties SS 8
Tachograph Studies A SS 8
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lection on a regular basis, typically consumption data like fuel and
parts which vary with highway characteristics, fixed vehicle characteristics
age and utilization levels. The normal contact cycle was one month, but where com-

panies maintained good records a longer period was sometimes adopted.

1.4.3 RS - Route Survey

Thesé data were generated directly by the survey vehicles as
they measured operator routes. Emphasis was placed on pavement condi-
tion, or roughness, and on geomebry since these were believed to have a
significant influence on vehicle operating costs. The geographical
dispersion of the route network put a heavy workload on the survey ve-
hicles but it was decided that all routes should be measured at least
once for roughness and geometry. Thereafter geometry was assumed to
remain constant thrqughou% the duration of the survey. Roughness was
known to vary significantly on unpaved roads and a program of replica-

tion was undertaken to measure this effect.

1.4.4 SS - Supplementary Surveys

It was recognized that there would be a need to collect ad-
ditional information to strengthen or corroborate data from the main
areas of the survey. Supplementary surveys, sometimes referred  to as
satellite studies, were Jjudged to be the most appropriate form for this
type of activity. The relevance of this group of data increased after
the preliminary analyses when important gaps were revealed and it pro-
vided the survey team with an efficlient and flexible data collection

facility.

A good range of survey data on highway characteristics was
required if the cost differentials were to be well determined, It was
récognized that extremes would play an important role in the study since
they would be difficult and costly to measure but essential to achieve
an effective analysis of the data. It was also clear that some = time
would elapse from the beginning of the study before the route surveys
team could generate quantified descriptions of any route identified as
being potentially useful. At the same time, the team responsible for

collecting data from operators' records had to gain experience thought
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pre-pilot and pilot studies, together with additional technical
assistance from survey economists and statisticians. All aspects of
surveys work were covered in this period, from the identification of
suitable data to its processing in the Brasflia office. In addition,
staff training had to be incorporated intc these activities. This im-
portant stage in the project took more than a year to complete and is
doucumented in detall in the Inception Report (GEIRPGT, 1876) and Midterm
Report (GEIPOT, 1977). Data collection ahd processing systems were
thereafter tested and ready for operation by the end of 1976. The ve-
hicle operating cost data collection period reported in this Volume
spanned the four year period 1877-1980, although in many cases data for

1976 were obtained from old company records or pilot study material.

1.5 VEHICLE OPERATING COST METHODOLOGY

Initial discussions on the most appropriate design for the
User Survey were dominated by‘the need to determine vehicle cost dif -
ferentials relative to highway characteristics, rather than the measure
ment of vehicle operating costs for the Brazilian vehicle'population.
In particulér, random sampling was thought expensiveband inappropriate
for the determination of the cost differentials. A number of designs
were .evaluated before a stratified sampling approach was adopted for
the Main Survey, whose factors consisted of three levels of roughneés
and vertical geometry, together with two levels of horizontal geometry.
The User Cost team was required to recruit companies whose vehilcles
could be positioned in specific stratum of the sample. The team then

collected cost data on a regular basis.

Therefore; a central feature of the Survey's methodology was
thé use of a sample stratified by homogeneous route.characferistics.
The sample design could not depend on equal numbers of respondents per
cell being recruited since it was known that it would be very difficult
to fill some cells with certain vehicle types. Companies were inter -
viewed which were believed to operate vehicles on specific route types.
If the interview was satisfactory, data wefe obtained on selected ve -
hicles within the.company. This was repeated in an attempt to cover
the sample inference space. Thus, embedded in the stratified sample
design, where strata are defined by predetermined route characteristics,
there is a cluster sample with companies forming the clusters and ve -

hicles the observations within the clusters. The companies formed the
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sampling units and their vehicles the observation units. This point is

important and will be elaborated in the following Chapter.
1.6 VEHICLE OPERATING COST DATA COLLECTION AND PROCESSING

The procedures for the collection and processing of operating
cost data are detailed in a PICR document (Harrison, 11/1878) which
also gives examples of all collection forms. The monthly vehicle re-
cord form, designed for keypunching and incorporating all the data items
specified as continuous in Table 1.1, was the key document in the Main
Survey. All field data had to be transformed to this document and all
subsequent data processing procedures incorporating cost data either

directly accessed it or used if for cross-referencing.

Two basic approdches to data collection were implemented, al-
though some modification for each survey participant was necessary in
almost all cases. The first was designed to make maximum use of com -
pany records and required that these be tabulated or photocopied so
that transformation could take place in the research office where senior
staff assistance was readily available. The second approach involved
self-administered guestionnaeires or other PICR documentation like tire

cards, designed to generate data where records were inadequate or non-

existent.

A range of documents and associated collection technigues
evolved so that an appropriate mix of procedures could be develocped to
meet the speci?ib needs of each operator. There was no single data col-
lection method for the surveys and the need to match collection proce-
dures to the circumstances of the operator gives an indication of why

a survey of this type regquired a significant introductory period.

The User Survey data processing system was the most complex
ahd inter-dependent one in the PICR and required over two years of develop -
ment before it became fully operational. The basic structure of the

system incorporated three major file stages:

e Candidate - where new data entered the system and was check-
ed by automatic editing procedures.

e Master - which consisted of screened candidate data.

¢ Analysis - where data were passed for analysis after the

checking of both dependent and independent data sets was completed.
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The system was designed to facilitate the changes or mani -
pulations required for data management or analysis, while protecting
the basic field data on candidate file. Reports generated at the can-
didate and master stages allowed the team to identify problems and take
corrective action. Data wére therefore only passed for analysis when

they were considered to be of a suitable qualitys

The processing system is fully described in a PICR Document
(Swait, 07/1979). The system was complex because it handled both oper-
ating cost data from the Main Survey and highway characteristics from
the Route Survey. These files had then to go fhrough various editing
and transformation procedures before they were assembled to form the
dependent and independent data sets for analysis. The system generat-
ed the analytical files on fuel, parts consumption, utilization and

tires.

In addition, information collected by supplementary surveys
needed preparation: for analysis. The processing system was much simpler
and this 'type of data was placed on cards before being manipulated by
the S.A.S. package of computer programs (Barr ef af, 1976). This al-
lowed the analysts to make rapid combinations of data sets and hence
strengthened the role of supplementary survey material in the final

analyses.

Supplementary Surveys began early in the project and initial-
ly. embraced economic activities not covered by main survey activities.
A methodology for calculating constant prices was developed to take cut
the effect of inflation on costs, for example, as well as the collec -
tion of data on taxes and duties within the transport industry. The
real benefit from supplementary surveys was realized after the vehicle
operating cost files were examined and preliminary analyses performed.
It became clear that most operators’ records were not génerating asuf-
ficient quantity and gquality of data for certain components, particular-
ly tires and iabor hours. This was expected given the complexity of
many operators' cost systems and the need for the field researcher to
record many different cost components at one sitting, rarely getting
the opportunity to throughly investigate data quality associated with
one particular item. In addition, operators’' records themselves often

did not include items like labor hours.

This called for corrective action and supplementary surveys were
used, These allowed senior staff to design collection documents which

concentrated entire.y on a specific item. Knowledge of companies, galn
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ed from main survey activities, allowed them to direct field research-
ers to operators known to have potentially useful information., Alter-
natively,field staff were instructed to search for new survey partici-
pants’ in their area who possessed certain characteristics. Finally, it
enabled the field researcher himself to concentrate on a single ditem
and gain a good knowledge of company behavior in that area.

The combination of these factors made the use of supplemen -
tary surveys a successful ancillary procedure to main survey activities.
Although the main survey did not produce data in all areas, it provided
the basis for the effective use of supplementary surveys. These sur-
veys covered such issues as labor hours, tire data, tachographs, route

operating hours details and information on the utilization of heavy

trucks.

1.7 ROUTE DATA COLLECTION AND PROCESSING

The detailed work involved in collecting and processing user
survey route data for analysis purposes is fully ‘described in another
PICR Document (Harrison and Caixeta, 11/18979). Essentially, routes
used by vehicles of participants in the Main Survey had to be described
in terms of highway characteristics, especially those of surface con -
dition, wvertical and horizontal alignment. These Characteristiﬁs were
calculated from data collected in a route inventory program specially
designed for the needs of the research. Survey vehicles capable of
measuring route characteristics had to be designed and tested, together
with hiring and training of crews to operate them and a data processing
system to pefmit the data to be efficiently analyzed. The group res -
ponsible for conducting the route measurement program comprised two of-

fice staff members and two survey vehicles, each having a driver and an

observer.

The route network rapidly grew as members of the field staff
travelled further from Brasflia in an attempt to identify participants

forall areas of the stratified sample design.

Field staff responsible for the collection of user cost data
completed a form which identified the main features of each route used
by a potential participant. Each route was then allocated a unique
number. When routes were shown to be impertant to the project, they

were located on regional maps based on the latest available state pu -
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blications. This involved following each route from origin to desti -
nation and describing the configuration in terms of nodes, which repre-
sented specific geographic locations easily identified by field crews.
Thus all routes could be identified by their assigned route number and
a sequence of noces describing thelr location. This route number and
node sequence formed the basis of the Master Route File. This file had
an important role in the analysis of survey data since no user cost data
were accepted for analysis unless the routels) identified on the field
collection forms were defined on the Master Route File. A road section
beginning at one node and ending with another was termed a link and the

measurement of links, rather than specific routes, formed the basis of

the route inventory program.

Two Chevrolet Caravan station wagons, each having a four cy-
linder engine and automatic transmission, were selected to carry the mea-
surement instruments. This model was selected to make it easier to
maintain the constant speeds reguired while measurements were being
taken (See Chapter 3 of Volume 2 for details]. Crews followed instruc
tions given at the beginning of each program without being directly su-
pervised in the field. Therefore, careful staff selection had to be
made to obtain personnel who could work efficiently without direction.
Once selection was completed, staff had to be trained to operate the
instruments, accurately record the measurement data and learn to drive
at constant speeds while data were being collected. Training person -
nel, together with instrument manufacture aﬁd testing, took over six

months and the measurement program began in January 1977.

The project roughness measurement system consisted of a GM
Profilometer and Quarter-Car-Simulator, a Mays—-Ride-Meter (Maysmeter)
and an accurate Odometer, the D.M.I. (Linder et af, 07/1378). These
instruments combined to form the system which generated road surface
roughness data and which 1is detailed in Volume 3 of this report
series and in Visser and Queiroz,[ll/1979]. The Maysmeter produced
a count for each 320 m, when in operation. These counts were digi -
tally displayed to the observer who recorded them on a field form.
Readings were sensitive to the vehicle condition so the entire vehicle
was the measuring instrument. The Maysmeter therefore needed to
be maintained in strict calibration with an established roughness base

and this was provided by the Profilometer and Quarter-Car-Simulator.

A calibration course of paved highway sections had been es -

tablished in the vicinity of Brasflia.and each survey vehicle ran over
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these sections at regular intervals. The full course was used when ca - .
librating the Maysmeter and five sections for verifying calibra -~
tion at the beginning and completion of a work program. Each vehicle
was calibrated by correlating the Maysmeter output with roughness sta-
tistics produced by the Quarter-Car-Simulator running over section pro-
files produced by the Profilometer when travelling over the course.

This correlation produced roughness values in units of QI* ccunts p

Km.

The geometry instrument consisted of a carefully positioned
linear accelerometer capable of measuring a z lg range of accelerations.
This output was then transformed to operate a panel scale designed to
display grade measurements up to z 12%. The instrument was sensitive
to speed changes, so accelerations and decelerations had to be avoided.
Therefore, vehicle drivers were trained to maintain constant speeds on
grades and tests demonstrated that the device provided suitable verti-

cal data for the analysis of user survey routes.

Horizontal measurements were taken from a standard aircraft
type directional gyro compass, mounted in the survey vehicle. This
measured the directional azimuth of the roadway ét the beginning and
end of each horizontal curve. The start and finish of the curve was
identified by the driver and the directional readings and length of the

curve were noted by the operator.

Survey vehicles produced a flow of data for each route on
roughness and geometry characteristics which had to be reduced to & sin-
gle roughness value and single measures for both horizontal and verti- '
cal geometry for analysis. The objective of this transformation was to:
produce a single value for each of the three data groups which possess-
ed a suitable range for analysis purposes yet preserved key character-

istics within each variable.

Maysmeter measurements were converted to units of QI* counts
per km by referencing the survey vehicle number, its measurement speed,
the date of measurement and the relevant calibration correlation. The
QI* values were grouped into homogeneous bands within the link. Means
were then calculated for each 1link and ansisted o? the QI* value for
"each band, weighted by its length. Where link roughness was homogeneous,
the band and link were equal. Links were then combined to form routes
weighted by théir length and the anaiysis of survey data used this
welighted roughness value to represent aggregate route. roughness (Moser,

03/1978).
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A program of repeat roughness measurements was undertaken to
exm~ine the change in roughness over time, in order to determine if the
comgpie value calculated for analysis reflected the average surface.con
iidiprn . of the prpute for the period spent collecting the dependent data.
iegees particalarly important for unpaved routes where the variation
111 ruvughness was expected to be considerable., No such adjustments were
cséﬁed for the Final énalyses as evidence suggested that such varia -
tions would not significantly alter the results, The data, however ,
Aﬁe}éfcollected and stored on file and further work seems warranted to

gxomine this issue.

A number of different geometry statistics were calculated for

s usion in the final analyses. 'One statistic reflected the inter -

between the vehicle and the geometric characteristics of the road
ar-»ny point along the'route. The performance of a vehicle at any point
a -route secticc was considered to be dependent on the character-
io=ics of the previous sections as well as those at that épecific point.
ti:2 Lechnigue adopted for calculating the statistic defined a function
‘that related the immediate geometric conditions and then weighted it in
ieiaiion to the effect of the previous geometric conditions, The weights
“shemselves were based on speed changes, derived from work on the fuel-
dneed expwirimental data. Thé-speed change on a vertical profile was a
function of entry speed, grade, sign and grade length. The. speed change
o the horizonial pfcfile was based on curve length, curve radius, en-

try speed and speed on the curve

 The geometry statistics used in the TRRL Kenya project (Hide
el al, 1875) were also included in the analysis set. Values for rise
~and fall, in wmeteir~ -ner km, and average degrees of curvature, in number

=

e fodegTEees prs Jla. mere calculated from field. data on file. Calcula -

:ﬁticn of these staLiﬂLics'was considered important so that comparisons
lﬂbetween'the resuics ‘of both research projects could be made. Finally,
=EPwe - DNER procedure {for measuring vertical geometry in feasibility stud-
was slightly mouified and the results included in the analysis set,
~.Exzdes were grouped according to whether they were positive or negative

“»mand whether thesy fell into the groups 0 to 3, 3 to 5, 5 to 7 and 7plus,

~w per cent. Thus eight groups representing the distribution of grades

w2 the route wzre placed on the analysis files.
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1.8 ANALYSIS FILES

The monthly vehicle operating cost file was originally de-
signed to record all cost items but ultimately only recorded data suit-
able for the analysis of fuel, parts costs, maintenance labor costs and
utilization. The maintenance labor costs could not be taken directly
off this file for analysis and had to be systematically checked and
transformed to a special analysis file separate from the analysis file
derived from the monthly record cost file. This latter file has 54,000
records on 2,506 vehicles and this number of vehicles was considerably

reduced for analytical purposes because of the following reasons:

e Vehicles were not included for analysis if they had few
months of data assigned to them on main file, in general, a 6 months
data minimum rule was followed;

e Vehicles were eéxcluded that engaged in operations considered
to be extraordinary and not reflecting normal highway operations; and

¢.-Vehicles were excluded which operated predominagntly in urban

conditions and not those specified in the PICR terms of reference.

This action reduced the number of vehicles in the analysis
file to 1,675, collected from 147 companies (including 75 owner-drivers].
The tire file contains records 5n 20,820 tire changes, representing
6,886 tire lives. Mention has been made of a special analysis file for
maintenance labor costs, and other such special files include car speed
from timetable data, bus speed from tachograph records and private car

utilization derived from a supplementary survey of 5,280 car ocwners,

The specific number of vehicle records for each cost compo -
nent depended on the restrictions placed on the data by the analyst.
One example of this is whether the analyst accepts parts. data only from
vehicles with more than 12 months recaords or whether this figure 1is
smaller. Therefore, the siie of each data file is stated in the rele-
vant section of this report and correlation matrices and other tables
are available for scrutiny in the technical memoranda assocciated with

the analysis of each operating cost component.

Vehicles were grouped into five classes and these are given
in Table 1.2, accompanied by a brief description of some technical cha-
racteristics of the representative vehicies in each class. Fortunately,
there was a degree of homogenelty in all but the utility class which

encompassed a diverse group of vehlecles, varying from small pick-ups to
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TABLE 1.2 - REPRESENTATION VEHICLE DESCRIPTION FOR USER SURVEY

DATA SET
User Survey User Survey Representative Vehicle
Vehicle Type | Vehicle Class Characteristics
Gross weight: 1 tonne
Car 1 Engine: 46 bhp{DINJ}34kW
Gasoline, 4 cylinder
rear mounted :
Gross weight: 2.7 to 3.3 tonnes
Utility load: 1.2-2.2 tonnes
. Engine: 58-133 bhp.(DIN)J43-38kW
Pick=-up 2 , .
smaller engine is rear mounted.
Gasoline, 4 cylinder
Gross weilght: 6 tonnes
Utility Load: 4 tonnes ,
Light Truck 2 Engine: 85 bhpfDIN) B3kW

Diesel, 4 cylinder

Gross weight: 11 to 13 tonnes
Load: 4 to 5 tonnes '
Engine: 130 bhp{DINJIBKW

Diesel, 6 cylinder

Bus 3 Monocoque on paved routes
Chassis on unpaved routes
Monocoque has two further engine
options: 192 bhp.(DIN)141kW or
"210 bhp.(BDINJ154KkW °

Gross weight: 15 tonnes

Load: 8 to 10 tonnes, and with
' 3 axles :

Medium Truck 4 Gross weight: 18 to 22 tonnes

Load: 12 to 15 tonnes

Engine: 130 bhp{DINJIBKW

‘Diesel, 6 cylinder

Gross weight: 40 to 45 tonnes
Load: 24-29 tonnes

Engine: 285 bhp«(DIN)21CGKW
Diesel, 6 cylinder turbocharged
Tractor 2 axles, semi-trailer

3 axles

Heavy Truck 5
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6 tonne light trucks. Despite the difficulty of analysing this wvehi

cle class, attempts were made and the results reported in this volume.

Therefore, five vehicle class results appear for each cost component ,

unless the énalyses were confined to specific vehicle classes for par-

ticular reasons. Details of the various statistical and econometric

methods employed to analyse the data are given in Chapter 2.
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2 ANALYSTS PROCEDURES

2,1 SURVEY DESIGN

0]

The basic sampling frame used by the surveys team to recruit
vehicles inte the research has been described in Chaptér l of this Vol-
ume and in Volume 2 of this Report, Chapter 3. Ideally the sampling
frame would have contained companies with vehicles operating on a wide
variety of homogeneous routes so that in each company, representation of all combina-
tions of route characteristics waks available. No such companies were
located in Brazil. Companies whose vehicles operate on homogeneous routes
tend to work in distinct geographical regions so that the ranges and
combinations of route characteristics available in any one company are
limited. Consequently the sampling frame contains many companies whose
vehicles exhibit limited ranges of route characteristics. When a com-
pany was considered suitable for recruitment into the survey, operating
cost data were collected from selected vehicles in its fleet on a re -
gular basis. The company's routes were then measured and the charac -
teristics of ité fleet noted.so that analysis data sets, comprised of
both dependent and independent variables, could be assembled. The struc-
ture of these data sets was like that of a cluster sample, the compa -
nies forming the clusters and the vehicles forming the observations
within each cluster. It was not clear how best to analyse data deriv-
ed from such a sample and a number of difficult econometric problems
had to be addressed before the analyses could be undertaken with con -
fidence. These are fully discussed in another project document (Chesher,
04/81) and only a selection of the more important issues relating to

the cheoice of analytical procedures is presented below.

2.2 BASIC MODELS

It is useful to specify a basic model to demonstrate some of
the features which are pertinent to any selection of analytical tech -
niques. Let y denote a dependent user cost variable, such as parts con-
sumption aor some transformation of this, like In({parts consumption] .
The index i represents companies and the index t stands for vehicles
within companies, such that Yit denotes the dependent variable associ-

ated with vehicle number t in company number i. Let X denote the in-
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dependent variables and assume that in the basic model there are Kk of

these, indexed by j so that x, denotes the jth independent variable

it]
for the tth vehicle within the 1 company. The variable ><itj could be
some measure of the highways over which the vehicle operates, for ex-

ample, average route roughness.

The easiest way to proceed with the analysis is to specify a 1linear
model relating the xitj to the Yig® Since the linear relationship 1is
in general unknown and will not hold exactly, it 1s necessary to
express it as a stochastic relationship intrdducing the unobservable

random error si and the k unknown parameters Bj’ J=T.aek Thus;

t
Yig 7 ByXieytBoXipo B X kMt (2.11
or K
Vit © jz,l 3%ty it (2.2)

Data on N companies are available so that i takes values from 41 to N .
Within the ith company.there are data on Ti vehicles. A feature of the
date collected by the User Cost Surveys Group is that Ti varies subs -
tantially between companies. A principal objective of the analysis is
to estimate the coefficients 81"'Bj and to have saome idea as to the
accuracy of the estimators and of the 1likely performance of predictions

derived from them.
2.3 USER COST VARIABILITV AND COMPANY EFFECTS

is large and

Consider the unknown random error ei When ei

positive, the tth vehicle in the ith company th higher tﬁan average
costs, given its route characteristics. When git is large and negative
it has lower than average costs, given its route characteristics.

The error Eit can expected to be positive for some vehicles
and negative for others. Some vehicles give trouble while others are
trouble-free. In some years maintenance expenditures for a vehicle
seem to follow quickly one on another and then the vehicle may have a

period where there are no maintenance requirements at all.

Therefore, user cost egquations estimated from highway and ve-
hicle characteristics alone can leave unexplained a substantial pro -
portion of the variation in user costs. Even the vehicle owners and the

management staff of companies cannot predict maintenance requirements
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particularly accurately for specific vehicles in their fleet. The analyst
knows far less about the vehicles and companies than do the owners or
management staff. Consequently user cost equations can be expected to
have guite low values for measures of goodness of fit like R2 and re -
ported equations with & high associated R2 value should be carefully
evaluated. R2 values do not play such a significant role in the selec
tion of '‘gocod, robust, user ceost equaticns as they do in other research
areas, like the analysis of experimental fuel data. Although predic -
tions for individual vehicles may be inaccurate, quite satisfactory )
predictions of average vehicle user costs can be produced from equa -

tions with low R2 values, and the average values form the main focus of

interest in evaluating the interrelationships between highway costs.

A survey of the type conducted by the user cost team cannot
hold certain factors constant while observing one specific variable, as

is possible with an experimental design. The survey observations arise

under realistic user conditions and measure features of the economic
behavior of companies and vehicle owners in their efforts toe control
costs, make a profit and stay in business. Vehicle users can make a

wide range of decisions covering such diverse areas as cost control sys-
tems, workshop practices, driver control and loading policies. Some
run efficient operations so that in time they grow in size. Others are
less efficient and perhaps in time they will have disappeared, been

bankrupted or sold out to more successful competitors. These "company
decisions have an impact 5n the user cost items which is quite inde -
pendent of the type of highways travelled by the vehicles. When sampl-
ing from the population of companies in existence at the date of sampl-
ing, it is likely that long lived,stable companies will be over repre -
sented. Such companies are likely to be relatively efficient and tobe
well adjusted to the characteristics of the routes over which their ve-
hicles travel (Chesher,04/79). Accordingly cost values will tend tobe
derived from the more efficient type of company. . Nevertheless, data in
the survey will exhibit variations, sometimes large, that occur because
of différences between the operating policies of owners. The analysis

procedures must address this feature.

In order to allow for company specific variation in costs, the
is written as the sum of a company specific error, us

Thus:

error term ¢,
it

and a vehicle specific error Wige

€1t - YitVWig (2.3)
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The term uy is common to all vehicles in company i. A low cost caom -
pany will have a small value for ug and, consequently, relatively 1low
costs for all its vehicles. Variations within companies in the vehi -
cle specific error wit,together with variations in route characteris -
tics, give rise to the variations in costs within companies that are
observed. Writing the error term as in (2.3) gives the equation for
user cost, (2.4)
k

= % B
3=1

Vit
Given the error structure in (2.4), how can the coefficient Bj be esti-
mated? Even under the strictest assumptions concerning the error terms,
the widely used ordinary least squares technique gives inefficient esti-

mators of the Bj's.

Two distinct approaches to estimating the Bj’s are available.
In one approach the error terms u, are estimated. In the other approach
the u,'s are not estimated. Instead the ui's are regarded as a sample
from some population of possible company specific errors, and the vari-
ance of the u,’'s in this population is estimated. Both of these proce

dures have drawbacks.

If the ui's are estimated, the number of coefficients in the
model (2.4) can be large and the result may be some inaccuracy in the
estimates of the coefficients of interest - the Bj's. When the ui’s
are estimated a separate intercept i1s fitted for each company. With
this approach only within company variation in costs and route charac-
teristics is exploited to estimate the Bj's, the between company vari-
ations being reserved for the estimation of the company intercepts.
If there is no great variation within companies in the explanatory
variables, X1 then inaccurate estimates of the Bj’s may arise. How
ever the estimates produced via this approach do have the great advant-

age that they are robust to alternative assumptions concerning the er-

ror terms in (2.4).

In order to estimate using the second approach (in which the
variance of the ui's is estimated), distributional assumptions concern-
ing the error terms in (2.4) are required. The standard assumptions are
that the ui's are mutually independently distributed with mean zero and
constant variance, tha? t he ui's are distributed independently of the
Wiy and that the uy
is this last assumption that causes most difficulty in practice. It re-

's are distributed independently of the Xitj' It
quires that efficient companies are evenly distributed over different
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route types. Consider a situation in which this assumption will not
hold., In this situation efficient companies are underrepresented on
poor quality routes because on such routes, which are typically low
volume, imperfect markets prevail. Inefficient companies tend to sur-
vive longer on such routes. In this situation ui is correlated with
xitj' Procedures which regard the'ui's as satisfying the standard as-
sumptions will, in this situation, produce biased estimates thhij'S,

However, the procedure described earlier in which the ui's are estimat-

ed, will produce unbiased estimates.

I+ the standard assumptions do apply, then the second approach
will produce unbiased estimates of the Bj's which are efficient rela -
tive to those obtained by the first method. The choice between the two
approaches depends on the likely magnitudes of the correlations between

the company specific errors, ui's, and the explanatory variables,xitj.

2.4 VEHICLE CHARACTERISTICS

If user cost data are regressed on highway characteristics
alone, relatively large variations in the error term values are produc-
ed, whatever statistical procedure is used. Highway characteristics
have only a partial effect on user costs, as previously discussed. In
Kenya (Hide et af, 1975) it was found that the inclusion of vehicle
characteristics strengthened the egquations because of the strong effect
certain characteristics apparently had on costs. Vehicle age in kilo-
meters was found to be particularly potent. Specifically, in Kenya, as
vehicle age in kilometers doubles for cars and trucks up to a limit of
160,000 and 400,000 km respectively, so do maintenance expenditures per
km. For buses, doubling vehicle age causes maintenance costs to rise
by over 40% up to a limit of 1.100.000 km. These increases in mainte-

nance costs apply to each successive doubling of vehicle age.

In the PICR Phase 1 report, selected vehicle characteristics
were used in the analysis of user cost data. These included number of
carburettors (for cars), tachograph fitted (for buses), engine size in
cc, location of engine and so on. It should be recognized that any
procedure that introduces vehicle characteristics into a regression
analysis may result in estimates that suffer from simultaneous equa -
tions bias unless independent variables are chosen which affect vehi -

cle characteristics and not costs. This problem is probably wunlikely
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to occur in the PICR data because it is believed that vehicle charac -
teristics are chosen by operators with long run average costs in mind
and the survey obviously only observes a single vehicle's costs for a
relatively short period in its 1ife. So vehicle characteristics are
not determined by the costs that are observed but by a long run average
in which the costs collected by the survey and subsequently passed to

analysis play only a small part.

There are several arguments which favor the inclusion of wve-

hicle characteristics in user cost equations. The most significant are:

- the estimated equaticons often show better fit and possess
higher R2 values. In.addition, the inclusion of vehicle
characteristics helps avoid the problem of model misspeci-
fication which can cause the resulting coefficients to be
biased; -

- equations with vehicle characteristics give rise toa better
understanding of how vehicle characteristics affect operat-
ing costs. It is known that operators select ffom the
technical options available for each model so that the
overall vehicle specification best suits the operating con-
ditions it will face. Accordingly, inclusion of such op -
tions should enable the analyst to more thoroughly evaluate
the operating cost data collected from company records; and

- equations with vehicle characteristics may be more robust
and transfer more readily to other regions. There will,
of course, be applications where the required data on wve-
hicle characteristics are not available. In this cease R
averagé values of the characteristics used in estimating

the equations can be used as default values.

Despite these strong arguments in favor of including wvehicle
characteristics, some problems emerge. The inclusion of some vehicle
characteristics is complex and costly because of the non-linear effect
same of these characteristics have and because of the difficulty in
specifying the way in which they might interact with highway charac -
teristics. Furthermore, it is possible that the effects of vehicle
characteristics on operating costs may change over time with technical
dévelopmeht. However, development in vehicle technology is likely to
be evolutionary in nature and should not be a cause for concern when
applying these cost equations over the next decade.. It should be re-
membered that many of the cost tables currently used in Brazil and

other countries are based on some data over forty years old.
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The analysis of the PICR user cost data has estimated the
influence of vehicle characteristics as one of its statistical proce -
dures. In the technical memoranda describing the analyses of the
various user cost i1tems, tables will be found both with and without ve-
hicle characteristics. The user can therefore examine in detail the
effect of such characteristics. The results reported in this volume
include equations with vehicle characteristics where these were found
to be significant and improved the prediction of the dependent vari -
able. However, it should be borne in mind that the PICR survey was not

designed to estimate the effects of vehicle characteristics on operat-

ing costs.

2.5 STATISTICAL PROCEDURES

Four basic statistical methods have been used to analyse the

vehicle operating cost data on the PICR project. These are:

¢ Least squares applied to company cell means

All the within company variations in costs are averaged
out sd that the statistical estimation relies entirely on between com-
pany variations. This method was adopted in the Kenya study and for
selected cost components in Phase I of the PICR. This is a uséful pro-
cedure when there is 1little variation within companies in user costs ,
perhaps because of companies' identical treatment of the vehicles in
their fleets. This procedure does not address the company effects/er-

ror components issue discussed in Section 2.3.

@ Least squares applied to individual vehicle data
This procedure does not address the company effects dissue
either, It is appropriate when the company specific error (ui in Egua-
tion 2.4) is small in magnitude relative to the vehicle specific error

(w,, in Equation 2.4). The technigue was widely used during explora -

it
tory work with the data and a few of the results reported later were

obtained using this method at an early state in the research.

In the analysis of Phase I, least squares applied to indivi-
dual vehicle ddta and to company means were used extensively. The two
procedures generally produced similar results ‘ (GEIPOT, 1980,
p. 167}, The subsequent analysis has proceeded within the framework of

the error components model described in Section 2.3. As noted in that
section, two app:roaches are available:
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e Least squares applied to individual vehicle data with com-
pany effects estimated
The technique applies least squares to Equation 2.4, esti-
mating a separate intercept for each company. This 1is equivalent to
estimation after expressing all data as deviations abBbout company means,
Thus only within company variation is exploited to estimate the effects
of the explanatory variables on costs. In order to obtain equations
that predict levels of costs as well as the differences in costs asso-
ciated with different route types, it is necessary to average the esti-
mated company intercepts. Weighted averages have been calculated using
numbers of vehicles per company as weights. Standard errors associated
with the intercepts thus produced have been calculated to allow for
this averaging process. 0On occasions companies have bheen formed into
homogeneous groups to give more than one reported intercept. This gives
the equations greater flexibility. The procedure described in this sub-
section is appropriate when correlations between company effects and
route characteristics are likely and when there exists within company

variation in the data.

¢ Generalized least sguares estimation of the errer compo -

nents model
The company specific error, us is regarded as a random
error whose variance is to be estimated. The generalized least squares
procedure described in Fuller and Battese (1973) is applied. The pro-
cedure is appropriate when the company specific error u, is negligibly
correlated with the explanatory variables. When the company error is
zero the procedure produces the same estimates as ordinary least squares
applied to individual vehicle data. When the vehicle specific error is
zero it produces the same estimates as weighted least 'sguares applied

to company means.

The error components model has played a useful role in the
analysis since 1880, so the company-cell means method has not been used
in this-period. The other three methods have all been used, with and
without vehicle age and a selection of vehicle characteristics. The
output from these analyses was considerable, running to many hundreds of
different equations for each user cost component. Naturally, only a
selection of equations can be presented here and references will be made
at the appropriate time to the relevant technical memoranda where equa-

tion choice is dealt with in greater detail..

In the presentation of the results the company means method

is identified by "CM"; least squares applled to individual wvehicle data
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is identified by "OL3"; least squares estimating company effects is
identified by "OLSCE"; and generalized least squares estimation of the

error components model is termed "EC".

Reported coefficients are accompanied by t-statistics written»
in parentheses below the coefficients. These are ratios of coefficients
to their standard errors. They have been calculated using methods ap-
propriate to the technigque used to produce the coefficients. In the few
cases in which estimates are calculated by least squares applied to in-
dividual vehicle data (OLS) the t-statisticsare biased if the company
specific error uy has non-negligible magnitude. No attempt has been
made to correct for the bias in these t-statistics. Experience of com-
paring many hundreds of 0OLS, OLSCE and EC estimaticns suggests that for
the user cost survéy data sets the bias i1s such that t-statistics from
OLS estimations are overstated by about 30%. In the EC estimations the
t-statistics have a large sample justification only. Accordingly, they
should be referred to tables of the normal distributionl Except in the
case of the EC estimations, the squared cdefficient of multiple correla-
tion is reported. For EC estimations, one of the goodness-of-fit sta -
tistics G and H {described in Appendix IX] are reported. These can be
interpreted like Rz, values close to one indicate small scatter about
the fitted line, values close to zero, the converse. As noted earlier,
goodness of fit statisticsare not particularly relevant. The quality
of the predictions is more important. Reported equations are also ac-
companied by estimatel(s]) of the étandard deviation of the error term.
In the OLSCE estimations, these (Swl refer to the vehicle specific er-
TOoTr W., s In the EC estimations two standard deviations are reported ,

it
one (sw] relating to Wi the other Lsul to the company specific error

U, «
1

Equations estimated during the period 1981/82 are accompanied
by prediction intervals. For selected levels of the explanatory vari-
ables (including the mean levels in the data set) predicted user costs
or in(user costs), as appropriate, are provided. These are presented
with upper and lower limits which with probability 0.85 contain average

user costs at the levels of the explanatory variables being used.

These intervals provide probabilistic bounds on the predic -
tion error to be expected when using the reported equations. 1In the
case of EC estimations the intervals have a large sample justification
only. The intervals are narrowest at the mean of the explanatory vari-

ables for the data set. As infrequently observed combinations of the
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explanatory variables are approached, the prediction intervals widen,
Thus the intervals give an indication of the decreasing accuracy of pre-

dictions associated with more extreme values of the independent vari -

ables.

The prediction intervals also serve another useful purpose .
It will be seen that, even though for some equations  goodness-of-fit
statistics are small relative to those obtained in experimental studies,
prediction intervals for average costs are still guite narrow. So R
even though the individual vehicle data are guite scattered around the
user cost relationships, the modelling and estimation procédures adopt-
ed, together with the relatively large numbers of cbservations, allow
quite precise prediction of average costs. This is quite normal and
arises in many areas of scientific research. Much useful information
can be derived from widely dispersed data as long as sufficient obser-

vations are available and care is teken over modelling and estimation.

Statistical analysis was performed using the statistical anal-
ysis package SAS (Barr et af, 1976). 1In exploratory data analysis
considerable use was made of graphical output. When evaluating these
graphs, great care was taken to ensure that observations lying off
trend lines were not treated as bad data and excluded from subse-
guent analyses. OQOutliers were intensively checked by examining the
basic data files and whenever possible retained for analysis. Ordinary
and weigﬁted least squares were performed using the SAS procedure GLM,
The generalized least squares estimations were calculated using spe -
cially written computer programs relying heavily on the SAS procedure

MATRIX.

Selected equations are how reported. Note that all loga -~
rithms are calculated to base ”e”, that is natural logarithms are used
throughout. Egquations estimated in log form or incorporating indepen -
dent variables in the log form are identified by the designation of '1ln’

before the relevant variable. Where .cruzeiro costs are being predicted,

the equations give values in terms of December 1981 prices,
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3 ANALYSTIS RESULTS
The results are presented first by user cost component and
then by vehicle class. All major components have been examined at

least twice since 1979 and these analyses have been reported in the form

of technical memoranda. The results iven below are taken from those

o
o o

sources and it is recommended that they be examined if more details are
required. The technical memoranda are referenced in the appropriate

sections. Finally 0il and grease consumption were not reanalysed as the
effort required was disprpportiohately large in relation to the impor-
tance of these items in the vehic'le operating cost hierarchy. Accord-
ingly they are presented here in the same form that they appeared in the
PICR Phase I report. Definitions of all the dependent and independent

variables reported in the following sections are given in Appendix 1.

3.1 FUEL CONSUMPTION

3,1.1 Introduction

The collection of fuel consumption data was an impertant ac-
tivity of the User Cost Surveys Group and one considered complementary
to the extensive experimental work on fuel and speed carried out
concurrently within the PICR., Not only did the user data on fuel con-
sumption serve as a consistency check on other cost items, like utili-
zation, but it provided evidence on fuel consumption under the actual
conditions faced by the Brazilian vehicle operator and could be used to

evaluate the aggregate results derived from the experimental work,

In principle, fuel data from a user survey should be infor-
Mative. These data should be reasonably consistent since fuel is often
the item most closely monitored by the vehicle owner. It is consumed
continuously when the vehicle is used and a relatively short period of
observation (6 to 9 months) should give a good estimate of a vehicle's
fuel consumption. Many unobserved characteristics of vehicles and
drivers affect fuel consumptian, Consequently low R2 values are gener-
ally obtained when fuel consumption is related to highway character-
istics using User Survey data. It is possible to obtain good estimates

of the relationship between average fuel consumption and highwsy charac-
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teristics, even when data are widely dispersed and average fuel con -
sumption for the various classes that comprise the vehicle population

is the objective of the PICR predictions.

Despite the previous work on fuel consumption in Kenya and
the U.S.A., 1t was not clear a priori what sort of relationship to ex-
pect between fuel consumption and highway characteristics under actual
operating conditions. This is largely because of the effect of speed
changes on fuel consumption. As road cﬁrvature increases, for example,
average speed may fall and fuel consumption may also fall, in a linear
or nonlinear way, even though curvature increases resistance. Thus it iwg
not immediately cbvious what the form of the equation or the signs of
the coefficients should be. In this report, linear and log-linear mo-
dels have been fitted using the 0OLS and EC methods, with and without
vehicle characteristics., The independent variables for highway design

are road roughness, rise plus fall and average degrees of curvature.

The data were first graphed by vehicle class and a general
increase in fuel consumption with increasing roughness was noted, al-
though it was difficult to detect effects for geometry. There is con-
siderable dispersion at times in the data but this is to be expected .
Vehicles carry different locads, travel at different speeds and are
driven by different drivers in different ways. The vehicles are not
always identical within each class and receive different qualities of
maintenance. All these factors affect fuel consumption and are a fea-

ture of vehicle operaticn.

3.1.2 Fuel Consumption Equations

The fuel analysis was structured so that predictions from the
User Survey data could be compared with results from the Experimental
Fuel and Speed Group. This comparison is examined in the next section.
To facilitate this only one extra vehicle class, light diesel truck
had to be created out of the utility survey data set. These classes
are defined in Table 3.1l. Linear and log-linear forms were tried and
estimations made using 0OLS, OLSCE and EC methods. The recommended fuel
equations reported in fhis volume are estimated using the EC method
which seems better suited to take account of the company and vehicle
variations inherent in fuel consumption data. Different>variables were

found to be significant for different vehicle classes. This may be due
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TABLE 3.1 - FUEL CLASSES, SURVEY AND EXPERIMENTAL EQUIVALENTS
Survev Class Experimental (MTC) Power/
y Class Weight Ratio
Cars 1 -
Utilities 3 -
Buses 2 -
Light Diesel Trucks 6 24
Medium Diesel Trucks 7 17
Heavy Diesel Trucks 8 13

'NOTE : Power/weight is BHP (SAE)/tonne
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to real differences in the models for fuel consumption or to correla -
tions among the independent variabies which obscure the true relation-
ships. Given that there may be different speed and load responses for
different vehicles, 1t is guite possible that distinct models do exist
for each vehicle class. These results are based on previous PICR tech-
nical memoranda (Chesher, 02/09/1980) and (Lima,P. R., 02/12/81) and
more details, for example,on correlation matrices, are contained in

these documents.

3.1.2.1 Can Fuel Consumption

It was not possible to determine a vertical gecometry effect
for these vehicles. However, detericrating horizontal geometry was
found to significantly increase fuel consumption. A 100 degree per km
increase in average degrees of curvature is predicted to raise fuel
consumption by 14 percent., The log-linear equation, estimated by the

EC method (t statistics in parentheses) is:

In (Fuel) = 4,425+0.,0008QI%+0.00135ADC-0.0972CARB {(3.1)
(110.54) (2.10) {(5.57) (-2.22)
G=0.10 S =,070 S =.102
u w
Where
Fuel = liters per 1000 km

CARB 1 if vehicle has twin carburettors

0 otherwise

Predictions and asymptotic 95 percent prediction intervals
at selected values of the explanatory variables are given below for 1n
(fuell.

CARB 0

1
ADC 10 54 250
QI ™ 40 100 40 100 40 100

Upper Limit | 4.535 4.586 | 4.594 4.640 | 4.915 4,948
Prediction 4,470 4.518 1 4.530 4.578 | 4.794 4.842
Lower Limit | 4.406° 4.451 | 4.465 -4.516 | 4.672 4,735

1Data set mean value.
The prediction and prediction intervals demonstrate that equation 3.1
has tight prediction intervals despite a low goodness of fit statistic
and illustrates why an equation should not be judged solely on goodness of
fit. The equations presented in this Volume are primarily selected for
their robustness and ability to give good cost predictions for average
vehicles in each vehicle class. The prediction intervals are an im -

portant check on the quality of the equationcs and should be regarded as
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a most important item in the reporting format of the equations. The
equation is based on 243 observations derived from 6 companies. Twin
carburettor cars were found to be slightly more economical but since a:
user of this eguation will generally not know what proportion of the
car stream has such a feature, it is recommended that the user survey
average 0,025 is substituted for the variable CARB which removes the
t value to 4.423,.

o]

CARB vardiable and changes the interce

o)

3.1.2.2 Utility Vehicles' Fuel Consumption

These vehicles can be broadly grouped into rear engined gaso-
line and front engined diesel types. The former were analysed first
and comprised 33 vehicles derived from 6 companies. A log-linear form
similar to cars was found to fit the best but the size of the roughness
effect was larger than for cars. This is expected because, although
they share similar . design features, the ;oad factor will gene -~
rally cause highway characteristics to have a greater impact on operat-
ing costs. The log-linear equation, estimated by the EC method (t

statistics in parentheses) is:

in (Fuel) = 4.3957+0.00141QI*%+0.00142ADC (3.2)
(56.55) (2.18) (2.36)
G=0.15 S =.141 S =,080
u w

Fuel is again measured in liters per 1000 km.

Predictions and asymptotic 95 percent prediction intervals
at selected values of the explanatory variables are given below for 1n

(fuel). _ .
ADC- 47 250

T T
QI* 30 74 120 30 74 120
Upper Limit 5,207 5.253 5.327 5.623 5.665 5.720

Prediction 5.067 5.128 5.193 |5.355 5.417 5.482
Lower Limit | 4.926 5.004 5.059 {5,088 5.170 5.243

1
Data set mean value.

Vertical geometry was not found to be significant in the log-
linear form but did become significant when fuel was estimated in the
linear form. The linear equation, estimated by the EC methed (t sta -

tistics. in parentheses) is:

Fuel = 111.92+0.,271QI*+0.256ADC+1.095RF (3.3)
(6.06) (2.81) (1.83) (2.82)
G=0.54 S =17.384 S =13.464
u w
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Predictions and asymptotic 895 percent prediction intervals

at selected values of the explanatory variables are given below for fuel.

1

ADC 47
T

RF 20 40

: I -

QI* 30 74 120 30 74 120
Upper Limit {174 183 1986 200 211 228
Predictien 154 1866 178 178 188 200
Lower Limit | 134 149 161 151 164 174

1The mean value for this variable in the data set

3.1.2.3 Light Diesel Truck Fuel Consumpition

This vehicle class was created from the user survey utility
class data set and comprised 49 vehicles, principally engaged in news-
paper delivery and milk collection activities. The correlations amongst
the independent variables for this set are high and make it-difficult
to estimate the effects of highway characteristics. No accurate esti-
mation of the effect of vertical geometry was found. Curvature was
found to be significant but an interaction term with roughness has the
effect of nulifying any inferhoe of roughness at relatively low values
of curvature. Accordingly, no regression equation for this vehicle
class can be presently reported. Instead, average fuel consumption for
paved and unpaved roads, based on individual data on basic file is

given. This appears in Table 3.2.

TABLE 3.2 - LIGHT DIESEL TRUCK FUEL CONSUMPTION

-Average kdﬁte Characteristics
Fuel QI * RF ADC
Paved 184 38 27 39
Unpaved | 193 119 30 59

NOTE: Fuel is in units of liters per 1000 km.

3.1.2.4 Bus Fuel Consumption

This data set is the most comprehensive. The highway charac-
teristics are weakly correlated with each other and the set contains
462 diesel engined vehicles. Therefore, accurate estimates should - be

obtained for the effects of roughness, vertical geometry and curvature,
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Deteriorations in any of these are found to increase fuel consumption
but the size of the coefficients is at times surprising. The effect of
vertical geometry is small and generally not significant. A 30 meters/
km change, which is large, only increases fuel consumption by 4 percent.
This might be seen as a cause for concern since -the experimental re -
sults show this variable to exert a significant effect, as does some of
the user survey data itself as shown in equation (3.3). 0On examining
the .experimental methodology, it can be seen that an identical = vehicle
is run over highway sections exhibiting different design and mainte -
nance characteristics. Survey utility vehicles yielding data for equa-
tion (3.3) were also identical. Buses, however, were not. A tendency
was observed for operators to choose technical cptions for their buses
in an effort to reduce operating costs. In the PICR survey, operators
normally use 1large engined buses on hilly routes. The power and tor-
gue characteristics of these engines produce, amongst other things s
better fuel consumption on such routes than smaller engines which have
to work harder. So the iﬁfluence of vertical geometry is greatly re-
duced and causes this variable to drop cut of many equation forms.

This 1s a good example of where the actual‘'user data differs from .ex -
perimental analyses and produces unexpected results., The reported log-
linear equation, estimated by the EC method (t statistics in paren -

theses) is:

in (Fuel) = 5.641+0.00061QI*+0.0004ADC-0.05188M (3.4)
(281.76)- (4.80) (2.21) (-2.08)
G=0.16 S =.050 S =,071
u w
Where
SM =1 if standard of maintenance is high

0 otherwise
The egquation is estimated from data on 462 vehicles derived from 21
companies. Predictions and asymptotic 895 percent prediction intervals
at selected values of the explanatory variables are given below for 1n

(fuel).

SM , 0

1
ADC 43 200

1 . 1 :
QI* 40 83 160 40 83 160

Upper Limit | 5,715 5.739 5.790 |5.810 5.832 5.8786
Prediction 5,683 5.709 5.756 {5.745 5.772 5.8189
Lower Limit | 5.651 5,680 5.722 [5.680 5,711 5.761

1 :
Indicates the mean value for this variable in the data set.

As was the case with car fuel predictions, equation 3.4 is
shown to have tight prediction intervals even though the goodness of fit

is weak., This increases confidence in this equation and indicates that
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it will produce good predictions for average vehicles in this class.

An equation including the variable SM is reported since good
maintéenance procedures help reduce fuel consumption. However, the Ex-
perimental Fuel and Speed Group was not able to quantify this effect
and little information is available on the subject. The results from
the PICR survey bus data set, where standard of maintenance was assessed
subjectively and through a questionnaire, show that a well maintained
bus consumes 5% less fuel than a bus receiving average maintenance.
This interesting result demonstrates the savings that can follow if an
owner maeintains his vehicle in good condition. Where users cannot mea-
sure this variable, however, it is recommended that the user survey
average value (0.5) is substituted which removes the SM variable and
reduces the intercept to 5.613. The equation gives satisfactory pre -
dictions over the range in the data set, where the maximum values of

roughness and curvature are 214QI* and 2089/km, respectively.

3.1.2.5 Medium Truck Fuel Consumpition

This data set, Containing 215 vehicles, exhibits some corre=
lations between highway characteristics which complicate the analysis.
Equations with significant vertical and horizontal geometry effects
could not be estimated separateiy. The reported log-linear equation
for road roughness, estimated by the EC method (t statistics in paren-

theses) is:

ln (Fuel) = 5,735+0,00108QI% (3.5)
(11856) (1.889)
G=0.38 S =.144 S =.,108
u W

Predictions and asymptotic 95 percent prediction intervals at
selected values of the explanatory variables are given below for 1n

(fuel).

1

QI* 40 68 : 150
Upper Limit | 5.848 5.875 6.010
Prediction 5.778 5,808 _ 5.897
Lower Limit | 5.707 5,742 5.783

1
Data set mean value.

This equation is considered to give good predictions of fuel
consumption for this vehicle class, particularly for the most numerous
type, the 3 axle rigid variety. THis can be considered the represen -
tative medium truck for the Brazilian national fleet and so it is im -~

portant to have gocd estimates of its fuel consumption. The equation is
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considered to give satisfactory estimates up to 200 QI¥, and, further-

more, seems to extrapolate fairly well beyond this value.

3.1.2,6 Heavy Truck Fuelf Consumption

The typical vehicle for this class is articulated and compri-
ses a two axled tractor pulling a three axle semi-trailer. Such trucks
are seldom operated on unpaved roads, except Fdr special applications
like timber and sugar cane haulage where gross vehicle weights are
around 55 tonnes. The data set therefore contains information on fuel
consumption only for paved roads. Correlations between certain high-
way characteristics are high and cause problems in the analysis. In
order to obtaein a significant geometry main effect, an interaction term

between that variable and road roughness had to be estimated.

However, this equation only fitted a narrow range of datea and
once hilly routes are encountered,increases in roughness are predicted to
reduce fuel consumption. More data need to be collected to correct this
‘anomaly. Instead, the average fuel consumption dn an undulating, re -
latively straight road and a more hilly, curvy route are given. These

are shown in Table 3.3 and are based on individual vehicle data onfile.

TABLE 3.3 -  HEAVY ARTICULATED TRUCK FUEL CONSUMPTION

Average Route Characteristics
Fuel QI* RF ADC
Undulating 559 29 29 11
Hilly 737 43 37 78

NOTE: Fuel 1s in units of liters per 1000 km.,

The equations and tables reported above represent the best fuel estima -
tions, based on User Survey data, available at this time. Some wvehi -
cle class equations would benefit from further analysis and this is
discussed in the relevant section of this report. The bulk of the
analyses were conducted in 1980 and estimations using the more sophis-
ticated error components method had to be done quibkly. Further anal-
ysis and scrutiny of the fuel data on basie file might bring improve -
ments., However, sufficient data presently exist to make an evaluation
between survey and experimental results and this is discussed in the

following section.
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3.1.3 Expenimental and Survey Fuel Consumpilion

3.1.3.1 Intrhoduction

As was noted before, user survey fuel data are important since
they provide information on the fuel costs actually incurred by vehi -
cle operators. Such data reflect their responses to roed conditions
and relative prices. These responses include the selection of operat-
ing speeds, vehicle loads and maintenance quality and quantity. How -
ever, another valueble source of data on fuel consumption and its sen-
sitivity to road characteristics is the time and fuel algorithm (MTC) ,
produced by the Experimental Fuel and‘Speed Group in the PICR. MTC uses
actual vehicle speed derived from roadside radar observations and from
the experimental measurement of fuel consumption. The MTC is essen -
tially a micro model where each grade and curve change can be entered,
so in this form it is not very suitable for comparisons with survey
data where routes have to be described by a single variable for each
characteristic. Therefore, aggregate equations were produced from MTC
data (Moser, 13/05/1980) and these are suitable for comparing with sur-
vey results. Ah exercise to campare these equations was carried out scon
after as the aggregate equation became available (Chesher, 04/09/1880)
and the results are reported beiow. Before appraising these results

some of the discrepancies that might be expected are discussed.

3.1.3.2 Polential Dischepancies

The survey data on fuel consumption are quite widely dispers-
ed, for reasons already noted. In addition, vehicles from the survey
are not identical even when grouped into the MTC vehicle classes. MTC
aggregate predictions give a single figure for any given combination of
highway characteristics and caonsequently when these are compared with
survey data, a considerable dispersion must be expected in the 1latter
source. However, MTC is designed only to predict average fuel consump-

tion so this should not, on its own, be a cause of concern.

Although MTC employs observations on actual vehicle speeds ,
it also uses data obtained from experiments performed with a fleet of
test vehicles. Since each vehicle differs to some extent in its fuel

consumption, as do drivers in thedir driving habits, a part of the MTC

Digitised by the University of Pretoria, Library Services, 2015



45

results. derive from what is essentially a single observation on the ve-
hicle population and a small sample of drivers. If MTC were estimated
from different drivers and vehicles, then different equations would re-

sult. MTC is not, therefore, an absolute standard to judge survey

equations.

The MTC aggregate equation is non-linear with respect to
highway characteristics and the equations are difficult to apply to ve-
hicles which do not travel homogeneous routes. The problem is that if
a vehicle travels on, for example, two routes which are different in
their characteristics, the mean of the MTC predictions for each route
will not equal the MTC prediction for the mean route. Evidence already
available suggests that fuel consumption relationships are non - linear
with respect to highway characteristics so this difficulty cannot be
removed. Its effect is lessened because the MTC aggregate equation was
estimated using a selection of user survey routes which presumably are
themselves non-homogeneocus in highway characteristics. However, there
still must be some difficulty arising from the non-linearity of the MTC
equation which will give rise to some non-correspondence between MTC

predictions and survey observations.

Finally, there may not be good correspondence in all vehicle
classes between MTC speeds and survey speeds, since speed has already
been identified as an important operator and driver response. Cars are
of  particular concern since in the survey they are commercially operat-

ed and higher speeds than average roadside observations may be expect-

ed.

3.1.3.3 Method and Results of the Comparnison

First the user survey fuel data was grouped into the MTC
classes required for the aggregate equation, as defined in Table 3.1 .
The complete form of the MTC aggregate equation is given in Appendix V.
To compare the MTC aggregate prédicted fuel consumptions and those ob-
served in the user survey, the predictions were graphed against the user
survey observations and two sets of regréssion estimations were per -
- formed. In one, survey fuel consumption was regressed on the MITC ag -
gregate predictions which should give a general impression of the degree
of under or over prediction., In the other, the differences between the
predicted and observed fuel consumptions were regressed on highway

characteristics. This should give a sense for the extent to which, as
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far as this user survey data set was concerned, the MTC aggregate equa-
tion was failing to pick up the effects of highway characteristics .
Comparisons were made for_each MTC vehicle class reasonably represented
in the survey data and the regression results are presehted in Tables

3.4 and 3.5.

TABLE 3.4 - REGRESSION OF USER SURVEY FUEL ON MTC PREDICTION -
INDIVIDBUAL DATA (0OLS)

Class|Intercept MTC R? S n

1 56.25 .404 | .03| 13.24] 154
(2.98) | (2.03)

2 219.55 .367 | 03| 40.85) 490
(3.79) | (3.863)

3 ~331.33 3.377 | .75| 18.03| 20
(~5.10) | (7.52)

6 143,17 .266 | .03| 30.15| 39
(3.09) | (1.10)

7 ~281.70 1.847 | .64 | 43.72| 141
(-2.25) (4.80)

8 777.62 -.333| .09 | 152.34 | 113
(13.26) | (-3.39)

NOTE: See Table 3.1 for class definitions.

The number of vehicles in each class given in n,

MTC equals the MTC fuel prediction from the aggregate equation
and is measured in liters per 1000 km. Estimation was by weight-
ed least squares with the weight proportional to the number of
observations per cell. Figures in parentheses are t-ratios.

TABLE 3.5 - REGRESSION OF MTC FUEL PREDICTION MINUS USER SURVEY FUEL
ON HIGHWAY CHARACTERISTICS - INDIVIDUAL DATA (OLS)

Class | Intercept ADC RF QI* R2 S n

4 -11.17 -.103 478 } . .049 .12 12.87 154
(-1.08) (-3.32) (2.60) (1.33)

2 -121.24 -.140 2.280 -.1086 .18 38.36 | 490
{-16.34) (-3.73) (8.82) (-3.28)

3 18.21 - —-.298 .693 -.430 .88 10,77 20
(1.70) [ (-5.03) (1.29) | (-6.20)

6 -14.88 ' » 301 »585 -.239) .14 32.01 34
(-.61) {1.94) - (.55) | (-1.81)

7 88.397 -,023 -2.285 -.186 .08 42,931 141
(3.27) (-,.31) (-2.85) (-1.48)

8 486.45 4,426 | -18.208 -3.989 .50 176.62 | 113

(2.74) | (5.48) [ (-3.62) | (-2.96) ,

NOTE: Refer to Table 3.4 for more details.
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The results of the comparisons are uniformly disappointing .
In none of the six classes are the predictions produced by MTC close to
the fuel consumption observed in the user survey. The correlations be-
tween MTC aggregate predictions and the observed fuel consumptions are
small except for the sparsely populated utility vehicle class. The pre-
dictions' errors are significantly related to rise plus fall, average
degrees of curvature and road roughness. The nature of these relation-
ships alters from class to class and is difficult to explain. Forcars,
buses and utilities, the MTC aggregate equation tends to under-predict
fuel consumption, more so on curved routes. For heavy trucks, it tends

to over-predict.

Since the MTC aggregate egquation is designed to predict aver-
age fuel consumpticn, it was decided to reanalyse the data after it had
been averaged acrbss cells defined by ranges of vertical and horizontal
geometry and road roughness. In these comparisons average MTC aggregate
predictions for broadly defined ranges of highway characteristics were
contrasted with the average user survey fuel consumptions over the same
ranges. The correlations obtained should give a fairer view of the
strength of the relaticnship between MTC aggregate predictions. and the
‘user survey data. Regression results together with a definition of the

cells are given in Table 3.6.

The regults are similar to those obtained with the raw data.
As expected, the correlations between MTC aggregate predictions and
survey observations uniformly rise upon avéraging but still, except for
the utility class, remain small. The discrepancies between the MTC
aggregate predictiocns and survey data require examination. The aggre-
gate equation is not an absolute standard and both it and survey data
are prone to error. The error in the survey data may well be larger
than the MTC data but the MTC aggregate predicticns may suffer from
errors or approximations in modelling. It is recommended that more work
be carried out in this area and, in particular, the MTC aggregate

equation be reestimated.

3.2 ENGINE O0IL AND GREASE CONSUMPTION

These items typically comprise around one percent of total
vehicle operating costs and are therefore relatively unimportant com =

pared with the other cost components. Nevertheless, some analyses were
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TABLE 3.6 - REGRESSION OF USER SURVEY FUEL ON MTC PREDICTION.
DATA AVERAGED BY CELLS DEFINED BY VERTICAL AND

HORIZONTAL GEOMETRY AND BY ROUGHNESS

Class | Intercept MTC R2 S n

1 54.67 .421 | .06 8.42 | 20
(4.41) (3.22)

2 244,78 .342 | .07 19.91 | 25
(18.23) (6.18)

3 ~-339,34 3.437 | .78 17 .38 7
(-5.69) (8.31)

6 . 131.79 .326 | .12 16.04 | 12
(4,.92) (2.32)

7 -272.95 1.820 | .26 27.26 1| 14
' (-3.28) (7.08)

8 779,40 -.336] .13 { 125.55] 12
(16.11) | (-4.15)

NOTE: Definitions of cells for averaging data are given by:

Level ADC RF QI*
0 0 S aApc < 25| 0 SRF <22] o % QI* < 50
1 25 S ADC < 80| 22 S RF < 32| 50 € QI* < 30
2 |80 < Anc 32 % RF 9g < gI*
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carried out on o0il and grease data in 1979 and these are presented in
Tables 3.7 and 3.8. They were estimated by applying least squares to

company cell means.

TABLE 3.7 - OIL CONSUMPTION

Vehicle Intercept QI* X0IL R2 S 0BS Company
Class. Means
Cars 271 . 0062 5 .88 .25 264 27
(7.893) (11.46) (6.94)
Buses 3.55 .0085 é2.07 .42 12.18 500 58
(20.75). {5.08) (3.77)

NOTE: The dependent variable is liters per 1000 km. The variable
X0IL is the frequency of o©oil changes per 1000 km. The re -
gressions were estimated by the CM method.

No regression equations with highway characteristics were
derived for medium and heavy trucks. The mean oil consumption (F the
medium class was 4.11 1liters/1000 km, which included operations on
unpaved, dusty roads where consumption can be high. The average for

the heavy class was 5 liters/1000 km for operation on paved highways.

TABLE 3.8 - GREASE CONSUMPTION

Vehicle % 2 Company

Class Intercept QI R S 0BS Means

Cars .086 .0037 | .658] .285 1| 264 28
(2.24) (6.16)

Buses .712 .00389] .06/ 2.58 | 590 66
(3.80) (2.11)

322\1/“”’/ .337 -0033 | .08l 1.04 | 298 61

y (2.84) (2.26)
Trucks _

NOTE: The dependent variable is frequency of greaéing/1000‘km and
can be corverted to kg/1000 km by referencing the listing in
the text. The regressions were estimated by the CM method.
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Engine oil consumption includes regular oil changes and re-
plenishing that oil burnt or blown out by the engine. As expected ,
frequency of o0il changes is the main reason for variationé in consump-
tion. The policy adopted by the vehicle owner with respect to o0il
change policy is influenced by considerations other than route rough -
ness. For trucks, no relationship was derived either because vehicle
owners had become efficient in their oil change policy or had vehicles
adapted to cope with the conditions. 0One such option sometimes seen on
survey trucks was a large external oil cleaner to counteract the dusty

conditions encountered on rough roads.

As with 0il,; grease consumption depends primarily on the poli-
cy adopted by the vehicle owner. Data on the frequency of greasings per
1000 km were analysed. From enguiries made with vehicle operators, the
following average guantities of grease consumed at each greasing was
derived: car, 0.5 Kg; bus, 0.8 kg; medium truck, 2.0 kg and heavy truck,
3.0 kg. Consumption for each vehicle class can be calculated in terms
of kg/1000 km by applying these guantities to the greasing frequencies
derived from the analyses. Insufficient data were collected for anal-
ysing utilities as a separate class. What data exist on filehave been
checked and it is recommended that the car eguation be used and con -
verted to kg of grease/1000 km by multiplying the frequency derived by
0.75 kg.

3.3 MAINTENANCE PARTS CONSUMPTION

3,3.1 Intnoduction

This component has received considerable emphasis in the anal-
yses conducted since 1979 and a large number of technical memoranda
detail the findings of these enquiries. The equations include rough -
ness, geometry, vehicle age and other vehicle characteristics and the
parts consumption is expressed in Cr$/1000 km at December 1981 Brazil
prices. The latter form takes out the effects of inflation from the
vehicle cost streams collected in different years and the index used
to accomplish this is described in the methodology of the user survey

(Chapter 3 of Vol. 2 of this Report) and in Appendix XII.
In the PICR data, despite the efforts to find extreme operat-
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ing conditions, severe geometric effects are rarely found in the route
networks and the disposition of vehicles by highway type reflects this
feature. Much of the geometric variation present at the link level dis-
appears when the link geometry 1s averaged to produce the route geo -
metry and this is compounded when vehicles operate on more than one route.
Measures of geometry and roughness tend to be correlated in many of the
data sets presented for anelysis. Furthermore, geometry effects may
well be weakened by operators' and drivers' speed responses to various
gualities of geometric design (Chesher, 08/1880). However, it is be -
lieved that road geometry affects parts consumption in some way although
the relationship is complex and not yet well understood. The speed of the
vehicle influences the way in whith roughness damages or wears out the
vehicle and speed is partly determined by road geometry.  Therefore,
interactions between geometry and roughness are to be expected although
when these have been modelled in the analyses, interactions can —cause
reversals of the expected signs for some independent variables. Non-
linear estimations have not been attempted yet, as they are time consum-
ing and difficult, particularly if the error components issue is ad-

dressed.

It mey be that the parts data produced by a survey of opera-
tors' records are not sufficiently precise to pick up geometry effects.
The evidence from Kenya and the Caribbean (Hide, 1880) suggests that
this 1is possible and it is recognized that the attempts to relate geo-
metry effects to parts consumption may not be successful. It is re -
commended that, at the moment, only parts equations with roughness and
age are used. Further efforts to determine the effect of geometry
should bring about a better understanding of the effects in order to
enable the results to be disseminated with confidence. A summary of
work -done to date is reported in Appendix II and reference should be

made to this by those who wish to consider geometric effects.

3.3.2 Mode£s

In the analyses, linear, piecewise linear, log-linear and
piecewise log-linear funotional forms have been tried. In the equations
roughness, measures gf geometry, vehicle age and other vehicle and com-
pany characteristics have been tried. In the piecewise functional form
the roughness variable is entered as Q40 defined as QI* for QI* > 40 ,

defined as equal to 40 for QI¥* s 40, This form was tried because it
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was Telt that user survey data yielded rather little information about
the effect of roughness on parts consumption for routes with QI* 1less

than 40, that is, smooth paved roads.

When the four functional forms were compared there was rare-
ly any convincing statistical evidence in favour of any one particular
form. The parts data are quite scattered and,within the ranges of high-
way characteristics observed, the various forms fitted almost equally
well. Standard statistical procedures for testing hypotheses concern-
ing appropriate functional forms did not give any clear indications as
to the form to use. The alternative forms extrapolate rather differently
and the choice of functional form depends on which extrapolation is con-

sidered more reasonable, given the needs of the PICR.

Log-linear forms tend to predict an unreasonably large rough-
ness-parts respocnse on rough roads, especially given the speed reduc -
tions which generally occur on badly surfaced roads. If 1log-linear
forms are used then they should be linearized over the roughness range
corresponding to these rougher unpaved roads. Log-linear equations do
have a substantial advantage in that they allow the introductionof ve-
hicle age in a multiplicative form. If this is done, new vehicles

will be predicted to have zero parts consumption.

Linear forms tend to predict unreasonably large roughness-parts
responses on smooth roads and should be used with cut-offs imposed at
some lower roughness boundary. In cost-benefit analyses it is danger-
ous to overstate the effect of roughnéss changes on parts costs for
smooth roads. Such roads may have high traffic volumes so that small
benefits per vehicle yield large aggregate benefits for the total traf-
fic flow. The benefits may be sufficiently large to outweigh the high
cost of reducing roughness levels on already smooth roads and this may

adversely affect planning decisions.

The piecewise linear form helps to avoid this. After very con-
siderable amounts of exploratory analysis, the log-linear form was
chosen although it was realized that this form would require modifica-
tions after estimating, prior to use in producing predictions. The data
indicate some curvature in the relationship of parts cost to roughness, which
suggests that linear forms afe not appropriate. As noted eérlier,adopb
ing the log-linear form allows vehicle age to appeér in the equations
to be estimated, in a tractable and intuitiVely reasocnable way. The
chosen equations are presented with linear extensions over the smoothest

and roughest roads to avoid unrealistic predictions on extrapolation.

Digitised by the University of Pretoria, Library Services, 2015



53

The estimated equations have the forms:
a + bQL* (3.8

1n (parts cost)

or

1ln (parts cost) a + bBRI* +(cl)in(K) (3.7

Where

K dis vehicle age measured in thousand of kilometers and
parts cost are measured in December, 1381 cruzeiros per

thousahd kilometers.

Rewriting (3.7) as:

parts cost = ea+bQI* K® (3.8)
it can be seen that, with ¢ positive, as age approaches zero, parts
costs also approach zero. The coefficient c indicates the time path of
parts cost as a vehicle ages. With ¢ positive parts costs increase
with age. If c is less than one then the increase in parts costs oc -
Qﬁrs at a decreasing rate and if c is greater than one, at an increas-
ing rate. The evidence from Kenya (Hide et af, 1975) suggests that, ex-
cept for buses, ¢ is about one, implying that parts costs increase linear-
ly with age. For old vehicles this can result in very high parts cost
predictions. As will be seen when the results of the PICR analyses are

presented below, the evidence from Brazil is rather different.

The reported log-linear eguations are presented with a range
of roughness (specific to vehicle class) outside which they should not
be used for prediction. For extrapoclation over rough routes a linear
extension is calculated so that at the upper limit of roughness recom-
mended for the log-linear equation (B in Figure 3.1) the log-linear and
linear forms predict the same pérts costs and have the same slopes.
For extrapolation over smooth routes a linear extensicn is chosen,
Therefore at the lower limit of roughness recommended for the log-linear
equation (A in Figure 3.1) the ‘linear and log-linear forms give the same
predictions while at QI*=10 the prediction from the linear extension is

the arithmetic mean of the log-iinear predictions at QI*=10 and QI*=A.

3.3.3 Maintenance Parts Equations

The effects of road geometry on parts consumption, as was

noted earlier, are difficult to determine and it is therefore recom -
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mended that equations utilizing road roughness should be used, with or
without vehicle age . The analyses and preliminary modelling of the
effects of geometry on parts costs have been reported in a PICR tech -
nical memorandum (Chesher and Harrison, 08/1980) and are summarizedin
Appendix II. The form of the reported equations below is log-linear

and the equations are estimated by generalized least sguares applied to

the error components model (ECJ).

3.3.3.1 Can Parnits Consumpticon

This data set shows limited ranges for highway characteristics
and scome high correlations between them. The roughness-parts equation
can be reported with some confidence. When the log-linear form was used
similar roughness effects were estimated, whether or not vehicle age
was included. The equations as originally estimated appear in Table
3.9. The car parts data set comprised vehicles with at least 12 months
data on file and details of the parts analyses recently completed are

available in a PICR technical memorandum (Chesher and Harrison, 08/

/1981) .

The recommended car parts equation estimated by the EC method
is presented below,.

Estimated equation:

ln (parts cost) = 4.790+.0128QI*+.3031n(K) (3.9)
(3.67) (4.40) (3.38)

G=0.122 S =,571 S =.,452
u W

Recommended equations for prediction:

QI* < 40 : parts cost = K '303[158A4 +71, 0B8QI*)
40 S QI* < 120: parts cost = K '3039xp(4.790+.0128QI*)
120 S QI* : parts cost = K '303P299.58>-ﬁ.15301*J

Predictions and asymptotic 85 percent prediction intervals at
selected values of the explanatory variables are given below for 1n

(parts costs).

in(K) 4,74

QI* . 40 57 120
Upper Limit [ 7.20 7.50 8.23
Prediction 6.74 7.08 7.78
Lower Limit 6.28 6.66 7.29

1
Data set mean value.

Digitised by the University of Pretoria, Library Services, 2015



56

TABLE 3.9 - VEHICLE MAINTENANCE PARTS CONSUMPTION
Class | Intercept| TIP ST Ax2 QI * 1n(K) ou? | ow?
Car §.210 0.0126 0.258l0.231
(4;25]
Car 4.780 0.0128 0.303|0.327{0.204
"(4.40) (3.38)
Util | 6.497 0.00426 0.302|0.240|0.204
(2.18) (3.97)
! Bus 5,703 0.00323 0.483|0.166|0.188
: (4.09) |(16.00)
i Truck | 8.212 ~.327| .335 .251| 0.0139 .135| .147
(-1.53)|(1.80) | (-1.05)] (5.94)
Truck | 6.083 -.251| .385 -.072| 0.018 0.374| .091| .122
(-=1:4) |(2.21) | (-.34)](7.68) (6.74)

NOTE: The equations are in log-linear form and derived from the error

component (EC]) method.

In the truck equations the ST variable should not be estimated

for QI*¥ > 100 and no truck costs estimated for QI* » 12a,

A piecewise linear form is recommended and reported in the sec-

tion dealing with truck parts costs,
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3.3.3.2 Utility Vehdicles' Pants Consumpiion

The utilities comprise a rather heterogeneous group of vehi-
cles and are relatively few in number. It was found necessary to in -
clude vehicle age in the estimating equation because of the disposi -
tions of vehicles by age and roughness. The data set comprises vehi -
cles with at least 6 months of data on file. The recommended utility
vehicles' parts equation, estimated by the EC method, is presented be-

low.,.

Estimated equation:

ln (parts cost) = 6.497+0.00426QI*+0.3021n(K) (3.10)
(7.22) (2.18) (3.97)

H=0.15 S =.4890 s =.452
u W

Recommended equations for prediction:

QI* < 40 : parts cost = K.0'302(880.35+3.155'QI*]
40 S QI* < 180: parts cost = K U'Bozexp(5.497+U.UD428QI*]
180 € QI* . parts cost = K 9°392(331 74.5.08801%)

Predictions and asymptotic 95 percent prediction intervals at

selected values of the explanatory variables are given below.

1n(K) 5.5

QI* 40 76" 180
Upper Limit |8.70 8.85 9.53
Prediction 8.33 - 8,48 8.92
Lower Limit |7.96 8.11 8.32

1Data set mean value.
In the data set rear engined gasoline fueled vehicles had costs about
29% lower than the predictions derived from (3.10) above. Front en -
gined, six tonne, diesel vehicles had costs about 10% higher although
the effects for both vehicle types were poorly determined. The anal -
ysis of parts data for utility vehicles is docummented in a PICR tech-

nical memorandum {(Chesher and Harrison, 08/1881).

3.3.3.3 Bus Panrnts Consumpiion

The bus parts data set is the largest in the user survey and
the one 1n which correlations amongst highway characteristics are low-
est and ranges of characteristics greatest. Analyses reveal geometry

affects and these are found both within companies and between vehicles
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and companies. As with other vehicle classes, the equations are re -

ported in Appendix II.

A wide range of bus types 1s availlable for operators to pur-
chase in Brazil. They can buy a chassis, platform or full monocogue
vehicle. Various types of body with fiberglass, steel or aluminium
materials can be purchased for the first two vehicle types. Operators
can choose a front or rear engine location for the chassis vehicle and
a small or large engine for platform or monocoque. The combination of
these features produces a diverse range from which the operator can
select the type of vehicle that minimises his total operating costs.
Different highway characteristics provide incentives for selecting ve-
hicles with specific characteristics. The vehicle characteristics can
partially cancel the highway factors and this can cause difficulties
for the analyst. The full range of equations generated in the 1981
analyses of bus parts 1s given in a PICR technical memorandum (Chesher
and Harrison, 08/1981)} and here age is the only vehicle characteristic
included. The recommended bus parts equation, estimated by the EC

method, is presented below.

Estimated equation:

1n (parts cost) = 5.703+0.00323QI*+0.483 1n(K) £3.11)
(12.97) (4.09) {(16.00)

G=0.506 S =.407 S =,434
u W

Recommended equations for prediction:
0.483

QI*¥ < 40 : parts cost = K (320.04+0.525 QI¥*)
40 S QI* < 190: parts cost = K0'48§¢ﬂ5703+0.00323QI*]
180 s QIL* : parts cost = KO'483[9.4D1+D.O787.QI*]

Predictions and asymptotic 85 percent prediction intervals at
selected values of the explanatory variables are given below for 1n

(parts costs). 1
1n(K) 5,65

QI* 40 108 140 180

Upper Limit {8.77 8.898 9.09 9.29
Prediction 8.56 8.78 8.88 9.04
Lower Limit {8.34 8.57 8.66 8.79

1Data set mean value.
It is noted that vehicles with tachographs and/or high power to weight
ratios (lafge engines) typically have lower costs than the predictions
given by.equation (3,11). However, both these effects are difficult to
disentangle from the roughness effect because‘their adoption by oper -

ators is more common on higher quality road surfaces in the survey.
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3.3.3.4- Tnruck Pants Consumpition

The analysis of truck parts date has been already reportedin
a PICR technical memorandum (Chesher and Harrison, 07/1981). Equations
without vehicle characteristics are reported although the QI* coeffi-
cient alters 1little as these and vehicle age are included into the re-
gression analyses. The log-linear equation with age, estimated by the

EC method is:

ln (parts cost) = 6.083-0.251T7TIP+0.3658T~0.072A%?2 (3.121
(8.38) (-1.4] (2.21) (~-.34)

+0.016QI*+0.3741n(K)
(7.88) (6.74)

G=0.572 S =,302 S =,348
u W

This eguation performs satisfactorily over the range of roughness ob -
served for the majority of trucks in the survey. It has been included
to maintain continuity with the form of the equatiens reported for the
other vehicle classes and to show the estimated age coefficienf. This

is well determined and lies above utilities but below buses, as expected.
However, this equation does not extrapolate well and it is recommended

that predictions be limited to an upper QI* limit of 120,

The usefof these equations will want a better range of rough-
ness, so a piecewise linear form was estimated, using the EC method, and

it is recommended instead of the leog-linear form.

Recaommended equation:

Parts costs = 2885 - 2198 TIP+ 3537 ST- 2580 Ax2 (3.13)

(1.59) (-1.18) (2.27) (-1.09)

+105.17Q40
(4.54)
G=0.410 S =3.022 S = 4,066
u w
Where
Q40 = 40, QI* S 40;
Q40 = QI*, QI* > 40;
TIP = 1 if vehicle is tipper » 0 otherwise
ST =1 if vehicle is heavy tractor, 0 otherwise
Ax2 1 if vehicle is 2 axle rigid , 0 otherwise
3

[N |

Intercept axle rigid vehicle.

Predictions and asymptotic 85 percent prediction intervals at

selected values of the explanatory variable are given below for eachof
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the truck types (parts costs in December, 1881 cruzeiros).

Truck Type Ax2 TIP
QI* 40 = 58 120 40 58 120

Upper Limit {3044 10888 18287 | 7510 9266 17087
Prediction [4511 5405 12925 | 4874 6767 13287

Lower Limit 0 1933 7555 | 2244 4244 9488
Truck Type 3 Axle Rigid ST
QI* 40 58 120 40 58 80

Upper Limit [3799 11688 19642 | 13279 15045 17492
Prediction [072 8965 15485 [ 10608 12502 14816
Lower Limit K333 6244 11310 7937 9810 11789

The above egquation relates to a vehicle age of 204,000 km (user survey
averagel. To obtain estimates for trucks of different ages the pre -
dictions from (3.13) should be multiplied by (actual km in units of
1000 km/204]0'374. Heavy tractors of the type used to pull large semi-
trailers are rarely found on public unpaved roads and predictions for
them should be limited to 100QI*. Semi-trailer costs have not been
analysed since they generally move from vehicle to vehicle and route to
route in the typical Brazilian company. The average trailer caosts for
34 units in the survey was Cr$54196 per 1000 km at December, 1981
prices, and this should be used to derive the total parts costs for =a

heavy tractor and semi-trailer unit.

3.4 MATINTENANCE LABOR COSTS

Maintenance Labor Costs data are difficult to collect and
assign correctly to vehicles and route types. The Kenya and Caribbean
studies collected little labor data which could be regressed against
highway Characferistics. The Indian study has adopted a labor  hours
method where standard times are assigned to maintenance tasks. This
method was first proposed in the PICR pilot study phase (Harrison, 08/
/1876) but not adopted because of a shortage of clerical staff capable

of administering the system.

Labor costs data were collected in the user survey when the
opportunity arose although it was not an easy task to supervise, since
labor recording practices differ widely from company to company. It
was decided to create a new labor-parts data set based on the data re-

corded on main file. This enabled the data to be carefully scrutinized
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so that only those companies and vehicles which the data collectors
felt provided accurate labor cost data were retained in the new data
set., Every effort was made to achieve a data set which contained ac -
curate labor and parts information. The parts costs have been checked
to ensure that they arise in the same time period in which the labor
costs were incured. Since many vehicle parts data do not have corres-
ponding lsebor data on the maintenancs parts file, a substantial reduc-
tion in vehicle numbers resulted. A breakdown of company and vehicle

numbers by vehicle class is given in Table 3.10. The data were used

TABLE 3.10 - LABOR/PARTS DATA SET

Vehicle Class | Number of Companies | Number of Vehicles
Cars 4 48
Utilities 8 : 33
Buses | 5 81
Trucks 13 150
Total 30 312

to estimate relationships between labor costs and parts costs. In this
way the results already estimated between parts costs and highway

characteristics are utilized énd what emerges is a relationship between
total maintenance costs and highway characteristics. The following re -

sults are taken from a more detailed technical memorandum (Chesher, 07/1981).

3.4.1 Laborn Maintenance Cost Resulits

A series of regression equations for predicting labor costs
are presented in Appendix X. The equations are by vehicle class and
relate to estimations by OLS and OLSCE methods. The latter appears to
be a more appropriate method for estimating labor costs because the
relatively small labor data set makes it more likely that company spe-
cific variations may be incorrectly attributed to changes in highway
chéracteristics. Furthermore, the small number of companies makes it
difficult to estimate the. variance of the company effect. However,
both OLS and OLSCE results were evaluated before arriving at a final
choice of alabor cost equation by vehicle class and this process is des-

cribed in the following sections.,
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3.4.1.1 Can Maintenance Labon Cosits

A coefficient of 0.713 is obtained when 1n(labor cost) isre-
gressed on 1ln(parts cost)using individual vehicle data. When within
company variation is used this coefficient falls to 0.547., However, the
latter statistical method is inherently more robust than regressing on
individual vehicle data, and the coefficient is of similar magnitude to
other vehicle class coefficients obtained when company effects are es-
timated. It seems likely that the estimates obtained using individual

vehicle data are substantially influenced by company effects which may

not appear in the same way in future applications. Accordingly the
within company eqguation is recommended. No effect could be found for
road roughﬁess. Labor cost for all equatiocns 1s given in &Gruzeiros at
December, 1881 prices. The equation for car labor costs, estimated by
OLSCE is: '
ln{labor cost) = 2.520+0.547 1n(parts cost) (3.14)
(2.12) (4.24)
2

R =0.28 S =0,500
W

Predictions and asymptotic 95 percent prediction intervals

for 1n(labor costs) are given below in January, 1976 cruzeiros.

1
In (parts cost)|6.3 7.32 7.8
Upper Limit |6.27. 6.66 6.99
Prediction 5.88 6.52 6.80
Lower Limit |5.69 5.38 6.61

1.
Data set mean.

3.4.1.2 Utility Maintenance Laborn Cosits

When. 1n(labor costs) 1s regressed on In(parts) using indivi-
dual vehicle data, a large coefficient of 0.983 is .obtained. It isbe-
lieved thét this is strongly influenced by company effects, and the
coefficient is only slightly reduced upon introducing vehicle and com-
pany characteristics. When the within éompany method is used, coeffi -
cients are obtained which are similar to those of other vehicle classes
as long as the vehicle characteristic which denotes type of fuel is
included. This characteristic is important because it distinguishes
between two quite different vehicles in the.utility class. If road
roughness is included the parts coefficient falls to 0.547 and rough -

ness takes a statistically significant positive coefficient of 0.0043,
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This predicts an increase in labor costs of 17% for each 40QI* rise and
indicates that, as roughness incfeaaes, maintenance becomes more labor
intensive. The equation for utility labor costs, estimated by QOLSCE
is:
In(labor cost) = 2.698+0.632TF+0.548 in(parts costy (3.15]
(2.08) (3.88]) (4.64]
+0,00403QI%

(2.73)
R2=U.7U S =0.228
w
Where
TF =1 if gasoline, 0 otherwise

Predictions and asymptotic 95 percent prediction intervals.

for 1ln(labor costs) are given below in December, 1981 cruzeiros.

Type of Fuel Gasoline (TF=1) Diesel (TF=0]
1 1

In(parts cost) 7.10 8.35  9.10 7.10 8.35  9.10

Upper Limit 7.88 8.51 9,03 7.27 7.73 8.21

Prediction 7.57 8.26 8.67 6.94 7.63 8,04

Lower Limit 7.27 8.00 8.31 6.61 7.52 7.86

'Data set mean.
Reducing QI* by 100, with fixed parts costs, reduces labor costs by 35%.
In fact, if such a reduction in road roughness takes place, then parts
costs themselves will be reduced. Halving parts costs leads to a 32%

reductiaon in labor costs.

3,.4,1.3 Bus Maintenance Labon Cosits

As with the previous vehicle classes, different results are
obtained using individual vehicle data (OLS)tand within company vari -
ation. Using the OLS method coefficient of 0,348 is obtained when 1n
(labor costs) regressed on In(parts costs). This increases to 0.659°

on introducing vehicle and company characteristics, but falls to 0.613

on including roughness.

Such variation is explained by the fact that substantial com-
pany effects are present in this data set. In one extreme case where
the company records show low parts costs but high labor costs, the ve-
hicles were treated separately from the rest and given their own vari-
able (U248). The large coefficient for roughness could be attributed

to the company specific treatment of bus cleaning costs. Cleaning costs
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are included in labor costs when done by hand but omitted when done by
machine. These effects disappear upon looking at within company vari-
ations in costs since in any given company all vehicles are treated

alike with regard to cleaning.

If within company variation is used and 1n(labor costs)] re-
gressed on inlparts costs), a coefficient of 0.515 is obtained. The. in-
troduction of vehicle characteristics hardly changes this value and a
significant positive coefficilent 1is found for road roughness, similar
in magnitude to that for utilities. The equation for bus labor costs,

estimated by OLSCE is:

in(labor cost) = 3.234+0.516 in{parts cost) (3.1861
(5.54) (8.40) ’

+0.00514Q1*
(2.23)

2
R™=0.50 s,70.241

Predictions and asymptotic 85 percent prediction intervals

for 1ln(labor cost) are given below in December, 1981 cruzeiros. Two
levels of roughness are used to represent paved and unpaved operations.

Roughness (QI¥*) 45 100
‘ 1 !
in(parts cost) | 6.9 7iB4 9.1 6.9 7.84 9.1
Upper Limit 7.15 7.55 8.33 7.59 8.04 6.74
Prediction 7.03 7.51° 8.17 7.32 7.79 8.45
Lower Limit 6.91 7.47 8.01 /.04 7.54 8.18
1 .
Data set mean.
If road roughness is reduced by 100QI*, with fixed parts costs, then
labor costs are reduced by 41%. Halving parts costs is predicted to

reduce labor costs by 30%, which is consistent with the utility vehi -

cle class.

3.4.1.4  Truck Maintenance Labor Costs

Trucks are treated as one class, using three zero-one vari-
ables to indicate whether the vehicle is a tipper, a heavy tractor,
ab2 or a 3 axle rigid type. In this class quite similar results are
obtained with both sfatistical methods, but within company variation is
preferred because it is inherently more robust and also maintains con-

sistency with the other vehicle classes.

Regressing 1n(labor costs) on 1n{(parts costs)and estimating

company effects produces a coefficient of 0,519, which is similar to
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coefficients obtained for other vehicle classes. This coefficient dis
little altered by introducing Vehiple and company characteristics or
roughness. No significant effect for roughness was found. Since there is
virtually no within company variation in the variables AX2Z2, ST and TIP,
which distinguish truck types, the estimated equations gave a common

intercept for some of the truck types. This was uhsatisfaotory and to
obtain intercepts specific to truck types the estimated dompany inter-
cepts were averaged as described in Section 2.5 of this Volume. Account
was taken of the limited within company variation in the variable AXZ

which distinguishes 2 axle rigid trucks. In this way, truck type spe-
cific intercepts were obtained. The eguation for truck labor costs ,
for each of the four truck types, estimated by OLSCE are:

2-Axle rigid vehicle

1n(labor cost) = 3.396+0,519 1n(parts cost) (3.27)
(6.74) (11.84)

3-Axle rigid vehicle

1n(labor cost) = 3.511+0.518 1ln(parts cost) (3.18)
{(8.27) (11.84)

Tipping vehicles

In{labor cost) = 3.163+0.518 1n(parts cost) (3.19)
( .88) (11.84)
Heavy tractors
in(labor cost) = 3.8944+0.519 1ln(parts cost) (3.20)
(8.82) (11.84)
R%=0.50 5,,=0.264
2
Here R  gives the proportion of within company variation in in(labor
costs) explainable in terms of within company variation in in (parts

costs). In applications users will find that the truck type specific

intercept provides additional explanatory power.

Predictions and asymptotic 95 percent prediction intervals |

for 1ln(labor cost) are given below in December, 1881 cruzeiros.

Truck Type 2 axle rigid 3 axle rigid
ln(parts cost) 7.6 8.56° 9.6 7.6 B8.56! 9.8
Upper Limit 7.65 8.14 8.689 7.57 8.03 8.61
Prediction 7.34 7.84 8.38 7.46 7.95 8.41
Lower Limit 7.03 7.54 8.07 7.34 7.88 8.38

'Data set mean value.

Truck Type Tippers Heavy Tractors
In(parts cost) 7.06 B8.56' 9.6 7.6 8.56' 9.6
Upper Limit 7.24 7.72 8..29 8.48 8.89 9.25
Prediction 711  7.61 8.15 8.38 B8.84 9.17
Lower Limit 8.37 7.50 8.08 8.29 8,78 3.09

!Data set mean value.
The operating costs of semi-trailers of the type hauled by the heavy
tractors were not co}lected in sufficient quantity for analysis and the

reasons for this are discussed in the section on maintenance parts re-

sults, Since an average cost figure is reported for semi-trailer
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maintenance parts costs, however, it is necessary toc recommend an es -
timate of labor costs. Accordingly the data files have been examined
and it has been found that trailer labor costs constitute around a third
of parts costs. This is given in Cr$ December 1984 per 1000 km and should
be used when calculating the total labor costs for a heavy tractor and

semi-trailer unit operating on paved roads.

The non-linearity between labor and parts in these equations
represents aconsiderable advance in the estimation of the parts and
labor component of vehicle operating costs. A striking feature of the
iabor'cost results is the similarity of the 1n(labor cost) on 1n(parts
cost) coefficients for the four vehicle -classes when the within company
variation ‘method is used. In all classes coefficients of around 0.5 are
obtained, indicating'that a 100% increase in parts costs results in a
40% increase in labor costs. This result seems more credible that the
prorating method used in some previous vehicle operating cost studies
where a 100% increase in parts costsresults in a 100% increase in labor
cost. Preventative maintenance, for example, requires a labor input
~which sometimes has no parts costs associated with it. Major component
changes have a high parts to labor cost ratio, bodywork often a low

ratio and so on. Prorating cannot capture these effects.

Depending on the form of the model utilized to explain
maintenance costs, there is a risk of incurring a simultaneous
equations bias if labor costs are regressed directly on parts costs
Some limited estimations have been cérried out using the instrumental
variables techniques - two stage least squares, after modifications to
allow for the error components issue. Measures of roughness, route geo-
metry and vehicle age together with company effects are used as ins -
truments for parts costs. The evidence available now suggests that the
Iikely magnitude of any bias is small. The two stage least squares
estimatés are subject to considerable sampling error and are not them-

selves useful in generating predictions.
3.5 TIRE CONSUMPTION

An operator with a fleet of vehicles typically switches tires
from one wheel position to another and from.vehicle to vehicle., It is
not efficient to keep tires on one vehicle for all their lives and

operators generally utilize a tire pool into which repaired and recap-
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ped tires are placed before being assigned to vehicles. Company poli-
cies with regard to tire recapping and scrapping, vehicle loads, speed
of operation and driver bonuses may be expected to affect tire lives
and to vary between companies. Tire lives themselves are very vari -
able, even within companies. Due to severe punctures or defects in
manufacture, a tire can fail completely after only a short time in opera-
tion, whereas other tires, operating under apparently similar conditions,
achieve high kilometrages. Similarly the incidence of a recap failure
is variable: one recap tire can strip its tread after a few kilometers
while another gives many thousand kilometers of good servige before it
needs . recapping again. This inherent variability in tire data causes

difficulty for the analyst.

A further complexity arises because of the nature of user
survey tire data, particularly in the way it is collected. Originally
two methods were proposed, One involved the determination of treadwear
on a selection of vehicles {Harrison, 10/1378) and the second was a more
conventional survey of company tire records. Unfortunately, the tread
method could not be implemented, despite promising pilot results, be-
cause .of a shortage of trained staff. It was, however, subsequently
adopted by the Indian study. The source of data in the PICR study was
company records. = Since good tire recording systems were not in opera-
tion in many companies, the bulk of the tire data comes from few com -
panies, specifically, 90% of the bus and truck data come from 11 com -

panies.

3.5.1 Estimating Procedures

The concentration of tire data within a few companies means
there 1s a danger of incorrectly estiméting the effects of highway
characteristics if 'by chance' companies with low tire cost tend to
operate on routes of a particular type. Effects might then be incor -
rectly ascribed to highway characteristics and would not be found in a
new sample of companies. In order to avoid this pfoblem the analysis
has concentrated on the within company variation method (OLSCE), taking
variatibns in tdire route characteristics within a company and using
them to explain the within company variations in tire lives.: These
analyses are more completely treated in a PICR technical memorandum
{Chesher and Harrison, 07/18981)., Another problem faced when estimating

equations for tire costs are the high inter-correlations among the route
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characteristics for the PICR data set. This problem was particularly
severe in the data set analysed in 1980 (Chesher, 09/13880) and more data

were collected in an effort to reduce these effects.

The problems outlined above combine to make the estimation of
tire cost equations extremely difficult and attempts to reduce these
difficulties were made before estimation began. First, tires that had
spent 20% or more of their lives on survey vehiclés were permitted to
enter the data set for analysis. In earlier analyses the corresponding
figure was 90% and weakening this restriction increased the size of the
data set by about 25%. By doing this, less reliable data are introduc-
ed,but the analysis gains by obtaining a better representation of route
characteristics and having more data to utilize. Secondly, new data
have been incorporated which were collected after the 1980 .analyses and
which turn out to be valuable in obtaining better estimates of the ef-
fects of route characteristics on tire costs. Finally, within company

variations are used which removes the company poclicy effects from the

‘data.

While some of the problems related to estimating tire cost
equations are addressed, there remain many difficulties with modelling
these_relationships. Time constraints have prevented any substantial

modelling exercise, but it is believed that in the future such an effort

would be worthwhile.

3.5.2 Analysis and Resulits

The tire analysis set is the most complex of the PICR data
sets presented for analysis. Average route characteristics are calcul-
ated by taking a kilometer weighted‘average of the route characteristics
for aach stage of a tire's 1life. ‘Whefe these characteristics are un -
known, the average company characteristics are assigned to the tire for
that period of its 1ife. Tires tﬁat were sold before the end of their
lives were eliminated from the data set. The results in this report
are derived from data on 245 car tires, size 500x15, and from 3536 bus
and truck tires. Three tire sizes were found in the bus and truck set;
800x20, 1000x20 and 1100x22 (subsequently referred to as A, B and C) .
" These sizes comprised 672%, 18% and 17%, respebtively, of the data set.
The tires are of conventional design because in Brazil radial tires are

most frequently used only on cars operating on paved roads. Steel
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belted radials will be available for commercial vehicles in 1882 and it
is expected that some companies will quickly change to this tire type.
Those companies on unpaved‘routes, however, may stay with convehtional
designhs because radial tires are proné to sidewall damage and so there
will still be a future need to predict wear of conwventional tire types.

Radials may have to be the subject of a separate, future study.

For each tire on the analysis file, the total number of kilo-
meters travelled through the different stagés of its life was calecul -
ated. This value appears as TK in the egquation below and was measured
in units of 10,000 kilometers. The number of recaps put on each tire
during its l1ife was also calculated and this appears as RC. The de -
pendent variable used in the reported equations is KPT and can be re-
garded as measuring kilometers per equivalent new tire. The estimated
equation is:

N TK
KPT = T T RC/6.6 (3.21)

The denominator gives the total tire cost when multiplied by the price
of a new tire since the cost of recapping is 1/6.6 times the new tire
cost.in the PICR data. Therefore, KPT divided by tire price gives dis-
tance travelled‘per cruzeirc. Although other measures of tire cost

were tried, KPT gave the best results and it is further enhanced be -
cause its inverse, multiplied by new tire price, gives tire costs in

cruzeiros per 10,000 kilometers.

3.5.2.1 Can and Utility Tire Resulils

Ali the data on car tires come from one company and relate
to narrow ranges of roughness, rise plus fall and curvature. All but
two of the 251 tires were used on vehicles in the User Survey for at
"least 90% of their lives. The inter-correlations amongst the highway
chéracteristics and the narrow ranges over which the data are observed
combine to make reliable estimates of the effects of geometry on car
_tire costs impossible to obtain. The linear equation for car tire life

estimated by 0OLS is:

KPT = 6.508 - 0.0389QI% _ (3.22)

(12.90) (-3.92)
R2=.83 S=2.125
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Where

KPT is kilometers per equivalent new tire in units of 10,000

kilometers.

Predictions and asymptotic 95 percent prediction intervals at

selected values of the explanatory variables are given below for KPT.

QI* 35 48’ 75
Upper Limit 5.522 4.802 4.160
Prediction 5.145 4,638 3,587
Lower Limit | 4.767 4.375 3.014

1
Data set mean wvalue,

The linear form of equation {3.22) fitted better than log-
linear forms and produced more reasconable predictions upon extrapola -
tion. Other measures of tire cost were tried but better results were
not obtained. The roughness effect in equation (3.22) is. quite subs-
tantial and it is possible that the roughness measure is picking upsome
effects due to rise plus fall, which is positively correlated with
roughness in this data set. The maximum QI* value for the car tire
daté set was 87 and the equation does not extrapoclate well beyond 120
QI*. Thereforé, it is recommended that this equation not be used to
predicf tires costs for roads in excess of 120 QI* or, if such estima-
tion is necessary, that the tire consumption be held at the estimate

derived from 120 QI*,

Some data for utility tirés exist on file but it was not pos-
sible to estimate the effects of highway characteristics on tire costs
for this vehicle class. The difficulty is that there is Qirtually no
variation in highway characteristics ovéf tires for this class. How -
evef, an equation ‘to predict tire wear is essential if total vehicle
oberating costs for utilities are to be calculated. Accprdingly the
data on file for this class were examined and the mean paved (40QI%)
total kilometrage was found to be 59,100 while the mean unpaved (140
QI*) total kilometrage. dropped to 32,600. These points were lineariz-

ed to give the following equation:
KPT = 6.870 - 0.0265Q1% (3.23)

The predictions seem to agree quite well with other sources
and it is thought that the egquation may be qsed for roads up to 150QI%.
If predictions are required in excess of this figure, the predictions
should either be held at QI*150 or the results checked with other sour-
ces if the equation is used freely.
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3.5.2.2.  Bus and Truck Tire Resulils

The bus and truck tire data were analysed in a variety of
ways., Linear and log-linear relationships were estimated between KPT
and roughness, rise plus fall and average degrees of curvature, first
making no distinction between companies, vehicle classes, vehicle loads,
or tire sizes,and then introducing variables which capture these dis -
tinctions, one by one. As this is done, the estimates of roughness ef-
fects become smaller in magnitude. In fact, roughness coefficients
halve between estimating with individual tire data to estimating using

deviations about company means.

When across company variation in tire costs and route charac-
teristics is used, geometry effects appear to be significant, but the
signs of the rise plus fall and curvature effects conflict. Thus rise
plus fall increases are predicted to increase tire 1life but curvature
increases are predicted to decrease tire life. The effects are qguite
substantial and are believed to be largely caused by differencesin tire
costs at the company level and the disposition of the companies over
route types. The effects of geometry are different when each company
is allowed to have its own intercept in the fitted equations, i.e. when
the estimation of highway effects exploits only within company vari -
ations; Then .increases in roughness, rise plus fall or curvature lead
to increases in tire costs, though the effect of curvature is small .
The linear equation for bus and truck tire life, estimated by OLSCE is

given below.

KPT = 5,756A+6.004B+9.450C~-.00951QI*-.0424RF (3.24)
(15.59) (10.30) (24.23) (-3.44) (-3.82)
-.00127ADC
(-0.58)

R2= 0.87 5=1.820
Where

1

1 if tire size is 800x20, O otherwise

1 if tire size is 1000x20, 0 otherwise

i

1 if tire size is 1100x20, 0 otherwise

Predictions and asymptotic 85 percent prediction intervals at
selected values of the explanatory variables are given below for tire

life..
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ADC 65"
RF 29 *
Tire Type A - B C
QI* 40 84! 140 40 gal 140 | a0 84’

Upper Limit | 4.438 3.826 3.358 |4,934 4.816 4.261.]7.962 7.630
Prediction 4.064 3.645 3.112 {4.312 3.883 3.360 |7.758 7.3389
Lower Limit | 3.680 3,464 2,867 | 3.658 3,170 2,460 | 7.553 7.048

'Data set mean value for this variable.

Separate intercepts are reported for each of the three tire sizes, A,
B, and C. These were calculated by taking weighted averages of company
intercepts, noting that any given company provided data on only one of
the threé tire sizes. These intercepts must be regarded as being in -
fluenced by company effects but they are quite reasonable, the largest
size C tirés having much longer lives, though coéting more'to purchase.
The curvature coefficient is not as well determined as the>rougmmssand
rise plus fall coefficients. The lack of significance of the curva -
ture coefficient is due primarily to its small magnitude which may be

due to speed reductions that arise on increasing route curvature.

Each 40Q1*vreduction in roughness 1is predicted to increase
kilometers per equivalent new tire by 3800 km, each 10 m/km reductian
in rise plus fall is predicted to increase kilometers per equivalent
‘new~fire by 4240 km and each ZOo/km reduction in average degrees of
Eurvature is predicted to increasé kilometers per equivalent new tire
by 254 km., Kilometers per eguivalent new tire is 36;940 km higher for
the large‘siZé C tires than for size A tires. Typically size C tires
are ?ound on large articulated vehicles with as many as 18 tires per
unit, so that loads per tire are generally smaller than for size A

tires.

Further work can be done on the tire data and some recommen-
dations are made in the conclusions of this report. The analysis of
tire costs has been difficult, as the factors affecting tire wear are
diverse and complex. Nevertheless these equations are believed to re-
flect the features of the PICR data set and stand as adequate predic -
tors of tire performance in Brazil over the survey period. As was
nbted earlier, new technologies are being introduced shortly in the
Brazilian tire industry and this will require further data collection

and analysis in the future.

Digitised by the University of Pretoria, Library Services, 2015



73
3.6 DEPRECIATION AND INTEREST COSTS

Vehicle depreciation and interest costs are a major compo-
nent of total vehicle operating costs and it was therefore essential to
derive good estimates of these items in the PICR. Two complementary
apprcaches were developed to provide changes in depreciaticon and in -
terest charges over different highway dharacteristics (Harrison, 07/
/1877) and are detailed in Chapter 3 of Volume 2 of this report serieé.
One examines the change in vehicle mérket values over time and the
other estimates vehicle utilization. The first provides annual vehi -
cle depreciation and the latter annual kilometrage travelled. The two
are combined to determine the average depreciation and hence interest

cost per kilometer.

This apbroach is basically similar to that reported in the
Kenya study, except for orie important feature. No utilization equa -
tions were derived from the Kenya user survey data and these items had
to be modelled in other ways. Therefore, the utilization eguations
from the PICR anélyses constitute an improvement .on the basic methodo-
logy énd enable Brazilian vehicle depreciation and interest costs per

kilometer to be directly estimated from highway characteristics.

3.6.1 Average Market Value

Lifetime depreciation is defined as the change in the ‘market's
valuation of the flow of services provided by the vehicle over its
life, For a certain period in & vehicle's 1life, such as its third year
of operation, the annual depreciation charge would be. the change in
value between the end of the second and the end of the third year. To
cover all requirements, valuations at different years in a vehicle’s
life were needed and a survey to collect such data was conducted in
18978. Data were collected for éaoh vehicle class which represented the
average market value for each year of the vehicle's life. They were
then expressed as a percenhtage of the new vehicle brice {less tires)and
"exponential curyves fitted to the data, except commercial cars for which
a linear form was more appropriate. These equations have been checked

with new data collected in late 1981,

Cars and utilities seem to fit the new data well so the

Digitised by the University of Pretoria, Library Services, 2015



74

original equations are left unchanged. Buses and heavy trucks are
different but there is reason to prefer the original forms. In 1981,
Compietely new models were introduced in both these classes and the

associated higher prices have biased the data and prediéted very large
depreciation changes in the early years. These are believed to be

short term effects which will smooth out fairly quickly and hence the
original equations are retained. The new data for medium trucks has
been checked and values over a wide range of vehicle age have altered.
This represents a basic change in the market and the medium truck ve -
hicle class has therefore been given an equation based on the 1881 data.
All these equations are presented in Table 3.11 where the dependent

variable ;s the value of the average vehicle aged A years on the second
hand market, expressed as a proportion of the new vehicle price, less
tires. It is recommended that these eguations are used with a cut off

and a constant value, V,, used after this point. This constant wvalue

A’
can be thought of as representing the residual value of the vehicle

and these cut off values are:

Commercial Cars Age > 5 years, VA is 0.14
Private Cars Age > 12 years, VA is 0.13
Utilities Age > 15 years, VA is 8.11
Buses Age > 12 years, VA is 0,12
Medium Trucks Age >12 years, VA is 0.10
Heavy Trucks Age > 12 years, VA is 0.12

3,6,2 Vehicle Utilization

Vehicle utilization has always proved difficult to analyse
because it is strongly influenced by factors other than highway charac-
teristics. It was decided to reaexamine this item with the 1981 ‘data
base, in part to determine whéthef addressing the error components issue
resolved any of the problems encountered in previous analyses. The
effects of geometry on vehicle utilization were considered because it
wés expected that these, acting through speed changes, would have a
significant effect on vehicle utilization levels. The geometry effects
are reported in Appendix III to maintain consistency with the analysis
6f parts expenditures and to permit the user who requires an equation
with geometry to better access the results. The equations reported be-
low are taken from a PICR technical memorandum (Chesher and Harrison ,

10/1981) and refer to the effects of roughnass, vehicle age and route
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TAR -+ AVERAGE MARKET VALUES BY VEHICLE CLASS
éL Clags Equation R2
)Cdmmercial Cars VA = 0,859 - 0.143A .98
! v V, = exp(0.063-0,173A) .98
vUtiiiéies Vo = Fxp(~0.294—0.424A) .98
Luses 4 VA = exp(-0.053-0.169A) | .99
‘Medium Trucks V, = exp(-0.185-0.175A) | .92
“Heavy Trucks V, = exp(-0.174~0.160A) | .84
Where
V, = value of vehicle aged A years on the second hand

A marked expressed as a proportion of the new vehi-

cle price.

NNt : 1% is recommended that cut off points be used for these

equaticns (see text for suggested values)
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length.

3.6.2.1 Paivate Can Utilization

Cars in the PICR user survey are used for the daiiy transport
of data précegsing material between towns and their lives tend to be
shoert in years but high in kilometers travelled, when compared with pri-
vate cars. In order thaet private car wutilization rates could be esti-
mated, a satellite study was undertaken (Harrison, 12/1980). An agree-
ment was reached with the Authorized Brazilian Volkswagen Dealers' As-
sociation - ASSOBRAV (Associacao Brasileira de Revendedores Autoriza -
dos Volkswagen) to survey the entire Volkswagen dealer network, using
a postal questionnaire as the survey mode. The data were collected in
January 1880, with preliminary analysis done in April and final analy-

sis din October 1980,

The main findings were that private cars are so underutilized
that relationships. between kilometers travelled and highway character-
istics are of no value to highway planners. Rural-utilization, for
example, is generally higher than utilization ih cities, despite higher
levels of roughness. . The environment of vehicle operation was thought
to be a better grouping for analysis and data were grouped into high -
way, city, rural and highway/city mix. The sample contained SJEﬁ cars
and the four groups comprised 310, 835, 123 and 2423 vehicles, respec-
tively., The highway/city mix was most popular since only a few car
owners regularly run between cities for non-commercial reasons, but a
-number of owners make such trips once a week. It was thought that uti-
lization levelé for each group might be predicted from vehicle age and
a number of analyses were undertaken, These are reported in detail in
(Harrison, 12/1880) and here only two results are reported. First the
data were grouped into the four classes, screened again and then means
were derivedkfor each class to give monthly Kilometrage. This is
shown in Table 3.12 and indicates an interesting ranking. Rural uti -
lization ‘is almost as great as the highway class, while city is below

the highway/city mix.

Utilization was first calculated by taking the total kilome-
trage recorded on each car in the survey and dividing by the total age
in months so that, more precisely, what was being examined was average
monthly utilization since registration. This may not be appropriate

for certain modell’ng applications where some estimate of the rate of
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TABLE 3.12 - PRIVATE CAR UTILIZATION. MEANS OF MONTHLY AND
ANNUAL KILOMETRAGE

Group. Monthly km | Annual km | Sample
Highway 2061 24732 310
City 1332 15984 835
Rural 1981 23772 123
Highway/City 1704 20448 2423

TABLE 3.13 - PRIVATE CAR UTILIZATION SINCE REGISTRATION BY AGE
. Group Monthly Utilization RZ Sample
Highway 2848-20,00M 1 .80 157
City 1556~ 5,84M .94 732
Rural 2607-14.48M .85 75
Highway/City 1758- 6.83M .77 1 1782

W“here M is the age in months since first registration. The sample
sizes are smaller because data were adjusted prior to the

grouping.
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utilization in any month or year in life is required. This was termed
differential rates of utilization and the data were used to estimate
these rates. This is fully reported in the technical memorandum al -
ready referenced. Here only utilization since registration is reported
and Table 3.13 gives the results of an analysis to estimate utilization

for each class from the vehicle age in months.

The data reflect the private car population sampled during
the collection period. They are not timé series data applicable to a
representative car but rather a cross section of population data forall
Brazilian cars. It is recommended that each linear equation in Table
3.13 is cut off at some point and, although somewhat arbitrary, it 1is
suggested that 90 months for highway, 110 months for city, 120 months
for rural and highway/city mix be used. The results from this survey
represent the a pineering attempt to quantify pfivafe car utilizétimwin
Brazil and since they are based on the examination of a range of uses

from urban to rural, could prove generally useful to highway planners.,

3.6,2,2 Commencial Car UtiLization

The data for this éategory were analysed with various sta -
tistical methods. Within company variation in utilization and highway
characteristics is preferred since data are only availabBle for a émall
number of companies. However, because the data set exhibits small
variations in rcocughness and geometry, the results using this method are
disappointing. The recommended commercial car utilization equation ,

estimated by the EC method, is presented below.

UT = 5.797-0.0259QI*+0,00733RL+0.,00268K (3.25)
(5.13) (-2.99) (5.19) (1.34)
6G=0.80 S =1.644 S =2.215
u w

The dependent variable UT 1is utilization per month, expressed in units
of 1000 km and t he equation was estimated from data on 183 vehicles R

derived from 6 companies.

Predictions and asymptotic 85 percent prediction intervals at
selected values of the explanatory variables are given below for uti -

lization.
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K 101

RL 320° ) 600
QI* 40 54 100 40 541 100
Upper Limit |8.917 8.517 7.459 [11,126 10.773 9.826
Prediction |7.378 7.015 5.824 9.430 9.068 7.877
Lower Limit [5.838 5.513 4,189 7.735  7.364 5.928

1
Data set mean value for this variable.

Since the age variable K is poorly determined,

ed that

"ness and route length used in equation 3.25.

it be set to the survey average

it is recommend -
(101,000 km)
A method of modelling

and only rough-

geometry effect is presented in Appendix III.

3.6.2.3

These vehicle classes were grouped together,

previous analyses

the reported equation.

» although many coefficients are class specific

Utitity, Bus and Truck Utilization

as with some

in

This grouping was done partly to pull together

somewhat different but poorly determined coefficients for certain

variables,

allowed to have different roughness coefficients.

particularly curvature.

Utilities,

buses and trucks were

A separate route

length coefficient was estimated for buses and a vehicle age coeffi -

cient for buses and trucks.

The recommended utilization equation for

utility vehicles, buses and trucks, estimated by using the EC method,

is presented below.

UT = 8.172C2+8,.542C3+11.,143C4+11.268C5~-(0,0407C2 (3.286)

(8.80) (13.83) (16.19) (0.16) (~-6.13]
+0.0159C3+0.0352(C4+C5))QI*+(0.00147+0.00485C3)RL

(-6.17) (-6.78) (5.77) (6.89)
-0,0030(C3+C4+C51K

(10.14)

G=0,92 S =1.9880 S =1.443
u w

Predictionsvand asymptotic 95 percent prediction intervals at

selected values of the explanatory variables are given below.

Vehicle Type | C2-Utility Vehicle C3-Bus
1
K - 348
1
RL 824" 340
QI* 40 65 140 40 96’ 200
Upper Limit |9.082 8.013 5.264 | 9.921 8,983 7.487
Prediction 7.757 6.740 3,690 | 9.013 8.120 6.463
Lower Limit |6.432 5.468 2.116 | 8.105 7.252 5,439
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Vehicle Type CA-Medium Truck C54Heavy Truck
K 2301 322!

RL 912" | 760"

QI* 40 671 140 30 3g! 53
Upper Limit |711.398 10.353 7,918 | 11.750 11.420 10.919
Prediction 10.383 9.433 6.871 | 10.365 10.048 9.558
Lower Limit 9,379 8.525 5,823 8.980 8.676 B8.192

‘Data set mean value for each vehicle type.

The equation was derived from a data set of 777 vehicles, comprising 51
companies, where all owner-drivers in the utility qlass were counted as
one company. No age effect could be estimated for utilities., This is
due to a particular feature of this class in the user survey. Utility
owners who collect milk from farms do so every day of the month so
their utilization is high. They also tend to have older vehicles which
causes the age sign to be contrary to prior reasoning. The estimated
coefficient i1s poorly determined and therefore the utility age effect
is not reported. The effect of geometry on the utilization of these

vehicle classes is discussed in Appendix III.

3.6.3 Intenest Chanrges

Interest charges should be included in vehicle operating cost
calculations, at a rate equal to the opportunity cost of capital. This
rate obViously changes over time, reflecting factors in the economy ,
the transport sector and finally the credit-worthiness of each company.
"The range for the PICR companies during the survey period.was from real
annual rate of 11 to 15 percent, but the user must collect "information
each time interest charges are calculated so that the appropriate rate

is determined.

3.6.4 Modelling Depreciation and Internest Costs

The components of market values, vehicle utilization and in-
terest ratesare combined to predict depreciation and interest charges.
Though linked, they are normally calculated separately. For an indivi-
dual vehicle of a given age or for the average aged representative ve-
hicle per vehicle class the calculations are not difficult. An objec-

tive of the PICR is the production of a Brazilian model for forecast -
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ing, amongst other things, vehicle operating cost streams for vehicles
of different classes on various types of highway. Where an average
representative vehicle age 1s not considered sufficiently accurate,
then a more precise estimate can be obtained for that vehicle class,
given that age distributions per class are Kknown. In this situation,
from new to any given age, the average depreciation cost per km is equal

to the change in market value divided by wvutilizaetion during that period,

such that:
D - NP U1-be, ) (3.27)
c,J
J
)X AU .
. c,i
i=1
Where
:1, ---’k
k = maximum vehicle age in years
D ., = average depreciation cost for class c per km up to
C,J :
age j
NPC = new vehicle price less tires for class c
DCC .= values of class ¢ vehicle at age j, as a proportion
EsJ 5Ff new vehicle price
AUC i annual utilization in year 1 for class c vehicle

Utilizing the same components, vehilcle class interest charges

can be estimated using:

J
NP R Y DC .
Ic .= ©°%g3-q ©,i-1/2 (3.28)
C,J n
J
% AU
i=1
Where
IC .= average interest cost per km up to age j for vehicle
’ class c
RC = annual interest rate for vehicle class c

Work has been done on more detailed treatments of deprecia -
tion costs using differentiation to calculate point estimates and then
integratiﬁg to the required time period. Predictions of annual depre-
ciation using this technique, however, generaily vary only slightly

from those obtained from the simpler method reported above.
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3.7 VEHICLE SPEED

The PICR Experimental Fuel and Speed Group was responsible
for the modelling of speed but, as was noted earlier with fuel, data on
both fuel and speed were collected from operators in the user survey
when available. Sufficient data on cars and buses were assembled to
analyse speed for these vehicle classes and the results are presented
below. The MTC algorithm was developed to predict fuel and speed com-
ponents by vehicle class from.a detailed prdfile of the road and its
surface condition. Subsequently, an aggregate speed equation was pro-
duced from the MTC (Moser, 05/1980) which was suitable for comparing
with the survey data. This comparison is reported after the speed equations are

presented.

3.7.1 Avenage CommencLal Can Speed

The analysis of car speed data is reported in a PICR tech -
nical memorandum (Wyatt and Chesher, 05/1979) and the results reported
below are derived from this document. Data on car journey times were
collected from 4 companies engaged in collecting bank correspondence on
a regular basis from the various branches in different towns or cities.
Data-on 891 routes were assembled and journey times derived either from
official timetables or drivers’' journey records. The companies were
questioned about unofficial stops on each journey but they were con -
sidered to be of minimal duration because of the tight schedules im -
posed. The best estimate was between 2 to 3 minutes per one way trip,
with a maximum of 5 minutes. Stops on the highway were forbidden and
unofficial stops ignored in calculating the average speeds. Their ef-
fect was thought to be small since adequate rest periodé were schedul-

ed between journeys at the driver's home base.

The reported equation, estimated by the OLS method, is:

CS = 66.19-0.192QI*-0.27RF+7.265T+0.0680 (3.29)
(-7.83( (-2.01) (3.41) (6.20)
R%=0.65 S=7.19
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Where

CS = is the average running speed (km/h) for the route,
mean of both directions

T = is the number of round-trips per day where 1 round-
trip = 0 and 2 round-trips = 1

D = is the route distance, in km, one way. The shortest

route with 1 trip was 116 km and the largest with 2

o En

trips was 233 Km

Indreasing roughness by 100 QI* is predicted to reduce speed
by 20 km/h on average.. Routes with 2 trips per day are travelled about
7 km/h faster than one trip per day routes and increasing route length
by 100 km is predicted to increase speed by 7 km/h. These last two
effects may offset each other in practice for as route length increases
the number of tripslper day will often drop from two to one. Each in-
crease in rise plus fall of 10 m/km is predicted to reduce speed by 2.7
km/h. Predictions from equation (3.28) for a variety of roughness and

rise plus fall levels are given in Table 3.14.

TABLE 3.14 -~ PREDICTIONS OF CAR SPEED FROM EQUATION 3.29

RF
QI* 10 20 30 40

40| 72.8 70.1 67.4 64.7
80 | 65.1 62.4 59.7 57.0
120 | 57.4 54.7 52.0 49.3
160 | 49.8 47.1 44.4 41.7

Where

i}

0 (one trip per day)
250 km

3.7.2 Avenage Bus Speed

Bus speed data were collected on 110 routes from 18 companies
in the survey and were derived either from tacograph charts or drivers'
trip records. Since the tacograph gives a very accurate record of ve-
hicle speed, it was decided to concentrate solely on data from their
charts. The analysis is reported in a PICR memorandum (Wyatt and Lima,

07/1978) and the results reported below are taken from this document .
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Tacograph data were obtained from 12 bus companies operating
on 52 routes. The average running speed (km/h) for the entire route was
calculated by dividing total round trip time, less stops, by route dis-
tance. Stops of very short duration, which could not be accurately
measured from the chart,were counted as being of 40 seconds each, so that

some account was taken of these short stops when they occurred.

The final equations indicated that roughness, horizontal geo-
metry and route distance were significant in explaining the variation
in average speeds. 0One measure of vertical geometry (mean grade) en -
tered at the 15 percent level and all other variables were insignifi -
cant. The equation, estimated by the OLS method, excluding mean grade,

is reported below.

BS = 64.07-0.1457QI*-0.0616ADC+0.0182D (3.30)
) (-7.07) (-3.79] (5.12)
R =0,68 S=6.,19

Where

BS = is bus speed in km/h
= is the one way route length in km

In equation (3.30) each increase of 10 QI* is predicted to

reduce speed by 2.4 percent,while each increase of 10 ADC is predicted
to reduce speed by 1 percent. Predictions for equation (3.30) are given
in Table 3.15 for different 1evéls of QI* and ADC. These levels re -
flect the limits of the bus speed data set.

TABLE 3.15 - PREDICTIONS OF BUS SPEED FROM EQUATION 3.30

ADC
QI* 10 30 100 200

40} 61.3 B0.0 55.7 49.6
80 | 55.4 54.2 49,9 43.7
120 | 49.6 48.4 44.0 37.9
160 | 43.8 42.6 38.2 32.1
200 | 38.0 36.7 32.4 26.3

NOTE: D = 200 km.
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3.7.3 Expendimental and Sunrvey Speed Comparnisons

Predictions from the MTC aggregate speed equation were com-
pared with the survey data described in the previous two sections .
Some discrepancy must be expected. MTC, in its aggregate form, takes
no account of congestion, speed limits or the need to decelerate to and
accelerate from stops and these are important factors in predicting bus
speeds. The comparison was reported in a PICR technical memorandum

{Chesher, 08/1980) and more details are contained in that document.

3.7.3.1 Can Speed

Correlations between highway characteristics, MTC speed, sur-

vey speed and their difference are presented in Table 3.16. The corre-

TABLE 3.16 - CORRELATION COEFFICIENTS FOR CAR SPEED

TC us TC-US QI* ADC RF
TC 1 .45°%  ,38% -,81° -,34° -.00
us 1 -.86° -,87° -.31° -.13
TC-US 1 18 ~.47° 13
QI* 1 -.38° .00
ADC 1 - .01
RF . 1
NOTE: TC = MTC predicted speed (km/h) from aggregate equation
US = user survey speéd (km/h) from timetable records
s = correlation significantly different from zero at

better than 5 percent level

The number of observations is 84.

lation between MTC and survey speed is 0.45 which is low given that
these are simple correlations, presented to show the direction of the
relationships. This figure impliés that.the MTC aggregate speed equa-
tion explains apout 20 percent of the variance in survey speed. How -
ever,. variations in individual journey speeds must be expected, parti-
cularly as the service provided by tﬁe surVey cars require high speeds

to be maintained. MTC is designed to estimate average speeds and it is
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more important thatf it picks up the effects of highway characteristics

correctly.

When the MTC speed versus survey speed data were graphed, the
MTC was shown to overpredict, although the graphs of MTC minus survey
speed against roughness and rise plus fall suggested that the effects
of changes in these variables were reasonably well captured. Finally,
the‘same speed data were graphed against curvature and it appeared that -
this geometry variable was not being well represented by the MTC as far
as these survey data were concerned. Regressions of survey speed on
MTC speed and of the difference between MTC and survey speed on rough-
ness, rise plus fall, curvature and route length are presented in Table

3.17. The equation relating survey speed to MTC speed is substantially

TABLE 3.17 - REGRESSIONS OF SURVEY CAR SPEED ON MTC AND OTHER VARIABLES

MTC Route ' % 2
Eq ] Intercept Speed Length RF ADC QI R )
1 25,57 0.55 0.2 | 10.40
(2.84) (4.56) :
2 10.41 -0.044 0.275 -0.129 0.106 [ 0.51 7.898
(1.95) = . {~-4.34) (1.886) (-8.20) (3.35)
NOTE : Equation 1 is survey speed on MTC predicted speed and

Equation 2 is MTC speed minus survey speed on highway
characteristics.

and significantly different from the line of equality. The coefficient
on MTC speed is only 0.55 and there is a large positive intercept. The
regression of the prediction error on route iength and highway charac-
teristics (Table 3.17, equation 2) shows that the effects of average
degrees of curvature and roughness are not Beihg captured correctly as
far as this survey data set is concerned. Over 50 percent of the vari-
ance in the prediction error can be explained in terms of route length,

rise plus fall, average degrees of curvature and road roughness.

The coefficients indicate that the MTC under-predicts speeds
on longer routes and on routes with bad horizontal geometry. For every
50 degrees increase in ADC, MTC aggregate speed equation under-predicts
by 6.5 km/h. MTC tends to over-predict speeds on rougher routes, by

3.3 km/h for each 30 QI* increase in roughness.
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3.7.3.12 Bus Speed

Two variable correlations between MTC speed, survey speed ,
highway characteristics and number of stops per kilometer are given in

Table 3.18. The correlation between TF and US is higher for this class,

TABLE 3.18 - CORRELATION COEFFICIENTS FOR MTC AND SURVEY BUS SPEED

Tc| us | Tc-us| gqI* ADC RF | NsTaP
TC - 11 .88° | .04 | -.83%|-.71%| -.02| .09.
USs 1 -.71% | -.70° | -.23 | -.05| -+23
TC-US 1 .34% | -.37%| .oa| .a0"
QI* 1 -.01 -.21.1 .07
ADC 1 .05 -.16
RF 1 .05
NSTOP | 1

'NOTE: TC = MTC predicted speed (km/h) from aggregate eguation
‘ US = user survey speed (km/h)} from tacograph records
s = correlation sighificantly different from zeroc at
better than 5 percent level
NSTOP = number of stops/km‘

The number of observations is 41.

but the difference between MTC and survey speeds is significantly cor-
related with roughness, curvature and number of stops per kilometer.
MTC appears to over-predict to a greater extent as bus routes get rougher and
have more stops per kilometer and, to a lesser extént, the more extreme

horizontal geometry becomes.

Regression of survey speed on MTC predicted speed (Table
3.19, eguation 1) is very close to a 45 degree line, suggesting that,
for buses, the MTC predictions agree well with the average bus speeds
found in the survey. When the difference between MTC and survey speeds
is related to highway characteristics (Table 3.19, equation 2] average
degrees of curvature takes.a significant negative coefficient and road
roughness a significant positive coefficient. For every 50 degréesih—
crease in ADC, MTC under-predicts speed by 3.3 km/h. For every 30 QI%*
increase in road roughness, MTC over-predicts speed by 1.8 km/h. These

effects are small and it can be concluded that for the bus class, the
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MTC aggregate eguation performs reasonably well. When number of stops
per kilometer is introduced, these conclusions are broadly upheld. As

number of stops per kilometer increases, MTC increasingly over-predicts

speed, as expected.

Therefore, when MTC speed predictions are compared with sur-
vey data, moderately good agreemént is found for buses but rather poor
agreement for cars. As noted earlier, cars in the survey are not typi-
cal of cars observed during the MTC data collection since they are com-
mercial cars. Furthermore, the bus data for the survey is likely to be
of a higher quality since 1t is derived from an accurate instrument
mounted in each vehicle and not from operating schedules, as was the
case for cars. When the predictibn error is related to highway charac-
teristics, MTC does not capture the effects of curvature and roughness
very well for either classes. MTC tends to under-predict speed more as
average degrees of curvature increase and over-predict as road rough -
ness rises. Further work on the MTC aggregate equation is indicated

and re-estimation might yield substantial improvements.
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TABLE 3.189 - MTC AND SURVEY BUS SPEED REGRESSIONS
Eq | Intercept TC RF ACC QI* NSTOP R2 S
1 -.52865 0.856 0.46 | 7.84
(-.49)
2 2.310 0.174 -0.0664 0.05898 0.26 | 6.91
(0.40) {0.93) (-2.64) {2.49)
3 0.7889 0.212 -0.0587 0.0565 | 15.433 | 0.38 | 6.53
(-.14) (1.18) (-2.35) (2.48) (2.53)
NOTES: Equation 1 is survey bus speed on MTC predicted bus speed

(aggregate equation).

Equation 1 is MTC predicted speed minus survey speed on
highway characteristics.

Equation 3 is eguation 2 plus stops per km added to
highway characteristics.
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4 TOTAL VEHICLE OPERATING COSTS

When reporting vehicle operating cost analyses, it is useful
to aggregate the individual cost items and to demonstrate how the total
cost of vehicle operation varies with respect to changes in highway
characteristics., The items typically presented are fuel, oil, mainte-
nance parts, maintenance labor, tires, depreciation, interest and crew
salaries. In addition time savings and accident costs are sometimes
specified. In the PICR, all these items except the value of time re -
ceived attention and data were collected either through surveys or con-
trolled experiments. O0Only operators' accident costs were not analysed
due to the complexity of setting up a suitable data file combining ve-

hicle accident costs with highway characteristics.

In this chapter, aggregate vehicle operating costs are pre -
sented in both financial and economic terms. The costs are in - August
1981 prices, as detailed in Appendix VI, Economic costs are derived
from a number of assumptions which have to be made about tax rates s
principally those relating to pretroleum based products where taxes are
not disclosed. ' The assumptions are declared in the appropriate section.
Comparisons are then made befween the 1979 and 1981 results, using
identical price data. All these aggregations are based on vehicle oper-
ation on paved and unpaved roads where roughness is varied but geometry
is held constant. Some geometry effects in the reported egquations are
then discussed,even though the equations reported in the main text have
deliberately concentrated on variables describing road roughness, ve -
hiclé age and other vehicle characteristics., A consistency check is
then made with data collected on tariffs and rates, and some comparisons

are made with results from other studies.
4,1 TOTAL OPERATING COSTS BY VEHICLE CLASS

The recommended equations in Chapter 3 were used to derive a
series of tables,'by vehicle class, specifying the cost per km for each
cost item, the total operafing cost per km and the percentage of total
cost represented by each cost item. The tables éreforfatyphml 2 year old
commercially coperated car (Table 4.1}, a'3 year old, diesel engined
utility vehicle (Table 4.2), a 3 year old bus, monocoque construction

on paved roads and chassis type on unpaved (Table 4.3), a 3 year old ,
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TABLE 4.1

NOTES: 1

N o ;b ow N

- FINANCIAL COSTS PER KM - 2 YR OLD COMMERCIAL CAR
Paved Unpaved

Cost Item Crs 3 Crs 5
Fuel 6,72 55 7,28 42
0il + Grease 0,26 2 0,39 2
Parts 0,60 6 2,08 12
Labor 0,36 3 0,70 4
Tires 0,24 2 0,68 4
Depreciation 0,53 4 0,81 5
Interest 0,36 3 0,56 3
Salary 3,05 25 4,68 28
Total 12,12 100 | 17,18 100

Roughness 38 QI* paved,

Rise plus fall 28
30 degrees/km,

m/km,

138 QI* unpaved
average degrees of curvature

Prices in Cr$, August 1881.

Utilization, km/month, is 7427 paved, 4837 unpaved.

Interest rate 12
Age is 101,000 km
Route length 320

percent

km

Salary is driver’'s wage plus all social taxes in

August, 18981
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TABLE 4.2 - FINANCIAL COSTS PER KM - 3 YR OLD UTILITY VEHICLE,
DIESEL ENGINE

Cost Item Ci:ved 5 ngpaved%
Fuel 7,73 39 8,11 28
0il + Grease 0,27 1 0,42 -1
Parts 3,58 19 5,34 17
Labor 1,41 7 2,64 8
Tires 0,99 5 1,78 B
Depreciation 1,22 ° B 2,980 9
Interest 1,18 B 2,80 3
Salary 3,21 17 7,56 24
Total 19,60 100 31,55 100

NOTES: 1. Roughness 38 QI* paved, - 138 QI* unpaved
Rise plus fall 28 m/km, average degrees of curvature
30 degrees/km.

. Prices in Cr$, August 1881,
Utilization, km/month, is 7066 paved, 2996 unpaved.

Interest rate 12 percent,
Age is 284,000 km.
Route length 300 Kkm,

Vehicle type Mercedes Benz EB08D.

O N O ;oW N
-

Salary 1is driver's wage plus all sccial taxes in
August, 1981,
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TABLE 4.3 - FINANCIAL COSTS PER KM --3 YR OLD BUS

Cost Item Ci:ved% ggzaved%
Fuel 11,904 311 12,889 28
0il + Grease 1,43 4 1,63 3
Parts 4,58 12 6,32 13
Labor 2,14 5 4,22 9
Tires 3,55 9| 4,80 10
Depreciation 4,84 _ 12 5,47 11
Interest 3,45 9 3,88 8
Salary 7,25 18 9,52 20
Total 398,19 100 | 48,34 100

NOTES: 1. Roughness 38 QI* paved, 138 QI* unpaved
Rise plus fall 28 m/km, average degrees of curvature

30 degrees/km.
» Prices in Cr$, August 1881,
Utilization, km/month, is 9036 paved, 6873 unpaved.

. Interest rate is 12 percent.
‘Age is 348,000 km.
Route length 340 km paved, 250 km unpaved.

Monocoque operates on paved, chassis type on unpaved.

D N OO UMD Ww.N
L]

Salary 1is driver and conductor’s wage plus all social
taxes in August, 1981,
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three axle rigid truck (Table 4.4) and finally a 3 year old heavy ar -
ticulated truck, for paved roads operation only (Table 4.5). The price
data used in the calculations for all vehicle classes is given in Ap -
pendix VI with additional notes accompanying each. table. Costs are in
financial terms and the importance of fuel and crew costs can be seen

in all the aggregations.

For utilities, the operating cost breakdown is of interest
because it is the first time that this vehicle class has been analysed
in such detail. Within this class, parts are an important item in the

cost breakdown, along with fuel expenditures.

Buses were treated in a rather special way. In 1979 the same
bus type was used for both levels of roughness whereas, in reality, an
operator actually selects different bus types for paved and unpaved
surfaces. The bus table attempts to replicate this phencomenon. A rear
engined monocogue bus is selected to operate on paved roads and a front
engined chassis plus body type on unpaved roads. This causes the in -
crease in total cost per km following a move from paved to unpaved
operation to be lower than when the same bus operates on both road types,

‘which is precisely why the operators choose different bus types.

For trucks, the three axle medium version was chosen because
it is representative of this vehicle class in Brazil's national fileet.
Since the majority of these vehicles are driven by their owners, the
interest rate for calculating the cost of capital is raised to 15 per-
cent. The heavy class, 40 tonne articulated vehicle shows that even in
financial terms the cost of fuel is almost equalled by the maintenance
parts plus labor costs for tractor and trailer. - Tire costs can also
be seen to be a significant cost item in this class and is a contribut-
ing reason as to why these vehicles are not frequently observed oper -
ating on public unpaved highways. More comparisons between the two truck
classes are made in the section on rates and tariffs. The percentage
increase in total operating costs resulting from a change from baved
to unpaved operations is 42 for commercial cars, 61 for the utility
diesel truck, 23 for buses and 49 for medium trucks. The high and low
differentials for utility.vehicles and buses respectively are partly
caused by the utilization differentials which in turn affect the de -
preciation, inteérest and salary costs when they are transformed from a
fixed to a per km basis. This shows that care has to be taken in the
selection of utilization equations when predicting total vehicle oper-

atihg costs. In addition, the choice of bus types the operator makes
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TABLE 4.4 - FINANCIAL COSTS PER KM - 3 YR 0OLD, 3 AXLE FLAT TRUCK

Cost Item Cizved% ngpaved%
Fuel 13,54 38 | 15,08 28
0il + Grease 0,83 2 ‘0,96
Parts 5,38 151 13,26 24
Labor 2,54 7 4,05 8
Tires 6,57 15 8,52 16
Depreciation 2,27 7 3,83 7
Interest 1,85 5 3,26 6
Salary 2,94 8 4,77 g
Total 36,03 1001} 53,74 100

NOTES: 1. Roughness 38 QI* paved, 138 QI* unpaved .
Rise plus fall 28 m/km, average degrees of curvature
30 degrees/km.

. Prices in Cr$, August 1881.
. Utilization, km/month, is 9415 paved, 5601 unpaved.

2
3
4., Interest rate is 15 percent.
5. Age is 375,000 km.

6. Route length 500 km paved, 300 km unpaved.
7

7, This vehicle type is chosen because it is the most
numerous in the medium truck class. Chassis is
Mercedes Benz 12013,

8. Salary is driver's wage plus all social taxes in
August, 1981.
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TABLE 4.5 - FINANCiAL COSTS PER KM - 3 YR OLD HEAVY ARTICULATED

NOTES: 1.

N b w N
LH

TRUCK

Paved
~Cost Item Cré o
Fuel 23,48 34
0il + Grease 1,06 1
Parts - Tractor 8,60 13
Trailer 4,12 B
Labor - Tractor 5,14 8
Trailer 1,37 -2
Tires 9,61 14
Depreciation 5,41 8
Interest 4,07 6
Salary 5,17 8
- Total ' 88,03 100

These vehicles typically only cperate on paved roads
with average roughness=38 QI , rise plus fall 28m/km,
degrees- of curvature 30 degrees/km,

Prices in Cr$, August 1881.
Utilization, km/month, is 10,080,
Interest rate is 12 percent.

Age is 322,000 km.

Route length is 780 km.

Vehicle type is Scania.T112 M, 40 tonne gross vehicle
weight. '

Salary is driver's wage plus all social taxes in
August, 1981. :
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to reduce total erréting costs further reduces the bus differential so

that it finally looks small in reiation to the other vehicle classes.

Financial costs are of interest to the operator, customer and
certain governmental agencies. However, the allocation of resources
for road construction and maintenance by_cost—benefit techniques usual-
ly employs input data net of taxes and social transfers, since these
cause distortions. Therefore, a selection of aggregate operating cost
tables using economic price data have been derived from the same equa-
tions used to calculate the financial tables. The rates of tax deduct-
ed from the financial prices are given in the notes under Table 4.6 .

The economic prices for diesel fuel, o0il and grease are estimated be-
cause no published information is available about the prevailing tax

rates. Tables are presented for a 3 year old bus, using the same bus
type choice between baved and unpaved as before (Table 4.8), a 3 year
old three axle rigid truck (Table 4.7) and a heavy articulated (truck
(Table 4,8). The tables show some significant differences between eco-
nomic and financial costs in terms of component per km cost and total
operating cost per km, for each class. Fuel costs per km and as a per-
centage of total operating costs per km fall strongly, as expected. In
percentage terms maintenance parts and tire cost rise significantly in
economic costs although labor falls, as expected when social takes‘are
deducted from mechanics salaries. Depreciation and interest rise in
economic terms for all classes but particularly strongly for buses .

Crew costs fall in terms of cost per km but on a percentage allocation
basis remain relatively unchanged for trucks and fall more significant-
ly for buses. The percentage increase in total cost per km from paved ta
unpaved operations is greatervﬁmnvthe operating cqsts are calculated in eco-
nomic terms and give a bus fﬁgure of 25 (23) percent and a medium truck

figure of 58 (48) percent. The figures in parentheses give the finan=

cial cost differentials between paved and unpaved operations.

So far, emphasis in the tables preSentéd has been on deter -
mining the differentials between paved and unpaved road operation and

geometry characteristics have been held constant using the average
values found in the survey. As noted in the various sections on the in-

dividual cost component analyses, doubts exist about some of the geo-
metry effects found during analysis. This has resulted in recommending
some equations without a geometry effect until those effects that were
identified .are better understood. Table 4.9 details. those reported

equations that do have a geometry effect and gives the percentage change
in the dependent variable when ADC is raised from 50 to IOOO/Km or RF

raised from 20 to 30m/km for paved road ocperation.

The effects appear quite reasonable although caution must be
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TABLE 4.6

NOTES: 1.
2.
3.

- ECONOMIC COSTS PER KM - 3 YR OLD BUS

Cost Item Ci:"ed . | g;ga"ed%
Fuel | 5,68 21 6,04 18
Bil + Grease 0,72 3 0,82 2
Parts 4,25 17 5,85 18
Labor 1,29 4t 2,54 8
Tires . 3,08 12 4,00 12
Depreciation 4,17 16 4,71 14
Interest 2,87 11 3,34 10
Salary 4,37 16 5,72 18
Total 26,54 100 { 33,02 100

Prices in August, 1881.

Economic cost of diesel fuel is 20 Cr$ per litre.

The following items have been adjusted so that.
their prices are net of tax, the prevailing tax
rate is shown next to the item:

a)l
b)
c)
d)
e)

tires, 15 percent;
parts, 8 percent ;
new vehicle prices, 16 percent;

-labor costs, 65 percent; and

cil and grease, 50 percent.

Salary is driver and conductor's wage (busl and
driver only (trucks) less social taxes, in August

1881.
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TABLE 4.7

ECONOMIC COSTSPER KM - 3 YR 0OLD, 3 AXLE FLAT TRUCK
Paved Unpaved
Cost Item Cr$ % Cr$ %
Fuel 6,44 2 7,18 18
0il + Grease 0,42 2 0,48 1
Parts 5,00 21 12,29 32
Labor 1,53 5 2,44 6
Tires 5,71 23 7,41 19
Depreciation 1,96 8 3,30 g

Interest 1,68 7 2,82

Salary 1,77 7 2,86 7
Total 24 51 100 | 38,78 100

See Table 4.8 for notes on these data.

TABLE 4.8 - ECONOMIC COSTS PER KM - 3 YR OLD HEAVY ARTICULATED

TRUCK

See Table 4.6 for

Paved
Cost Item Crg o

Fuel 11,18 23
0il + Grease 0,53 1
Parts - Tractor 7,86 17

Trailer 3,81 8
Labor - Tractor 3,10 7

Trailer 0,83 2
Tires 8,36 18
Depreciation 4,865 10
Interest 3,50 7
Salary 3,11 7
Total 47,03 100
notes on these data,

Digitised by the University of Pretoria, Library Services, 2015



TABLE 4.8

103

EFFECTS OF GEOMETRY ON THE REPORTED COMPONENT COST

EQUATIONS

Percent Change | Percent Change
Vehicle Class | Cost Item on raising ADC | on raising RF
from 50 to 100%/km | from 20 to 30m/km
Car Fuel 6.98
Speed -4 .1
Utility Fuel: .
gasoline 7.36
gasoline? 7.80
Medium Truck Tires?® 1.58 9.78
Bus Fuel 2.1
Tires" 1.72 10.6
Speed -5.24
Heavy Truck Tires® 0.92 5.39

NOTE

Fuel is liters/1000 km,
Roughness is 40 QI%*.

km/h.
1 is equation
1000x20, *

(3.2), 2

is 900x20 and

tires are cost per km and speed is

is equation (3.3), % is tire size

5 45 1100x22.
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exercised when considering the influence of ADC on fuel consumption .
It is known from controlled experimental results that the plot of fuel
against speed gives a U shaped relationship. Furthermore it has ©been
.empirically established that speed varies inversely with ADC. There -
fore, an interpretation of this ADC effect on fuel consumption is that
as ADC is increased from 0, fuel consumption improves as the vehicle
speed falls to the point where the engine is working most efficiently
and fuel consumption is minimized. It then worsens as continuing in -
creases in ADC bring about greater speed reductions. From this inter-
pretation it would appear that the survey data lie in the part of the
relationship where increasing ADC worsens fuel consumption. It is un-
likely that this limitation will affect the overall PICR results, since
speed and fuel predictions are derived from experimental data and sur-
vey data for these items primarily serve as consistency checks. How -
ever, if the survey .equations are used, it is recommended that care be

exercised when interpreting fuel predictions derived from changes in

ADC.

Finally, it was thought useful to compare the results pre -
sented in the main text with those similarly reported in the Phase 1
1878 report. First the increases . in_total per km cost from bus
and medium truck paved to uhpaved operations were compared. The 18981
percentagé differentials, with 13878 in parentheses, are bus 25 (54) and
medium truck 58 (77). However, these cost increases are not strictly
comparable for a number of reasons. As noted previously, the 1879 costs
éré based on one bus type {(irrespective of surface condition), and an
a 2 axle truck. In 1981 each surface has a specific bus type and the
truck has 3 axles which affects components like tires, depreciation and
interest costs. In addition, input prices have changed significantly
since 1979 so to make a fair comparison between both sets of equations,
the same vehicle types and unit prices were applied to both sets of
equations. The results are given in Tabiés 4,10 and 4.11 for buses and
3 axle medium trucks, respectively. The bus comparisons are very sim-
ilar with respect to the component percentage of total cost. Fuel
rose sharply in 1881 and maintenance parts plus labor fell, the
rest of the items did not change significantly. 1In Table 4.11, 1981
truck maintenance parts plus labor are significantly greater, tires are
less when on unpaved roads and depreciation plus interest less on pav-
ed roads. The latter is due to higher utilization levels being predict-
ed using the 1981 equation. The rest of the-items are broadly similar
between 1879 and 1981, The analyses since 1879 have used a wide varie-
ty of econometric tachniques in order to capture the effects of high -
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TABLE 4.10 - PERCENTAGE COMPARISONS BETWEEN 1878 AND 1881 RESULTS
ECONOMIC COSTS 3 YR OLD BUS
Paved Unpaved
Cost Item 1979 1981 | 1979 1981
Fuel 19 21 14 18
0il + Grease 2 3 2 2
Parts + Labor 24 21 32 26
Tires 11 12 14 12
Depreciation + Interest 29 27 24 24
Salary 15 16 14 17
Total 100 00
NOTES: 1. Route characteristics are virtually identical between

2-
TABLE 4.11
NOTE: 1.

1879 and 1981.

Both 1878 and 1881 cost items reflect the operation of

monocogue vehicles on _paved routes and chassis types

on unpaved routes.

- PERCENTAGE COMPARISONS BETWEEN 1973 AND 1881 RESULTS-

ECONOMIC COSTS 3 AXLE TRUCK

Paved Unpaved

Cost Item 1979 1981 | 1979 1981

Fuel 27 28 19 18

0il + Grease 2 2 1 1

Parts + Labor 18 27 31 38

Tires 24 23 26 18

Depreciation + Interest 20 15 186 1B

Salary g 7 7 7
Total 100 100

Route characteristics are virtually

1979 and 1881,

identical between

105
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way and vehicle characteristics. Additional data were alsc collected
to supplement certain cost component analyses so that the 1881 results
are more robust and can be used with greater confidence. It is also
- encouraging to note a number of similarities between the two series of
results and this again increases confidence in the results. The PICR
user survey equations are able to provide estimates of total vehicle
operating costs in Brazil and yield‘the differentials between certain
road characteristics that are sought by highway planners and transport
economists. In this report these differentials are based on roughness,
vehicle age and other vehicle characteristics. In addition, some geo-
metry effects are reported for selected items. The issue of geometry
and its effect on vehicle operating costs is not yet fully resolved,
as shown in Appendices II and III. This should be a priority item in

future work programs.

4.2 COMPARISON OF RESULTS WITH TARIFF AND RATES DATA

In any competitive economy, aggregate vehicle operating costs
should be related to the average rates charged by vehicle operators.
Owners may accept rates which fall below total costs from time to time
but, on average, rates must exceed costs or bankruptcy will follow. An
important consistency check for any vehicle operating survey is to see
how the estimated total costs compare with the prevailing rates in the
industry. In Brazil, freight haulage is competitive and therefore a
rates study can be used to assess cost predictioné. However, the pas-
senger sector is regulated and care must be exercised when making com-
parisons, since some distortions may be expected. Nevertheless, it was
considered that such an exercise using the equations recommended in
this report was worthwhile. Therefore, a small tariff and rates survey
to collect data for comparing with PICR estimates was conducted in Au-

gust 1881, after analyses were completed.

The survey was restricted to the States of Goids and Minas Gerais
where it was possible to survey a wide range of highway types guickly
and efficiently., Visits were made to a variety of truck companies,
some of Qhom where not members of the User Survey and also to the agencies
in Goids responsible for the regulation of bus passenger fares.

At the same time that data on rates and tariffs were collected, details
of crew costs were also noted to ensure that the input data for the

PICR cost estimates accurately reflected the-cost structure of the in-
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dustry at the time of the rates survey.

It must be emphasized that the tariff and rates data are not
an absolute standard for judging the reported results of this study.
In the first place, some discrepancy must be expected when trying to
estimate the rates for an individueal company using eguations which are
based on mean or median vehicle class data. A very efficient company
may fall below the predicticn and a less efficient operator lie above
it. The objective of the research was to predict costs for a popula -
tion of vehicles operating on highways of different types and it was not

designed to predict accurate estimatés for any one vehicle or company.

Secondly, the User Survey concentrated on Key components that
were considered to vary with highway characteristics so that less em -
phasis was placed on items that were fixed relative to'these variables.
Overhead costs like utility costs for workshop and truck yard, office
costs and segrgtarial‘asSistancé were thought to vary with company size
but not highway characteristics, and this was borne out by the Main Sur-
vey. Nevertheless, the items presented in Tables 4.1 through 4.8 have
to be supplemented by estimates of overhead costs and profit margins
before predictions of rates can be made. The objective of the exer -
cise, however, is not to predict the rates but to compare the aggregate
costs with the prevailing rates. The estimated PICR costs do not in -
clude any contribution to fixed costs (overheads) or a profit margin and
so the PICR total cost for any vehicle class should be less than the

prevailing equilibrium average rate or tariff.

Thirdly, a survey carried out in any particular month may be
biased because the rates have just changed or are about to change and
do not reflect closely the prevailing prices for that month. Possible
distortions from this feature have to be remembered when making compa-
risons between estimated costs and tariffs. Finally the recession 1in
Brazil has badly affected ftruck operators and the competition for work
has forced them to accept very small profit margins. This is parti -
cularly true of the owner-driver operations and it should be expected
that where a company's fleet is supplemented by hired vehicles, the
latter’s rates are less than those for trucks owned by the company.
The results of the rates and tariffs survey are now presented, trucks

first and then bus operations.
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4,2,1 Truck Rates and Tardffs

‘Each truck company gave the rates structure for its routes and
the route most regularly used was subsequently selected. The charac -
teristics of the route and of the vehicle (principally vehicle agelwere
then used to predict a PICR estimate of the tctal vehicle cperating
costs for the type of vehicle used by the company over the route yield-
ing the tariff. The PICR estimate included the main vehicle operating
cost components, including driver's salary but not profit margin orover-
head contribution. Details of this exercise are given in Appendix IV
and a comparison of total cbsts per km was then made between the PICR
estimates and the tariff data. The results appear in Table 4.12 for
companies 1 through 6., The truck data were grouped into the vehicle
classes used in Chapter 3 and comprised a two axle, 13-15 tonne gross
weight truck (tipper varietyl), a three axle, 18-22 tonne gross weight
rigid vehicle (flat) and a 40 tonne gross weight articulated unit. In
all but one case, the earnings per km exceed the PICR cost estimates ,
as expected. The exception is probably caused by :the PICR fuel pre -
diction which is high for this vehicle type and so earnings may actual-
ly exceed costs, but not by'a substantial amount. Therefore, earnings
per Km exceed predicted costs by relatively slim margins to cover over-
head costs and profit. Averaging all vehicle data gives a differen-
tial of 13% return on capital for 2 axles, 14% for 3 axles and 10% for
articulated vehicles. These margins are probably acceﬁtable given the
recession in the trucking industry. What is more significant, espe -
cially to the highway planner, 1is the comparison of costs per tonne.km.
In many cases, earnings per km exceed costs per km only because the
operator overldads the vehicle and the asterix in Table 4,12 shows which
vehicles are operating above the legal payload. It was therefore decid-
ed to standardize the per km costs by dividing them by the maximum le-
gal payload and the results are shown in Table 4.13. This shows that,
except for the articulated vehicle, the differentials between costs and
earnings fall, reducing the profit and overhead margins or resulting in
losses., In spite of the difficulties in comparing rates with cost data
in 1981 it would seem that the PICR aggregate costs are not far off the

competitive rates, which provides an important consistency check.

Digitised by the University of Pretoria, Library Services, 2015



109

TABLE 4.12 - COMPARISONS OF PICR ESTIMATES OF PER Km COSTS
COMPANY TARIFF AND RATES DATA (Cr$ AUGUST 1981)
Vehicle PICR Company Data
Company T Esti £
. ype stimatle ) gwn Vehicles | Hired Vehicles
1 2 Axle 28.94 35.40 27.63 *
’ Tipper '
2 2 Axle 54.48 57.79 =%
Tipper
3 |2 Axle 44 .24 48,80
Tipper
4 2 Axle 40.06 51.48 %
TippeT
‘3 Axle Flat 37 .24 41.15 *
5 3 Axle Flat 36.60 41,67
Articulated 75.48 85,03
Heavy Truck
B Tractor for
Articulated 51.11 52.00
Heavy Truck
7 Bus 48.80 65.85
Chassis Type
8 Bus 41.29 47 .68
Monocogue
* Vehicle operates in overloaded condition.
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- STANDARDIZED COMPARISONS OF PICR ESTIMATES OF TONNE/KM

TABLE 4.13
AND PASSENGER/KM COSTS AND COMPANY TARIFF AND RATES DATA
Vehicle PICR Company Data
Company T Esti £
ype stimate | gwn Vehicles | Hired Vehicles
1 2 Axle 2.89 3.52 2.28
Tipper
2 2 Axle 5.45 5.03
Tipper
3 2 Axle 4.42 4,86
Tipper
4 2 Axle 4.01 4,68
Tipper
3 Axle Flat 2.68 2.28
5 3 Axle Flat 2.93 3.33
Articulated 2.90 3.27
Heavy Truck
6 Tractor for
Articulated 1.97 2.00
Heavy Truck
7 Bus - 1.85 2,863
Chassis Type
8 Bus : 1.53 1.77
Monocogue
NOTES: 1. The hired vehiclés are predominantly driven by their
owners;
2. All the trucks types are standardized so that they

carry the maximum legal load.

same occupancy Trates,

The buses have the
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4.2.12 Bus Taniy s

The road passenger sector is regulated and each State is res-
ponsible for fixing cost per passenger.km charges for operations with-
in its boundaries. Visits were made to the regulatory agency in Goids
in order to colledt data on pr the calculations are made. In Goids,
the agency is SUTEG, Superintendéncia de Transportes e Terminais de
Goids, and it Fufnishéﬂ Considefable information on its method of re. -
gulating fares_tSUTEG, 19817, Althoughbeach State varies in some de -
"tails, the mechanism is basically similar. At periodic intervals data
are collected from bus companies to caichlate the price increases of
the various operating cost'compﬁnents over the reView'period. In Goias,
vehicle operating costs '‘are related to three pavemeht'types, paved »
mixed surfaces and unpavéd.‘ Total operafing costs per km for the three
types of road surface are then calculated and a cost per péssenger/km
derived.by hultiplying the number of seats per vehicle by the occupan-
cy rate (70% in Goids) and dividing into the total per Km-cost.A The
prevailing cruzeifd passenger per km rates in Goias in August 1881 were
Cr$i,7857 paved, Cr$2,3104 mixed and Cr$2,6341 unpaved, without taxes.
The actual fares include taxes but since these are merely social trans-
fers, it is not'appropriate to include;them in any comparisbn with

operating costs.

The estimated PICR per km cost and passenger.km cost compér-
isons with the corresponding rates data for two companies, one operat-
ing on unpaved roads (Company 7) and paved (Company 8] are given in
Tables 4.12 and 4.13 respectively. It must be recognized that buses
‘are more complicated to manage than the»average trucking operation, If
a company continually fails to provide good service on its route,it may
‘lose its licence to operate that route and will certainly lose revenue,
so vehicle maintenance is a priordity management task. In addition, it
deals with more crew; has to keep good daily accounts, maintain reserve
vehicles and all these reguire larger overhead cost allocations. than
trucks. .Therefore, it is to be expected that the actual tariffs wsell
exceed the basic list of vehiple operating components presented in Ap-
pendix IV. The data for Company 8 in either 4.12 or 4.13 show an 16
percent differential between PICR estimates and estihated earnings
{using the same occupancy rate as SUTEGJ while that for Company 7 is 35
percent. The.former is. for paved road operations and seems a reason -
able margin for overheads and profit while the iatter, for unpaved
routes, seems high. Indeed,using SUTEG data unpaved operations are the
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most profitable whether calculafed on a passenger.km/load factor or
total annual earnings basis. Because of this, the SUTEG date for un -
paved routes were carefully examined. ' SUTEG data were based on 237 ve-
hicles running on 39 routes and reporting costs while running a total
of almost 7 million kilometers. However, only 10 percent of that total

was run on unpaved routes, so some biases might arise. Differentiels,

a
based on the percentage change in each reported cost item between peved
and unpaved operations, were calculated using the SUTEG information and
these appear in Table 4.14. If operational costs are first considered,
wide variances between the cost differentials are noted, particularly
for parts consumption on unpaved rocads which is almost three times larger
than for paved operations. Maintenance labor is only 27 percent great-
er, which gives rise to some concern. High parts consumption cannot be
explained solely in terms of expensive parts/low labor cost items like
engines or gearboxes. ABody work costs, for example, which ae frequently
labor intensive, should be expected to be an important parts/labor item
on unpaved road operations. Therefore, the parts and labor differen -

tials appear inconsistent and cannot be judged reliable without further

evidence.

Fixed costs vary proportionally with utilization and the SUTEG
and PICR utilization figures show a wide variation, especially on paved
routes. The SUTEG figures for annual utilization are 132,900 km paved
and 61,500 unpaved While the correqunding PICR estimates are 108,400
paved and 82,500 unpéved. The PICR data are .derived from 19 companies
operatiﬁg over a wide range of conditions, whereas the SUTEG data are
dominated by one company. The PICR utilization differentials 1ooknbre
credible and if used in the SUTEG calculations would'resuit in a sig -
nificantly lower unpaved per km cost esfimate. As a further check, a
comparison betweerr the paved and unpaved difféerentials for the PICR es-
timates and the SUTEG data is given in Table 4.15. It can be seen that
no agreément exists between the two scurces of data. Parts and 1labor
have already received comment and 01l consumption is a small cost item
that can be disregarded -in this context. Fuel is important and the un-
paved SUTEG figure is based on a consumption of 2.74 km/liter. Thisis
a high average figure for bus operations on unpaved routes and the PICR
estimate of 3.31 Km/iiter seems more credible. The tire differentials
cannot be evaluated because of insufficient information on the SUTEG
data but it would seem that the PICR differential is due to the paved
highway tire 1ife being far below that in the SUTEG data. It may be
that the SUTEG data is influenced by the very efficient tire management
and recapping policy operated by the main company in the data. Whereas
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TABLE 4.14 -

PERCENTAGE DIFFERENTIALS BETWEEN PAVED AND UNPAVED
ROADS BY DOPERATING COST ITEM, IN COST/KM CHANGES,

SUTEG DATA

. - Paved/Unpaved
Operating Cos tem % Increase Total 1
1, Operational Costs:
i) Fuel 11.8
ii) 0ils + Grease 50.8
iii) Tires 9.9
iv) Maintenance Parts 185.1
v Maintenance Labor 27.1
vi) Other Labor
a) drivers 122.6
b) traffic staff 25.0
vii) Other Costs 142.2
Total 1 707
2. Depfeciation:
i) Vehicle 116.71
ii) Equipment 116.1
~ Total 2. 116.1
3. Interest Charges - 55,5 | 55,5
4, Overhead Costs:
i) Taxes, Insurance 116.1
ii) Administration 0
Total 4 9.2
5. Expansion Allowance 60.3 60.3
Bverall Total 69.3 69.3

1 .
This column represents the individual cost item differentials

weighted by their prices to give the differentials for each

group of

items.
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TABLE 4.15 - PERCENTAGE INCREASES IN BUS COSTS PER KM ON MOVING
FROM PAVED TO UNPAVED ROUTE OPERATIONS

Cost Items PICR | SUTEG
Fuel , [ 12
011 14 51
Parts 38 185
Labor 97 27
Tires - 30 70
Depreciation 13 116
Interest 13 56
Salary 31 123
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the PICR tire data encompasses a spectrum of companies, with ranges of
efficiency which give rise to lower tire 1ifé for paved roads. Also,
the depreciation, interest and salary differentials are a result of the
different utilization levels predicted by PICR and SUTEG-data. This has
already received comment. .Finally, a percentage breakdown of bus oper-
ating costs/km for péved and unpaved routes, based on SUTEG data, are

presented in Appendix VIII,

The compariscns between PICR and SUTEG data show that regu -
lated fares on a per km basis exceed the PICR predicted costs per km ,
as was expected, O0On paved routes the difFerence.would.represent a
reasonable overhead and profit margin. Unpaved operations show much
less consistency and the SUTEG data exhibit wide vériations for the
individual item cost per km differentials that reguire explanation. in
general, the aggregate PICR costs seem more credible than the 6orres -

ponding SUTEG information for-unpaved bus operations.
4.3 COMPARISONS WITH OTHER USER SURVEY STUDIES

It is difficult to make accurate comparisons between vehicle
opeféting cost studies. The problems of transfefring results from one
country to another are large and insuffibient work on transferability
has beeh done to permit detailed-inter—siudy comparisons. The compar-
isons that can be made now can only illustrate differences rather than
indicate whether results are correct or even reasonable. 1In addition,
few vehicle operating éosf studies have been conducted. The Kenya
Study was the most comprehensive before the PICR but, even so, great
difficulties emerge in trying to make comparisons. ‘Brazil has a large
vehicle component and assembly production sector while Kenya imports
vehicles or assembles kits prodUced in.other countriés. There is like-
ly to be large variations in labor ratés,_Vehicle prices, parts costs
and utilization levels between Kenya and Brazil. 1In addition, the Kenya
study did not analyse survey data on tHe operating costs of utility ve-~
hicles and heavy trucKs, so'the vehicle class comparisons are limited
to cars, medium trucks and buses. The equations are often qissimilar
in form and roughness was measured differentiy in each study. Work is
proceeding on relating the roughness measures and at the moment the
conversions between the two units are approximate. Nevertheless, some
comparison between the PICR and Kenya is required. The World Bank sur-
vey (de Weillé,.1988] used mainly North American data (Winfrey, 1963 )
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which employed few,K vehicles, used theoretical relationships and subjec-
tive decisions, and some of the déta dates from the early 18940s. The
de Weille tables are still popular with transport economistS'so they

are included for comparison. The East and Central African study (Ban-
ney.,and Stevens, 1967) gives no details of the surface condition for
gravel roads and used a very small samplé of buses and trucks for each
of fhe two types of rbad. However, this study was important in esta -
blishing the potential of vehicle operating cost surveys, so it is in -

cluded in this exercise.

It was decided to compare the cost differentials between un-
paved and paved operations for these studies and the PICR. The results
are shown in Table 4.16 for cars; medium trucks and buses. The PICR
cost items which appear to vary significantly from the other studies
(principally Kenya) are car tires, truck parts and bus parts/labor
costs. The parts and labor costs are governed by the prevailing price
and wage rates at the time of the surveys, so these items are expected
to exhibit wide variations between countries and years. In addition ,
the vehicle assembly industry in Brazil is producing a range of bus
types which help reduce operating costs (including parts) on different
surfaced roads. The Brazilian medium truck is larger tﬁan those in the
other studies and on unpaved roads is frequently operated in an over -
loaded condition. _The parts costs differentiais per km for paved and
Unpaved -operatibns are therefore wider than other studies, although on a tonne/km
basis the parts cost differential would be reduced. PICR car tire pre-

dictions are considered to reflect the consumption measured during the

survey period.

The significance of the Brazil results can be appreciated
when it is remembered that the PICR can produce cost differentials for
five vehicle classes based on User Survey data and, furthermore, consis-
tency between the class differentials is high.. Further work on com -
parisons should be attempted when thé Indian study results are avail -

able and more work completed on the issue of transferability.
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TABLE 4.16 - VEHICLE OPERATING COST RATIOS OF UNPAVED TO PAVED
'ROADS IN BRAZIL, COMPARED WITH OTHER STUDIES

Vehicle Cost Component S 0OURTCE
Type Kenya | de Weille | Bonney + Stevens | PICR 81
Fuel 0.897 1.03 1.45
0il 2 1.20 ' 1.27
Car Parts - 2.75 1.27 2.33
. Labor -1.48 1.26 1.59
Tires 4.33 1.84 2.11
Depreciation 1.30 1.386 1.39
Fuel ©1.04 - 0.90 1.07
0i1l 2 1.18 1 1
Medium Parts 1.71 1,57 3.33 . 2.48
.Truck Labor 1.54 1.68 1.50 1.60
' " Tires 1.36 2,72 - 1,24 1.16
Depreciation 1.15 1.33 0.87 1.22
Fuel 1.086 i.00 1,04
0il 2 1,50 1.07
Bus Parts 3.48 3.51 1.24
Labor 3.09 1.48 1.56
Tires ' 1.36 0.94 1.18
Depreciation 1.02 1 1.14

de Weille medium truck fuel was gasoline powered;

RF = 27 m/km, ADC = 60°/km, Altitude = 1300 meters,
Roughness in Kenya = 6000 mm/km (gravelj, 2500 mm/km
{bitumen) corresponding roughness in Brazil (PICR
Working Document No. 10) 108QI* unpaved and 42 QI*
paved. Route length, cars 150, truck 200, bus 250 km.
Age, car 100, truck 300, bus 250 (all '000 km units).
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5 CONCLUSTONS AND RECOMMENDATIONS

Throughout this report, reoommenoations have been made about
the analysis of specific cost components 'and the choice of equations,
so this section will concentrate on the major conclusions and recom-
mendations as they appear to the User Cost Surveys Group after complet-

ing the second phase of analysis in December, 1881,

5.1 - CONCLUSTONS

The PICR User Survey data are the most comprehensive col-
lected anywhere to date and are unlikely to be exceeded in size by the
Indian study, presently being analysed. They are most important both
to Brazil, where modified de Weille tables are éeneraily used to pre -
dict vehicle operating costs (MacDowell, 1872) and to the international
research community, where they oomplément the Kenya, Caribbean and‘In—
dia studies. Therefore, they represent a most valuable resource for
developing appropriate vehiclo operating cost equations for highway
planning and other cost-benefit aoalyses where these costs have to be
estimated. The Brazil study covers a wide speottum of vehicle types
énd is likely to.be the only study with a Full range of truck classes,
The User Survey data have now passed through several phases of anol -
ysis and the results presented in this report, together with the rele-
vant technical memoranda, can be regarded as in interim final form.
The data are complex and there is 1little doubt that many of the egua -
tions in this report will be impooVed as further analyses are conduct-
ed. This is expected in basic research of this type where the data are
extensive. Because of this, thorough documentation has been carried
put to permit analyses to continue. However, these interim final equa-
tions are oow reaoy for more extensive testing in the field and should
be evaluated in'a variety of cost-benefit exercises. The results of
the oomparisons between PICR estimated costs and pfevailing transport
service prices were.eooouraging and suggest that the equations will
provide better estimates of vehicle operating costs than anything now
being used in Brazil. Survey data are temporal, however, and it should
be recognized that undue delay in dissemination may diminish the use -

fulness of the results.

Digitised by the University of Pretoria, Library Services, 2015



122

The Phasg I results reported a lack of any statistically
significant effect of vertical or'horizontal geaometry on operating
costs, other than for gradient on fuel consumption and vehicle speed.
The analyses over the subsequent two years have concentrated on the es-
timation of the geometry/operating cost relationships and to this end,
many thousands of regression equations have been estimated, with and
without vehicle and company characteristics and utilizing a selection
of the analysis methods described in Chapter 2, in an attempt to com -
prehensively address this issue, Some progress has been made and sig-
nificant geometry effects estimated for some vehicle class cost compo-
nents. However, an important feature of the interim results is the
lack of any consistent pattern in the significance, sign and size af
the geometry coefficients between vehicle classes. There are at least
four likéiy explanations for the irregular pattern of geometry effects.
lThe first is the high correlatios between vertical and horizontal vari-
ables that are present in certain cost component data sets which make
it very difficult for the analyst to estimate geometry effects correct-
ly. Secondly, the geometry effects may be sa subtle over the ranges
encountered in thevSurvey that regression analysis based on operatcrs’
records and single statistics for each highway characteristics cannot
‘capture these effects. Thirdly, the effects may be better estimated
using other types of analyses, for example, non-linear methods. Fourth-
ly, the effects may be vehicle class specific, so that geometfy may
affect the consumption of a particular item in different ways depending
on the vehicle type. This would then explain why the significance ,

signs and sizes of geometry coefficients display irregular patterns.

It is difficult to reach a decision about which explanation
is more likely and, to complicate matters, some combinations of these
explanations may be responsible for the phenomenaon. It ié a highly
complicated problem with 1little vehicle“engineering evidence available
to help form hypotheses. Furthermore, other operating cost studies
shed little light on thevproblem and the results from the Kenya and
Caribbean studies were broadly similar to the Phase I PICR results.

It seems that more work needs to be carried out before a decision can
be made to use all the .geometry effects estimated in the last two years
in Brazil. In addition, the results from the Indian study may be very
useful in providing corroborative evidence for using particular geo -
metry effects. It ié for these reasons that the interim results have
concentrated on roughness, vehicle age, vehicle characteristics if ap-

propriate, and geometry effects where these appear to be unambiguous.
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The PICR results confirm the findings in Kenya and the Carib-
bean with respect to road roughness which is found to exert the biggest
influence on most individual cost items and therefore on total vehicle
operating costs. The unit df roughness, QI*, which has been uséd as
the roughness statistic in all the PICR regressions, is being investi -
gated and may be mpdified in the near future. It is not known what
effects this will have on the user cost equations and this can only be
resolved if it 1s included in a future workplan. It may be that QI%*
overstates roughness on certain road types and results in it pickingtm
effects which.would otherwise be attributed to rbad geometry, but this
is speculation at this moment. Furthermore, how QI* relates to octher
roughness. measures currently employed throughout the world is not ac -
curately known over the entire ranges of surface types. An exercise
to Compafe and calibrate the various roughness devices most commonly em-
ployed to measure road surface/vehicle response 1is planned to take |
place in Brazil in 1882, After that time,Amore reliable -comparisons
‘between the PICR results and those of other studies with respect to
roughness can be made and a firmer position reached concerning fhe use
of QI* as an appropriate roughness statistic for vehicle operating cost

analyses.

The interim final results inplude items and areas not pre -
viously addressed in vehicle operating cost surveys. A cost breakdown
for heavy truck opeyations on paved roads was not presented in the Kenya
réport and these vehicles are not found in Indié, so the PICR is onéof
the few sources of such data in recent years. Light trucks (utility
vehicles) are also cdnsidered in the.PICR so that results are present-
ed for five vehicle classes, representing most of the spectrum of ve -
"hicle types found iﬁ Latin America. The effect of vehicle age in kilo-
meters on parts consumption and utilization levels has been investigat-
‘ed and particular importance was given to this in the estimation of
parts costs, since parts caosts were found to be sensitive to-age in
kilometers in Kenya. In the PICR this measure of vehicle age is found
to be important for'parts consumption but is not as potent as in Kenya.
Furthermore, there is good consistency between the sizes of the age
coefficient between vehicle classes in the PICR data and age enters as
a normal independent variable rather than contributing to a complex de-
pendent variable as in Kenya. Maintenance labor costs have been esti-
mated as a function of parts costs and, for some vehicle classes, road
roughness and: type of fuel., It is now possible to predict labor costs
for all five PICR vehicle types without proratihg parts costs and this
is an important advance over the 1879 results. Finally, utilization
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has been estimated by vehicle class and although highly dependent on
the type of vehicle operation and general level of economic activity,
it remains a useful guide to the appropriate levels of vehicle use re-
quired by many cost-benefit exercises. Therefore, it can be seen that
the 1981 PICR User Survey fesults are both comprehensive and detailed,

including items not previously investigated.

The position reached at the end of the second analysis phase
of the User Surver data is that the recommended ipterim final results
are ready for testing in the field after some checks have been carried
out. At present, most transport economists in Brazil refer to cost
tables that are largely out-of-date, make a few changes and input the
resulting data into their cost-benefit exercises. Few would want to
have to work through a volume of the size of the present document to
extract relevant predictions. It therefore seems logical to produce an
updated version of fhe tables and data presently used to estimate ve-
hicle operating costs in Brazil, using the equations in this report to
predict the variocus coéts. This would provide a more convenient mode
of dissemination and testing than the present volume. Some thought will
have to be given to the appropriate format, but it-would pfobably be
similar to de Weilles' handbook in that various combinations of high -
way characteristics would form cells for which cost breakdowns would be
presented. A handboock which would enable econamists and highway plan-
ners in Brazil to rapidly assemble predictions of behicle operating
costs to various combinations of highway characteristics would be a
natural complement to this report and the technical memoranda associat-
ed with the analyses contained within. The feedback from field test -

ing would then assist in the development of user cost equations in final

form.
5.2 RECOMMENDATIONS

The User SUrvey data base is sufficiently extensive to ensure
that further analyses and new techniques in modelling vehicle operat -
ing costs will continue to improve the PIﬁR predictions of individual
cost items for many years to come. The recommendations in this sec -
tion will not be speculative however, and will simply detail what is
possible with a small team based in Brésflié over the next year. Some
work items are small, others require more resources but all are consi-

dered to lead to.a more coherent understanding of how vehicle operating
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cost/highway characteristics relationships can be best estimated in

Brazil.

e The cruzeiro costs are presently expressed in terms of
December, 1981 prices or‘Janeary 1976 prices in the technical memoran-
da and these have to be inflated to the date regquired by the user.
‘Evaluation of inflation correction index used by PICR has shown it to
be appropriate over the full survey period, as detailed in Appendix
XII. This hethod should be continued s0 that a mechanism is aveilable
to prospective users which will enable them to inflate the predicted
costs %rom their base month and year to the appropriate date required.
An alternative to this would be to express the parts consumption in’
terms of a percentage of the relevant new vehicle price and this could

be calculated relatively easily.

® Bus maintenance parts data should be quickly examined and
alternative equations reported in the technical memorandum on parts
analysis should be evaluated to ensure that the unpaved to paved oper-
ation differentials are consistent. There are valid reasons why bus
parts -differentials might be expected to be small in Brazil but never-

theless checking will increase the confidence in the relevant equations

¢ Further work on eetimafing geometry effeefs for parts con-
sumption should. be curtailed until the Indian results are available
and then the extensive number of existing eqeatioh forms containing
geometry can be better evaluated. Alternatively, if resources permit,
parts and labor costs could be combined and then regressed on highway
characteristics, including geometry, to see if more consistent estim-

ates of the geometry effects are produced.

e If new roughness statistics are derived, or alternative
versions of QI* produced, then some reanalysis should be undertaken
to compare the effects with the present unit ofAmeasure. The bus parts
data set is the obvious candidate to be énalysed since it is the one
where the correlation between highway characteristics are lowest.

o Fuel consumption has not been throughly analysed with all
the available econometric methodologies and some inconsistencies are
‘present in the interim results. A re-estimation of User,Sufvey fuel
will lead to improvements in the prediction of this important item.
This will enable the revised aggregate MTC predictions to be checked
for consistency with the Survey data and fuel egquations. However, the
revised MTC aggregate fuel and speed predictions should still be the
main source of fuel and speed data in the vehicle operating cost manual.

Digitised by the University of Pretoria, Library Services, 2015



126

¢ The predicted PICR total cost comparisons with prevailing
tariffs were found to give encouraging results. Further collection of
tariffs and their subsequent comparison with estimated costs will be a
important consistency check on the PICR results.

e The production.of a handbook or manual based on this report
and the relevant technical memoranda will be an important product of the
PICR and complement the series of User Survey documents. It could be
the main mode for field testing the recommended interim final equa-

tions.

These then are the main recommendations for future work which,
while not consuming large guantities of resources, will give more con-
fidence in the PICR Survey results. A crucial time has been reached and
these results must be evaluated in the field before substantial improve-
ments can be made. ‘These cannot reasonably be expected to emerge from
further extensive in-house anaiyses and theoretical discussions. The
big contributions will come from the pragmatic testing of the existing
equations and subéequeht feedback, in various cost~benefit highway
planning exercises incorporating both construction and maintenance

issues, . in Brazil.
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DEFINITION OF CONTINUOUS VARTABLES

The sum of the central angles of all horizontal curves on the
link, divided by the extension of the link., Units in -degrees

per km (®/km).

Average bus running speed (km/h) for the route.
Average car running speed (km/h) for the route.
Route extension in kilometers, one way.

Fuel consumption, in liters per 1000 km.

Vehicle age, in units of 1000 km. Calculated as the arith -
metric mean between the total kilometers travelled since new
on entry to the survey and the total kilometers since new on

leaving -the survey.
Kilometers per eguivalent new tire, in units of 10,000 km.
Number of bus stops per km of route extension.

Parts cost. The maintenance parts costs as estimated from

PICR equations, in Cr$December, 1981.

Power-to-Weight Ratio, Calculated as the power of the engine
in kilowatts, divided by'the average loaded weight of the ve-
hicle. If a vehicle ran empty one way on a trip, the aver =
age -loaded weight was taken as the mean of the tare and gross

vehicle weights.

The pavement roughness statistic adopted by the PICR project.
It is fully desoribed in a project document (Visser and Quei-
roz, 1879). Maysmeter data for each route link were trans -
formed to QI* values by a procedure described in the above

reference. QI* values per 320 m were then grouped into homo-
geneous bands of roughness within each link (Moser, 07/1877],
The average link QI* value was calculated as the weighted

average of band means, using band length as the weight.

This is a pilecewise linear form which defines Q40=QI* when

QI* > 40 and Q40=40 when QI* < 40,
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RF Rise plus Fall, in meters per km. Thils is the average gra -

dient of the road x 10.
RL Route length in kilometers, counted both wayss

TC Predictions from either the MTC aggregate final equation

(km per liter) or aggregate speed equation (km per hour).

us Predictions from PICR survey speed equations, (km per hourl).
uT Vehicle utilization per month, in units of 1000 km.
VA Value of vehicle aged A years on the second-hand market, ex-

pressed as a proportion of the new vehicle price.

X0IL Frequency of o0il changes per 1000 km.
1.2 BINARY VARTABLES
AX2 1 if vehicle is a 2 axle rigid, non-tipping vehicle;

0 otherwise.

€2 1 if vehicle is a utility vehicle;

0 otherwise.

C3 1 if vehicle is bus;

0 otherwise.

C4 1 if vehicle is 2 or 3 axle rigid vehicle;

0 otherwise.

C5 1 if vehicle is a heavy articulated vehicle;

0 otherwise.

CARB 1l if car éngine has 2 carburettors;

0 otherwise.

pbC Driver Control. 1 if company's control of driver is above
average;

0 otherwise.

LE Engine Location. 1 1f engine is mounted at the front;

0 otherwise.
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oW Owner Driver. 0 if owner is driver;

1 otherwise.

SM Standard of Maintenance. 1 if maintenance is above average;

0 otherwise,

ST/CS Semi-Trailer. 1 if the vehicle is the tractor of a heavy
articulated vehicle;

0 otherwise.

TACH 1 if vehicle has a tacograph;

0 otherwise.

TIP/CT Tipper. 1 if vehicle is a tipper;

0 otherwise.

TF 1 if vehicle is gasoline powered;

0 otherwise.

U248 1 if the vehicle 1s operated by company 248;

0 -otherwise.

1.3 INTERCEPTS

Tire Sizes-A=9,00 x20
B=10.00x20
C=11.00x22
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APPENDIX II - EQUATIONS FOR PREDICTING
THE EFFECT OF ROAD GEOMETRY ON VEHICLE
PARTS CONSUMPTION
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11.1 INTRODUCTION

The results and comments presented here are taken froma more
detailed PICR technical memorandum (Chesher and Harrison, 08/1881). It
is important to determine whether parté costs are sensitive to road
geometry. Considerable effort has been expended in an attempt to address
this issue. The problem was first considered in 1980 and the analyses
reported in a PICR technical memorandum (Chesher, 09/1980) which exam-
ined the data using in OLS method. Eyidence %or geometry effects were
found but the signs of the effects wefe inconsistent across vehicle

classes.

In 1981 the problem was addressed for a second time and three
statistical methods were used, ordinary least sgquares on all data (OLS),
ordinafy least squares estimating company effects (OLSCE) and, finally,
error components (EC)J. These methods are described and referenced in

Chapter 2 of this report.

The 1981 equations examined interactions between gecmetry and
road roughness éince vehicle damage is a function of surface condition
and vehicle speed over the surface. Equations containing interactions
are presented in the technical memorandum cited in the first paragraph
of this Appendix. Here geometryveffects are introduced as main effects
rather than inferactions. They give an idea of the problems that arise
on introducing geometry into vehicle.pérts equations. No geometry ef-
fects were found in Kenya, virtually none in the Caribbean and the In?
dian results are presently preliminary and tentative. In India the
analysts are finding some geomefry effects but like the PICR result$

they are not always consistent and are sometimes hard to explain.

Each vehicle class is considered in turn and a selection of
-equations presented for eatch class. For a complete presentation of

equations reference should be made to the technical memorandum from

which these eguations are taken.
11.2 CAR PARTS CONSUMPTION

Examining the OLSCE and EC methods in Table II.l, increases in

either rise .plus fall (RF) or average degrees of curvature (ADC) are
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TABLE II.l - CARS - DEPENDENT VARIABLE IS :LN(PARTS CONSUMPTION]

Method | Intercept QI* RF ADC rRZ | su?|su?
oLS 6.010 .0138 .0030 | =-.000728| .33
OLSCE .0204 -.0318 -.00713 .24
(5.03) (~1.58) [(-2.85)
EC 6.660 .0168 -.0199 -.00538 .4089 |.207]
: (4.68) (-1.04) (-2.42)
oLS 65.009 L0137 .00218 .33
OLSCE .0128 -.0419 W17
(3.82) (-2.03)
EC 7.033 - ,0119 -.0291 .291 {.224
(3.93) (-1.58)
OLS 6.117 L0134 -.00070 .33
OLSCE .0207 -.00778 .22
£5.07) (-3.23)
EC 6.116 .0174 ~-.00584 .3683 {.210
(5.03) (-2.75)

S 2 is an

u
2

S is an

W.

Figures in

prices.
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predicted to decrease parts costs. The ADC effect dis significantly
different from zero at the 5% level (using a test with an asymptotic
Justification for the EC method) and the Cde%Ficient alters little on including RF.
The RF coefficient is poorly determined. The QI* coefficient is insensi -
tive to the inclusion of RF and ADC. Table IT.2 gives linear rather
than log-linear equations which have similar features. The EC result
in the first equation of Table II.1 predicts a 24% reduction in parts
-costs for every SDO/Km increase in ADC. This effect seems unrealis -

tically'large.

Including interactions (see below) improves the explanatory power and
gives better determined coefficients. However, the predicted geometry
effects are large and until some other basis exists for accepting such
effécts,the car parts equation incorporating roughness and vehicle age

is preferred.

11.53 UTTLITY PARTS CONSUMPTION

In Table II.3 it is noted that when RF and ADC are simulta -
neously introducted, the large geometry coefficients are statistically
insignificant. The RF effect is negative, the ADC effect positive.

The QI* coefficient falls a little on introducing RF and ADC as main
éffects. For this vehicle class, even when interaction terms are in -
troduced poor results are obtained.: An'equation which excludes geometry
is therefore récommended and appears as Equation 3.10. This is'belieQ~
ed to be the first equation of its type ever obtained for utilities

"parts consumption from a user survey.

11.4 BUS PARTS CONSUMPTION

In Tables II.4 and II.5 rise plus fall always takes a ne-
gative coefficient and average degrees of curvature takes a positive
coefficient when both RF and ABC are included. The QI* coefficient is
insensitive to the inclusion of RF and ADC. Further, the RF coeffi -
cient alters little as ADC is included. In this data set, the corre -
lations amongst the highway characteristics are weak. The negative RF
effect is found within companies and is not attributable to the dispo-
sition of companies by highway type. This effect appears when vehicle
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TABLE II.Z2 -

CARS

LINEAR EQUATIONS

CONSUMPTION

- DEPENDENT VARIABLE IS PARTS

Method | Intercept QI* RF ADC RZ. Su Sw
oLS 151.19 19.78 3.51 -3.66 W47
OLSCE 17.54 -23.58 27.27 .13
(3.54) (-.96) |[(-2.45)
EC 1128.79 16,41 16.34 -6.64 5827 557
oLS 149.02 19,02 -.63 .43
OLSCE 53.83 -33.82 .08
" (2.49) (-1.35)
EC 1644,08 11.54 -32.48
(3.21) | (-1.50) 570 571
oLS 277.27 19.34 -3.63 .47
OLSCE 17.76 -7.75 .13
(3.59) (-2.65)
EC 657 .61 17.54 -7.14 595 556
(4.52) (-2.94)

Costs are at December 1981 prices.
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TABLE II.3 - UTILITIES PARTS;:;  WITH VEHICLE CHARACTERISTICS,‘WITH-VEHICLE AGE.
DEPENDENT VARIABLE IS LN(PARTS CONSUMPTION)

Method |Intercept oC LE SM TF oW QI* RF ADC 1n ()] rZ|Su? |sw?
oLS 6.196 .| .735| .548 .152 .245| -,782| .00289| .04432| -,00416 | .0806|.37
OLSCE - -.166 ~ .D0441| -.0187 .00247 | .344 |.31
(=1.04) (2.11)  {-1.43) {(1.38) |¢4.52)
EC - | 7.489 .023| -.280| -.226| ~-.175| -.445| ,00365| -.0132 .00244 | 318 .226 |.154
(.04)|(-.48) | (-.42)| (-.2B)|(-.77)|(1.65) |[(-.78) |(0.90) ~ |(3.59)

NOTE: See Appendix I for definitions of variables.

vl

w
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TABLE ITI.4 - BUSES WITHOUT VEHICLE.CHARACTERISTICS,
WITHOUT VEHICLE AGE - DEPENDENT VARIABLE IS LN

(PARTS CONSUMPTION)

Method |Intercept U248 QI* RF ADC R? 1 su?| suw?
OLS 8.530 -.992 .00764 -.0224 .42
OLSCE .00532 -.0210 .08
(5.13) (-2.71)
EC 8.674 - .108 .00554 -.0190 .173 | .298
(-2.50) | (5.87) (~2.73)
OLS 7.983 ~.B69 ,00767 -.00021 | .39
OLSCE : .00587 ' -.000636| .06
(4.85) (-.31)
EC 8.176 -1.023 .00563 -.000169 .197 | .301
(+=2.00) {(5.11) {.10)
oLS 8.542 -1.100 .00747 -.0233 | ,000816} .42
OLSCE .00525 -.0211 .000215¢ .08
(4.30) (-2.69) (.10)
EC 8.685 . ~=1.251 .00516 -,0201 .001186 .185 | .297
(-2.49) | (4.88) ' (-2.80) (.67)

NOTE: U248 denote vehicles operated by Cohpahy 248 and costs are in
Becember 1981 prices.
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TABLE II.5 - BUSES - WITH VEHICLE CHARACTERISTICS, WITH VEHICLE AGE - DEPENDENT VARIABLE IS LN
(PARTS CONSUMPTION)

Method| Intercept PW LE SM TACH uz48 | - Q1* | - RF.. | Aot | 1m0 [RE | Su? Sw?
OLS 7.171 -.085 .1361} ..357 -.637 -.436| ,00418 -.0189 422 | .66
OLSCE —}095 137 -.386 .00191 -.00655 .436 | .45
(-3.52) (1.94) {-3.85) (2.15) (-1.086) (14.11)
EC 7.087 - -.091 .144 1 .182 -.385 -.539 .00213 -.00924 . 4433 .1291.174
{-3.45) (2.02)i{(.94)4(-3.886)] (=-1.681){(2.55) (-1.62] (13.96)
oLs 6.677 -.106 211 .431 -.630 -.360 .00370 . «000222 «435 384
ULSCE -.098 . 151 -.375 .00201 .0002686 .438.|1 .46
{(-3.74) | (2.18) (-3.53) {(2.02) (=17) {14.19)
EC 6.873 -.097 .165] .203 -.368 -.562| .00214 -.00237 .436 .1531.174
(-3.67) j(2.38) |(.968)}(~-3.65)f(-1.19)]|(2.30) (=17) (14.07)
oLS 7,162 -.096 .138 1} .3786 -.638 -.534 .00402] -.0193 .000705 4231 .68
DLSCE -.085 2137 -.386]| - .00181} -.00B55 .000004 436 | .46
(-3.52) (1.92) (=~3.62]) (1.91) (-1.04) {.00) {14.08)
EC 7.0896 -.081 142 | .185 -.384 -.664} .00207 -;00923 : Jm0173 .433 .1331.174
' (-3.45) | (1.99) {(.91)|(-3.80)}(-1.45)](2.23) (-1.58) 1 {.12) (13.85)
Costs are in December 1981 prices.
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characteristics are included like age, power to weight ratios and so
forth. Using the first EC equatidn of Table II.4, each 10 m/km in -
crease in rise plus fall is predicted to reduce parts costs by 20%. The
RF coefficients and signs are similar irrespective of the statistical
method used for estimation. This is a significant effect and until
evidence is provided to confirm its existence in other bus operations
it is recommended thaf geometry not be used. Extensive checks have been
performed on the raw vehicle data and these geometry effects cannot be

attributed to errors in the user cost data.

I11.5 TRUCKS PARTS CONSUMPTION

In Tables II.6 and II.7, when RF and ADC are simultaneously
included, RF takes a negative coefficient and ADC a positive coeffi -
cient. On occasions both are substantial but neither are well deter -
mined. When ADC is omitted, RF takes a positive coefficient which 1is
close to significant but too poorly determined to use. There does seem
to be evidence’in this data set for a positive rise plus fall effect
and if the user is prepared to proceed with equations with marginally
insignificant coefficients thén one of the equations including QI* and
RF could be used. .These generally suggest that each 10 m/km increase

in rise plus fall increases parts consumption by about 10-15%.

The results briefly referred to in the four vehicle classes
above are intended to give an impression of the analyses dealing with
geometry and vehicle parts consumption. Equations utilizing geometry
variables as main effects have been presented. Interactions between
highway characteristics are dealt with in the basic PICR technical memo-
.randum already referenced but at the moment there seems little evidence
to recommend any equations with such interactions. An interaction term
can be guite potent and care must always be taken when predicting from
equations wifh interactions. It is true that geometry can take a posi-
tive sign if roughness is not enfered as a main effect, but as one part
of an interaction term. However, omitting a main variable and ineclud-
ing it as an interaction may simply be 'forcing' a positive sign on the
coefficient of the interaction term. Therefore, such equations may be
misamcified and thus misrepresént the PICR user survey data. There is
little evidence from the data or from other'sources to suggest what

should be the correct sign for geométry in a parts equation.
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TABLE II.6 - TRUCKS - WITHOUT VEHICLE CHARACTERISTICS,
WITHOUT VEHICLE AGE - DEPENDENT VARIABLE IS LN
(PARTS CONSUMPTION)
' N 2 |5 . 2]a.2
Method| Intercept TIP ST Ax2 Q1 RF ADC R u |Sw
oLS 7.685 . ~-.493 .745 -.283 .00937 | .0212 .60
OLSCE -.072 -.188 L0175 .00510 .17
(~.26) (~.80}1 (5.72) (.24}
EC 7.762 -.400 .416 -.298 .0132 .0150 .101 [.148
(-1.98)](2.31) {(~1.27)] (5.88) (1.51)
oLS 9,144 -."572 .647 -.306| -.000378| -.0173 .00627 | .83
OLSCE -.070 -.157 .0148 | -.0245 .00314 | .17
: (-.25) | (-.55)} (3.15) (-.55) (.75)
EC 8.418 -.445 .431 -.287 .00892 | -.00350| .00304 .083(.148
(7.98) (-2.28)}102.49) {(-1.29)] (2.22) (-.18) {(1.14)
NOTE: See Appendix I for definitions of the variables.
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TABLE TII.7 - TRUCKS - WITH VEHICLE CHARACTERISTICS, WITH VEHICLE AGE
DEPENDENT VARIABLE IS

LN'(PARTS CONSUMPTION)

Method |Intercept TIP ST Ax2 PW TACH QI* - RF ADC 1n(K) R2 Su2 E w2
OLS B8.226 -.117 .698| .273 .;.057 -.116 -.0122 .432] .66
NLSCE -,105 -.135 -.014 .0190 .3641 .32
(-.41) (-.52] (-.389) (7.35) (6.39)
EC 6.284 -.191 .290 .00489 ~.035 .185 .0188 .3681° .097 .123
{(-1.00)](1.82) (.02) (-1.00) (.83) (7.72) (6.58)
OLS 6.836 ~ 4285 .5886 .078 ~-.061 -,113 0071 -.00136 .00321 3641 .71
OLSCE -.102 -.077 -.028 .0128 -,09801 .00818 .391} .33
(-.40)| (-.30) (-.78) (2.80) {(-2.18) (2.08), (6.72)
EC 6.750 A-.273 .338 .0128 -,0512 .173 0122 ~.00768 .00308 . 359 072 121
(~1.48))1(1.99) (.08) (-1.443 (.86) (3.28) (-.44) (1.24) (6.44)
oLsS 5.803 -,245 .743 . 105 -.059 -.136 .0122 .0181 3971 .71
OLSCE. -.108 -.133 -.008 .01398 -.0145 .371] .32
(-.42)} (~.51) (-.22) (7.00) (-.72) {(6.41)
EC 6.004 -.232| .380 .0038 -.043 .148 .0159 .0117 . 364 1088 .123
(-1.31){(2.30) (.02) (-1.24) (.85) (7.81) {1.40) (6.54]

"NOTE: See Appendix I for definitions of the variables.

122!
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At the moment the best available parts equatiaons are those
using roughness and vehicle ége effects, as presented in the main text.
Geometry effects can, at present, be discerned but without a clear un-
derstanding of their meaning or apparent inconsistencies. Therefore,
it is recommended that they not yet be used as a basis for highway
planning. The difficulty of obtaining geometric effects may be partly
due to the small range Df'geomefry in thé routes surveyed, or it may
be partly due_ to the_ _weakness of the hypothesized.form in the parts-
geometry relationship. In the light of experience gained in both the
Brazil and Kenya stﬁdies, it is suspected that there are elements of
truth in both ekplanations. If a strong parts cost~geometry relation-
ship exists, it may only operate over a small range representing severe
geaometry., In Brazil such geometry 1s rarely observed on representative
routes and when it does appear it is frequently averaged out when the
vehicle geometry is calculated. Accordingly it may be more appropriate
to wait until further evidence on the parts-geometry relationship 'is.
made available from the Indlan study. The existing equations from the

Brazil study can then be reassessed and further work carried out.
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APPENDIX III - EQUATIONS FOR PREDICTING
THE EFFECT OF ROAD GEOMETRY ON VEHICLE
UTILIZATION
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111.1 INTRODUCTION

The utilization éqUations presented in the main text do not
include geometry effects. However, when it was decided to reanalyse
vehicle utilization with the 1981 data‘éet, the effects of geometry were
specifically addreésed since it was expected that these effects, acting
through speed charges, would exert a significant influence on utiliza-
tion. Previous analyses ( GEIPOT, 19803 had always
shown weak or insignificant geometry effects. The results of estimat -
ing geometry effects on vehicle utilization presented in this Appendix
are taken from a more detailed PICR technical memo (Chesher and Harrison,

10/19881).

111.72 COMMERCIAL CAR UTILIZATION

The utilization of privately owned cars has already been re-
ported in the main text and since no regression equationé involving
highway characteristics were derived for this vehicle class (private
cars being always underutilized), only results for commercial cars will
be reported here. The linear equation, estimated by the EC method,

reported in the main text is:

UT = 5,797-0.0259QI*+G,00733RL+0.00268K (III.1)
(5.13) (-2.99) (5.19) (1.34) '
G=0.90 S =1,6442 S =2.2153
u W

No geometry effects can be found, which 1s probably due to the limited
variation in geometry with the commercial car data set. Since it may
be important to have an eqpation containing a geometry effect a correc-
tion is now made to (III.1) to produce such an effect. This correction
is derived from the aggregate speed equation of the time and fuel algo-
rithm ( MTC) developed by the Experimental Fuel and Speed Group within
the PICR.. The latest version of this egquation (Moser, 05/1980) was used,

et H be hours driven per month and S be speed in kilometers

per hour. From (III.1) these can be incorporated to form:

s = 1899 (5.797-0,025901*+0,00733RL+0.00268K) (I11.2)

H

‘This can be regarded as speed at the mean rise plus fall(RFhmd
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average degrees of curvature (ADC) of the car user survey data. If the
geometry terms from the MTC aggregate speed equation are extracted the

following expression is obtained:

(-.114RPF11-.164CRV11~-.078CRV12) (IIT.3)
Where
RPF11 = RF RF < 27

= 27 RF 2 27
CRV11 = ADC ADC < 125

= 125 ADC 2 125
CRV12 = 0O ADC < 125

>

= (ADC-125)} ADC = 125

The interaction terms between roughness, surface type and
geometry in the MTC aggregate egquation have been addressed by estimat-
ing the percentage of paved and unpaved operation for the car data set,
together with the average roughness for each surface type. These val-
ues have been substituted intoc the interaction terms in the MTC aggre-
gate equation to eliminate surface type and roughness. The resulting
geametry terms have been added to the main geometry effects to give the

expression above although the changes are, in fact, only small.

Car routes in the survey data set have an average rise plus
fall of 29 m/km and average ADC of 56°/km. Substituting these values
into the expression (III.3) gives a value of -12.262. This is then

added to (ITII.3) to give:
SC = 12.262-,114RPF11-.184CRV11~.078CRV12 (ITI1.4)

The car speed term SC in (III.4) is added to (III.2), the im-
plied speed term from the utiliZGtidn equation, and the resulting ex-
pression multiplied by hours driven, H, to give the following adjusted

utilization equation:

U = 1000(5,797-0.0259QI*+0.00733RL+0,00268K) (ITII.S5)
+H(12.262-.114RPF11-.164CRV11-.078CRV12]
Note that U is km/month and not in units of 1000 km/month.

If the average geometry values found in fhe car data set are
used in (III.5), then it behaves exactly like the estimated equation
(IITI.1). The advantage of (III.5) is that it allows a geometry effect

on utilization to be calculated while mainteining the survey results
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regarding roughness, route length and vehicle age. Estimated values

of H, hours driven per monthlfor the PICR survey, are given in Table
ITII.7.
1171.3 UTILITY, BUS AND TRUCK UTILIZATION

The linear equation estimated by the EC method for these ve-
hicle classes incorporating rocad roughhess, route length and wvehicle

age but no geometry, as reported in the main text is:

UT = 8.172C2+8,543C3+11,143C4+11.268C5 (ITI.B)
(9.80) (13.83) (16.18) (0.181] :

-(0.0407C2+0,0159C3+0,0352(C4+C5))QI*
(-6.13) (-6.17) (-6.76)

+(0.00147+0.00485C3)RL-0.003(C3+C4+C5)K

(5.77) (6.88) (-10.14)
G=0.,92 S =1.,9904 S =1.4433
u w

Where

C2 = 41 if utility (non-delivery) » 0 otherwise
C3 = 1 if bus » 0 otherwise
C4 = 1 i+ medium truck (2 axle or 37axle], 0 otherwise
C5 = 1 if heavy articulated vehicle >, 0 otherwise

Following the same procedure detailed in section III.?1, corrections
can be made to egquation (III.8) so that geometry effects as estimated
in the MTC aggregate speed equation are incorporated. This produces

the following set of equations:

Utilities (non-delivery) (I11.7)
U = 1000(8.,172-0,0407QI*+0.0014RL)+H(12,.652
-.186RPF11-.178CRV11-.,055CRV12)
Buses (I11.8)
U = 1000(8.543-0.0159QI*+0,0083 RL~-0,003K )+H(10.451
-2195RPF11-.164CRV11-.,051CRV12)
Medium trucks and articulated vehicles (I11.9)
U = 1000(11.14384+11.288C5-0.0352QI*+D.OU147RL-D,003Km)
+H(16.852-,284RPF11-.164CTV11-.,051CRV12)

As for commercial cars, the dependent variable U is utilization in

kilometers per month.
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TABLE III.1 - ESTIMATED HOURS DRIVEN PER MONTH

Vehicle Class | Hours Driven
Cars 130
Utilities 150
Medium Trucks 170
Heavy Trucks 150
Buses 200

NOTE: Vehicles employing two shifts of driver per day are excluded

from these averages,

TABLE III.2 - AVERAGE VALUES FOR GEQMETRY

Vehicle Class | RE(m/km) | ADC °/km | %Paved | QI*

Cars 23 56 , 100 58

Utilities ' v 24 46 72 75
Buses 25 34 51 93

Trucks 31 58 83 63
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In calcuxdting the corrections the full vehicle terms
have been given a weight of 0.75 and the empty vehicle terms a weight

of 0.25, The average values for geometry are shown in Table III.Z2.

Equation (III.B) estimated from the user survey data does not
include road geometry. When rise plus fall is introduced with or with-
out ADC, a positive, poorly determined coefficient is obtained. In-
troducing ADC alone does give a negative coefficient but its standard
error is large. Neveriheless, a pooled equation incorporating- ADC 1is
presented to show how the equation alters on including horizontal gec-
metry. The linear equation, estimated by the OLSCE method is reported

below.

utT = 11.776€C2+8,136C3+11,386C4+10.745C5 (ITT.101)

-(.0585C2-.,0128C3~.0412(C4+C5))QI*-,00427ADC
(-8.88) (-4.57) (-5.32) (-1.15)

+(.000504+,00578C3)RL+(.,00765~.,01076(C3+C4+C5)K
(1.46) (8.85) (7.74) (-9.76)

R2=0.45 "5=1,4075

It is. recommended that this equation is not used until esti-
mation using the EC method has been completed. It appears as though
the EC method will yield the best equations. As an example of future

work a linear bus equation is presented, estimated by the EC method:-

uT = 8.8073-0.0148QI*+D.UOSBZRL—U.DDBSZK (II1.11)
(15.78) (-5.12) (7.94) - (-10.09)
-0.00B662ADC
(-1.51)
G=0.51 S =1.4253 S =1.5188
' u W

This gives predictions that are very similar to those obtained by the
pooled EC equation III.B8. The effect of horizontal geometry is small:
raising ADC by 50°/km reduces utilization by 4 percent. It would be
most useful to estimate séparate vehicle class utilization equations ,
using the EC method,vin the future. The pooled equation and separate
vehicle class equations would complement each other and geometry effects

may be more easily estimated by vehicle class.

111.4 RECOMMENDATIONS

If utilization equations incorporating the effects of road

geometry are required, then a selection of equations reported in this
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Appendix can be used. At this stage equation (III.5) is recommended
for commercial car utilization. The specialized nature of the commer-
cial car business should be noted as it gives rise to high levels of
utilization. Private car utilization rates have been examined and re-
ported (Harrison, 12/1880), as stated earlier. If the type of business
activity is unknown for cars in the traffic stream, then it is safer to

adopt private car utilization rates.

Equations (III.7), (III.8) and (III.9) are recommended for
utility, bus and truck utilization respectively. It should be noted
“that the utility vehicles are engaged in non-delivery work where high
utilization levels can be attained. Predictions from equation (III.7)

should therefore always be checked with other sources of information.

The equation for commercial cars shows a positive rage coef--
ficient and this has been investigated. Is is the result of special fea-
tures of the user survey car data set where vehicles with different ages
in kilometers are treated similarly. It is 1likely that this effect will
not be reproduced equally strongly in applications elsewhere and ac -
cordingly users afe recommended to set age in kilometers to the user

éurvey average, 101,000 for commercial cars, before using the equation.

Finally, a peculiar feature in the MTC aggregate speed equa-
tion is noted which affects the correction. Speed is not affected ' by
rise plus fall once this exceeds 27 m/km. "This needs investigation and
when a new MTC aggregate speed equation is estimated, equations (IILS),

(I111.7), (ITII.8) and (IIT.S) will have to be altered.

Digitised by the University of Pretoria, Library Services, 2015



APPENDIX IV - COMPANY DATA FOR
COMPARISON WITH TARIFF AND RATES

Digitised by the University of Pretoria, Library Services, 2015



Digitised by the University of Pretoria, Library Services, 2015



V.1 INTRODUCTION

157

Details on the companies specified in Tables 4.12 and 4.13

appear in Tables IV.1
ly described in terms
type selected and the

These characteristics

to IV.8 of this Appendix. Each company is brief-
of 1ts business activity, the route and vehicle
highway characteristics of the route specified .

are derived from the User Survey route invehtory.

An estimate of total cost per km is then made using the recommended.

equations for each cost item reported in the main text. Finally, the

information on rates and tariffs collected in August is given and there-

fore the estimated and prevailing operating costs can be compared.
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TABLE IV.1 - COMPANY 1

This company hauls sand and gravel 100 km to Brasilia.

Vehicles are 2 axle tippers, aged 5 years or 500,000km.

Highway Characteristics: 47 QI*, 31 RF, 32 ADC

PICR Cost/km Estimate

Fuel 13,68
0il 0,83
Parts 4,27
Labor 1,03
Tires 3,74
Depreciation 1,27
Interest 0,87

25,89
Driver 3,25

Total 28,94

Company Tariffs

The company receives 8380 cruzeiros per trip
and after expenses has 7080 cruzeiros to cover
transport costs, overheads and profit. There-
fore earnings are 3.54 cruzeiros per tonne.km
and PICR estimated transport costs 2.88 cru-
zeiros. Hired owner-drivers are offered 2.28

cruzeiros per tonne.km.
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TABLE IV.Z - COMPANY 2

This company hauls quarried material 20 km to a crushing
plant. The vehicles employed are 2 axle tippers and average 5 years

or 400,000km.

Highway Characteristics: 183 QI*, 37 RF, 54 ADC

PICR Cost/km Estimate

Fuel 15,84
0il 0,96
Parts 15,14
Labor 2,52
Tires 6,22
Bepreciation 3,39
Interest 2,33

46,40
Driver 8,08

Total 54 ,48-

Company Tariffs

Operators on the most heavily used route, mea -
sured above, receive 201 cruzeiros per tonne

for the 40 km round trip. Their vehicles exceed
the legal axle and gross limits. If the legal
load 1limit for this vehicle type is applied to
both estimated and actual‘costs, the sérnings
‘ber tonne.km are 5.03 cruzeiros and the PICR

estimated transport costs are 5.45 cruzeiros,
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TABLE IV.3 - COMPANY 3

This company has a contract to take minerals 50 km to a

smelter. It runs its own fleet and also hires 2 axle tipping vehi -

cles. The rates it receives from the smelting company include a por-

tion for the maintenance of 35 km of unpaved road. Therefore the

rates the company offers owner-drivers after deducting for this road

service and general overheads are used.

pers 5 years o0ld or with 400,000 km.,.

Highway Characteristics:

118 QI*,

PICR Cost/km Estimate

Fuel

pil

Parts

Labor

Tires
Depreciation

Interest

Driver
Total

Company Tariffs

14,727
0,83
11,62
2,46
6,44
2,00

1,3%

39,49

4,75

44,24

The vehicles are 2 axle tip-

47 RF, 271 ADC

The company pay 486 cruzeiros per tonne and the 1load

is limited to its legal maximum 10 tonnes, yielding

4860 cruzeiros per trip.

The earnings are therefore

4,886 cruzeiros per tonne,km and the PICR estimated

costs are 4.42 cruzeiros per tonne.km.
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TABLE IV.4 - COMPANY 4

This company has two distinct haulage operations carrying
charcoal and minerals. A 3 axle truck is selected to represent char -
coal haulage and cperates on a route of 400 km. The vehicle 1s aged'4
years or 400,080 km. A two axle tipping vehicle is chosen for mineral
haulage running 15 km to the smelting plant. it has an average age of

4 years or 350,000 km.

Highway Characteristics Charcocal 62 QI*, 31 RF, 27 ADC
Minerals 100 QI*, 38 RF, 60 ADC

PICR Cost/km Estimate

Charcoal Minerals

Fuel 13,80 14,48
0i1l 0,83 0,86
Parts 7,14 10,18
Labor 1,91 2,30
Tires 6,75 4,75
Depreciation 1,77 1,74
Interest 1,22 1;19
| 33,52 35,60
Driver 3,72 4,46
Total 37,24 49,06

Company Tariffs

The vehicles hired by the company were standardized so
that their loads did not exceed the legal limit for
either type. Therefore a 14 tonne cargo for the 3 axle
yielded cost per tonne.km of 2.28 cruzeiros and the
mineral tipper’'s éost per tonne.km was 4.88 Qith its 1load
of 10 tonnes, compared with the PICR estimated costs per

tonne/km of 2.66 and 4.01 cruzeiros, respectively.

Digitised by the University of Pretoria, Library Services, 2015



162

TABLE IV.,5 - COMPANY 5

This company runs its own fleet of vehicles as well as
hiring owner~drivers on a regular basis. Two vehicle/routes are chosen;
a 3 axle truck carrying cement in bags 30 km to a distributor and a
heavy articulated bulk cement unit operating over a route of 37 km, both

paved routes.

Highway Characteristics Bags 40 QI*, 38 RF, 60 ADC
Bulk 52 QI*, 36 RF, 58 ADC

PICR Cost/km Estimate

Articulated(Bulk) 3 Axle(Bags)

Fuel 30,85 13,57
0il 1,086 .0,83
Parts 11,27 5,38
Labor } Tractor 3 47 vehicle 1 4 65

Parts 4,85

Labor i Trailer  gg
Tires 9,25 6,69
Depreciation 3,72 2,28
Interest 2,80 1,57
| 68,97 31,98
Driver 6,51 4,62
Total 75,48 36,60

Company Tariffs

The company pays 10 cruzeiros per bag and the 3 axle

truck carries 250 bags over the 60 km round trip. Its

per km earnings of 41,68 are staﬁdardized by the load

of 12,5 tonnes to yield 3.33 cruzeiros per tonne km.

The PICR costs equally standardized are 2.83. The heavy
articulated vehicles (26 tonne load) are operated by the
company and i1t allocates 85,03 cruzeiros per. km for this
yehicle which yields 3.27 cruzeiros per tonne.km; compared
with 2,90 cruzeiros per tonne.km for the PICR estimated

costs,

Digitised by the University of Pretoria, Library Services, 2015



163
TABLE IV.6 - COMPANY B

This company distributes milk products and occasionally
hires vehicles. to supplement its own fleet. The vehicle selected for
this exercise is a hired heavy tractor (onlyl), age 4 years or 400,000

km.

Highway Characteristics: 20 QI*, 28 RF, 11 ADC

PICR Cost/km Estimate

Fuel 23,48
0il 0,83
Parts 10,12
Labor 3,28
Tires 2,81
Depreciation 2,88
Interest 2,44

45,94
Driver 5,17

Total 51,11

Company Tariffs

This company said that it paid 52 cruzeiros for the hire
of this tractor and when standardized with a 26 tonne
load, the hire yields 2 cruzeiros per tonne.km and the

PICR estimated cost is 1.97 cruzeiros per tone.km. .
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TABLE IV.7 - COMPANY 7

This bus company operates predominantly on unpaved routes
and the one selected for this exercise is 280 km in length. The buses
are of chassis construction with a unsophisticated, but strong, body.

The vehicles average age is 5 years or 400,000 km.

Highway Characteristics: 158 QI*, 30 RF, 28 ADC

PICR Cost/km Estimate

Fuel 12,84
0i1l 1,62
Parts 8,52
Labor 3,33
Tires 5,02
Depreciation 4,40
Interest 3,13

38,86
Crew 9,94

Total 48,80

Company Tariffs

The data furnished for this route were impossible to

analyse in the above form because the number of passengers
leaving and joining the vehicles along the route ecould not
be,oolkxﬁed.However, the per km.ticket chargevisv2;834
cruzeiros and a 70 percent seat occupancy was given. This
gives 65.85 cruzeiros per km, given a capacity of 36 seats.

The PICR estimated passenger.km cost is 1.95.
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TABLE IV.8 - COMPANY 8

This company operates on paved routes and one of 180 km
is selected. The buses are of monocoque construction and the average

age is 4 years or 400,000 km.

Highway Characteristicss: 41 QI*, 33 RF, 13 ADC

PICR Cost/km Estimate

.Fuel 11,88
0il 1,44
Parts 5,84
Labor 1,50
Tires 3,75-
Depreciation 4,86
Interest _ 3,85

32,92
Crew 8,37

Total 41,29

Company Tarif-fs

The per .km ticket charge is 1.7Z and occupancy on this
route was given at 75 pércent which, with a seating capa-
city of 36, gives 27 passenger per bus. The total earnings
per km are therefore 47.68 and the estimated PICR cost per

passenger km for the same occupancy is 1.53 cruzeiros.
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APPENDI-X V - MTC AGGREGATE EQUATION
FOR FUEL CONSUMPTION
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V.l INTRODUCTION

This equation is derived frem analyses Comple.t.ed in 1980 and
more details are contained in the relevant PICR document (Moser, 05/

19s80).
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TABLE V.1

FUEL AGGREGATION REGRESSION

. Std. Error
Parameter Estlmateb of Estimate
Intercept 1.7 0.05
RPF11 -,0059 0.002
CRV11 -.0016 0.00036
CRV12 -.00099 0.00021
ALT -,01785 0.0015
Intercept2 « 25 0.014
QI*11 -.0025 0.0003
QI *12 -.0025 0.000689
QI*21 -.0022 0.00015
QI *22 -.0007 0.00054
CRV12.ST .00016 | 0.000056
QI*22.RPF11 | -.000057 0,000021
91*12.CcRV11 | -.0000094 | 0.0000068
er*12.cRV11 | -.000013 | 0.0000034
9r*12.crv12 | -.000019 | 0.0000044
V2 -.,0376 0.0036
V3 .144 0.0113
va .144 0.0113
V8 .215 0.0148
V7 -.218 0.0137
V8 -.580 0.0150
V2.ALT -,0015 0.00034
V3. ALT .0030 0.00034
V4 ALT L0014 0.00034
VB.ALT ,0023 0.00046
V7. ALT -.00186 0.00046
VB.ALT -.0064 0.00046
V3.RPF11 L0031 0.00047
V4 .,RPF11 L0024 0,00047
VB.RPF11 -.0023 | 0.00061
V7.RPF11 -.0013 0.00081
V8.RPF11 -.0050 0.00061
V3.CRV11 .00037 0.000071
V4,CRV11 ,00014 0,000071
VB.CRV11 -.00089 0.000092
V8.CRV11 -.00020 0.,000092
V7.CRV12 .00014 0.000039
V3.ST .0163 0.0026
V2.QI*12 .00071 0.00014
V8.QI*22 -.00089 '0.00016
V8 .PWI -.008 0.0031
RPF11.PWI .00031 0.000038
V8.RPF11.PWI| .00023 0.00014
CRV11.PWI .00004 0.,0000082
V7.CRV11.PWI| .00022 0.000014
V8.CRV11.PWI| .00018 0.000022
CRV12.PWI .000021 0.0000054
V7.ST.PWI .0038 0.0013
VB8,ST.PWI .0048 0.00090
ALT.PWI ,00021 0.000046
V7 ALT.PWI .00043 0.00015
V8.ALT.PWI .00038 0.00011
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Where
V2 = 2 if bus 5 0 if not car or bus 3-2 if car
V3 = 2 if empty utility 3 0 if not car or empty utility 3=-2 if car
v4 = 2 if Ffull utility 3 0 if not car of full utility . 3=2 if car
V6 = 1 if light diesel truck ; 0 if not car or light diesel truck;-2 if car
V7 = 1 if medium diesel truck; 0 if not car or medium diesel truck;-2 if car
V8 = 1 if heavy diesel truck ; 0 if not car or heavy diesel truck}—Z if car

PWI= (PW-29.0) if light diesel truck;
(PW-14,9) if medium diesel truck;
(PW-13,4) if heavy diesel truck.

27 if RPF > 27
(RPF=-27) if RPF > = 27

RPE11 = RPF if RPF < 27 and.
RPF12 0 if RPF < 27 and
CRV1l = CRV if CRV < 125 and =125 if CRV > =125

(CRV-125) if CRV > =125

1
]

CRV12 = 0 if CRV <125 and =
ALT = (Rise - Fall) m/km

ST ='~1 1if paved and = 1 if unpaved

QI*11 = QI* if ST=-1 and QI* <=65; 65 if ST=-1 and QI* 65

QI*12 = 0 if ST=-1 and QI* <365; (QI*-65) if ST=~1 and QI*> 65
QI*21 = QI* if ST=-1 and QI*<=135;135 if ST=1 and QI*>135

QI*22 = 0 if ST=1 and QI* <=135;(QI*-135)if ST=1 and QI*> 135
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The equation is difficult to work with in the form presented
in Table V.1. Since the eguation was generated within the four levels
of each experiment it can simply be aggregated to provide one oaverall
equation for fuel., However, the vehicle class definitions are comple-
cated and therefore the final equations are presented per vehicle class
for fuel in Table V.2. The values in this table represent the coceffi-

cient for the independent variable listed at the side of esach rows

TABLE V.2 - COEFFICIENTS FOR THE FUEL AGGREGATION EQUATION

& <’ & & &
& Aé? S & ~ $ <§?
N 9 o NN &
NS * ™ «* &"* :

1,37 1.73 2,17 2,24 2.24 1.88 2,61 INTER
-.0109 . | -.0072 -.0082 | -.0012 0 -.0059 | 1 O RPF11
-.0018 -.0016 |[-.0025 -.0013 | -,00086 |-.0016 ~.00047 | CRV11
-.00099 | -,00085 |-.00098 | -.00098 | -.00099 |-.00099 | -,00127 |- CRV12
-.02430 | -.01841 |-,01555 | -,01505 | ~-.01185 |[-.0208 -.00123 | ALT

0 0 o 0 +033 0 -.033 | sT

-.0061 0 a 0 0 0 0 | PWI

.00054 .00031 .00031 0 o 0 0 PWI.RPF11

.00022 .00026 | .00004 a 0 0 Q PWI.CRV11

.00021 .00021 .00021 0 0 a 0 PWI.CRV12

.0048 0038 0 ) 0 0 a PWI.ST
-.00059 .00064 .00021 o | o 0 a PWI.ALT
-.0025 ~.0025 -.0025 ~.0025 ~.0025 -.0025 -.0025 | QI 11
-.0025 -.0025 -.0025 ~-.0025 -.0025 -.0025 -.0025 | QI 12
-.0022 -.0022 |~-.0022 -.0022 -.0022 -.0022 -.0022 | QI 21
-.00159 | -,0007 {-.0007 | -.0007 | -.0007 0 -.00032 | QT 22

.00015 00015 .00015 .00015 00015 .00015 .00015 | ST.CRV12
~-.,000057 | -,000057 |-.000057 | -.000057| -.000057 |-.000057 | -.000057] QI 22.RPF11
.-.000009 | -,000009 |-.000009 | -.000009| -,000009 |-.000008| -.000003} QI 12.CRV11
-.000013| -,000013 |-.000013 | -,000013| -.000013 |=-.000013| -.000013} QI 22.CRV1l
-.000019 | -.000019 |-.000019 | -.000018| -.000018 |-.000018 | -.000018] QI 12,CRV11
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TABLE VI.1 -~ CAR

Model VW 1300 Cr$407.000,00
Tire Cr$ 3.125,00-
Tire Inner Tube Trs$ 750,00
Motor 0il Crs$ 156,00
Gasoline Crs 75,00
Transmission O0il Cr$ 175,00
Washing and Lubrification Cr$ 1.350,00
Driver's Salary Cr$ 12.600,00

NOTESFOR ALL TABLES: 1. All gasoline, diesel, motor and
transmission oils are in liters.

2. Drivers'salary is per -month.
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TABLE VI.Z

TABLE VI.3

UTILITY DIESEL

Model 608D Cr$1.764.776,00
Body/Tipping Body Cr$ 32.6800,00
Tire Cr$  10.800,00
Recap Tire Cr$ 3.300,00
Tire Inner Tube Crs$ 1.170,00
Motor 0il Crs$ 156,00
Diesel 0Dil Cr$ 42,00
Transmission 011l Cr$ 175,00
Washing and Lubrification Cr$ 2.390,00
Driver’'s Salary Cr$ 12,600,00
UTILITY GASOLINE

Model VW Kombi Cr$738.204,00
Tire Cr$ 5.425,00
Tire Inner Tube Crs$ 750,00
Motor 0il Cr$ 156,00
Gasoline cCrs$ 75,00
Transmission 0il Cr$ 175,00
Washing and Lubrification Cr$ 1.560,00
Driver's Salary Cr$ 12.600,00
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"TABLE VI.5

-

MEDIUM TRUCK, 2 AXLE TIPPER

177

Model LK1313 Cr$2.229.018,00
Body Cr$ 256.000,00
Tire Cr$ 27.410,00
Recap Tire Crs 5.000,00
Tire Inner Tube Cr$ 1.650,00
Motor 0il Cr$ 156,00
Diesel 0il Cr$ 42,00
Transmission 0il Crs 175,00
Washing and Lubrification Cr$ 3.720,00
‘Driver's Salary cr$ 16.000,00
MEDIUM TRUCK, 3 AXLE FLAT

Model L2013/42 Cr$2.355.488,00
Body Cr$ 422.000,00
Tire Crs$ 27.410,00
Recap Tire Crs$ 5.000,00
Tire Inner Tube Crs 1.650,00
Motor 0il Crs 175,00
Diesel 0il Cr$ 42.00
Transmission 0il Crs 175,00
Washing and Lubrification Cr$ 2.760,00
Driver's Salary Cr$ 16.000,00
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TABLE VI.6 - BUS MONOCOQUE

Model 0OM352 Cr$6.085,738,00
Tire Cr$ 27.410,00
Recap Tire Cr$ 5.000,00
Tire Inner Tube Crs 1.650,00
Motor 0il Cr$ 156,00
Diesel 0il Cr$ 42,00
Transmission 0il Cr$ 195,00
Washing and Lubrification Cr$ 4,080,00
Driver's Salary (intercityl Cr$ 32.720,00
Driver's Salary (urbanl Cr$ | 26.000,00
Conductor’'s Salary (urbanl Cr$v 10.438,00

NOTE: BUS CHASSIS: Model LP01113 Cr$2.486.411,00
BODY : Cr$3.,200.000,00

TABLE VI.7 - HEAVY ARTICULATED TRUCK

Model Scania T112M £r$6.012.000,00
Body ' Cr$2.500.000,00
Tire . Cr$ 42,.000,00
Recap Tire cr$ 6.800,00
Tire Inner Tube Cr$ 2.760,00
Motor 01l1/(1liter) Crs 158;00
Diesel D1l . Cr$ 42,00
Transmission 0il _ Crs 175,00
Washing and Lubrifiecation Cr$ 5.150,00
Driver's Salary/[monfh] Cr$ 29.000,00
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V11,1 INTRODUCTION

This equation is derived from analyses completed in 1980 and

more details are contained in a PICR document (Moser, 05/198Q1.
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TABLE VII.1 -SPEED AGGREGATION REGRESSION

Std. Error

Parameter Estimate of Estimate
Interceptl 75.5 2.4
RPF11 -0.195 0.097
CRV11 -0,180 0.017
CRV12 ~-0.047 0.0099
ALT -0.282 0.0268
Intercept2 7.88 0.452
ST -1.14 0.598
QI*11 -0.089 0.012
QI*12 -0,082 0.033
QI*21 -0.072 0.008
QI*22 -0.048 0.015
ST.CRV11 -0,016 0.004
ST.CRV12 0.016 0.002
QI*22,.RPF11}| -0.0024 0.00062
QI*12.CRV11| -0.001 0.00022
QI*21.CRV11 0.00013 0.000047
QI*22,.CRV1Z2 0.00010 0.000066
CI 7.02 0.50
c2 -5.88 0.48
c3 1.70 0.45
c4 1.36 0.45
C5 0.64 0.30
Cl.RPF11 0,081 0.018
C3.RPF11 0.037 0.018
C2.CRV11 0.007 0.002
C3.CRV11 0.007 0.002
C4.CRV11 ~-0.0186 0.002
C1.CRV12 -0,015 0.001
C2.CRV12 0.005 0.001
C3.CRV12 -0,003 0,001
C5.CRV12 0.005 0.001
Cl.ALT 0.135 0.010
C2.ALT -0,170 0.010
C3.ALT 0.127 0.010
C4.ALT 0.082 0.010
Cl.ST 2.3 0.389
C2.ST ~-1.6 0.39
C3.ST 1.9 0.27
C4.ST 2.6 0.39
C5.ST -1.5 0.29
Cl.QI*11 . 0.035 0.010
C2.QI*11 0.042 0.010
C3.QI*11 0.030 0.010
C4.QI*11 -0,038 0.010
C5.QI*11 -0,043 0.010
C2.QI*12 0.031 0.010
C4.QI*12 -0.,021 0.010
C5.QI*12 -0,016 0.010
Cl.QI*21 -0.029 0,004
C2.QI*21 0.033 0.005
C4.QI*21 0.026 0.004
C2.Q1*22 0.0286 0.004
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TABLE VII.1 - SPEED AGGREGATION REGRESSION (CONT'D]

Where

RPF1l = RPF if RPF < 27 and = 27 if RPF 2 27
RPF12 = 0 if RPF < 27 and = (RPF-27) if RPF 2 27
CRV11l = CRV if CRV < 125 and =125 i+ CRV 2 125
CRV12 = 0 1if CRV <125 and = (CRV-125])if CRV > 125
ALT = (Rise - Fall) m/km
ST = -1 1if paved and = 1 if unpaved
QI*11 = QI* if ST=-1 and QI*<=65; 65 if ST=-1 and QI*>65
I*12 = 0 if ST=-1 and QI*<=85; (QI*-65} if ST=-1 and QI*>65
QI*21 = QI* if ST=-1 and QI*<=135; 135 if ST=1 and QI*>135
QI*22 = Q iF.ST=1 and QI*<=135;(QI*-135)if ST=1 and QI*>135
Cl = 1 1if CLASS=cars; 0 if CLASS not cars .or full trucks;

-1 if CLASS=full truck
C2 = 1 .if CLASS=buses; 0 if CLASS not buses or full trucks;

-1 if CLASS=full truck
C5 = 1 if CLASS=empty truck; 0 if CLASS not trucks;

-1 1if CLASS=full truck

Digitised by the University of Pretoria, Library Services, 2015



184
TABLE VII.Z2 - COEFFICIENTS OF THE SPEED AGGREGATION EQUATION

The speed equation is difficult to work with in the form
presented in Table VII.., Since the equations were generated within the

four levels of each expefiment they can be summed together to provide

one overall equation for spesd. However, the class definitions are
complicated and therefore the final equations are presented per vehicle
class for speed in Table VII.Z. The values in the. Table VII.2 represents
the coefficient for the independent variable listed at the top of each

column.

; - ST ST [oTF22 |oTri2joT*21 QI*22
Inter|RPF11} CRVI1|CRY12| ALT [ST RTF11T QT%12;0T7%21 [QTF22 | rv11[cRVIZ2{ RPF11{CRV11| CRV11] CRV1?2

Class

Ear 80.3|-.114{-.180 |-.062)-,147] 1.2% -.054|-.082/-.101|~.048-.016|-,.016}-,0024]-.001}|.00013}.0001
Bus 77.41-.185]~.173 {-.042| - 452}-2,7| -.047{~-.051}-.038| - .022{-.016|-.016|-.0024{-.001{00013(.0001
Empty |85.0-.158|-.173 [-.050|-,155} 0.7|-.059|-.082|-.072| ~.048|-.016|-,016|-.0024|-.001.00013}.0001
Stility .

Full |84.7/-.195]-.196 |-.047|-.2004-3.7|~.127|-.103{-.046(-.048/~.016~,016|-.0024}~.001}.00013].0001
eility :

Empt .

Trﬂci- 82.9}~-.195{-.180 }-,042|-.282{-2,7]-.132}-.098{-.072| -.048/~.016}-,016|-.0024]|-.001}.00013/.0001
Full ' : : ‘
Truck |78-3]|7+313|-.178 |-.038} -.456|-0.4] -.115}-.076}-.102{ -.074-.016|-,016|~ 0024|~.001}.00013/.0001
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APPENDIX VIII - BUS OPERATING COSTS
PER KM, PAVED AND UNPAVED ROADS,
FROM SUTEG DATA
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VITT.1 INTRODUCI.ION

Each State-is responsible for fixing passenger.km charges for
routes within its boundaries. A visit was made during .the tariff and
rate survey to the State agencies in Gbigs and Minas Gerais which fix
the passenger rates. In Goids, the Agency, SUTEG - Superintendénciade
Transportes e'Terminais de Goids, furnished considerable information on
‘the pricing procedures*and this "has been evaluated by PICR staff. The
data used for the evaluation  of bué fares comes from the companies them-
selves and is rather dominated by one large company. The SUTEG Agency
‘does not héve a large sta??, nor does it collect corroborative data so
some distortions may be present. In addition, the method of adjustment
heavily depends on providing evidence of price changes for key items .
The changes provide coefficients which are then applied to previous '
charges and this updating process clearly runs the risk of perpetuat -
ing mistakes in the basic method. However, it remains a rich and valu-
able source of data, particularly on the cost items not collected by
the PICR but nevertheless appropriate to bus operations. In this Ap -
‘pendix a percentage breakdown, by all cost items, in units of bus cost/
Km;is presented, based on SUTEG data at May, 1881, The costs are.iﬁ
.cruzeiros at April, 1981 and are based on vehicles operating on 31 pav-

ed and 17 unpaved routes.

Digitised by the University of Pretoria, Library Services, 2015



188

TABLE VIII.1 - PERCENTAGE BREAKDOWN OF BUS OPERATING COSTS/KM,
PAVED. AND UNPAVED ROUTES, FROM SUTEG DATA

PAVED . UNPAVED
Operating Cost Item .
: Item %1 Totals Item % | Totals
1. Operational Costs:
i) Fuel 20 13
ii) 0Oils + Grease 1 1
i1ii) Tires : 4 4
iv) Maintenance Parts 7 12
v) Maintenance Labor 8 6
vij Other Labor
a) drivers 17 23
b) traffic .staff 4 3
vii) Other Costs’ 1 1
Total 1 62 63
2. Depreciation:
i) Vehicle 15 19
ii} Equipment 1 1
_ Total 2 16 20
3. Interest Charges 9 g 8 8
4, Overhead Costs: '
1) Taxes, Insurance 1 1
ii) Administration 10 8
_ Total 4 | 11 - 7
5. Expansion Allowance 2 2 2 2
Overall Total 100 & 100 100 100

Digitised by the University of Pretoria, Library Services, 2015



APPENDIX IX - GOODNESS OF FIT MEASURES
IN ERROR COMPONENT MODELS
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Consider the Vehicle Operating Cost Model

k
Yig = 2 ByXgpy toup toWiy (IX.1)
j=1
Where
i indexes comparies;
indexes vehicles within companies;
yit is a cost item;
xitj'ls an explanatory variable;
uy is an unobservable company specific effect; and
Wy is an unobservable vehicle specific effect.

In the parts analysis Bj.was estimated in (IX.1), regarding
the ui as variables whose variance is to be estimated, using the tech-
nique known -as estimated generalized least sqgquares. In the labor, tire
and utilization analyses the Bj's-in (IX.1) and the qi’s were estimated.
That is, a separate intercept was estimated for each company and for

reporting, the estimated company intercepts were averaged.

How can one measure the goodness of fit of the estimated ver-
sion of (IX.1)? In the conventioﬁal regression model (IX.2) where there
isva single érror st,

k
Yi =.§ Bjxtj L (IX.2)
j=1
the coefficient of mﬁltiple correlation [RZ] is commonly used. The R2
is defined as one minus the ratio of the variance of the residuals,
ét’ to the variance of the dependent variable yt. The residuals Et are
defined as the difference between the observed yt and the predicted
§t. The conventional R may also be regarded as the simple coefficient

of correlation between y, and 9t'

Those observations suggest two ways of developing a goodness

of fit measure for error component models.

Method 1 » A
The basic guestion is the extent to which variation in the

dependent variable Yit is not attributed to variations in the xitj’sor
the relative magnitudes of the variability of the error term u, * Wt
and the variability of the dependent variable Yige By assumption, in

the error components model, ui and wit are uncorrelated so that the
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variance of uy + Wit is the sum of the variance of ug and the variance
of Wit' In the course of the error components estimation these - two
variances are unbiasedly estimated by estimates which are denoted by
S 2 and Swz. The variance of the observed yit's is also available,
This is denoted by Syz. The first measure of goodness of fit is defin-
ed by:
2 2
G = 1-(s % + s %)/s (IX.3)
u w y
Exemple
For the parts equation (3,11) the relevant values are:
S 2 . 0.166 S 2 . 0.188 S 2 - 0.718
u w v
giving G = 0.506

There 1s no guarantee that 6 will lie between zero and ane.
However, in well specified models applied toc large samples it is ex -

pected tq behave well.

It is known that Su2 and SW2 are unbiased andzconsistent es-
timators of ‘the Corresponding population variances. Sy is a consis -
tent estimator of the variance of the dependent variable in the popu-
lation of Brazilian vehicles if the relative company fleet sizes ap -
pearing in the sample afe representative of. whose found in Brazii. If
this is the case, theﬁ G can be regarded as consistently estimating

‘ 2
'1-(0u2 + OWZ]/Gy where the 02’5 are the population,counterparts of the

32'5.

Method 2
The first method closely parallels the procedure used in con-

ventional regression models which defines R2 as one minus the ratio of
unexplained to total variation. The second method considers the cor -

relation between the predicted and observed values of the dependent

variables,

k -
Define 91* as & B

R SR
j=1 1 1¥d
kihere
Bj is the estimated generalized least squares estimator of
BJ' Then we define our second measure of goodness of fit, H by:
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NG i _ - |2
7T (y. .-yl (Y. . -%)

N S S W 1t (IX.4)
N Ti = 2
z L (y.,=vy)
i=1 £=1 %

That is H is the simple correlation between 9it and Vg In (IX.4) we

N - e
assume N companies, Ti vehicles in company i., vy and y are the means

of yit and 9it' By definition H always lies between zero and one.

H is more difficult to calculate because the statistics used
to produce it are not available on the listings produced by the present
computer programs. Hence no example of the calculation of H is provid-
ed. In situations in which G is negative, Calouiatioh of H may be ad-

visable.

When the ui’s are estimated, th;t is, when a separate inter-
cept is estimated for each company, the- R reported in the PICR reports
and memoranda measures how much of the within company variation in the
dependent variabl’e‘yit is attributable fo within éompany variation in

the explanatory variables x, o It is important to realise that the

Rz's reported are much loweit%han those obtained in the equations in

which the company intercepts appear. Company effects typically explain
around 40 to 50% of the variation in user costs.. By knowing which com-

pany a vehicle comes from it is possible, without knowledge of highway

characteristics and so forth, to make guite a géod prediction for ve -

hicle costs. This reflects the researchers' judgement that it would be

misleading to report the necessarily high Rz's obtaihed when company

effects are estimated.

It is important to note that, by estimating company effects,
it was elected to not exploit much of the variation in costs and high-
way characteristics that are in the-datau Thié décision was made to
avoid biases in the estimated coefficients which could arise if company
effects were spuriously correlated with highway characteristics. Thus,
where company effects havevbeen estimated, it was deliberately chosen
to accept a lower R2 than one could obtain in return for obtaining

robust, unbiased estimates of the coefficients in the models.

In general, the fitted company intercept was grouped and
averaged in order to provide an equétion that is useful for predicting
user costs. Method 2 above could be used to calculate the goodness of

fit measure H for the resulting equations. To date this has not been
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APPENDI>X X - LABOR COST EQUATIONS
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X.1 INTRODUCTION

A variety of equations predictihg labor costs.of a function
of parts costs are presented in this Appendix. They are grouped into
two Tables. Table X.I»giyes equations estimated using the OLS method
and Table X.2 gives equations estimated using the OLSCE method. The
numbers of vehicles and companies in each vehicle class is given in

Table X.2. Labor costs are in December 1981 prices.
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TABLE X.1 - EQUATIONS RELATING LN[LABDR COSTS) to LN(PARTS COSTS) ESTIMATED USING INDIVIDUAL VEHICLE DATA (OLS)

Power Standard
Vehicle ) _ Rough- | Type Tacho- | Engine| . gf 2 |Owner |Driver of u o Semi
Class R Intercept 1n(Parts. ness »Df graph Lgca— Weight Axle |Driver |Control|Mainte~ 248' Tipper Trailer
Consumptlonl Fuel tion | Ratio nance
Cars 0.57 1.302 0.713
(7.77)
Util 0.45 2.861 0.983
(5.00)
Util 0.60 2.44’] - 0.932 0.501 0.397 1.047( 0.053 -0.942
. (4.74) (0.65) (0.48) (2.15)](0.08) (-2.862)
Util 0.62 2.251 0.725 0.0050 0.444 0.658 1.357| 0.288 -1.078
{3.04} (1.48) (0.58) (0.79) (2.601](0.43) (-2.96)
Buses 0.08 4,783 0.346
| (2.79)
Buses 0.89 1.335 0.659 0.0179 0.220 -0.007 1.256| 0.475
(11.04) (0.11) | (2.18) | (~.27) (10.48)|(2.98)
Buses |0.27 5.305 0.163 0.021
(1.38) {4.38)
Buées 0.92 1.583 0.570 0.0085 -0.105 0.052 0.015 1.315) 0.324
(9.98) (4.40) (-.73) 1(0.53) | (0.59) (12.18){(2.21)
Trucks 0.72 - .2.,888 0.475 -0.057 0,193 |~-0.571 -0.891 0.121 -0.270 0.941
(6.73) (-.19) {4.86) [(2.08) (-3.25) (0.39) (-2.07) (2,89)
Trucks 0.73 2.485 0.476 0.0020 ~0.057 0.190 {-0.500 -0.766 -0.259 1.003
(6.76) (1.33) (-.19) (4.80) J(-1.80) (-2.65) (-1.99) {(3.01)
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APPENDIX XI - GRAPHS FOR A SELECTION
OF RECOMMENDED EQUATIONS
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X1 1 INTRODUCTION

This Appendix contains a series.of graphs for a selection of
the recommended interim final equations. The graphs concentrate on the
effect of roughness on the predicted lllser cost item, although parts
cost and route length are also included as the' independent variable for
labor and Qtilization.pelationships,réspectively. Values for the. in-

dependent variables used to derive the graphs are specified in Table

XI.1l.
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TABLE XI.1 - VALUES OF INDEPENDENT VARIABLES USED TO DERIVE GRAPHS

INDEPENDENT VARIABLES

Equation

Number QI* | ADC | RF K RL |SM| CARB| TF
3.1 54 | .025
3.2 47
3.4 43 5
3.9 114
3.10 245
3.11 . 284
3.15 88 . 0
3.16: paved 40

unpaved 120
3.24 65| 29
3.25 - 54 101 | 320
3.26: utility B5 824
bus 96 348 | 340
med .truck 67 230 812
‘artic.truqk 39 : 322 | 7860

NOTE: See Appendix I for definitions of variables.
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LITRES/ 1000 km

In (fuel) = 5.641 +.00061 QI*+.0004 ADC- .0518 SM

Inlfuel) = 4.957 + .0011 Q1%+ .00142 ADC

In (fuel) = 4425 +.0008 QI* +.00135 ADC — . 0972 CARB

4001
"MEDIUM TRUCK (EQ 3.5)
350 In (fuel) = 5.735 +.00108 QI*
3007 BUS (0. 34)
250+
200+
<
g UTILITY VEHICLE (EQ.3.2)
[+ 8
=
D
7)) -
2 150
O
[&]
-
L
D
'
100 -}
CAR(EQ. 3.1) '
50
o ] 1 1 1 T T T T T ]
20 40 80 80 100 120 140 160 180 200 Qi*
ROUGHNESS

FIGURE XI.1 - THE EFFECT OF ROAD ROUGHNESS ON SURVEY FUEL CONSUMPTION

N
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MAINTENANCE PARTS CONSUMPTION

Cr$ /1000 km
(DEC. 81 PRICES)

16000

14000+

12000

8000

6000

4000

2000+

('_F_FéACsT%"'\; FOR HEAVY ARTICULATED TRUCK

/ 3 AXLE TRUCK (EQ. 3.13)
2865 + 105.17Q40 ’
6402 + 105.17Q40 N

2 AXLE TRUCK (EQ.3.13)
305 +105.17Q40

BUS (EQ.3.11)
In (parts) = 5.703 +.00323 QI*+ 483 In(K)

UTILITY VEHICLE (EQ.3.10)
In (parts) = 6.497 + .00426 QI™+.302 In(K)

CAR (EQ.3.9)
In (parts) = 479 +.0128 QI® + .303 In(K)

T T I I l T I 1 T T
20 40 60 80 100 120 140 160 180 200 Qr*

ROUGHNESS
FIGURE XI.2 ~ THE EFFECT OF ROAD ROUGHNESS ON MAINTENANCE PARTS CONSUMPTION (DEC. 8! PRICES)
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LABOR COSTS

Cr$ /1000 km
(DEC. 81 PRICES)

TRACTOR FOR HEAVY ARTICULATED TRUCK (EQ.3.20)

BUS - UNPAVED OPERATION (EQ. 3.18)

soooj
7000
6000
50004
3 AXLE TRUCK (EQ. 3.18)
4000 BUS - PAVED OPERATION (EQ.3.18)
UTILITY VEHICLE (EQ. 3.15)
30004 TIPPING TRUCK (EQ. 3.19)
2000
° CAR. (EQ.3.14)
1000
o]

I I I | I
2000 4000 6000 8000 10000
MANTENANCE PARTS COSTS

FIGURE XI.3 - THE EFFECT OF PARTS COSTS ON LABOR COSTS

1 i
12000 14000 Cr3/1000 km
(DEC. 81 FRICES)

(DEC. 81 PRICES)
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{x 1000 km}

801

70+

60

TIRE LIFE

20

10

HEAVY ARTICULATED TRUCK TIRE SIZE

9.450 — . 00951 QI* - 0424RF - .00127 ADC

No0x22 (EQ. 3.24)

80¢

BUS/ TRUCK TIRE SIZE 9.00x 20

(EQ. 3.24)

5756 —-.00951Q1* -.0424RF - .00I27ADC

CAR TIRES (EQ.3.22)
6.508 -.0389 Qi*

T T T

T H 1 1
20 40 60 80 100 120 140 160
ROUGHNESS
FIGURE XI.4 - THE EFFECT OF ROAD ROUGHNESS ON TIRE LIFE

180 Qt*

Digitised by the University of Pretoria, Library Services, 2015



UTILIZATION PER MONTH

km {(x 1000)

19

10 -

24

HEAVY- ARTICULATED TRUCK (EQ.3.26)
11.258 -, 0352 Qi* +.C0I47RL - .003K

26): '
9 Q™ +.0063RL ~-.003K

MEDIUM TRUCK (EQ. 3.26):

11.143 ~ .03 52Q1*+.00147 RL —~.003K
CAR (EQ.3.25):
5.797 — . 0259Q1* +.00733RL +.00268K

UTILITY VEHICLE (EQ. 3.26):
8172 - .0407 QI%+.00147 RL

T T I 1

T
20 40 60 80 100

ROUGHNESS
FIGURE XI.5 - THE EFFECT OF ROAD ROUGHNESS ON VEHICLE MONTHLY UTILIZATION

1
180 200 QI*

502
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km (x 1000}
i

HEAVY ART ICULATED TRUCK | . 326 )
.268 . 0352 @i 00147 RLE—Q.OOBK

MEDIUM TRUCK (EQ. 3.2¢ ):
035,

Hi43 . 2Qt %4 00147R .. 003k
T2 003k

UtTiLity VEHICLE (EQ. 3.26):
8.172

~. 040?0J*+. 00I37R.

UTlLlZATlON PER MONTH
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FIGURE .6 ~ THE EFFECT oF RCUTE LENGTH ON VEHICLE MONTHLY UTIUZAT}ON
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APPENDIX XII - METHOD OF ADJUSTING
COST DATA TO A CONSTANT BASE
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XIT1.1 INTRODUCTION

The User Surveys Group sought data in the form of physical
units, but parts and labor costs, together with vehicle prices, could
only be collected in cruzeiro values. Therefore, it was recognized
at an early stage in the project that some form of adjustment would
be redquired to remove the effect of inflation and other disturbances
from these values prior to analysis. This adjustment is normally made

by using {or creating) a set of indices that reflect the relevant
price charges and so enable the various cruzeiro values to be adjust-
ed to same base point. 1In the case of the PICR survey, where data
were collected monthly, this base point would be a month within the
survey periocd and subsequently all prices would be expressed in terms
of the prices prevailing at this month. This method is sometimes known
as constant prices since all the values are expressed in terms of a

single base period.

The index_adopted by the PICR had to be- simple enough to be
determined in the office, be compatible with the data processing sy-
stem and finally had to reflect the correct impact on vehicle oper -
ating costs of the wide range of cruzeiro increases identified by the

various surveys.

XI1T1.2 BACKGROUND

Meetings were held within GEIPOT and attended by senior ec-
onomists from other departments to examine the possibility »of using
an existing set of indices but there appeared to be no established
index that would be suitable. Accordingly visits were made to C.I.P.
(Comissao Interministerial de Pregos) and Fundagao Getulio Vargas, in
Rioc. The former institution was. able to give detailed information on
the -vehicle assembly sector of the sconomy and its pricing policy and
stated that it was unlikely that any established index could serve the
PICR. Fundagéo‘Getulio Vafgas did not measure vehicle spare parts
data in any of Its work and recommended that a specific index be de-
veloped by the PICR for its own use. _Agreement was reached to test an
index comprising a set of spare parts prices by vehicle make and model,

weighted by rates of utilization for each part. Rate of
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utilization was defined as the frequency of replacement for each part,
in Kilometers. The assistance of the.leading vehicle manufacturers was
sought in formulating the index and visits made for discussions with

their technical staff.

XI1.3 ANALYSES 1977/76

This is fully detailed in a PICR memorandum (Harrisocn 06/78) .
Briefly, various indices were developed at GEIPOT and then meetings held
with vehicle manufacturers technicél staff to discuss the findings.
They agreed to provide additional information and designate, for each

major model in the PICR survey, a set a parts which would reflect:

- a range of prices;
- different frequences of replacement, and
- items that had not major technical changes over the previ-

ous three years.

Data were received for seven major models, five Mercedes Benz
and one each for Volkéwagen and Scania. Price charges per part for
each model set, from January 1876 to May 1878, were identified from
microfiche records. These were then weighted by the appropriate fre-
gquency of replacement, a monthly total for each set was obtained and
smoothéd where necessary using a three month moving average. January
1876 was chosen as the base month for the index as 1little data existed
on the file before this date. The process proved extremely laborious,
although it undoubtedlyvrepresented an accurate method of adjusting to

a constant price base for vehicle spare parts.

Attention was then directed to see how close other, simpler,
methods could get to providing the same answers. It had previously
been suggestéd that new vehicle prices, suitably smoothed, might be
able to give good results. Accofdingly, a index based on new vehicle
price changes was calculated for each class. Certain make and models
were develesped into épecific classes and the average price change for
each class calculated. The results were then graphed together with the
data from the relevant weighted spare parts set. For the review period
both methods had acceptable correlations and the new vehicle price ind-
ex was able to predict changes_in the vehicle spare parts. This is

shown in Figures XII.%1 through XII.3 which graph the data for a Volks-
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wagen 1300, a Mercedes Benz 1113/42 and a Mercedes Benz 0362 (bus)
respectively. A decision was therefore made to use vehicle price data
to formulate the indices adjusting cruzeiro values to January 1976
prices. Nine indices were calculated and reflected the mix of make
and model types in the survey. The index deflated any cruzeiro values
collected in a particular month to base month January, 1976. The
analysis file contained data with this base and all the technical
memoranda covering analyses of price data in the Working Documents 24

and 28 are expressed in terms of January 1876 prices.

X1T1.4 ANALYSES 1981

It was considered important to ensure that the vehicle ind-
ices were appropriate for the entire survey period. It was not thought
necessary to examine all the vehicle classes and the Mercedes Benz
1113 model group was chosen because it is most numerous in the PICR
survey and Brazil's national fleet. All the manufacturers recommended
parts data were checked with a local dealer and five were found to
have'chénged their parts numbers in the microfiche records. ©Six years
of data were chosen, divided into two periods 1976 -1978, to cover
the main survey, and 1980 - 1981, to cover the period of high infla-
tion. It was thought likely that increases in vehicle prices would
probably differ widely from spare parts price rises during the latter
period. The graphs of the new vehicle prices and spare parts prices
for the period 1976 to 1879 are shown in Figure XII.4.. They demon-
strate a good_correlation, suggesting that vehicle price movements
remained a suitable method of correcting spare parts price changes.
This continues in the period 1980 to 1881, although the correlation
is weaker. Table XII.1 gives both indices for this period with the
base month January 1876 at 100. The combination of regression and
inflation has reduced the demand for new vehicles and it can be seen
that spare part prices have accelerated faster than new vehicle prices
for most of 1981. Manufacturers would be expected to follow such a
policy although it is noted that vehicle prices caught up by the end
of the year.
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TABLE XITI.1 - PRICE INDICES FOR SPARE PARTS AND NEW VEHICLES FOR
MERCEDES BENZ 1113 GROUP. BASE JAN. 1976 = 100

MONTH YEAR SPARE PARTS DATA NEW VEHICLE PRICES
JAN 1980 409 437
FEB 420 454
MAR 444 . 483
APR 505 510.
MAY 564 532
JUN 589 552
JUL - 590 578
AUG 623 533
SEP 697 704
ocT 766 775
NOV 815 813
DEC 833 885
JAN 1981 952 980
-FEB. 1.103 1.064
MAR 1.243 1.176
APR 1.402 1.299
MAY 1.500 1.470
JUN 1.761 1.587
JuL 1.822 1.639
AUG 1.902 1.895
SEP 1.983 1.818
oCT 2.081 1.961
NOV 2.100 2.083
DEC 2.117 2.222
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XI1.5 CONCLUSTONS

The relatively simple method of correcting for spare parts
price rises by using the relevant new vehicle prices movements is
shown to hold over the survey period. The correlation between rises
in spare parts and vehicle prices has important consequences for the
PICR results. It may be more useful to users of these results if
parts consumption is expresses as a~pepcentage,of new vehicle price,
as was done in the Kenya study. The user has then only to input new
vehicle prices to derive cost predictions. It this,is not- done, then
data will have to be continually collebted to enable parts predictions
be expresses in terms of current cruzeiro values. Finally, the data
derived from this exercise were used to determine a new base period,
December 1981. Equations predicting cruzeiro costs in this Volume’
reflect this change and predictions are in costs at December, 13881
prices. The technical memoranda produced before the end of the pro-

ject remain- in costs at January, 1876 prices.
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ADDENDA

Page 32, f4inal paragraph, add the followding:

Predicted log costs, when exponentiated, estimate geometric
rather than arithmetic mean costs. Since the date sets exhibit posi-
tive skewness, geometric mean costs are less than arighmetic mean
costs, To predict arithmetic mean costs, add E.S gsw ] to the inter -
cept for OLSCE estimated squations and 0.5 (Sw +Su ] for EC estimated
equations, prior to exponentiation. Further details can be found in

a PICR technical memorandum (Chesher and Harrison, 08/81).

Page 56, TablLe 3.9:

The sample sizes are cars 93, utility vehicles 85, buses 449
and trucks 200.
Page 69, Last Line:

S should read Sw

Page 71, 8%h Line from bottfom:

S should read Sw

Page 93, second paraghaph, {nclude this senfence:

When log-linear equations are used to predict fuel consump -
tion or parts and labor costs, a correction has to be made to ensure
that arithmetic, rather than geometric, mean values are predicted.
This is elaborated in Chapter 2 and the cost tables in this chapter are

adjusted to give predictions of arithmetic means.
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Page 94, Tahle 4.1:

Check against this.

Cost Item CS:VEd . g:gaVEd%
Fuel 68.72 55 7.28 41
0il and Grease 0.26 2 0.39 2
Parts 0.78 6 2.70 15
Labor 0.41 3 0.79 4
Tires 0.24 2 0.68 4
Depreciation 0.53 4 0.81 5
Interest 0.36 3 0.56 3
Salary 3.05 25 4.68 26
Total 12,35 100 !17.89 100

Add Note no. 8} The parts and labor predictions have been adjusted

to give arithmetic mean costs, see Chapter 2.

Page 95, Table 4.12:

Check against this.

Cost Item Ci:VEd . g?gaved%
Fuel 7.73 38 8.11 25
0il and Grease 0.27 1 0.42 1
Parts 4.48 22 5.68 20
Labor 1.45 7 2.72 8
Tires 0.89 5 1,78 5
Depreciation 1.22 5] 2.90 9
Interest 1.19 5 2,80 8
Salary 3.21 15 7.56 23
Total 20.54 100 32,97 100

Add Note no. 8) The parts and labor predictions have been adjusted

to give arithmetic mean costs, see Chapter 2.
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Page 264, Table 4.3:

Add Note no. 8)

Check against this.

Cost Item Ci:VEd % gggaved 5
Fuel 11,94 30) 12.68 26
0il and Grease 1.43 4 1.63 3
Parts 5.46 14 7.52 15
Labor 2.20 5 4,35 9
Tires 3.55 9 4.60 9
Depreciation 4.84 12 5.47 11
Interest 3.45 9 3.88 8I
Salary 7.25 17 8,52 19 :
Tatal 40.12 1001 48.67 100!

to give arithmetic mean costs,

Page 97, 8th Line from boittom:

Page 108,

Page 107,

Add Note no. §5)

...to0 unpaved operations is 45 for commercial cars,
the utility diesel

truck,

Line 25:

..terms

Table 4,6:

and give a

The parts and labor predictions have been adjusted
see Chapter 2.

61 for

24 for buses and 49 for medium trucks.

Check against this.

bus figure of 25 (24)

Cost Item C?:ved 5 g:gaved o
Fuel 5.68 21 6.04 17
0il and Grease 0.72 3 0.82 2
Parts 5.08 18 65.96 20
Labor 1.33 5 2,62 8
Tires 3.09 11 4.00 12
Depreciation 4,17 15 4,71 14
Interest 2.97 11 3.34 10
Salary 4,37 16 5.72 17
Total 27.39 100 |34.21 100

to give arithmetic mean costs,
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Page 105, Table 4.10:

Check against this.

Paved Unpaved

Cost Item 1979 1981 | 1979 1981
Fuel i8 21 14 17
0il + Grease 2 3 2 2
Parts + Labor 24 23 32 28
Tires 11 11 14 12
Depreciation + Interest ' 29 2B 24 24
Salary ‘l 15 18 14 i7
Total ! 100 100

A

Appendix X1, Figures 1 and 2.
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FIGURE XI-1 THE EFFECT OF ROAD ROUGHNESS ON SURVEY FUEL CONSUMPTION.
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