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EXECUTIVE SUMMARY

The recommendations in this report describe a statewide
traffic monitoring program Peat Marwick developed as a result of
FHWA's "Development of a Statewide Traffic Counting Program
Based on the Highway Performance Monitoring System” project.
This report includes: .

a review of federal and state traffic data needs;

a description of a recommended traffic monitoring
program designed to meet those needs in a cost

effective manner;

a sampling plan for collecting data with a given
statistical precision;

a series of default values for use in the sampling
plan statistical equations;

alternative sampling plans for estimating volumes on
local roads;

. a review of available traffic counting, classifica-
tion, and weighing equipment currently. on the
market; and

. five case studies implementing the proposed program
for states chosen by FHWA.

Historically, traffic count data have been collected by
state transportation agencies to support a wide range of
internal and external programs and needs. Internal needs have
included using traffic count data to develop estimates of annual
average daily traffic (AADT) and vehicle miles of travel (VMT)
for individual highway sections, individual functional classifi-
cations of roadways, and .other functional or geographic divi-
sions of the state highway system. External needs have included-
certain traffic count and truck weight data and estimates for
submission to the FHWA. These data are used by FHWA and other
federal agencies:

. to establish national travel trends;
. to prepare reports as requested by Congress;
. to plan for future transportation needs; and

. to assess overall efficiency of various programs and
policies,

-1l -



The HPMS was introduced in 1978 to consolidate many previous
federal data requirements and to strengthen the methods used by
the states for collecting, estimating, and reporting traffic
count data.

Many states face severe financial difficulties due to the
effects of the economic climate and the increasing needs for
state funds to maintain and improve highway systems. As a
result, many states are looking for ways to reduce the costs of
traffic data collection and related programs without reducing
the overall effectiveness of the programs.

Although states expend substantial financial resources on
traffic counting and related data collection programs, their
programs often reflect the continuation of past practices rather
than address current data needs. In particular, most state
traffic counting programs do not make effective use of statis-
tical sampling and estimation techniques. Statistical tech-
niques provide cost effective procedures to develop reliable
estimates of AADT and VMT within prescribed levels of pre-
cision. These techniques also provide a consistent simplified
process for collecting vehicle classification data for most
state and federal uses. To a lesser degree, they can also be
used for improving the estimates of truck weights currently
derived from existing truck weight monitoring programs.

The HPMS program offers states a convenient structure with
the potential to redirect their traffic counting programs. The
HPMS sample provides a basic set of traffic count locations for
which geometric, operational, and traffic volume data will be
available on a continuing basis. By using statistical sampling
concepts that complement the HPMS, states can potentially
increase overall traffic monitoring program efficiency through
the development of coordinated data collection processes
including traffic volume data, vehicle classification data, and
truck weight data. '

This study was initiated to identify ways of improving the
cost effectiveness of state traffic monitoring programs by
developing a program based on the HPMS. The program to collect
traffic volume counts, vehicle classifications, and truck weight
data will satisfy most state and FHWA information needs with
statistically valid data. While the objectives and needs of
states may be met in other ways, using the HPHS prevents
duplication of effort as it includes an established sample and a
ready tie~in between the different program elements.

As not all necessary data can be collected efficiently with
a statistically wvalid annual count program, a special data
collection element is provided in the recommended program to
fulfill those needs not met by the data collected as part of
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the recommended HPMS monitoring program, In pursuit of the
project's overall goal, several objectives are addressed:

. identification of the kinds of information required
by the states and FHWA as well as the level of
detail needed in the data;

. development of a‘ coordinated traffic monitoring
program designed to collect information for more
than one purpose when possible;

. identification of the capabilities of modern equip-
ment to automatically . collect data. on wehicle
classifications and weights as well as volumes; and

. development of c¢entral office analysis procedures
incorporating statistical techniques, where appro-
priate.

This report recommends a methodology for developing a
statewide traffic monitoring program based on those objectives.
The program uses statistical sampling ({based on the HPHUS)
wherever possible to reduce costs and provide statistically
defensible data, It also provides cost effective soclutions to
data collection problems that cannot be addressed viably with
statistical counting procedures. The program 1s designed to
provide each state with sufficient flexibility in implementing
the program so that the program can be adapted to address any
specific needs, while providing the data normally collected by a
state department of transportation, including volume counts,
vehicle classification counts, and truck weight monitoring.

The HPMS portion of the program is intended to collect
comparable levels of traffic data on a representative sample of
segments of each state's road system. The HPMS sanmple locations
will not be changed by this study, but our analysis:

. evaluates thé’frequgncy and amount of data collected
on the HPMS sample sections; and

. incorporates the remaining data collection elements
of the state's traffic monitoring program with the

HPHS sample, including vehicle c¢lassification and
truck weight data.

The special data collection element of the program includes
traffic data taken outside the normally planned annual traffic
count program. These data would include such needs as requests
for volume counts at proposed construction projects and reqguests
for intersection turning movements to evaluate traffic opera-

tions, as well as special surveys, additional truck weighings,
or any other state traffic data need.



The scope of «this study does not allow the enforcement
aspects of traffic data to be addressed. Truck weight enforce-
ment is discussed only where it affects the precision of weight
monitoring for planniny purposes. Furthermore, this report does
not recommend specific makes or models of equipment. Available
equipment is described, and its limitations and capabilities
discussed, but each state is left to determine .which equipment
best fulfills its equipment needs.

STUDY APPROACH

A five-step process is used in this study used to design
the program. These steps include:

. determine objectives and data reguirements of data
users;

. review capabilities and 1limitations of equipment
used to collect the data;

. analyze existing data to determine the amount of
data required to provide estimates within specified
amounts of uncertainty;

. develop the statistical sample design; and

. determine the <consequences of phasing in the

program, since it will be implemented gradually in
most cases. .

OBJECTIVES AND DATA REQUIREMENTS

To develop a monitoring program covering the maximum number
of data user needs while expending the minimum amount of
resources, the objectives of the data users were examined and
the actual data needs from both the state and federal perspec-
tives were determined. Not all data requested is collected by
the proposed program. The analysis shows that some of the
requested data could not be efficiently provided by a statis-
tically~-based monitoring program, and should be collected on an
as-needed basis instead.

State and federal data needs are often very similar.
However, there ape areas where the states require more data than
is needed by FHWA, and there are instances where the state might
not collect scme data if PFHWA did not regquest it. An examina-
tion of the actual uses of traffic data shows that the majority
of the data uses at both the state and federal levels could be



served by a single comprehensive monitoring program producing
statistically representative estimates of traffic characteris-
tics. The remaining data needs can be met through a special
data collection program to collect site-specific data as each
funding authority deems appropriate. This was, therefore,
recommended.

RECOMMENDED PROGRAM

The recommended statewide traffic data collection program
is divided into three major parts:

. the Continuous Element, consisting of continuous
traffic counters (ATRs);

. the HPMS Element, consisting of statistically repre-
sentative statewide samples of volume, vehicle
classification, and truck weight data; and

. the Special Data Collection Element, consisting of
site-specific traffic measurements and other data
necessary to fulfill state needs not met by the
other elements.

Each part collects data for different purposes and in a
different manner, yet they are interrelated in that data
collected in each program will often be used in one of the other
programs in an altered form. Each element 1is described in
detail in this section of the report, along with the methodology
used and the issues considered in developing the element.

PROGRAM IMPLEMENTATION

Certain issues are involved with the actual implementation
of the recommended program; in particular, phasing in the
program slowly, as is recommended, will have certain effects.
The effects from delaying the implementation of particular
program elements and procedures fall under the following
headings:

. seasonal factor procedures;

. changes to the HPMS volume counting schedule;
. axle correction factor procedures;

. growth factor procedures; and

. vehicle class and weight elements.
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These effects were considered in the study, but final determina-
tion of how each state would time implementation of the recom-
mended program was beyond the scope of this report.



I. INTRODUCTION

This report describes Peat Marwick's recommended traffic
monitoring program developed as a result of FHWA's "Development
of a Statewide Traffic Counting Program Based on the Highway
Performance Monitoring System" project. 1Included in this report
are: :

. a review of federal and state traffic data needs;

. a description of a recommended traffic monitoring
program designed to meet those needs in a cost
effective manner;

. a sampling plan for collecting data with a given
statistical precision;

. a sampling plan for estimating volumes on local
roads;

. a series of default variances for use in the
sampling equations;

. a review of available traffiec counting, classifi-
cation, and .weighing equipment currently on the
market; and

. five case studies implementing the proposed program
for states chosen by FHWA.

This introductory section includes discussions of:

. the project's background;

. the purpose of the project;

. the scope of the project; and

. the organization of the report.
Subsequent sections detail the specifics of the count program,
the analysis used to develop the program, and default statistics
that can be used when applying the program to specific states.,
BACKGROUND

Historically, traffic count data have been collected by

state transportation agencies to support a wide range of
internal and external programs and needs.



. Internal. States have used traffic count data in
developing estimates of annual average daily traffic
(AADT) and vehicle miles of travel (VMT) for indi-
vidual highway sections, individual functional
classifications of roadways, and other functional or
geographic divisions of the state highway system.

. External. For many years, states have submitted
certain traffic count and truck weight data and
estimates to the FHWA, These data are used by FHWA
and other federal agencies:

.« to establish national travel trends;
. to prepare reports as requested by Congress;
. to plan for future transportation needs; and

. to assess overall efficiency of various programs
and policies.

The introduction of the HPMS in 1978 was intended to consolidate
many previous federal data requirements and to strengthen the
methods used by the states for collecting, estimating, and
reporting traffic count data.

Most states face severe financial difficulties due to the
effects of inflation and the increasing needs for state funds to
maintain and improve highway systems. As a result, many states
are looking for ways to reduce the costs of traffic data collec-
tion and related programs without reducing the overall effec-
tiveness of the programs.

Although states expend substantial financial resources on
traffic counting and related data c¢ollection programs, their
programs often reflect the continuation of past practices. 1In
particular, most state traffic counting programs do not make
effective use of statistical sampling and estimation techni-
gues. Statistical techniques provide cost effective procedures
to develop reliable estimates of AADT and VMT within prescribed
levels of precision. These techniques also provide a consistent
simplified process for collecting vehicle classification data
for most state and federal uses. To a lesser degree, they can
also be used for improving the estimates of truck weights
currently derived from existing truck weight monitoring programs,

The HPMS program offers states a convenient structure with
the potential to redirect their traffic counting programs. The
HPMS sample provides a basic set of traffic count locations for
which geometric, operational, and traffic volume data will be
available on a continuing basis. By using statistical sampling
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concepts that complement the HPMS, states potentially can
increase overall traffic monitoring program efficiency through
the development of coordinated data collection processes

including:
. traffic volume data;
. vehicle classification data; and

. truck weight data.

OBJECTIVES

The goal of this study is to identify ways of improving the
cost effectiveness of state traffic monitoring programs by
developing a program based on the HPMS. The program to collect
traffic volume counts, vehicle classifications, and truck weight
data will satisfy most state and FHWA information needs with
statistically valid data. While the objectives and needs of
states may be met in other ways, using the HPMS prevents dupli-
cation of effort as it includes an established sample and a
ready tie-in between the different program elements.

Because not all necessary data can be collected efficiently
with a statistically valid, annual count program, a special
count element is provided in the recommended program to fulfill
those needs not met by the data collected as part of the recom-
mended traffic monitoring program. In pursuit of the project's
overall goal, several objectives are addressed:

. identification of the kinds of information required
by the states and FHWA as well as the level of
detail needed in the data;

. development of a coordinated traffic count program
designed to collect information for more than one
purpose when possible;

. identification of the capabilities of modern equip-
ment to automatically collect data on vehicle
classifications and weights as well as volumes; and

. development of central office analysis procedures
incorporating statistical techniques, where
appropriate.
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PURPOSE

This report presents a program methodology for developing a
statewide traffic monitoring program. The program is intended
to fulfill several purposes:

build on the existing HPMS concept and data base;
integrate both federal and.state data requirements;

. coordinate volume, vehicle classification, and truck
weight data collection programs; and

. incorporate recently developed equipment and data
collection techniques.

The program uses statistical sampling wherever possible to
reduce costs and provide statistically defensible data. It also
provides cost effective solutions to data collection problems
that cannot be addressed viably with statistical counting
procedures. The program is designed to provide each state with
sufficient flexibility in implementing the program that each
state can adapt the program to address any specific needs.

SCOPE

The traffic monitoring program is designed to provide the
data normally collected by a state department of transporta-
tion. These data include:

. volume counts;

. vehicle classification counts; and

. truck weight monitoring.

In addition, this report deals with field data collection, the
equipment used to collect data, the manpower used for each kind
of equipment, and the processing of the data collected.

Several types of volume counts are examined in the report.
Anong the types examined are counts on HPMS segments, continuous
counts, control counts, coverage counts, and special counts.

The HPMS program is intended to collect comparable 1levels
of traffic count data on a representative sample of segments of
each state's road system. The sample locations will not be
changed by this study, but our analysis:

. evaluates the frequency and amount of data collected
on the HPMS sample sections; and

I.4



incorporates the remaining data collection elements
of the state's traffic count program with the HPMS
sample, including vehicle classification and truck
weight data.

‘The special count category includes traffic volume counts
taken outside the normally planned annual traffic count pro-
gram. These counts would include such needs as requests for
counts at proposed construction projects and requests for
intersection turning movement counts to evaluate traffic

operations.

This report does not address the enforcement aspects of
traffic data., Truck weight enforcement is discussed only where
it affects the precision of weight monitoring for planning pur-
poses. Furthermore, this report does not recommend specific
makes or models of equipment. Available equipment is described,
and its limitations and capabilities discussed, but each state
is left to determine which equipment best fulfills -its equipment

needs,

ORGANIZATION

This report consists of five sections. Section I is this
introduction. :

Section II describes the study approach used to develop the
traffic monitoring program. The approach entails:

. a determination of both state and federal needs;

a review of available equlpment, its capabilities
and limitations;

an analysis of available data to determine the
variance in the data to be collected;

. the development of statistical formulas; and

. an analysis of the consequences of following the
recommended program.

Section III presents the data needs of both federal and
state data users., This information is used to determine a set
of objectives used to develop the recommended program.

) _Section IV contains the recommended program. The progran
is divided into three major parts:

. continuous counts;



. a statistically valid data collection program ele-
ment based on the HPMS; and

. a special monitoring program designed to provide the
states with a mechanism for collecting data not
readily collected using an annual count program.

This chapter also contains statistical formulas for determining
necessary sample sizes and levels of precision. Finally, the
processing of the raw data is discussed to outline the ability
of states to trim their processing costs and at the same time
improve the accuracy of their traffic estimates.

Section V discusses the implications of the recommended
program in terms of the many programs currently used by some
states. This includes the steps taken to implement the program,
and the effect of phase-in on existing programs.

Appendix A presents default statistics for use in the
sample size egquations presented in Section IV. These estimates
will be used until the states obtain more statistically wvalid

data bases.

Appendix B contains a summary of the capabilities and
limitations of existing data collection equlpment, and estimated
costs and uses for that equipment.

Appendix C presents a cost summary of the changes recom-
mended in state traffic monitoring procedures. This appendix
uses assumed cost estimates, and details the steps involved in
making the cost versus precision tradeoffs presented in the main
body of the report and in the five case studies.

Appendix D presents the five case studies, in which the
recommended program is applied to five states: Georgla, Kansas,
Maine, Ohio, and Oregon.

Appendix E includes an explanation of the derivation of
statistical formulas used in the text, and a glossary of the
terms used in the formulas.



II. STUDY APPROACH

This chapter discusses the study approach used in designing
the reconmended traffic monitoring program. The essence ©f the
approach is the recognition that each state may have different
data needs, and that the structure of any recommended progran
must be sufficiently flexible to meet these different needs.

OVERVIEW

The study approach uses the existing HPHS sample to provide
a basis for efficiently collecting integrated, statistically
valid data. The recommended program is intended to provide a
framework for meeting system data needs, while providing flexi-
bility for each state, so that state-specific data needs can be
fulfilled as well,

A five~step process is used to design the program. These
steps include:

. determine objectives and data requirements of data
users;

. review capabilities . and limitations of egquipment
used to collect the data;

. analyze existing data to determine the amount of
data required to provide estimates within specified
anounts of uncertainty;

. develop the statistical sample design; and

. determine the consequences of phasing in the pro-
gram, since it will be implemented gradually in most
cases.

-

PROCEDURE

Three sources of information were used to develop the
reconmmended traffic monitoring program's objectives and data
requirenents: -

. published studies;

. interviews with PHWA personnel involved in the HPHS
program or otherwise concerned with the reporting of
traffic data by the states; and

. interviews with five state DOTs to discuss the
conduct of their state traffic monitoring programs.

IT.1



The literature review included Peat Marwick's files of
related engagements, such as the Guide to Urban Traffic volume

Counting; FHWA files; and the DOT library.

The interviews with FHWA personnel were with individuals
working in various aspects of the collection and analysis of
traffic data reported to FHWA by the states, including HPMS
program data, continuous traffic. count data, and truck weight
data.

The state interviews provided the major source of infor-
mation with which to analyze wexisting traffic monitoring
programs and identify recommendations for improvement. FHWA
identified five states to participate in this study. Interviews
were conducted with personnel who manage state traffic monitor-
ing programs and with personnel who use the traffic data
collected, The interviews included questions such as:

. What data are collected?

. How are the data collected and what types of equip-
nent are used?

. How are the data edited, adjusted, analyzed, and
reported?

What are the relative sizes of the costs of the
different data collection programs?

. Who uses the data and for what purposes?

The first step was to analyze the current traffic monitor-
ing program methodologies and to look for areas that can be
improved, either through changes in the data collected or the
manner in which the. data are collected, or through the use of
statistical techniques to obtain the information at lower cost.

The second steé was to examine the ability of available

equipment and data collection techniques to collect the data
required. Equipment is examined to determine its ability to

collect:
volume data;
. vehicle classification data; and

. truck weight data.
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Reports by FHWA and various states were used along with informa-
tion provided by manufacturers to determine equipment capabi-
lities and costs. Equipment types examined included:

. manual}

.. automatic;

. portable;

. semi-portable; and

. fixed.

Details of this review are included in Appendix B of this report.

The third step consisted of an examination of existing data
sources to determine the variation that exists in the data being
collected., The variation in the data directly affects the pre-
cision of the collected data. The data was examined for vari-
ation due to:

. spatial uncertainty;

. temporal uncertainty;

. seasonal uncertainty;

. axle correction error; and

. Mmeasurement error.

All of these terms, except for measurement error, are used in
determining the precision levels achieved by the program as a
result of the number of sample locations counted.

Data to estimate the relative sizes of the above variance
terms are taken from existing data bases provided by FHWA. The
principal data bases used include:

. the FHWA continuous count file (ATR data);

. the HPMS vehicle <lassification case study; and

. the HPMS truck weight case study.

This data 1is supplemented by state-specific data collected
during the .state interviews, or from subsequent telephone
calls. It is acknowledged that these data bases have serious

limitations in terms of statistical rigor. It is therefore
suggested that states utilize their own data wherever they have
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a statistically valid estimate of their own. If such a data
base 1is not available, the implications of the default data
values should be carefully examined before they are used in a

specific application.

Statistical equations to determine precision levels that
can be achieved with various sample sizes are developed in the
fourth step. The equations include all composite errors with
the exception of measurement error. Equations are included for
the majority of data uses, so that the precision of specific
traffic estimates can be determined as well as the precision of
statewide averages. The most important statistical formulas are
also presented in graphic form to simplify the selection of
sample sizes for each of the states, This conversion of an
equation to graphic form is performed using default values
determined in step three and presented in Appendix A.

The final step included determining the consequences of
phasing in the recommended program. This phase~in may be

affected by several factors including:
. lack of necessary modern equipnent;

. the gradual planning process necessary for
implementation; and

. Jurisdictional issues within a state DOT.

The phase-in will delay the financial benefits of the recommend-
ed program, but will also allow a state to make changes to its
existing program more slowly. This may help a state ensure a
smooth transition from one count process to another, resulting
in an improvement in the quality of the data collected.
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III. OBJECTIVES AND DATA REQUIREMENTS

To develop a monitoring program covering the maximum number
of data user needs while expending the minimum amount of
resources, it is necessary to examine the objectives of the data
users and determine the actual data needs from both the state
and federal perspectives. Several sources were examined to
determine the objectives of state and federal data collection
programs. The most significant of these sources are:

. interviews with the staffs of the five participating
state DOTs;

. interviews with various Federal Highway Adninistra-
tion personnel; and

. an exhaustive literature review on the uses of
traffic volume, vehicle classification, and truck
weight data.

The resulting data is organized to show the amount of informa-
tion and degree of detail needed by data users. This informa-
tion is then used to design the monitoring program. Not all
data requested is collected by the proposed program. The analy-
sis shows that some of the requested data could not be effi-
ciently provided by a statistically-based monitoring progran,
and should be collected on an as-needed basis instead.

OVERVIEW

State and federal data needs are often very similar. How-
ever, there are areas where the states require more data than is
needed by FHWA, and there are instances where the state might
not collect some data if FHWA did not request it. An examina-
tion of the actual uses of traffic data shows that the majority
of the data uses at both the state and federal levels could be
served by a single comprehensive monitoring program producing
statistically representative estimates of traffic characteris-
tics. The remaining data needs can be fulfilled through a
special data collection program to collect site-specific data as
each funding authority deems appropriate.

Study Perspective

To develop a comprehensive list of data needs, the study
focused on both the needs of federal and state data users. The
initial step in developing the recommended program was to pro-
vide data that would fulfill both federal and state needs. The
program was expanded to provide data necessary for either state
or federal users, but not required by both. As stated above,
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some requests for data from both federal and state users are not
appropriately provided by a statistically based annual count
program, These data needs are indicated in the report, and
should be met through the expansion of state special count pro-
grams. Systemwide data needs can normally be met efficiently
using sampling techniques. Most site-specific needs cannot be
met through sampling. The proposed annual count program is
flexible enough to permit further expansion should a state have
additional data needs that can be met efficiently using a
statistically based count program. :

Development of Data Objectives

On-site interviews were conducted with the five states
participating in the study to determine the objectives and data
needs of the state traffic count programs. Discussions with
FHWA employees were used to determine the basic objectives and
traffic data needs from a federal perspective. The information
obtained from the interviews were corroborated by the informa-

tion obtained from the literature review. The literature review
covered:

. ongoing research topics;
. recent surveys; and
. FHWA policy statements.

Documents included in the review were obtained from several
sources, including:

. the Department of Transportation Library;
. Peat Marwick's project files; and

. documents submitted to FHWA by various research
organizations and states,

The composite federal and state objectives developed from
this data were then submitted for review to FHWA and the parti-
cipating states. FHWA gave final approval to the objectives
after receiving comments from the states. '

Organization of This Chapter

As a result of the interviews and literature review, it
became apparent that traffic data needs could be incorporated
into three basic objectives:

. roadway system management and maintenance;
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. future system improvements; and
. reporting and research.

Within each of these three categories, the specific data needs
are discussed for each of three traffic count program elements:

. traffic volume counts;

. vehicle classification counts; and
. truck weight data.

Vehicle speed data are not considered within this section,
as required vehicle speed data are specifically defined in
existing federal regulations, and not open to review under this
contract. Both the type of data and the level of detail needed
for that data are discussed in this chapter for each of the
traffic monitoring program elements within the broad objective
categories. The volume, vehicle classification, and truck
weight data needed for performing specific activities within
each of the above general categories are discussed below.
Exhibit III-1 contains a summary of these data needs.

ROADWAY SYSTEM MANAGEMENT AND MAINTENANCE

pata on roadway system management and maintenance are
needed to make day-to-day decisions that provide for the upkeep
of the road system. The data user is primarily concerned with
short-term goals, and has limited resources budgeted for attain-

ing those goals. Among the tasks that fall under this broad
category are:

. road maintenance;

. capacity analyses;

. safety analyses;

. taxation enforcement; and

. environmental impact analyses.
Each task requires similar, site-specific data input. In most
cases, the data required should be cocllected on an as-needed
basis rather than as a part of a regularly scheduled count
program. A coverage count or a similar scheduled count system

large enough to ensure collection of the appropriate data would
not be cost effective,
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P III

Roadway System Management
and Maintenance

Maintenance

Capacity Analysis
Safety Analysis

Taxation/Enforcement

EIS

Future System Improvenments

Trend Analysis

Project Identification
and Selection

Project Design

Highway Investment
Analysis

EIS

Reporting and Research

System Usage Monitoring
- fund allocation

- trend analysis
Public Policy and.
Public Legislation

Taxation

Research

EXHIBIT III-1

TRAFFIC DATA REGUIREMENTS

volume

Site-specific AADT

Site-specific AADT and
turning movements

Site~specific AADT and
turning movements

N/A

Site-specific AADT

H

VMT by functional class
(by region}

(Optional site-specific
AADTs)

Site-specific RADT

Site-specific AADT

VMT by functional class

VMT by functional class by
region

VMT by functional class by
region

VMT by functional class
by region or site-specific

VMT by functional class

VMT by functional class

Vehicle Class

Average by functional class

Site-specific or average
by functional class

Site-specific

N/A

Site-specific (average by
functional class if
necessary)

Average vehicle class by
functional class (by
region) by year

{Optional site-specific
vehicle classification)

Site-specific vehicle class
or average vehicle class by
functional class

Average vehicle class by
functional class by region

Average vehicle class by
functional class (option-
ally by region)

Average by functional class
{by region)

Average by functional class
{by region)

Average by functional class
by region or site-specific

{Optionally vehicle class
by functional class)

Vehicle c¢lass by functional
class

Truck Weight

(None)
(None)

{None)

N/R

(None)

Average weight (EAL} by vehicle

class by functional class

(None)

o

Average weight by vehicle class

by functional class
{None)

{None)

Average by vehicle class by
functional class

Average by vehicle class by
functional class

Average by vehicle class by
functional class

{None)

Weight by vehicle class by
functional class



Road Maintenance

Daily maintenance includes routine activities, such as:
. pothole repair;
. minor road overlays; and

. street repair due to damage caused by building con-
struction, utility maintenance, and various other

projects,

All repairs to damaged pavement on existing streets are included
in this objective. Daily maintenance projects are mostly deter-
mined through:

. observer surveys (both formal and informal);
. public requests;

. engineering department notifications by contractors
and utility companies; and

. the political process.

Routine maintenance projects are not usually identified through
the analysis of annually collected traffic data.

Traffic data used to plan for maintenance projects are
usually routine and tend to consist, at most, of a site-specific
volume estimate and a measure of the amount of truck traffic or
equivalent axle loadings. The volume data should be collected
through a special count program, and the required truck data can
be obtained through the use of statewide vehicle classification
data by functional classification. Site-specific truck weight
data are not necessary for this work.

Capacity Analyses

Capacity analyses at the day-to-day level include:
. Signalization projects;

. various Transportation System  Management {TsM)
measures; and

. intersection capacity studies.

To a large degree, the above tasks regquire similar data input,
site~specific volume counts, and knowledge of the percentage of
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various vehicle types in the traffic stream, 1In rare instances,
the percentage of loaded versus unloaded trucks in the traffic
stream is desired because acceleration and deceleration charac-
teristics are different. However, site-specific truck weight
data are not needed for this kind of capacity analysis.

In most instances where vehicle classification data are
necessary, a site-specific value is desired but often cannot be
collected because of fiscal constraints. In these cases, state-
wide or regional averages of vehicle <class distribution by
functional roadway type are used, combined with site-specific
volume counts. As previously stated, site-specific data cannot
be c¢ollected cost effectively through an annually scheduled
count program, and should be collected through a special count
program.

Safety Analvyses

On a daily basis, the traffic engineer's role in safety
analysis 1is concerned primarily with reducing the number of
accidents at specific locations. To do this, the engineer uses
site-specific volume and vehicle classification data to analyze
the frequency of accidents at a location. Truck weight data is
only rarely a part of such a study. As in the capacity analysis
above, this work requires up-to-date, site-specific data on
volumes, turning movements, and vehicle classifications, which
should be collected as part of a special count program rather
than through a reqularly scheduled count program.

Safety analysis can also be a very broad topic including
monitoring of accidents and exposure. Data to support such
analyses are beyond the scope and capability of a blanket
monitoring program.

Taxation Enforcement

The taxation enforcement task consists primarily of
enforcing truck weight laws and restricting vehicles from
designated portions of the road system. Even though data in a
state traffic counting program might be useful in enforcing
various laws and collecting user taxes, detailed consideration
of this subject is beyond the scope of this report.

Environmental Impact Analyses

The data uses covered under this environmental task include
the analysis of the effects of traffic on noise and air pollu-
tion levels. 1In the context of day-to-day operations, this task
entails using site-specific data to analyze the effects of cur-
rent traffic volumes and vehicle mixes at specific sites.
(Regional environmental issues such as NOx are dealt with under
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Future Systems Improvements.) Statewide average vehicle classi-
fication data by functional class may be used along with site-
specific traffic volumes, but statewide average data may lead to
unacceptably high errors in some analyses,

FUTURE SYSTEM IMPROVEMENTS

The basic objective in preparing for future system needs is
to provide information for planning and constructing new facili-
ties, and to project the effects of current and historical traf-
fic levels on the future life of existing roads. This projec-
tion includes estimating trends, dJdetermining where possible
needs will surface, and analyzing plans that can be used to meet
those needs.

Data used in these analyses often cannot be site-specific
because the projects may consist of roads which do not yet
exist, or affect more than one existing road. As a result, data
needs for most tasks included in this objective are more aggre-
gate than data needed to manage daily operation of the road
systen. Data needed in these tasks can best be described as
estimates of traffic volumes, vehicle classifications, and truck
weights (EALs) by functional classification of road. For some
state uses, a regional division of this data 1is also advisable
because of significantly different traffic characteristics in
portions of the state. For example, the amount of truck travel
in a mountainous, mining-oriented portion of a state can be
quite different from that in an agricultural portion of the
state,

The objective of preparing for future system needs can be
broken into several specific tasks:

trend analysis;
. project identification and selection;
. project design;
. highway investment analysis; and
. environmental impact analysis.

As with the objective of managing and maintaining the road
system, these tasks tend to have similar data needs.

Trend Analysis

State engineers need data to examine the growth and changes
in state highway traffic to determine where new road construc-
tion will be needed and where to expect heavier or lighter
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maintenance needs than current programs are designed to
provide. These data are usually provided by using trend
analyses to extrapolate historic travel volumes and vehicle
characteristics,

Data to be used should represent all aspects of the highway
system and should be collected within a specified tolerance to
determine when significant changes are taking place. Such data
would include estimates of VMT, vehicle classifications, and
EALs by vehicle type for each functional road classification.
Some states may need these data by regional stratification as
well. Use of a randomly selected volume and vehicle classifi-
cation sample, such as one based on the HPMS, is appropriate for
this data collection task.

The ability to differentiate truck weights by region as
well as by functional class could add significantly to the value
of this analysis, as it is possible that EALs per truck type
differ between regions within a state, Available truck weight
data do not indicate whether this variation is significant. The
need to collect these data and the cost effectiveness of
collecting them will depend on the variation within the state

and on the equipment used to collect it.

Project Identification and Selection

States need a way to identify potential projects for
investing in transportation system improvements. Transportation
projects are suggested by numerous sources:

. trained observer surveys;

. high accident location studies;

. citizen complaints;

. the experience of the district engineers; and

. the political process.

It does not seem necessary to collect traffic information for
the purpose of identifying additional projects.

Considerable traffic data are needed to prioritize the

projects identified. The data typically requested by the
project selection divisions of the five state DOTs interviewed

include:
. AADT for the present and a 20-year forecast;

. the present daily peak-hour volume or the 30th
highest design hour volume and 20-year forecasts; and
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. truck percentages for daily and peak-hour travel for
today and the 20-year forecast.

The volume and truck data for the 20-year forecast are cal-
culated from existing conditions and the trend analysis data
described above. Site-specific data on volumes, truck percent-
ages, and peaking characteristics should be collected on a
special count basis, The states interviewed only needed such
data for 100 to 200 projects annually. In addition, the infor-
mation required is more detailed than can be collected effi-
ciently by a coverage count or an annual random sample process.

Project Design

Providing traffic data for road construction or reconstruc-
tion is probably the single most important use of data under the
objective of preparing for the future. To a large degree, the
data provided for project design will be the result of the
planning and forecasting just described. Site~specific AADT and
vehicle classification data are used for many projects, but most
design work relies even more heavily on the projection of data
for 20 years in the future. These projections are the direct
result of the trend analysis described above. Due to the large
effect of +this 20-year forecast on the ‘design process, .the
site-specific vehicle classification count may not be appre-
ciably better than the use of a statewide or regional average of
vehicle classification data by functional classification.

Traffic volumes, variation of vehicle types by functional
class (and region) and statewide EALs, as all are projected for
the roadway design life, will produce the data needed for esti-
mating axle loadings for the design of new roads. Although it
would be ideal to obtain a historical record of traffic volumes,
vehicle types, and weights for each road segment in gquestion,
the collection of this kind of data is too expensive to be
seriously considered. A more realistic data collection approach
is to use site-specific volume counts in conjunction with
average (statewide or regional) vehicle classification and truck
weight data by functional roadway classification for input to
the design process.

Highway Investment Analysis

Highway investment analysis includes examination of the
cost effectiveness of the road system. Data are needed to
compare usage and cost of new construction versus significant
reconstruction of existing highways. bata for these uses is
usually sufficient if they include VMT by section of roadway by
vehicle classification. These data can be estimated by combin-
ing site-specific volume counts with regional data to vehicle
types by functional classes.
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Environmental Impact Analysis

Environmental impact analyses are performed primarily for
urban areas or air basins. Required data are mostly VMT by
vehicle type by functional classification for a specific area.
These data are used as input to air gquality models and the
resulting pollution estimates are included in state air quality
plans. A regularly scheduled counting program will probably
supply appropriate estimates of these data inputs. However, in
large urban areas, the metropolitan planning organization {(MPO)
may collect data that can supplement information provided
through the DOT regular count program. Weight distributions by
vehicle type are not usually an issue in such an analysis.

REPORTING AND RESEARCH

The final objective is to provide data to users not
directly involved with the operations, construction, or main-
tenance of the road system. These users are analysts and public
officials who monitor the changes in the highway system as a
whole, and estimate the effects of those changes on budgets and
design criteria. Specific uses of data for this objective
include:

. system usage monitoring;

. public policy and legislation formulation;

. taxation requirements; and

. research.
Data needed for these analyses tend to be at an aggregate level
of detail. For the most part, statewide or regional estimates
of VMT by vehicle class by functional highway system fulfill

these data needs.

System Usage Monitoring

The highway system is monitored both at the state and
federal 1level. Statistics used for moniteoring the highways
serve two purposes: - .

. cost allocation; and

. trend analysis.

Even though the federal government currently allocates
federal monies on the basis of statewide VMT estimates, there

will be a continued desire by various federal and state agencies
and elected officials to test the impact of alternative funding
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policies using truck VMT estimates. Some states currently use
estimates of truck VMT and passenger car VMT in their calcula-
tion of highway cost allocations. As a result, the annual state
traffic monitoring program should collect data to estimate
statewide VMT by vehicle class by functional highway class.

- similar data will also be useful for the trend analysis
performed for reporting and research purposes. Several studies
for which these data might be used include:
effects of gasoline prices on national levels of VMT;

. effects of the federal law raising the maximum legal
truck weight and vehicle length; or

. trénds of state and national VHMT.

In all cases, a statistically valid estimate of statewide VMT by
vehicle class by functional class is the most appropriate data
base that could be used.

Public Policy and Legislation

Formulation

State and federal officials generally deal with the highway
system in' either a highly aggregate or highly disaggregate
sense. That is, they deal with either the weight limits on the
entire interstate system, or with the limits imposed on a parti-
cular bridge in their legislative district. Their information
needs are therefore focused at the ends of the data spectrum.
Aggregate data for vehicle travel on road systems is used for
policy formulation. Specific information on individual loca-
tions is necessary for project issues.

A monitoring system based on the HPMS sample is therefore
the preferred mechanism for providing statistically valid data
to be used in policy formulation and analysis. To satisfy the
information needs of public policy and regulation analyses, the
data should provide estimates of VMT by vehicle type for each
functional classification of road, and possibly region, within a
state. Data for site-specific projects should be collected on a
project by project basis, not included in an annual monitoring
program. -

Taxation Requirements

The issue of taxation can be considered a sub-issue under
public policy and legislation. It may be appropriate for this
analysis to use statewide estimates of VMT by vehicle type along
with estimates of the costs of road system upkeep to help deter-
mine the need for user fees and other taxes that provide revenue
used to maintain the system. The appropriate level of taxation
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for each type of vehicle (e.g., weight/distance taxes) is also a
major subject being researched at this time, as many authorities
seek a method of attributing highway costs to the vehicles
causing them, '

Research

At the policy level, research consists of broad areas of
concern about the effects of vehicle types and weights on the
severity and frequency of accidents, pavement deterioration, and
other subjects. Aggregate data, such as VMT by vehicle type by
functional class, is necessary to provide statewide and national
statistics for analysis. (For example, does the nation's acci-
dent rate increase as a result of the law legalizing 80,000~
pound gross vehicle weights in all states?) However, sone
analyses will require site~specific data. These data needs
should justify the expense of collecting  the additional data
necessary rather than attempt to design an annual program
supplying data for all possible research subjects.

CONCLUSIONS

Based on the data requirements discussed above, it can be
concluded that the statewide annual traffic monitoring program
should provide the following information: '

. VMT by functional class, optionally by region;

. vehicle classification distributions by functicnal
.class; and

. axle weights by vehicle class by functional class.

These data will allow the computation of VMT and EAL estimates
by functional class for use in the various analyses performed at
the state and federal levels. Some regicnal stratification of
the above estimates may also be necessary for state needs.

Many requests for volume, vehicle classification, and truck
weight data are for specific locations for particular projects.
It is too expensive to collect site-specific data through the
general monitoring program, so site-specific data requests
should be referred to the special data collection program. If a
project does not warrant the cost of a special count, the
analyst has the option of using a regional or statewide average,
based on the functional class of the roadway, which should be
available as a result of a statistically based annual vehicle
clasgsification program. Annually scheduled vehicle class counts
should be restricted to those locations that will provide a
statistically valid estimate £for all general vehicle classi-
fication data uses.
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The term regional refers to the fact that traffic charac-
teristics within a state often vary significantly within a
functional highway classification based on the location of
individual highways. For example, a highway classed as a "rural
principal arterial" in a mountainous region including a heavy
concentration of mining activity will have a different distri-
bution of vehicles than a rural principal arterial in a flat
farmland area. Not only will the distribution of vehicles be
different, but the weights of the vehicles within each vehicle
category could conceivably be substantially different. As a
result, a regional outlook at this information is recommended

whenever possible,

The largest drawback to the above recommendation is the
cost of obtaining acceptable truck weight data for each func-
tional highway classification and region within a state. In
some states it may not be economically feasible to collect
sufficient data to provide this level of detail. Also, a state
with uniform traffic characteristics may not require a regional
breakdown of these data. 1In cases where a regional parameter is
needed but data collection costs are too high, statewide aver-
ages will have to suffice until the more cost-effective vehicle
classification and weight data collection procedures described
in Appendix B are validated and readily available to the states.

A second drawback is that some states do not currently use
data for these needs on the basis of functional classification.
In these states, data are requested by such categories as high=-
way jurisdiction (state highways, county highways, local roads,
and so on) or federal-aid highway system, and individual state
DOTs may resist altering their procedures to accommodate a
change in the manner in which data are collected and reported.

The advantages of the proposed system are:
. cost savings in the collection of data;
. easier administration of the monitoring program;

. improvements to the representativeness and
statistical validity of the data collected; and

. 'integration of the various elements of the program.
By conforming to the existing HPMS sampling base, the need for-
development of a new sample framework is eliminated, duplication

is avoided, and a direct, statistically valid linkage to other:
HPMS variables is automatically provided.
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IV. RECOMMENDED PROGRAM .

This chapter presents the recommended statewide traffic
monitoring program developed using the previously described data
collection objectives. The chapter includes an overview of the
entire program as well as its various elements. Following the
overview, the specific program elements are examined in detail.
This examination includes:

. & description of the purpose of the program elements;

. changes te¢ the current state programs that would
result from the recommended program;

. instructions for determining - appropriate sample
sizes for each program element;

selection of the data collection locations;
. the data collection schedule;
. processing of the data collected; and

. procedures for estimating the precision of traffic
data.

OVERVIEW

The recommended statewide traffic data collection program
is divided into three major parts:

. the Continuous Element, consisting of continuous
traffic counters (ATRs):

. the HPMS Element, consisting of statistically
representative statewide samples of volume, vehicle
classification, and truck weight data; and

. the Special Data Collection Element, consisting of
site-specific traffic movements necessary to fulfill
state needs not met by the other elements.

Each part collects data for different purposes, yet they are
interrelated in that data collected in each program will often
be used in one of the other programs in an altered form. For
example, the continuous counters will provide seasonal factors
for adjusting volume counts to AADT estimates for both the HPMS
elements and the special data collection element. Similarly,
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the HPMS element will be able to provide estimates of the
percentage of trucks using a rocad on which a special volume
count is taken.

All factoring is based on the functional classification of
the roadway to facilitate the interrelationship of these three
elements and to provide an easily identifiable characteristic to
use in applying these elements.. Functional c¢lass was chosen
because it is the basis for the HPMS sample, and offers
continuity of roadway designations between states. In states
where substantial variations in traffic characteristics occur
due to regional differences in population density and land use
(e.g. mountainous mining areas versus oceanside roads subject to
heavy recreational travel), functional classifications may be
supplemented by some regional stratifications.

The program is structured to minimize changes to most
states' continuous count programns. However, it is reconmended
that solid state recorders be utilized at ATR sites instead of

paper tape recorders to improve the accuracy of data collection
storage and facilitate the processing of the collected data.

The statistically-based HPMS element consists of the HPHS
sample and subsamples drawn from the existing HBPHS sample for
collecting vehicle classification and truck weight data. The
procedure to be followed in developing the vehicle class and
truck weight elements includes:

. estimating the required sample size;

. selecting sample locations from the existing HPHMS
sample sections;

. scheduling the counts;
. collecting the data; and

. processing the data.to include seasonal adjustments,
axle correction factors, and other necessary
adjustments.

The data collected from the selected locations is then used in
the equations presented in this chapter {and in the HPMS Field
Inplementation  Manual) to develop estimates of traffic
characteristics and determine the precision of those estimates.

The special data collection element is designed to provide
each state with a mechanism for collecting site-specific data
and other data deemed necessary for state use, but not provided
by the continuocus or HPMS elements. In the Special Data
Collection Element, the state highway agency will determine what
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additional counts are needed and funded to fulfill
state-specific data uses. Several examples of counts that a
state might include under this special count element are:

. site-specific data requested by county engineers,
project engineers, and elected officials for use in
the design and decisionmaking processes;

additional vehicle classification and truck weight
data on roads designated by the state as "heavy
truck routes®; and

volume counts at high accident locations throughout
the state, with the 1locations determined using

criteria set by the state.

Many other types of measurements could conceivably be included
in this last program element. Each state will have the option
of utilizing this program for their highest priority purposes,
given their funding constraints.

CONTINUQUS COUNT PROGRAM ELEMENT

This program element consists of permanently located ATR
stations. Each station provides, at the minimum, hourly volume

data for that location every day of the year.

Purpose

The primary purposes of the proposed Continuous Element are
to provide seasonal adjustment factors and to collect short- and
long-term trend data. This is consistent with the current use of
ATR data. Some ATR stations are also capable of providing some
combination of vehicle <classification, vehicle weight, and
vehicle speed data, depending on the equipment available at the
site and the type of sensing device used. This additional
information is not required by the Continuous Element, but it is
one of the goals of an integrated program, and can be of
considerable use to the state. Thus, while this program design
does not require construction of these "enhanced" ATR locations,
their use 1is encouraged as being consistent with the HPHS
program philosophy. -

Recommended Program Element

Peat Marwick recommends a structured continuous program
element that combineés ATRs by functional «classification to
provide seasonal and day-of-week adjustment factors for other
count locations within those functional classifications.
Available data show that roads of the same functional
classification generally exhibit similar seascnal traffic
patterns. In practice, different functional classifications of
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roads may also exhibit similar seasonal characteristics. In
this case, more than one functional class may be combined into
one seasonal factor group. This approach is recommended where
appropriate to reduce the number of ATR locations required.

There may be more than one pattern per functional class
within a state as a result of differences in the regional
composition of traffic. For example, a highway classified as a
rural primary arterial in a mountainous region with heavy mining
activity may have different traffic characteristics than a rural
primary arterial in an area of flat farmland. In this case,
functional classes may be stratified into more than one seasonal
factor group based on the region of the state containing the
road. The number of regions within a state should be strictly
limited because the number of regions directly affects the
number of ATR stations needed to compute seasonal factors.

For example, the existing Maine ATR stations will be formed
into seasonal factor groups, based on functiocnal classifica-
tion. It was determined that the seasonal characteristics of
roads along the Maine coast were substantially different from
those found in the rest of the state. It was also found that
within this regional stratification, several functional classes
of roadway could be combined into one group, because of their
" similar seasonal patterns. Exhibit IV-~1] shows the seasonal
patterns of Maine's rural interstate and rural other primary
arterial functional <¢lasses which were combined 1into one

seasonal factor group. Exhibit IV-2 shows the effect of
conbining these two function clases on the standard error of the
average monthly seasonal factors. Conputation and use of

seasonal and day-of-week factors 1is discussed under the
"Processing of Data for Reporting Purposes" heading, presented
later in this section.

Changes to A Continuous Count Program

A procedure for converting an existing state continuous
count program into the recommended continuous program element
consistent with the other elements of this statewide program is
detailed below. It assumes that all states currently have an
operating ATR program., The procedure can be broken down into
several steps:

. use professional knowledge of the state's traffic
patterns and analysis of available state ATR data to
determine any obvious regional stratification(s);

. use existing ATR data to compute means and standard
errors, and develop seasonal factors for each
functional class of road within the state or region,
if regions are necessary;
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EXHIBIT IV-2

COMPARISION OF STANDARD ERROR BEFORE
AND AFTER FACTOR GROUP COMBINATION

Standard Error*

‘ Rural Primary Combined Factor

Month ' Rural Interstates - Arterials Group
January 0.056 0.091 0.080
February 0.113 0.079 0.092
March 0.089 0.071 0.079
April 0.088 0.059 0.073
May 0.049 0.021 0.035
June 0.084 0.030 0.062
July 0.084 0.133 0.129
August 0.106 0,169 0.136
September 0.098 0.034 0.070
October 0.129 0.036 0.085
November 0.051 0.048 0.083
December 0.051 0,078 0,065
Mean 0.083 0.071 0.082

*Standard error of the monthly average daily traffic as a fraction of AADT,
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plot the mean ATR data and examine standard errors;

. consolidate functional @ classes - or regions where
possible;

determine the number of existing ATRs within each
grouping;

determine the costs or savings of adding,
eliminating, and moving ATRs:

. compare the above costs with the resulting changes
in the estimated sample variance to determine the
need for adding, eliminating, or moving ATR
locations; and

. randomly select new ATR sites and eliminate: or
relocate extraneous old ATR locations.

It is also recommended that states periodically check their ATR
groupings by repeating the above procedures at regular
intervals. A recommended cycle for checking ATR groups is every
six years, which is two cycles of the recommended HPMS program
element.

Compute Initial Seasonal Factors

The staff of the state DOT should include only full years
of ATR data for the examination of seasonal factors. Using
their knowledge of the state's traffic patterns, the staff
should be able to make an initial estimate of whether a regional
stratification of functional classes will be necessary or
desirable. A plot of individual ATR seasonal factors, as in
Exhibit IV-1l, may be helpful when determining the need for
regional stratifications.

Once the initial classification of ATRs to functional class
seasonal factor groups is made, means and standard deviations
should be computed for each monthly factor for each group. A
comparison of the mean factors for these groups will show which
groups can be combined into larger groups, and which groups may
‘need regional stratification. As can be seen by examining
Exhibit IV-1l, plotting the seasonal factors for each ATR or
functional classification group helps in visualizing the various
seasonal patterns, and in determining which functional classes
can be combined.

The combination of functional classes into larger seasonal
factor groupings, or their breakdown into smaller regional
stratifications, is performed wusing statistics tempered by
professional judgment. The standard deviation of the average
monthly seasonal factor affects the precision of the AADT
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-estimates computed using that factor. The standard deviation
should therefore be kept as small as possible. However, the
need for less variation in the seasonal factor must be weighed
against the cost of collecting additional data (i.e., more ATR

locations).

Some professional judgment is necessary to make this
tradeoff. No hard rule was determined for the appropriate size
of the standard error within a seascnal factor group. Instead,
when determining the number of ATR stations, the number of new
ATR stations needed should be minimized, and the variation in
the seasonal factors should be minimized as well. A similar
philosophy should be used for combining functional
classifications with similar seasonal patterns. These basic
criteria are followed in the case study examples included 1in
Appendix D of this report. :

The procedure described above of combining and splitting
functional classes continues until a satisfactory set of factor
groups is achieved. ©No more than two iterations of the process
should be necessary. The seasonal factors will contain sone
variation, since they are computed from ATRs in different
locations, and therefore have slightly different traffic
patterns. The seasonal factors will also vary slightly from
year to year as traffic at those ATR stations varies. However,
the factors will be representative of the functional
classification as a whole, and will contribute a known magnitude
of error to the factoring process. This is an improvement over
nost seasonal factoring techniques, which induce errors similar

in type, but of an unknown magnitude.

As a general rule, eight factor groups were initially
examined for the five case studies included in Appendix D:

. rural interstates;
. rural other primary arterials;
. rural minor arterials;
. rural collectors;
. urban interstates and other freeways and expressways;
. urban other principal arterials;
. urban minor arterials; and
. urban collectors.
These initial groups were then split regionally as necessary, or

combined whenever reasonable. Consideration should be given to
the possible need to separate the interstate system from other
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roads due to the fact that using regions will increase the
number of ATR stations necessary, and to the fact that sone
specific roads in a state may need to be treated as special
cases due to unusual seasonal loadings (such as ski resorts).

Determine the Number of
ATRs per Factor Group

After the factor groups have been established, the state
must examine the need for altering ATR locations. This involves
a tradeoff between the number of ATR 1locations (and the
consequent reduction in the error associated with the seasonal
factor) and the costs of processing ATR data, maintaining ATR
locations, and adding new ATR sites. Exhibit IV-3 provides some
insight into the costs of ATR sites versus the reduction in the
seasonal factor variation provided by each additional ATR
location. Exhibit IV-3 is <calculated using a unit cost
approach, because individual state costs for ATRs vary greatly.
The actual costs a state may experience are dependent on the .
state's equipment, the number of lanes counted, and other costs
specific to that state.

In Exhibit IV~-3, the annual <cost of an ATR station
increases linearly with each additional ATR station (i.e., one
ATR has a unit cost of one, two ATRs have a cost of two, and so
on). This cost does not include the one-time cost of installing
new ATR locations. The precision of the- seasonal factor is

computed as:

d2 = (z2 * cov2) / sqrt(n) )
where d = the accuracy of the count as a fraction
n = the number of ATR locations in that
factor group.
z = the normal variate for the specified

level of confidence equal to 1.95 in the
exhibit).
Cov = the coefficient of variation of the

seasonal factor (assumed equal to 0.1 in

the exhibit).
The exhibit shows that each additional ATR station reduces the
precision of the factor by a decreasing amount. It is therefore
not cost effective to &ddd an infinite number of ATR locations.
It should be noted that the location of the curve in
Exhibit IV-3 is determined by the COV term and will be different
for each seasonal factor group, but the shape of the curve will

always be the same.

Several other rules must be considered when deciding the
proper number of ATR locations:

. Two ATRs are needed to determine variance.
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. Since ATRs can fail, due to maintenance needs,
construction, weather, and other <causes, it is
useful to have at least one additional ATR location
per factor group, so as to maintain the minimum two
counters if one fails.,

. Since ATR data is useful in examining long-term
trends on roads, it makes sense to maintain the
majority of stations that already exist.

The example state cases in Appendix D will lend some additional
clarification to the recommended methods for determining the
appropriate number of ATR locations. In general, it is
recommended that the factor groups should have between 3 and 8
counters, and have a standard deviation of 10 percent of AADT oOr

less.

Selecting ATR Sites

Existing ATR sites should be used whenever possible to
reduce costs. - If new ATR sites are necessary, a random sample
of roads in the appropriate functional class should be drawn
from the existing HPMS sample. The HPMS volume sections may be
weighted by VMT on each section for this selection process if
the state desires. This procedure is covered fully under the
heading "Select Sample Locations and Times" within the HPHUS
progranm element section of this report. Another alternative
would be to utilize existing speed monitoring locations. if they
were located on the appropriate functional class of roads.

Adoption of the new factor groups may also result in the
elimination of existing ATR sites. The states will determine
which ATR sites will be -eliminated or moved. A random
elimination technique may be used here, although professional
knowledge of the ATR 1locations may also be useful. ATR
locations that are on HPMS sample segments should be kept
whenever possible,.

ATR Eguipment

The use of modern solid state traffic counting equipment at
ATR 1locations is strongly recommended. Solid state counters
have significant advantages over paper tape counters. These
advantages include:

. the reliability of the <counter and recording
mechanism;

. the relatively low cost of processing the collected
data; and

. the capability to collect more than just volume data.
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The c¢ost of new solid state equipment can almost always be
recovered from savings in labor costs. The time needed for this
cost recovery varies, depending on . various state-specific
costs. A complete analysis comparing the cost of processing ATR
data using both paper tape and solid state counting equipment is
included in Appendix C.

The use of telemetry is not specifically recommended as
telemetry may or may not be cost effective for a state.
State-specific factors substantially affect the cost and
functioning of a telemetry system. Such factors include:

the size of the state;
. the number of ATR locations;
. the availability of telephone lines at ATR locations;
. the cost of telephone service within a state; and

. the compatibility of existing solid state ATR
equipment with telemetry.

Some of the currently available solid state eguipment can be
used as either a telemetry site or as a traditional ATR site
requiring periodical visits to collect data. By purchasing
equipment with this flexibility, it is possible to switch from
paper tape equipment to solid state equipment, and then at a
later date convert to telemetry. This kind of equipment may be
appropriate for a state that does not wish to use telemetry at
this time, but wishes to reserve that option for later, without
incurring substantial new equipment costs.

some of the newer solid state devices are also capable of
collecting vehicle classification, speed, and truck weight
data. This kind of data collection is also a function of the
type of vehicle sensor used. The costs of an ATR station and
sensors capable of these functions increase as the complexity of
the collected data increases. The high cost of these enhanced
stations prohibits Peat Marwick from recommending their
construction by all states. The data collected at such a
station would, however, be guite useful for any state purchasing
one, B

HPMS ELEHMENT

The following discussion describes the collection and
processing of data that will provide estimates of volume,
vehicle classification, and truck weights which may be in the
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form of Equivalent Axle Loads (EALs), which are needed for

planning, design, and reporting purposes by both state and
federal users. This discussion includes:

. the purpose of the HPMS program element;
. the design of the samnpling approach;

. the sources of error, their magnitude, and. their
effect on sample size; ‘

.. the changes recommended in the . frequency and
duration of volume counts on HPMS sample sections;

. the definition and computation of a vehicle
classification subsample of the HPMS volume sample
{the classification subelement); and

. the definition and computation of a truck weight
subsample of the vehicle classification subsample

(the truck weight subelement).

Default statistics that may be used by states performing
this analysis - without their own data are ©presented in
Appendix A. These statistics are used in the computations
presented in this section and those performed  for the case
studies presented in Appendix D. The data used to compute these
statistics were the best data available to FHWA and Peat Marwick
at the time of the analysis. These data were not collected in a
statistically rigorous manner. Therefore, some of the values
used in this section and presented in Appendix A may vary
significantly from their "true" value. Statistically valid data
should be substituted for these values whenever possible.

Purpose

The purpose of the HPMS program element 1is to provide
statistically representative data for the user needs described
in Section III--Objectives and Data Needs. The program element
consists of three subelements:

. traffic volume data;

. vehicle classification data; and
. truck weight data (transformed into EALs).

The program is designed to produce estimates of the above data
by  highway functional <classification, within a regional
stratification if one is established. These estimates can then
be applied to any road in the state HPMS inventory with a given
level of precision.
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The data collected by this program element are not intended
to address needs for data on specific road segments, although
they may be used as site-specific estimates for those road
sections on which data is collected. Averages determined from
this program element (e.g., the average percentage of 382 trucks
on a rural interstate highway) may be used to supplement
.site-specific data.

Design Approach

The HPMS program element is designed to be a repeating
subsample of the existing HPMS sample, It follows the same
basic procedures of the HPMsL sampling plan, and relies on the
existing HPMS sample as a starting point for further sampling.
The design approach can be briefly described as:

. defining the population and sample strata for
reporting information and reducing sampling error;

. computing sanmple size by stratum;

. selecting sample locations and times of measurement;
and

. expanding the results to represent the population.

Define Population and Sample Stratum

The population defined for this program element is the same
as for the HPMS; i.e., it excludes rcads functionally classified
as local. The sampling strata for volume data are also
unaltered from the HPMS sample; i.e., stratification of roads by
types of area, functional classes, and volume group.

For the vehicle classification subelement, the stratum is
defined as functional class of roads. Further stratification of
the vehicle classification sample by high volume versus Ilow
volume road is suggésted. Each state should determine its own

definitions for high and low volume roads, as well as the need
to fit these definitions to its own traffic conditions in that

state.

Stratification allows a state to determine the percentage
of each type of vehicles travelling on high volume roads Wwith
greater accuracy. This step was chosen due to the common wish
of many states for better information on high volume roads than
on low volume roads. If a state does not need such information,
the high volume versus low volume stratification may be
discarded. In either case, the vehicle class sample must be
selected from the HPMS volume sample sections.
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The truck weight subelement sample is also stratified by
functional class and by high volume/low volume roads for the
same reasons as the vehicle class stratification. Truck weight
locations are to be drawn from the vehicle classification sample
locations (which are already stratified by high and low volume
roads). Because of the limitations of truck weighing equipment
as well as the prohibition of trucks from some roads, the
selected locations must be reviewed to prevent the selection of
inappropriate locations. This issue is dealt with more fully
under the truck weight subelement heading later in this section.

Compute Sample Size

The sample size for each of these subsamples will be
determined using similar procedures. The number of sanple
locations depends on:

. the estimated composite variation of the population
which the subsample will represent;

. the frequency and duration of the counts; and
. the desired precision of the collected data.

The reliability of the sample depends on sampling error and
external {non-sampling) error. Sampling error includes:

. temporal error (the variation at a location across
days); and

. spatial error (the variation across locations}.

External error includes:

. Seasonal variation and errors in seasonal adjustment
factors;

. variation in the axle correction factor needed by
counts made with road tube counters; and

. measurement errors (axles miscounted by rocad tubes).

Estimates of temporal,- spatial, seasonal adjustment, and axle
correction errors are included in the sample size eguations
presented later in this section. The extent of mR~easurement
error is also discussed later in this report, but no effort is
made to directly account for that error in the sample size
equations. The equations do not include any measure of the
amount of error in a traffic estimate that is not affected in
some manner by the sampling process.
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A discussion of the effects of count frequency and duration
on the precision of the count data is also included. The
resulting improvements in precision from longer and nore
frequent counts are then compared with the cost of taking
counts. ‘The results are used to determine sampling frequency
and duration for the program element. Appendix C includes the
complete cost analysis performed to compute the
frequency/duration/cost tradeoffs presented here.

Although the frequency and duration of the count program
affects the level of precision of the data, the selection of the
precision desired actually drives the sample size equations.
The precision selected for each application of the sample, size
equations results from a combination of user needs and the cost

of collecting data.

Select Sample Locations and Times

Sample locations have already been established for volume
counts as a result of the existing HPMS program. The selection
of vehicle class sample 1locations from that sample can be
performed in one of several ways. The essence of each procedure
is to select a series of representaive locations randomly from
the volume locations. The two most applicable means for
selecting these locations are:

. a simple random sample;

. a random sample of sections, with the sections
weighted by the VMT on each section.

The first procedure is the easiest to accomplish. It requires
creating a listing of (and sequentially numbering) HPMS volume
segments within a stratum. Each location should be listed once
for each day in the count cycle. The random selection of
monitoring location-days should be chosen from this 1list. The
result of the selection will be that some locations are selected
for monitoring on more than one day. The random selection can
be performed using a computerized process or by using a
published random number table.

This procedure assumes that there is no significant
difference in vehicle class distributions between the different
volume groups that make up a stratum. It will result in a
probability of a sample being selected equal to one divided by
the total number of volume samples taken in that
stratification. This means that the volume groups with higher
sampling rates in the HPMS volume sample will have higher
representation in the vehicle classification sample.
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The second procedure is more complicated to perform, but
may yield a more representative number. (This is unclear
because of a lack of statistically valid vehicle classification
data.) The weighting of each sample location by VMT assumes
that vehicle c¢lass percentages are different for different
volume stratifications. This procedure automatically weighs the
probability of a section being selected for a vehicle class
location according to that 1location's contribution to the
stratum's average vehicle classification (based on VMT).

To perform a weighting by VMT, a state should first create
a listing of HPMS volume locations by functional class strata.
Each location should be asigned a weight equal to the VMT for
that section divided by the sampling rate for that volunme
group. All the weighted volume sample sections’ in the strata
should then be combined into one 1list with each weighted
location listed once for each day in the count cycle. A
computerized or manual process should then be used to select
locations for vehicle class locations with each location-day
having a probability of selection equal to the weight calculated
for that location divided by the sum of all weighted
location~days in the strata.

All states will use a simple random sample for determining
truck weight locations from within the vehicle class sample.
The vehicle classification sample selection will provide any
weighting that a state should apply to sample selection (i.e.
selection of location proportional to VMT). Any further
weighting of the sample will bias the collected data. Truck
weight locations will also be selected based on the equipment
available to each state for collecting weight data.

The tempering of statistically rigorous sampling with the
practical realities of manpower utilization and equipment
capabilities will also affect the timing of data collection.
The computation of VMT for a state or entire functional class 1is
statistically cleaner if volume counts are taken evenly
throughout the year and seasonal factors are not used, This
" procedure may not be practical at this time because states often
rely on inexpensive summer help to perform much of their data
collection. Summer collection makes the sample seasonally
biased, and requires the use of seasocnal factors to correct the
summer weighting. One-of the goals of the integrated program is
to emphasize the need to develop monitoring programs equally
distributed across seasons s0 as to eliminate or at least
diminish seasonal bias.

It is expected that a majority of states will use some kind
of systematic process to collect data. From a cost standpoint,
this makes sense. The systematic collection of data, however,
may reduce the precision of the data collected. The maghnitude
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- of this additional error is hard to estimate, and is generally
ignored because it is not cost effective to try to eliminate
it. Two examples of common types of systematic error that some
states will encounter are:

. restricting truck weighing operations from certain
roads and road segments, due to equipment

limitations and crew safety requirements; and

. focusing on the collection of data from specific
areas of a state at one time, rather than collecting
data from 1locations randomly (e.g., counting all
HPMS sections in a county before counting any HPMS
sections in another county of the state).

One important advantage of this integrated program element
is that the volume, vehicle class, and truck weight counts all
coincide. That is, a volume count and a vehicle classification
count should be taken at the same time and location as every
truck weight monitoring session. A volume count should be taken
at the same time and location as every vehicle classification
count. In this manner, the amount of travel for data collection
is reduced in that the same crew {(or eguipment) can perform the
labor necessary for all three measurements.

Sample Expansion

The vehicle classification and truck weight data do not
need to be expanded in the same manner as the volume data. The
results of the vehicle class and truck weight data collection
efforts are ratios that will be applied to volume estimates,
both at the individual site level and at the functional class or
systen level.

The result of the wvarious truck weighings are truck
weights, axle weights, or an average EAL for each truck type for
each road stratification. If the EAL estimate is used within
the sample stratum from which it is drawn (e.g., £for high
volume, rural interstates), no weighting or expansion is
necessary. If an average EAL is desired for a combination of
sampling strata, the estimates must be combined proportional to
the strata sampling rates. The actual calculation of this
procedure is presented under the truck weight heading of the
HPMS program element. An example of combining two strata would
be the combination of high and low volume rural interstate
strata into a single rural interstate stratum.

Vehicle classification data is expanded in the same manner
as truck weight data. The purpose of the sampling and data
collection is to provide estimates of the percentage of traffic
by vehicle type. No expansion factor 1is needed. If sample
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strata are to be combined, the data must be weighted by the
respective sampling probabilities of the two strata. These
actual calculations are discussed under the vehicle
classification heading of the HPMS program element. ' -

To obtain the total VMT of a particular vehicle type for a
functional c¢lassification, the average percentage of travel by
that vehicle type for that class of road would be multiplied by
the total amount of vehicle miles traveled on those roads. To
obtain total VMT by vehicle type for a state, the above
procedure would be followed for each functional class of road
and the results summed. The expansion process is described more
fully later in this section. '

- 'The HPMS = Field - Manual contains the methodology for
expanding the HPMS sample volume counts to represent the entire
HPMS population. The manual alsoc c¢ontains instructions for
conputing VMT for various reporting purposes.

HPMS VOLUME DATA SUBELEMENT

The purpose of this study is to develop an integrated state
traffic data collection program based on the HPMS, The HPMS
program yields estimates of statewide traffic volumes and VMT
for reporting purposes and trend analysis. .

The HPMS sample strata and count locations are accepted
unchanged in the recommended data collection program. Within
these constraints, some analysis was performed to show areas
where the data collection process could be improved to benefit
an integrated statewide traffic count program. The areas of
analysis included:

. evaluating the frquency and duration of traffic
counts taken at HPMS sample locations; and

. building on the #PMS sample to provide data for
estimation of growth rates.

Prequency and Duration of HPMS
Element Traffic Volume Counts

One of the fundamental tradeoffs in data collection is
reducing costs versus reducing uncertainty. This involves
questions such as how many counts to take, how long to collect
data at a single count location (duration), and how frequently
to take counts at those locations.

States typically take volume counts with 24-hour machine
counts (with or without hourly breakouts) for use in estimating
annual average daily traffic (AADT). These counts are often
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taken annually at the same location. This use of a volume count
to calculate or represent AADT creates an uncertainty that that
count value is the true term {(i.e., that the volume for that day
or the value calculated with that volume is the actual AADT).
This uncertainty is a function of the variation in the amount of
traffic at that location and the growth of traffic at that
location between the time of the count and the day for which the
AADT value is desired. -

The magnitude of daily traffic variation is much larger
than the long-term growth trends of most locations. As a
result, analysis shows that it is more cost effective to count
less frequently for 1longer periods of tinme. For  ©cost
effectiveness, Peat Marwick recommends that HPMS volume counts
be taken for 48 hours at a time, but at three~year intervals.
PHWA has expressed the desire to maintain annual counts on
interstate sections to monitor annual volume changes on these
sections. The following wequations show how Peat Marwick's
recommendation was reached.

The uncertainty in a specific daily volume count at the
time the count is made is represented Dby the following
equation:2

SVOLD? 1 1
SVOLi2 =g+ svoLs? * (1 * oo ) + SVOLAZ * (1 + e ) {2)
where: _
SVOL5 = the standard deviation of the volume count
at location j
SVOLD = the standard deviation of volume across days
SVOLS = the standard deviation of volume across
seasons
SVOLA = the gtandard deviation of the average number

of axles per vehicle per day
nce = the number of counts locations used to
calculate seasonal factors-

nve = the number of vehicle classification counts
taken to calculate the axle correction factor
nd = the length of the count in days

Each of these variancérterms can be reduced by taking ionger

counts, e.g., for 48 or 72 hours. For _an entire sampli
stratum, this expression can be expanded to: pling

SVOLDh zlﬂd + SVOLLhz

SVOL,2 =
Ny

1
+ SVOLSy2 o= 4 o + SVOLA, 2 (nl ) ) @)

nccy,
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where:

SVOLy = the standard deviation of the average volume
for stratum h '
SVOLDp the standard deviation of the volume across
days for stratum h :
SVOLLp the standard deviation of the volume across
locations for stratum h
SVOLSy the standard deviation of the volume across
seasons for stratum h
SVOLAY the standard deviation of the average number
' of axles per vehicle for stratum h
ny = the number of volume counts taken in stratum
h
ncch = the number of locations counted to determine
4 the seasonal factors for stratum h
nvcy = the number of vehicle classification counts

taken to compute the axle correction factor
in stratum h

For combining strata, the uncertainty of the estimate can be
computed as: v

—_— —— i 2
SVOL2 = T [svon.,,2 . (M‘L)} @
h L Miles),
h

where:
SVOL

the standard deviation of the combined
’ volume estimate

Hilesp= the total number of miles in stratum h
SVOLp = See equation 3

Another sourceiof uncertainty is introduced if growth trend
data are used to adjust an 0ld count for current use:

VOL = VOL;* GF {5)

where:
VOL = the volume estimate corrected for growth
VOL; = adjusted AADT traffic count taken earlier
GF = the growth factor between the year of the

count and the present time
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The additional uncertainty introduced by applying a growth
factor to an old count is represented as follows:

SVOLGFp = SGF2(1+ 1 )
ngf {6

Where:

SVOLgF= the uncertainty of the volume estimate as a
result of the growth factor

SGF = the standard deviation of the estimated growth
factor
ngf = the number of data points available to calculate

the growth factors

The use of growth factors in the HPMS data cocllection effort
also means that some additional error is included in the
computation of volumes by sample stratum. The revised error can
be determined by combining equations 3 and 6:

SVOLD,2/nd SVOLL,2
Ny * Ry

) 1 1
SVOLhz = + SVOLSh2 <— + —-—-) +
n, = neccy,

1 1
SVOLA2 | — L
h ( nn + n\fch) + SGF2 (1 + ngf) @

Exhibit IV-4 illustrates the relative costs and accuracy of
a variety of count durations and frequencies, based on the
following assumptions drawn from Appendix A, and assuming
appropriate numbers of counts for each factor:

SVOLD = 0.07 of AADT

SVOLS = 0.04 of AADT

SVOLA = 0.03 of AADT

SGF = 0.01 of AADT

Nee = 6.0 (locations used to determine seasonal
factors)

nye = 12.0 {vehicle classification counts)

ngf = 40.0 {(counts used to estimate the growth factor)

costy (second day of count) = 0.15 of first day cost
cost3y (third day) = 0,05 of first day cost
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The exhibit uses example data. It does not indicate the
accuracy of counts on any specific functional class of roads.
The actual accuracy of any count will depend on the variability
of the traffic at that locaticn. Exhibit IV-5 presents a graph
of the same data to help the reader visualize the effects of
increasing the duration of counts and decreasing the frequency
of counts.

As can be seen in Exhibits IV-4 and 1IV-5, the increase in
count duration significantly affects the accuracy of the count.
The decrease in count frequency (and use of a growth factor) has
only a marginal effect on count accuracy, but does have a
significant effect on reducing the cost of the count program.
Exhibits IVv-4 and IV-5 also show that a three~year-old volume
count with a growth factor is only slightly less accurate than a
new count (roughly 1.2 percent of the above percentages). This
is because the error from daily variation in traffic at a
location is considerably larger than the error in estimating a
comparatively small growth rate, even after several years of
growth. The sum of the daily variation error and the growth
factor error for equal length counts is therefore only slightly
larger than the error from the daily variation by itself.

For the same reasons, a 48-hour count with a three-year
cycle and growth factor is more precise than an annual 24-hour
count. Therefore, it is logical to collect data for
multiple-day periods once every several years. The lengthening
of the count cycle reduces the cost of the program, while the
longer counts improve accuracy. In practice, the count schedule
would be constrained by non-statistical issues such as:

. the deteriorating reliability of rocad tubes left in
place for long periods of time;

. the occurrence of major development in the area for
which growth factors cannot be accurately estimated;
and ~

. the scheduling of counts to make cost effective use
of manpower and equipment.

Given these other considerations, it is recommended that a
48-hour count and a three-year count cycle be adopted for the
HPMS volume count program. This data collection plan yields
more accurate data on the vast majority of sections for a
reduced cost in comparison to the existing plan of annual
24-hour counts. This procedure's principal disadvantage is that
it reduces the effectiveness of the HPMS program in detecting
large changes in volume on an annual basis. Since few locations
exhibit major volume changes within a year, this should only be
a problem at a few locations. As a result, the special data
collection program can be used to collect data at those few
locations which require counts before the three-year cycle ends.
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Count Schedule

24
24
24
24
48
48
48
72
72
72

Hours
Hours
Hours
Hours
Hours
Hours
Hours
Hours
Hours
Hours

Every
Every
Every
Every
Every
Every
Every
Every
Every
Every

Year

Other Year

Three Years
Five Years

Year

Three Years
Five Years

Year

Three Years

Flve Years

EXHIBIT IV-5

RELATIVE COST AND ACCURACY OF COUNT
DURATION AND FREQUENCY

Total Cost Cost of Count Accuracy at

of Count Per Year for Cycle End of Cycle
1 1 .0880 standard
1 0.50 .0886 gtandard
1 0.33 .0891 standard
1 0.20 .0903 standard
1.15 1,15 .0727 standard
1.15 0.38 .0741 standard
1.15 0.23 .0755 standard
1.20 1.20 .0669 standard
1.20 0.40 .0684 standard
1.20 0.24 .0699 standard

deviations
deviations
deviations
deviations
deviations
deviations
deviations
deviations
deviations
deviations



One significant advantage is that the use of a three-year
count cycle results in a two-thirds reduction in the number of
volume counts taken in a year. This results in a reduction in
the resources needed to collect HPMS data. A reduction of half
the total HPMS budget for a state may be achieved by a
two-thirds reduction in HPMS traffic volume counts. The actual
cost reduction each state would achieve is highly dependent on
the manner in which each state collects HPMS data, and could
only be calculated after a specific analysis of each state's
budgeting and counting procedures.

Growth Factors From the HPMS
Volume Sanple

If the above recommendation to count HPMS segments on a
three~year cycle is accepted, growth factors must be used to
update: old counts to current year estimates. States have
historically relied on ATR stations and control counts ¢to
estimate growth factors. Control counts are rarely used for
purposes other than estimating growth or seasonal adjustments.
Peat Marwick recommends that the HPMS sample be used to provide
growth factors.

The analysis shows that the HPMS sample provides a better
data base for estimating growth than does a limited control
count program. Like a control count program, the HPMS sanple
essentially consists of a very large fixed panel survey. Each
location is counted either every year or every third year. The
reliability of growth estimations increases with the number of
counts used to estimate that growth. The HPMS sample is
invariably larger, better distributed, and randomly selected.
It is therefore better than the control count programs performed
by the states examined in the analysis., Furthermore, the HPMS
sample is already counted for other reasons (e.g., reporting to
the federal government). The use of the data for computing
growth factors is therefore essentially free.

The use of the HPMS sample for computing growth and the ATR
program for computing seasonal factors means that the control
count program serves no useful purpose, This means that it can
be discarded, and those resources used for other purposes.

A state’s ATR stations by themselves may be used to
calculate annual growth factors, but this c¢ould cause some
states to rely on a very small number of locations to determine
growth. A smnall number of counters is highly susceptible to
local effects (e.g., the construction of a shopping center). It
is therefore probable that the accuracy of statewide growth
estimates from many 48-hour HPMS volume counts is dreater than
the accuracy of estimates computed from ATR data.
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Vehicle Classification Program Element

The vehicle classification program element is designed to
produce estimates of the percentage - of each vehicle type
traveling on each functional classification of highway. The
program element requires a subsample of the HPMS sample
locations. The selection of the vehicle classification sample
is accomplished in five basic staps:

. defining the sample;

. estimating the sources of error;

. determining the required precision;

. computing the sample size; and

. selecting the sample locations and times.

The data collected at these locations are then arranged within
each strata to provide estimates of percentage of travel by
vehicle type.

Define the Sample Strata

Peat Marwick - recommends using the same functional
classification strata used in the HPMS volume sample, but
without the use of the HPMS volume substrata. In addition
several of the functional c¢lasses exhibit similar traffic

characteristics and thus have Dbeen combined (e.g., urban
interstates, urban freeways, and other expressways). The
recommended strata are:

. rural interstates;

. rural principal arterials;:

. rural minor arterials;

. rural collectors;

. urban interstates, other urban freeways, and
expressways: B

. urban principal arterials:
- urban minor arterials; and

. urban collectors.
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States may wish to combine some of these strata, if those strata
show similar vehicle traffic characteristics. The individual
states may also need to further stratify the above
classifications. Three possible reasons for needing further
stratification are: -

. the desire to separate high volume from low volume
roads for sampling purposes:

. the existence of two or more regions in the state
(within the urban or rural stratification) that
experience distinctly different truck travel
characteristics; and

. an interest in stratifying by other characteristics,
such as toll roads or roads prohibiting trucks.

A state might choose to use either of these additional
stratifications if its data showed that the variance within a
larger stratum (e.g., a functional class)} would be significantly
reduced by creating the additional strata (e.g., functional
class by high and 1low volume). If the new strata have
substantially different traffic mixes from each other, a net
reduction in sample size will result because the variance within
each of the new strata is less than the variance within the old
stratum. If there is no decrease in variance, the total sample
size -necessary to achieve a specific precision will increase
because of the stratification.

Sources of Composite Variation

Several factors in addition to the actual variance within a
stratum affect the reliability of volume estimates by vehicle
classification. The volume of vehicles of a particular type for
a location is dependent on two primary factors:

. the total volume at the location; and

. the percentage of that vehicle type in the traffic
stream.

volume estimates may be from actual counts on a road section or
average values for a strata. Similarly, vehicle classification
percentages may be derived from a classification count taken at
a specific location, or may be a stratum average. Where these
estimates come from determines how the reliability of the
estimate is calculated.
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For an actual vehicle classification count at a specific
location, the volume by vehicle type and uncertainty of that

count can be expressed as:

SVOL;Z  SPVC;2 = 2COV (VOY, Pvcii)}
+ +

2 - 2

)]

svoL2 spvcﬂ 10

2 -
SVOL;2 = VOL,2 [ VoL * Bvg,?

where: ,
VOLij = the volume for vehicle type i at location j
VOL5 = the total veolume at location j
PVCi = the percentage of vehicle type i in the
traffic stream at location j
SVOLj § the standard deviation of the volume for
vehicle type i at location jJ
SVOL 4 = see equation 2 '
and where:
2
SPVC;2 = SPVCDn” , SPVCS;, 2 (1 - ) (1)
d nveg,
where: -
SPVCDih= the standard deviation of the percent of
traffic across days for vehicle type i and
stratum h
SPVCSih= the standard deviation of the percent of

traffic across seasons for vehicle type i
and stratum h

nvecsh = the number of vehicle classification count
locations used to determine seasonality in
vehicle classifcations in stratum h

IV.29



The sampling procedure will produce estimates of the
percentage of travel for each vehicle classification for each
functional class of road with a. known standard error. These
estimates can then be used along with actual wvolume counts
(adjusted for the true number of axles per vehicle) to estimate
the actual number of vehicles by vehicle class for any road
section on which no vehicle classification count is taken. This
is expressed mathematically as:

VOL; = VOL; * PVCy, (12)

with the uncertainty of that estimate being calculated from:

. 2 Sy
SVOLij2 = voLij " [:SVOL] . SPVCIhZ:J

BV {13)
VOLj2 PVC,,2
where:
SVOLj = see equation 2
SPVCip = the standard deviation in percentage of
traffic for vehicle type i in stratum h
PVCip - = the average percentage of vehicle type i
in stratum h
and:
— SPVCD;,2 SPVCLy2 1 1
SPVC,2 = gt “hI + SPVCS;;,2 (;r-+ s ) (14)
h sh
with: .
SPVCDip= the standard deviation of the percent of
traffic actoss days for vehicle type i and
stratum h
SPVCLjp= the standard deviation of the percent of
traffic across locations for vehicle type i
and stratum h
SPVCSin= the standard deviation of the percent of

traffic across seasons for vehicle type i

and stratum h
nvcgh = the number of vehicle classification count

locations used to determine seasonality in
vehicle classifcations in stratum h
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Cost limitations prohibit a state from collecting data to
determine the daily, locational, and seasonal variation in
vehicle class data directly. Therefore, equation 14 can be

simplified to:

2 o ——
SPVC,2 = -
Where: SPVCTjy = The total standard deviation in the

percentage of vehicle types across
all factors.

This term is easier to both calculate and use, and is therefore
recommended for use by the states.

SPVCTih may be calculated by taking a series of random
vehicle classification counts at various locations in a stratum
throughout the year. The standard deviation of the mean
percentage for each vehicle type from that sample can then be
used in later precision estimates.

The advantage of this method of determining standard
deviations is the simplicity of the necessary data collection.
The disadvantage is that the sampling plan cannot directly
address those areas causing the greatest variation in the data,
because the components of variation are not treated separately.
However, a more detailed analysis of component variation can be
carried out if desired.

Equation 12 allows a state to take only a volume count and
still have a reasonable estimate of the number o¢f wvehicles
within each vehicle type on that road. Thus a state can reduce
the number of special vehicle classification counts needed.

The use of a subsample also permits the statistically valid
computation of total travel by vehicle type within a stratum.

The average volume (to be converted to VMT) for a wvehicle class
within a stratum (functional c¢lass)} can be expressed as:

VOLih = VOLh * PVCih (1 6)

This 1is the average stratum volume times the average
percentage of travel for vehicle class i. Multiplying this
estimate by the number of miles in a stratum gives VMT by
vehicle type i within that stratum.
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The standard error of this estimate is calculated from:©

SVOL,2 . st'E,hz] 1)
(

SVOL;,2 = VOL;,2 [ e
b ™ | VoL,2  PVC,?

where:
SVOLin

the standard deviation of volumes for

vehicle class i in stratum h
SVOLy = see equation 3

SPVCip see equation 15

This equation would be used primarily £for developing VNMT
estimates by functional class for reporting purposes, or for
comparing the differences in travel on different functional
classes of highways.

More than one sample stratum can be combined for reporting
or other purposes. For example, a state with a high/low
stratification of rural interstates  might want to produce a
report indicating the amount of truck travel on all rural
interstates.

For an aggregation or combination of strata, the average
volume for a vehicle class can be computed as:

= D (18)

with a standard error equal to:

h E Milesy,
where: )
VOLin = see equation 16
SVOLjp = see equation 17
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As can be seen in the above equations, the precision of the
average daily traffic volume estimate by vehicle type is

dependent on:

. variation of the volume estimate (also affected by
variation across days, seasons, average numbers of
axles, and so on); '

. daily variation in the peféentage of traffic at that
site by that vehicle type:

seasonal variation in the percentage of traffic at
that site by that vehicle type; and

. variation Dbetween the percentage of travel by
vehicle type at that location and the mean
percentage of travel by that vehicle type for the
stratum to which the location belongs.

The effect of the variability £from all these terms on the
precision of the estimate can be reduced by taking more counts,
more frequent counts, or longer counts. The precision for a
stratum can also be reduced by stratifying the sample so that
the variance within the stratum (SPVCy) decreases. As with
volume counts, a tradeoff must Dbe made between increased

precision and the cost of collecting more data.

'Determining the Precision

As shown in equation 15 the standard error of an estimated
percentage of traffic for any one vehicle type is a function of
the variance in the percentage of travel by that vehicle type,
and the number of locations counted. Using a simple random
sample the precision of the estimate can be determined by
assuming a confidence interval and turning the standard error
into a coefficient of variation. This is expressed
mathematically as:

@) (spvcr,,1 ) ,
@ = PVC? / _ @3 (cov?) (20)
_ My - ny,

where:
d = the accuracy of the estimate as a fraction
-4 = the normal variate for the specified level of
confidence
"COV = the coefficient of variation for the
percentage of vehicles in class i stratum h
ny = the number of counts taken in stratum h
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In theory, the user specifies the precision level at which
the data is desired, and determines the number of samples to be
taken using the above equation. Unfortunately, the sample size
required to achieve a stated precision level differs for each
vehicle type. This is because the variation of the percentage
of traffic by each vehicle type is different. This results in a
single sample  size being <chosen and different 1levels of
precision being obtained for each vehicle type. To select a
single sample size the different variations for each vehicle
type must be reduced to one number. There are two ways of
looking at this problem:

. use the coefficient of variation (Ccov) of the most
important vehicle type; or

. combine the COVs of the different classes into one
number.

Regardless of which of the above methods is used, the
chosen sample size will still result in precision levels
calculated from the number of sample 1locations, and the
variation within each of the individual vehicle classes. This
precision level can be estimated for each vehicle type.

The choice of a "most important™ vehicle type is left to
the decisionmaker. An appropriate choice might be 352 trucks,

because of the large number of these vehicles on the road, and
their fairly high weight.

Combining COVs can be done in several ways:
simple averaging;

. Weighting the averaging by percentage of vehicles in
the traffic volume;

. weighting the averaging by average EAL per vehicle
type; or -

. weighting the averaging by total EAL per vehicle
type.

Each of these methods produces a slightly different sample size
versus precision curve.

The simple averaging will most likely cause the mean COV
determination to be larger than is necessary. This is because
the variance in the percentage of trucks in unusual categories
{i.e. non 382, five~axle trucks) can be quite large, while the
need to know the true percentage of these vehicles is fairly
low. Therefore, we do not recommend this option.
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The weighting of COVs by the amount of traffic in that
vehicle type gives a more representative "average" COV in that
the COV used in the sampling equation reflects the amount of

travel contributed by each vehicle type.

The final two weighting procedures use a measure of the
damage the vehicle type causes to the roadway. This method
gives emphasis to collecting data in such a way as to be better
able to estimate axle 1loadings within the stated precision

levels.

Exhibit IV-6 presents examples of how to perform the
various weightings described above wusing data for rural
interstates from Appendix A. Exhibit IV-7 presents sample size
versus precision estimates using the different weighting
procedures for the rural interstate functional classification,
using default values contained in Appendix A. Exhibit IV-8
compares sample size versus precision curves for 352 trucks,
standard automobiles and the COV weighted by the volume of
traffic for each vehicle type. Both Exhibit IV~7 and
Exhibit IV-8 are plots of equation 20 using the data calculated
in Exhibit IV-6. A confidence interval of 95 percent is assumed
for these curves.

The curves in Exhibits IV-7 and 1IV-8 are most easily
explained by an example. Exhibit IV-8 shows that a sample size
of 30 vehicle class count locations will result in a level of
accuracy of 31 for 3S2s. This means that the estimate of the
percentage of 3S2 trucks derived from those 30 counts is within
31 percent of the true value with a confidence interval of
95 percent (e.g., 12 percent + 3.7 percent). The precision
level for any other vehicle type could be computed by using
equation 20 and substituting the number of sample locations
(n, = 30 in this case), the z score for the chosen confidence
interval (z = 1.95) and the COV from Appendix A, Exhibit A-1,
for that vehicle type and functional class (COV = SPVC/PVC).

The sampling size procedure described above must  Dbe
repeated for each vehicle classification sampling stratum.
Default sample size curves are included in Appendix A for each
of the recommended functional classification strata.

Sample Selection

Sample locations are chosen from the HPMS sample sections.
There are two recommended methods for choosing the appropriate
locations. The two methods are:

. simple random sampling; and

. sampling proportiocnal to VMT,
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(1)

Vehicle
Type

Standard Car

Small Car

Motorcycle

Bus

2 axle, 4 tire

2 axle, 6 tire

3 axle single
unit

3 axle combination

252

Other 4 axle
combinations

3s2

Other 5 axle
combinations

6 and larger axle
combinatiouns

SUM

COV Used For Sample

EXHIBIT IV-6

CALCULATION OF WEIGHTED VEHICLE CLASSIFICATION COVs

(2) (3) (4)
Proportion
of Deviation cov
Traffic of Percent (3)/7¢2)
0.416 0.074 0.178
0.183 0.07¢ 0.428
0.005 0.005 1.000
0.003 0.001 0.363
0.182 0.050 0.276
0.025 0.008 0.323
0.006 0.003' 0.672
0.006 0.006 1.053
0.008, 0.009 1.184
0.005 0.007 1.347
0.149 0.126 0.847
0.009 0.009 0.989
0.003 0.004 1.212
1.000 0.382 9.873
0.7595

Size calculation

{5) {6) (7} {8) {9)
Weighted By
Total Percent — Total
Weight EAL Volure Weight
EAL (2)(5) (4)(5)/sum(5) (3) (6){4)/sum(6)
0.0005 0.0602 0.00001 0.074 0.006020
0.0005 0.0001 0.00003 6.079 0.00021
0.00001 0.0000 0.00000 0.005 0.00000
0.4080 0.0013 0.02055 0.001 0.00260
0.0012 0.0002 0.00004 0.050 0.00032
0.1120 $.0028 6.00500 0.008 0.00482
0.4630 0.0027 0.04313 0.004 0.00960
0.4080 0.0023 0.05955 0.006 0.01279
0.6620 0.0050 0.10860 0.009 0.03167
0.1980 0.0010 0.03695 0.007 0.00695
0.9810 0.1457 0.11513 0.126 0.65589
2.3590 0.0215 0.32322 0.009 0.11284
1.6250 0.0054 0.27288 5.004 0.03455
—e.
7.2182 0.1882 0.98512 0.3818 6.87243
0.9851 0.3818 0.8724

Note that the numbers presented in this table have been rounded from their actual values, therefore, some columins appear to
contain errors when in fact the values are correct.
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Either of these methods should provide an acceptable means of
selecting session locations. The random salple does not take
the length and volume of the HPMS segment into account when
calculating the probability of that section being selected as a
count  location. Sampling proportional to VKT nakes the
probability of a section being selected egqual toc the ratio of
that section's VMT to the total VMT of all sections in the
sample. See the heading "Select Sample Locations and Tines"
presented earlier for a description of the steps entailed in
these procedures. :

Count Scheduling

We recommend that the vehicle classification counts be
taken every three years on the same cycle used for volune
counts. The samples shoulé be taken in each season of the year,
if possible, to avoid the problem of seasonal variations in the
composition of the traffic stream. This will provide an annual
estimate of the percentage of vehicles operating on each
functional type of highway. Ideally, count days should be
sampled randomly to determine the counting schedule. Given the
realities of manpower and equipment utilization, a systematic
randola sample approach is acceptable. Each state must work
within its 1limitations, but every effort should bLe made to
reduce the possibility of bias in the sample from obvious
sources {e.g., taking all counts Guring the sunnier).

lHany states will not be able toc collect vehicle
classification data all year round. If vehicle class data is
collected predomninately curing. the sunmer months d&ue to the
availability of labor or equipment, scme seasonal adjustment of
the cdcata may be necessary. The HPMS  vehicle classification
study indicated that the traffic makeup of functional classes of
roaus changed by season of the year for some states. For other
states, this study showed that seasonal change was
insignificant. Each state will have to determine whether a
seasonal adjustment to their collected vehicle c¢lass data is
necessary. This may be done by analysis of existing data in
each state. -

Two methods for comparing seasonal variations in traffic
composition are:

. using ATR stations to examine the seasonal changes

in makeup of a 1limited number of vehicle length
categories; and

. a special study of vehicle classification makeup to
determine seasonal changes.

The first of these two methodas is probably the most cost

effective, if the recommendation to use solid state equipmnent
for ATR stations has been accepted. The majority of solid state

IvV.39



equipment 1is capable of determining basic vehicle length
categories as well as the number of vehicles. The state must
install a second inductance loop at each ATR location and
program the counting device to collect the appropriate vehicle
length classes to provide year round vehicle class data for
calculating seasonal adjustments. An example of how vehicle
length categories might be used to adjust complete vehicle
classification data is included in Exhibit IV-9.

Vehicle classification data should be collected for 24
hours at a time whenever automatic equipment can be used. If
manual classification counts are performed, l6-hour
classifications with a 24-hour volume count is normally
sufficient. The HPMS vehicle classification study, consisting
of data from four states (Arkansas, Iowa, Minnesota and
Washington) and one wurban area (Philadelphia), showed a
considerable change in traffic composition of the night hours
from the day hours. However, the total volume of vehicles in
the night hours is often so small compared to total daily
volumes that the increased percentage of night truck travel does
not significantly affect the total daily vehicle percentages
calculated from 16-hour classification data. The small amount
of precision added in most data collection locations when late
night hours are counted does not Jjustify the cost of the
additional 8 hours of manual counts. In addition, counts should
be taken during all seven days of the week to account for
differences between weekdays and weekends.

Both the use of a seasonal adjustment factor for wvehicle
classification data and a factor to correct for short count data
add error to the vehicle classification estimate. Equation 11

would become:8

SPVCD;;,?
nd

1
SPVCihz = + SPVCS|h2 * ('n— +

1 1
L2 —
msh) + SPVCH,, (1 + nhrh) 1)

where:
SPVCHjh= the standard deviation of the 16 to 24 hour
correction factor
nhrp = the number of locations used to calculate
the hourly correction factor

Both the seasonal and short count adjustment terms are equal to
zero if all vehicle classification counts are for 24 hours and
the counts are evenly distributed throughout the year.
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EXHIBIT IV-9

SEASONALLY ADJUSTED VEHICLE
CLASSIFICATIONS BASED ON ATR VEHICLE LENGTH DATA

For Vehicle Class* Apply Seasonal Factor For
Motorcycles Group 1
Passenger Cars ‘ Group 1
Two Axle, Four Tire Trucks ‘ Group 2
Buses Group 3
Two Axle, Six Tire Trucks Group 2
Three Axle Single Unit Trucks Group 3
Four or More Axle Single Unit Trucks Group 3
Four or Less Axle Single Trailer Trucks Group 4
Five Axle Single Trailer Trucks Group 4
Six or More Axle Single Trailer Trucks Group 4
Five or Less Axle Multi-Trailer Trucks Group 4
Six Axle Multi-~Trailer Trucks Group 4
Seven or More Axle Multi-Trailer Trucks Group 4
Given Length Categories of: Length ¢ 14' = Group 1

14" £ Length < 25" = Group 2
25' %2 Length ¢ 34' = Group 3
Length 2 34" = Group 4

*Based on proposed FHWA vehicle classes
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It is advised that automatic equipment be used to collect
vehicle classification data whenever possible. The advantages
of this equipment include:

. reduced field crew needs;

. less expensive data collection (with savings of up
to 50 percent over manual counts; see Appendix C);

. simultaneous collection -of volune data with

classification data, so a separate volume count is
not necessary; and

. autonated transfer of data to the factoring process.

The equipnent does have several drawbacks. It cannot be usec in
all traftfic locations, or on solie multi-larne roads.
FEWA~sponsored tests? have shown that error rates of up to
25 percent can occur if the axle-sensing Gevices used are not
kept in excellent condition. However, a study performned by
P. Davis and D.R. Salter of the Transportation Road Research
Laboratory in England10 indicates that errors from manual
vehicle classification counts are coften as high as 35 percent.
This points to the conclusion that the data provided by well
maintained and correctly set up egquipment is at least as gocd as
manually collectec data, and certainly less expensive. More
infornation on automatic data collection equlpment is included
in Appendix B.

As part of the vehicle classification element, it is
reconnended that the newly progosed nationsal vehicle
classification categories be adopted by the states. These
categories are presented on page E-B, in the appendix.

This classification scheme has several advantages. among the
most important are:

. 1t can be collected with automatic equiprent; and
. it would make data between states comparable.

While this classification scheme does not necessarily fulfill
all state needs, it should. provide data for the majority of
them. States have the option of ceollecting more detailed data,
but this will recuce the effectiveness of the automatic
equipnent, and probakbly increase the cost of vehicle
classification data collection.

Data that 1is needed by states but not collected by this
stratification can be supplied by the manual classification
counts that are taken in locations where autonatic equipment is
not appropriate. A prime example of this is data on in-state
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versus out-of-state vehicle travel. Results from the manual
count locations or through special counts could be applied to
the data collectecd with automatic equipment if necessary.

Truck Weight Program Element

The design approach for the vehicle weight program element
is similar to that used for the vehicle classification program
element, It is designea to be & subsample of the vehicle
classification sample sections, 1in the sane manner that the
vehicle class sample is drawn from the volume sanple sections.
The vehicle weight sample, however, is affected by several major
limitations not experienced by the vehicle class sample:

. The available equipment for collecting weight data
cannot be used on all road sections.

. There are inherent biases of an unknown magnitude in
the collection of weight data caused by enforcement
of weight laws.

. The equations used to calculate EALs from axle
weights are essentially fourth order polynomials.
This results in the variance of weights for heavier
trucks having a greater effect on the precision of
total EALs for a rocad segment than the variation for
lighter vehicle types.

. The existence of lcaded and unloacea trucks causes
the data to have a bi-modal nature with cone average
weight per truck type for loaded trucks and one for
unlecaded trucks. This causes significant increases
in the variability of the data and error in EALS
calculated from any size sanple.

Many of these factors cannot be addressed directly through the
use of statistics. For example, bias is not affected by sample
size. Therefore, the truck weight portion of this sampling plan
uses professional Jjudgment liberally to ensure that the sanple
plan can be realistically implemented by each state.
Unfortunately, this relaxation of statistical rigor means that
the stated errors determined by the formulas presented here may
underestimate the standard error actually occurring. Until
there are technical advances allowing accurate, inexpensive,
random sampling of vehicle weights, 1little can be done about
these problenms. Each problem affects the selection of the
sample size and data collection, They will be discussed in
detail as they directly affect the sampling process described.
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~ The basic sampling process is similar to that used for the
vehicle class program element. It includes:

. definition of the sample population;
. estimation of the sources of composite error;

. determination of the precision required for the data
collected;

. computation of the required sample size; and
. selection of the sample, locations, and times.

The result of the data collection is axle weights that can be
used to estimate average gross weight, average axle weight,
average EAL values, or other statistics suchh as the percentage
of overweight trucks for each vehicle type for each functional
class of road and additional strata required by the state.
Vehicle types for the weight element are the same as for the
vehicle classification elenent.

Define the Sample Strata

Peat Marwick recommends that the same strata used in the
vehicle classification element be used for the vehicle weight
elenent. A statistically reliable estimate of vehicle weights
by functional road type does not exist at this time, so it is
unknown whether further stratification will decrease variance
within the sample sufficiently to result in sarnple size
savings, The variance that already exists because of the
loaded/unloaded dichotomy of trucks 1illustrates that accurate
differentiation between even moderate differences in weight per
vehicle type may be difficult, and further stratification would
be a waste of resources. Also, the cost of collecting vehicle
weight information places strict constraints on the total sample
size that can be used.

Sources of Composite Error

The sources of error in estimates of total vehicle weight
are very similar to those for vehicle classification. The
precision of an estimate of the number of vehicles of a
particular type is dependent. on the errors in two principal
estinates: B

. the volume count; and
. the composition of vehicles in that volume count.
The errors in the use of weight data are composed of very

similar terms, with the aadition of a thiré area of uncertainty,
that due to the error in the average weight per vehicle type.
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These three basic terms must be considered together because
weight data are normally used in some kind of estimation of the
daily (or annual) number of loadings experienced by a particular
roadway segment. Only occasionally is a data user interested in
the average EAL for a vehicle type without some corresponding
estimate of the number of vehicles in that classification. As a
result, this discussion will deal primarily with the error in
the estimate of total EALs for a location or stratum.

It is assumed that the average EAL per vehicle type for a

- specific location is not a function of the vehicle weight
subelement of the recommended traffic monitoring program. If
site-specific weight data is needed, it should be collected as
part of the special data collection element. It is further
assumed that the only time the accuracy of EAL data by itself
will be used is for trend analysis reporting purposes, or for
investigating the need for increasing the sample size at a later
date. The HPMS vehicle weight subelement is designed to provide
an estimate of EAL (or other vehicle weight statistics) per
vehicle type for a stratum. The EAL estimate can be computed as:

> (EEALMK)

E Ny k
AL, = o (22)
where:
EAL{ip = the equivilent axle load for vehicle type i
in stratum h
EALjphk = Fhe equivilent axle load for vehicle type i
’ in stratum h for day k
k = the number vehicles weighed during a session
with an uncertainty that would be computed as:
1 1
SEAL;,2 = SEALD,2/nd + SEALS;,2 <—-— in? (23)
ih ih + Slh nih + ntwsh + SEALLlh ntwlh )
where:
SEALip = the standard deviation of EAL for vehicle

type i for stratum h
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SEALDih the standard deviation of EAL for vehicle
type i across days for stratum h

SEALSjp=  the standard deviation of EAL for vehicle
type i across seasons for stratum h

SEALLjp=  the standard deviation of EAL for vehicle
type i across locations in stratum h

ntws = the number of truck weight locations used

to compute seasonal differences

the number of truck weight locations used
to calculate the deviation of EALs due to
locational differences

ntwl

Equation 23 <can be simplified by combining the component
variation terms into one value. The standard deviation would

then be expressed as:

SEALT;;2
SEALy2 = —— 0 24
M

Where: SEALTin = The total standard deviation in the mean
EAL for vehicle c¢lass i and stratum h.

As for equations 14 and 15, this simplified form allows an
easier examination - of sample size versus precision and
subsequent design of the data collection program. The
simplified form does not, however, allow for the design of the
sampling plan to address the specific components of variations

of EALs.

These equations detail the size of the measurable error in
the EAL estimate. They do not take into account such factors as
the bias in truck weight data due to overweight trucks bypassing
weigh stations, or the measurement errors occurring in the data
collection. This means that the reliability of the data, and

thus the error in any EAL estimate, may be higher than that
calculated using any statistical equation.

As can be seen in equation 23, the same factors that affect
the variation in traffic composition and volume affect truck
weights:

. Seasons;
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. daily variation; and
. locational differences.

The effect of the variation due to these factors on the
precision of the EAL estimate is directly related to the sample
size of the counts used to make that EAL estimate. The cost of
collecting weight data makes it doubtful whether the sample size
can be increased sufficiently as a part of this count program to
significantly reduce this error.

One possible method for reducing this error, other than
taking more counts within the program, is to use data collected
by the state in its weight enforcement function, if available,
to calculate seasonal adjustments. Most enforcement data may be
heavily biased towards trucks carrying below the legal weight
limit due to avoidance problems. In other cases the opposite
may be true, since only loaded trucks are weighed. It can be
argued, however, that the seasonal variation within this sample
of trucks is equivalent to the seasonal variation within the
true population (i.e., the enforcement data estimates are biased
consistently to the same degree).

The use of a large enforcement data base to calculate the
seasonal variability and adjustments could considerably reduce
the variation in the data base. For example, enforcement data
might show a stable average EAL for 3S2 trucks for 10 months out
of a year, but a 60 percent increase in July and August. The
mean annual EAL would then be computed more accurately by using
an appropriate seasonal adjustment.

Equation 24 serves as the basis for estimating the
variation in the EAL per vehicle for each vehicle type. This in
turn allows the calculation of sample size, given stated
precision levels. As for vehicle classification, a difficulty
arises in that the variation of EALs for each vehicle type is
different. This means that a different sample size is needed
for each vehicle type to achieve the same level of precision.
Since only one sample size can be chosen, a method must be used
to determine a single variance term for computing the required
sample size.

As for vehicle classification, two basic approaches can be
taken for determining a single sample size. One vehicle type
can be chosen as the most important, and that vehicle type's COV -
can be used, or a composite of the COVs for all vehicle types
can be used. Three methods for weighting EAL COVs are presented:

. use the percentage of VMT for each vehicle type
within the stratum;

. use the mean EAL per vehicle £for each vehicle type;
and
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. use the total EAL attributed to each vehicle type.

The first of these weighting schemes applies weights equal to
the percentage of traffic due to that vehicle type. This
results in a weighting of the COV towards the smaller, lighter,
but more numerous trucks. The second method applies the
heaviest weights to the heaviest truck types. This may lead to
an overemphasis on very heavy trucks that occur infrequently in
the strata. The third method provides for weighting the COVs by
the amount of damage each vehicle type causes on the road. This
method is recommended as providing the best overall weighting.

Exhibit IV-10 includes examples of how to perform the
various weightings described above. Data for rural interstates
from Appendix A is used to compute the exhibit. The first four
columns are taken directly from Appendix A, The COV is
calculated for each vehicle type by dividing the standard
deviation of the EAL estimate by the EAL estimate for that
vehicle type. Total weight by a vehicle type is the average EAL
times the percentage of vehicles for that vehicle type. The
various weighted COVs for each vehicle type are then computed by
multiplying the COV for that vehicle type by the weighting
variable (EAL, total weight, or percentage of volume) and
divided by the sum of the weighting variable for all vehicle
types. For example, the COV for 352 trucks, weighted by total
weight, is the COV (.246) times the total weight (.1457) divided
by the sum of all total weights (.1884). The weighted COVs for
all vehicle types are summed, and this value 1is wused 1in
equation 20 to estimate precision versus sample size. Precision
in this equation is expressed as a fraction of the estimated EAL.

Exhibits IV-~11] and IV-12 present graphs of precision versus
sample size for the various weighting methods used in
Exhibit IV-10, These curves are plots of equation 20,
substituting EAL COVs for vehicle class COVs (i.e., substituting
EAL for PVC and SEAL for SPVC). To use the curves in
Exhibit IV-11] and 1IV-~12, read the calculated precision level
(accuracy at a 95 percent confidence interval) from the Y axis
and sample size from the X axis. Using Exhibit IV-12, a sample
size of 10 weight monitoring sessions would provide an estimate
of 382 EAL within +15 percent. The same sample size would
provide estimates of all EALs (weighted by total weight
contributed by each vehicle type) within +20 percent. This
indicates only that the 382 category has a smaller amount of
variation than some other vehicle types, and that those other
vehicle types have EAL estimates from the 10 monitoring sessions
that are less reliable than those for the 382 vehicle type.
Equation 20 and the values from Appendix A, Exhibit A-1 could be
used to estimate the specific precision of the EAL estimate for
any particular vehicle type.
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6V AT

(1)

Vehicle
Type

Standard Car

Small Car

Motorcycle

Bus

2 axle, 4 tire

2 axle, 6 tire

3 axle single
unit

3 axle combination

282

Other 4 axle
combinations

352

Other 5 axle
combinations

6 and larger axle
combinations

SUM

COV Used For Sample

(2}

Average

EAL

0.0005
0.0005
0.00001
0.4080
0.0012
0.1120

0.4630
0.4080
0.6620

0.1980

0.9810
2.3590

1.6250

7.2182

Size Calculation

(3)

Deviation

of EAL

0.001
0.001
0.0001
0.171
0.001
0.069

0.416
0.114
0.283

0.228
0.241

1.479

1.114

EXHIBIT IV-10

CALCULATION OF WEIGHTED EAL COVs

(4)

(5) (6) (7) (8) (9)
Weighted By
Percent Total Percent Total
of Traffic cov Weight EAL Vehicles Weight
(3)/(2) (2)(4) (2)(5)/sum(2) {4)(5) (6)(5)/sum(6)
0.416 0.200 0.0002 0.00001 0.083 0.00022
0.183 0.200 0.0001 0.00001 0.037 0.00010
0.005 0.100 0.0000 0.00000 0.001 0.00000
0.003 0.419 0.0013 0.02369 0.001 0.00300
0.182 0.917 0.0002 0.00015 0.167 0.00107
0.025 0.616 0.0028 0.00956 0.015 0.00920
0.006 0.898 0.0027 0.05763 0.005 0.01282
0.006 0.279 0.0023 0.01579 0.002 0.00339
0.008 0.427 0.0050 0.03921 0.003 0.01143
0.005 1.152 0.0010 0.03159 0.006 0.00594
0.149 0.246 0.1457 0.63339 0.0386 0.15021
0.009 0.626 0.0215 ’_0.20490 0.006 0.07153
0.003 0.686 0.0054 0.15433 0.002 0.01954
1.000 0.1882 0.57027 0.365 0.32845
0.5703 0.365 0.3285

Note that the values presented in this table have been rounded from the acutal values used in the calculations.
appearance of mathmatical errors in some of the conmputations.

This gives the
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It should be renembered that the error associated with
using EAL data is not limited to the error in the EAL estimate,
but also includes error in the estimates of the composition of
the traffic and in the total volume of the traffic. These
comiponents are discusseu below.

For road design, the engineer needs an estimate of total
EALs per day or year projected for the design life ¢f the road.
The precision of the total EAL estimate is a function of the
precision of volume, vehicle classification, and vehicle weight
estimates. Peat Marwick selected several possible alternatives
for computation of total EALs based on available data, and
developed equations for estimates of variance based on that
data. These alternatives include:

. total EALs for a location, based on a site-specific
vehicle «classification and volume count, and an
average EAL per vehicle type for a stratumnm;

. total EALs for a location, based on a site-specific
volume count, average vehicle classification for a
stratum, and an average EAL per vehicle type for a
stratum; and

. Total EALs by vehicle class for a stratum.

The standard error 1in a sample can also be computed for other
data permutations, but these equations were omitted here for the
sake o©of brevity. Estimates for other weight characteristics
(average weight, number of overweight trucks, ana so on) can
also be computed with these formulas by substituting the
appropriate value anc deviation of that value in place of the
EAL estimate and deviation of the EAL estinate. These equations
can be derived by using the vehicle classification equations as
a guice for extrapolating the EAL equations listea below. (See
also Appendix E.)

For a 1location, wusing site-specific volume anda vehicle
class data, the total EAL can be expressed as:

EALj = the total EAL at location j
BAL{np = see equation 22
VOLj 5§ = see equation 8
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with the uncertainty of that estimate computed from:

SEALf =Z [EALH2<
]

SEAL;?  SVOL,? )J 8)

EAL,,2  voL;?

where:
SEALj

]

-£he standard error in the estimate of total
EALs at location j

EALij = the total EAL for vehicle type i at
location j

SEAL{p = see equation 24
SVOLIJ = see equation 10
VOL ij = sSee equation 8

The total EAL at one location for a day using average
vehicle classification data with a 31te-spec1flc volume count

can be expressed as:

EAL; = SEALy, * (VOL;* PVCy)

= TEAL;, * VOL; , (@7)

with the uncertainty of that estimate computed from:

. SEAL, sv6|...2
SEAsz — E [EALﬂz ( Ih A ! )} (28)
i EAL;,2 vm.,i2

Where the EAL for vehicle type i at location j; is equal to the
average EAL for that vehicle type within that stratum times the
volume of that vehicle type:; or

EAL; = EALy, * VOL; = EAL;, * VOL; * PVCy, (29)
with: SEALjp see equation 24

SVOLj § see equation 10
VOL] j = See equation 8

nn
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The average EAL for a vehicle type for roads within a
stratum is calculated as:

where:
EALip = the total EAL for vehicle class i and
stratum h
EALjp = the average EAL for vehicle class i and
stratum h
VOL4ip = the average volume for vehicle class i and
stratum h

with the uncertainty computed from:

~ o2 2
SEAL;,2 = EALy,2 [SEALm + 20 ] (@31

EAL,2  VOL,2

where:
EALip = see equation 22
VOLjih = see equation 16
SEALih = see equation 24
SVOLip = see equation 17

Sample Selection

The vehicle weight locations are selected from the vehicle
classification sample sections. This subelement's goal is
random selection, but practical considerations must be analvzed
on a case-by-case basis. Ideally, the vehicle classification
sections would be randomly sampled. In reality, Dbecause of
limitations in equipment capabilities, weight data cannot be
collected on all rocadway sections. Some weighing devices need
wide shoulders, or pull-outs where trucks can safely park.
Other devices can only be placed on bridges. Some WIM egquipment
can be placed on any road section, but the collected data is
biased because of wvertical and horizontal sloping in the road.
The net result 1is that a true random sample of vehicle
classification count locations might result in count locations
where a state cannot physically collect vehicle weight data.

Two recommended alternatives are provided for selecting the
sample given these limitations. Both alternatives begin with
vehicle c¢lassification sites as the basis for choosing truck
weight locations. The first 1is more statistically rigorous
while the second allows for more professional judgment.
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The first involves:

choosing a random sample of locations for truck
weighing for each stratum;

determining for each location whether weight data
collection at that location is plausible, including
such considerations as safety and reasonableness of
results {(i.e., no stations next to cement plants):

. if the 1location is not plausible, selecting an
additional site {(randomly) to replace it; and

. continuing this process until all locations have
been determined.

The second method depends on the ability of the engineer
selecting the sites to pick representative locations. This
method requires that an engineer select locations based on his
or her judgment, knowledge of the equipment to be used, and the
candidate road segments. Guidelines for choosing sites in this
manner are taken from a Wisconsin DOT! paper:

Where possible, establish stations on high volume
routes, as they are the routes most data users are
interested in, and the larger number of weighed
trucks will improve the reliability of the data.

Locate stations on lower order roads with special
attention to avoiding atypical traffic conditions.

. Existing weighing sites should be used, if they are
part of the sample.

Additional considerations for choosing truck weight sites can be
found in Truck Traffic Volume and Weight Data For 1971 and Their
Evaluation, by R. Winfrey, P.D. Howell, and P.M. Kent, FHWA,
1976. FHWA prefers the statistical approach, but realizes that
practical considerations must be incorporated in the plan.

Both methods result in the addition of some systematic
error to the estimated EAL value., The second method will more
than likely add more error than the first method. The degree of
this increase is not known. The second method, however, does a
better job of allowing a state to maintain high levels of safety
for its truck weight crews, and limits the cost of collecting
data by allowing the state to take these factors into account

when selecting sites.

1 Gardner, W.D., Truck Weight Study Sampling Plan in Wisconsin,
for presentation at 1983 Transportation Research Board Meeting.
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Scheduling of Truck Weight Monitoring

The vehicle weight data should be taken over a three-year
cycle, the same as the vehicle <classification and volume
counts. A third of the data should be collected each year.
This will allow the state to meet federal reguests for truck
weight data such as the current truck weight survey. (This
program does not include a driver survey, as does the current
federal truck weight survey. Such a survey would have to be
addressed in the special program elenent.) The weight gata
should Dbe collected throughout the year. A Year-tounc count
program will eliminate the  neeaq for seasonal variation
correction in the data.

Scheduling weight nonitoring sessions may be primarily a
function of equipment and crew availability. While & random
selection of monitoring days 1is statistically correct ané the
recommended approach, it will probably have an unduly large
effect on the cost of the program. Therefore, a state should
make every effort to evenly distribute monitoring sessions so as
to obtain a representative sample while conforming to the
limitations imposed by budgets and equipment capabilities.

Session duration should be a minimum of eight hours if
manual procedures are used with a 1l6-hour vehicle classification
count taken simultaneously. If an automated WIM system can be
used, a 24-hour weight session 1is preferable. This session
length may not be practical if large crews and conventional
portable static scales are used. If conventional static
weighing equipment is used, the data will be less biased if CB
radio announcements are made indicating that the station 1is
taking weight data for planning purposes only.

SPECIAL DATA COLLECTION PROGRAM ELEMENT

The purpose of this program element i% to collect data that
cannot be collected cost effectively using a statistically-based
approach. This element is meant to be independent of the
HPMS-based program element anc¢ the continucus counters, although
the averages determined from those elements should be used to
factor count data collected in this element.

This element 1is intended to provide each state with a
vehicle for collecting additional data nct provided for in the
other two program elements but necessary to the state's function
as a data provider. This element should be used to fulfill
specific data requests made by various data users. Such data
might include:

. truck driver interview surveys;
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. traffic volume, vehicle <c¢lassification, or weight
monitoring sessions at specific locations;

. traffic data at a disaggregate level below that of
the HPMS;

. project-specific vehicle class and weight studies;
.. cordon line counts; and
special purpose studies.

The combination of this program element and the HPMS
element render much of many existing coverage count programs
unnecessary. The HPMS element provides statistically reliable
estimates of traffic volumes and VMT. The data from the
Continuous and HPMS Elements should be sufficient to provide
data for reporting, trend analysis, and general statewide
traffic flow maps. This special count element provides a
vehicle for providing data for all other specific data needs.
The combination of the two elements fulfllls the same purposes
as a coverage count program.

The content of this program element should be reviewed
every year. Each request for data can then be comnpared annually
with the cost for «collecting that data, thus providing a
nechanism for maintaining the cost effectiveness of the traffic
monitoring program.

Special data collection program locations should be chosen
by the state so as to best fulfill the data requests. No
sampling techniques need to be applied when selecting
locations. Session duration and timing should be determined so
as to best use the state's manpower and equipment.

As a means of simplifying scheduling, the state should
consider scheduling the HPMS program elements first, since they
require the same effort every year, and then schedule the
special data collection efforts to take advantage of available
manpower and equipment. Factors derived from the ATR and HPMS
program elements should be used in the special data program to
make representative average annual numbers.

PROCESSING THE DATA FOR REPORTING PURPOSES

This section deals with the steps involved in collecting
and processing traffic data for the three monitoring program
elements previously described. Peat Marwick's recommendations
for streamlining manipulation of the large amounts of traffic
data collected by a state are discussed here, and areas outlined
in which significant cost savings can be made over processing
techniques commonly used by states.
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An effort should also be made by each state to coordinate
monitoring sessions with lower jurisdictions within the state to
minimize duplication of effort. States should also work toward

keeping all data in a single place where it is available to all
users.

Overview

State DOT data collection and processing efforts can be
broken down into two basic activities:

. data collection; and

. data refinement.

Collection includes the act of placing a monitoring device at a
data collection location and transformation of that data into a
usable format. Data refinement includes the editing of obvious
errors in data transfer from the recording medium to a more
usable form, and the adjustment of that data to account for
limitations in the raw data. These limitations «can be
summarized as having three causes:

. seasonal variations in traffic;

. use of data collection equipment which counts axles
rather than vehicles; and

growth in the data  between the time ©of the
monitoring session and its use as a data point.

Collection

The methods used for collecting traffic data are dependent
on:

. the equipment used;
. personnel constraints; and
. jurisdictional issues specific to each state.

Because of these multiple issues and their site-specific nature,
no single report can make detailed reconmendations for improving
the cost effectiveness of data c¢ollection in all states.
Therefore, only broad recommendations will be made on what
technologies and methodologies offer cost advantages over common
current practices.

The principal nationwide recommendation that Peat Marwick

makes is that solid state traffic monitoring egquipment be used
whenever possible to collect traffic data. 1In particular, paper
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tape recording equipment should be replaced at ATR locations as
soon as practical. Portable paper tape counters should be
phased out more gradually, through the normal replacement cycle,

as funding permits.

Considerable savings can be achieved by using solid state
counters due to electronic data transfer. In several states,
data is transferred manually or by machine from paper tape to
punched cards. These cards are then edited for mistakes, and
finally put in a computer file. Once there, the data may be
further edited or - factored manually or through computer
program. By using solid state equipment, data can Dbe
transferred electronically either directly from solid state
memory or from a cassette tape containing the data from several
counters. This data can then be edited directly on the
computer, and submitted for automatic factoring, Dbased on
information contained on the data tape (e.g., the functional
class of the roadway section).

The savings obtained by switching from paper tape equipment
to solid state can be most dramatically illustrated with the ATR
stations. Assuming that data is collected every two weeks for
each station means that a single ATR station generates 26
two-week paper tapes a year. Fifty ATR stations thus equal 1300
tapes annually. While the same amount of data would still be
transferred with the new counters, the speed of the electronic
transfer will decrease the amount of staff needed to transfer
and edit the data. A typical state uses a third of a man-year,
annually, to administer the ATR data manipulation. A Dprief
examination of the steps involved indicates that an electronic
data transfer takes as little as a third of the time currently
taken by the transfer. This is equivalent to a minimum saving
of 22 percent of that person's time. Additional savings also
result from a reduction in the number of errors regquiring
correction in the data, because electronic data storage of data
is more accurate than the storage of data on a paper tape by
mechanical means (either punched holes or printed ink).

Twenty-four hour cumulative counters - do not regquire the
same amount of data transfer, but they do require a precise
setup, and retrieval  schedule. They also do not allow an
examination of hourly data as a check on counter malfunction.
Using solid state equipment in place of these counters will not
result in cost savings equal to that obtained by replacing paper
tape counters, but it will result in more data collection
capability and greater productivity of field personnel resulting
from more flexibility in the timing of counter placement.

IV.59



Seasonal Adjustments

The process for determining seasonal adjustment factor
groups has already been discussed under the Continuous (Count
Program Element heading of this report. The purpose of the
recommended seasonal adjustment factors is to allow a state to
estimate average annual traffic from a single raw traffic count
at a location. The seasonal factors recommended for this
purpose are month of the year, combined with day of the week.
The other possible factoring procedures examined for this
project were: ‘

week of the year, combined with day of the week if
necessary; and

day of the year.

An examination of weekly trend data from two Maine ATR
stations (see Exhibit IV-13) shows that a weekly factor is not
sufficiently stable from one year to another to be used for
seasonal adjustment.

An analysis of day-of-the-year factors shows them to be
even more unstable than weekly factors (see Exhibit Iv-14).
Daily factors are taken to mean the first Monday of June, 1983,
would be used to factor the first Monday of June, 1984.

The month~of-the-year factors for the seasonal factor
groups appear gquite stable (see Exhibit IV-15). The monthly
factors also provide a means for developing stable week of the
year factors by interpolating between monthly points (see
Exhibit 1Vv-16).

The use of a day-of-the-week factor is needed because of
the significant differences in traffic volumes between weekdays
and weekends on most roads. Our analysis showed that a single
factor can be developed for Monday through Thursday, but that
separate factors should be derived for the remaining three
days. Counting on weekends 1s necessary 1if seasonal and
day-of-the-week adjustment factors are not used.

The use of the day-of-the-week factor also facilitates the
traffic counts scheduling. The ability to factor Fridays and
weekends separately from the other days allows a state to
collect data whenever its manpower and equipment limitations
permit. This results in a state's more efficient use of its
resources, and thus results in a lower cost per count and a
higher number of counts taken with the same amount of resources.

ATR data should be used to compute seasonal and day of the

week factors for the seasonal groupings determined earlier in
the analysis. These factors can then be applied to any count
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EXHIBIT 1V-14

COMPARISON OF PERCENT AADT BY DAY
FOR MAY 1981 AND 1982
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taken within the state, as 'long as the roadway's functional
class (and region, if there 1is a regional stratification to
seasonal factors) is known. It is recommended that holidays be
eliminated from the analysis computing day of the week factors.

Axle Corrections

- Axle corrections are needed to develop volume estimates
because road tubes can only collect the number of axles passing
a point, rather than the number of vehicles passing that point.
The true number of vehicles is calculated by dividing the number
of axles counted by the average number of axles per vehicle in
the traffic passing that location.

In some states, the average number of axles is assumed to
be 2.0. This is correct only when no multi-axle vehicles are in
the population. Data from the HPMS vehicle classification study
indicates that the average axle correction factor ranges from
around 2.04 for some urban roads to 2.41 for some rural roads.

The use of an estimate of 2.0 for roads with an actual
average number of axles of 2.41 results in overestimating the
number of vehicles by 17 percent (fifty vehicles per 100 axles
versus 41.5 vehicles per 100 axles). This sizable error can be
easily reduced using the vehicle classification data collected
on the HPMS sanmples as part of the Statistically valid cCount
Program Element.

Recommended AxXxle Correction Process

Peat Marwick recommends that the vehicle classification
data collected for the purpose of estimating travel by vehicle
type be used to calculate the average number of axles per
vehicle within a stratum. It is further recommended that
separate axle correction factors be calculated for each road
stratification used to collect vehicle class data.

The recommended process includes the following steps:

. Assign an average number of axles to each vehicle
classification category collected for the vehicle
class program, This gives the average number of
axles per vehicle type.

. Multiply the number of axles per vehicle type by the
percentage of traffic volume for that vehicle type
for each vehicle class location in a stratum. This

gives the average number of axles at each count
location in that stratum.
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. Sum the average number of axles for each count
location within the stratum, and divide by the
number of locations. This yields the average number
of axles per vehicle for the stratum.

. Use this average to compute the standard error of
the axle correction for that stratum.

. Repeat the process for all the remaining strata.
An example of this process can be seen in Exhibit Iv-17.

Like the seasonal factors, the computed axle correction
factors can be used for any road section, provided the section
can be assigned to the appropriate stratum (i.e., functional
class, and possibly region).

Growth Factors

Growth factors are needed to adjust old traffic counts and
thereby estimate current traffic 1levels, because it 1is too
costly to count all 1locations every vyear. Furthermore, the
error added to an AADT estimate by applying growth factors is
small, as long as the period of growth is fairly small (i.e.,
less than five years). Growth rates tend to be in the range of
1l to 4 percent per year, with the exception of roads subject to
major development. This nmneans that the error in the growth
factor is around 2 percent (assuming an error not larger than
half the correction), while the error in an AADT estimate based
on a single traffic count is around 15 percent.

Recommended Process

As stated earlier, it is recomnmended that the HPMS volume
counts be used to estimate the annual growth factors applied to
old volume counts. The growth factors should be determined for
the same factor groups as the seasonal adjustment factors (i.e.,
by functional class and region where necessary).

The recommended HPMS program uses a three-year count
cycle. This means that growth factors must be applied to volume
estimates on two-thirds of all HPMS segments every year. The
three-year cycle also results in three rotating fixed panels for
calculating growth rates. Two methods are presented for
calculating growth factors:

. a simnple average of the growth calculated from the
fixed panels; or

. correction of the simple average for the difference

between the current three-year average growth and
the previous three-year average growth.
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EXHIBIT IV-17

CONVERSION OF VEHICLE CLASSIFICATION DATA TO AXLE
CORRECTION FACTORS

(1)

Vehicle Type

Passenger Cars

Two Axle, Four Tire Trucks

Buses

Two Axle, Six Tire Trucks

Three Axle Single Unit Trucks

Four or More Axle Single Units

Four or Less Axle Single Trailer Trucks
Five Axle Single Trailer Trucks

Six or More Axle Single Trailer Trucks
Five or Less Axle Multi~Trailer Trucks
Six Axle Multi~Trailer Trucks

Seven or More Axle Multi-Trailer Trucks

(2)

Number of Axles

(3)
Percentage of Traffic
Obtained From

Vehicle Class Counts Column 2 * Column 3/100

~SNoouosun PPN WD N

(4)

6
2

DO OOPROOONMOWL N
MW PEAENWRINOSOO SO

-

Axle Correction Factor
is the Sum of Column 4

1.296
0.500
0.012
0.056
0.018
0.008
0,032
0.215
0.012
0.020
0,018
0.014

2,201



The simple average method is the easier of the two growth
factors to calculate, It assumes that growth is uniform over
the three-year period. This growth factor is the difference
between the estimated volume of a stratum for the current year
minus the estimated volume for that stratum from three years
ago, divided by three. This is expressed mathematically as:

VOL,, - VOL,,

GF = 3 (32)
Where:
GF = the calculated growth factor
VOLh1 = the average volume for stratum h for the
current cycle
VOLp 2 = the average volume for stratum h for the

previous cycle

The correction of the simple average adjusts the simple
average to account more heavily for the growth occurring in the
last year. This method requires that the estimated three-year
growth for each volume stratum be kept for use in calculating
the next year's growth factor. The growth factor is calculated
by adding a third of the difference bLetween the current
three-year growth and the past three-year growth, to the average
of the current three-year growth. This is expressed
mathenatically as:

GF, -
GF = GF, + —! GF, (33)
where:
GFy = the growth factor calculated from the
counts of the current year
GFy = the growth factor calculated from the
counts of the previous year
A comparison of these two methods is shown in Exhibit Iv-18. It

is apparent in this exhibit that the adjusted average yields a
better estimate of annual growth. This approach is therefore
recommended. The growth factors can be applied as soon as the
three-year count cycle is approved, because data already exists
on the sample segments due to the existing HPMS programn.

LOCAL ROADS

The problem of determining VMT on local roads has been
discussed for many years. For this discussion, "local roads"
are defined as those roads not included in the HPMS inventory.
Despite several well intentioned efforts, an accurate method of
defining travel on these roads that is also cost effective has
yet to be demonstrated.
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EXHIBIT IV-18

COMPARISON OF GROWTH FACTOR CALCULATION TECHNIQUES

Actual Measured Growth Simple Ad justed Weighted
Year Growth Cycle 1 Cycle 2 Cycle 3 Average Average¥® Average **

1 2.0 - - - - - -

2 2.2 = - - - - -

3 2.4 6.6 - - 2.20 - -

4 2.4 - 7.0 - 2.33 2,46 2.59

5 2.3 - - 7.1 2.37 2,40 2.45

6 2.0 6.7 - - 2.23 2,10 1.95

7 1.5 5.8 - 1.93 1.63 1.33

8 0.0 - - 3.5 1.16 0.39 -0,38

9 -2.0 -0.5 - - -0.17 -1.51 -2.86
10 -1.0 - -3.0 - -1.00 -1.83 -2.64
11 0.5 - - -2.5 -0.84 ~0.67 ~0.52
12 3.0

2.5 - - 0.82 2.50 4,14

*Ad justed Average = (Current Cycle — Previous Cycle)/3 + (Current Cycle/3)

**leighted Average = (3 * Current Cycle)/3 - (2 * Previous Cycle)/3
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Overview

For the most part, estimates of VMT on local roads are used
only for determining total VMT in a state. Few data users have
a need for volume or VMT estimates on roads carrying very little
traffic, and when users do need data on these roads, their needs
are invariably for specific roads or areas. Collecting data to
fulfill this kind of site-specific need is not possible while
still maintaining an unbiased sample for estimating statewide
VMT. As a result, the methodology used to estimate local road
VMT does not need to provide data for any purpose but total
local road VMT. This has some advantages when alternative
methods of estimating this quantity are examined.

Three alternative procedures are presented for estimating
local road VMT. Each state will need to tailor its local road
estimation procedure to its specific situation, s0 no one
particular method can be deemed appropriate at this time for all
states. The three methods discussed in this report are:

. taking cluster samples of 1local roads within the

state, and expanding the results to represent the
entire state,

. estimating an average miles per gallon fuel
consumption rate for the state's vehicle fleet, and
computing total VMT from fuel purchase data. Local
road VMT is then calculated by subtracting HPMS VMT
from total VMT.

. using a special survey to estimate the percentage of
travel on local roads in proportion to travel on
non-local roads, then using this factor and the VMT
estimate from the HPMS sample to estimate local VMT.

The first two methods are quite common today. Both have
significant 1limitations in terms of accuracy. The cluster
sampling approach is also rather expensive. The third method is
a new idea, based on use of a ratio estimator, similar to that
Presented above for estimating vehicle class and truck weight
data. This method has not been tested, although indications are
that it could be cost effective while also providing fairly good
estimates of local road VMT.

Cluster Sampling

This approach uses cluster sampling techiques to estimate
average volumes for local roads. Roads within each stratum may
or may not be stratified by volume group within the cluster.
The resulting average volumes are multiplied by total miles of
road within the cluster. The data from the clusters are then
expanded to result in estimated local road VMT for the state,
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The difficulties with this procedure stem from the enocrmous
population size, and the fact that few, if any, states and urban
agencies have good estimates of the total number of miles of
local roads, or the traffic volumes these roaas carry. These
uncertainties invariably lead to sizable variation in the data
collected, and to poor estimates of total VMT. The large amount
of traffic data that must be collected to provide the estimates
of average volumes also constitutes a drawback.

No amount of statistical manipulation can account for the
large number of unknowns in the local road population. The only
way to determine accurate numbers using this procedure is to
collect extremely 1large sample sizes. Such an approach |is
normally impractical because of the sheer number of local roads
in a state.

This procedure is currently used by several states. It has
the advantage of known weaknesses, and it fits well into the
traditional traffic counting function of state DOTs. Despite
the large errors associated with it, no other program at this
time has been shown to provide better data.

The specific procedures for applying this methodolo4gy have
been discussed heavily in other documents and thus will not be
repeated here., If more data on these specifics are needed, the
reader is referred to:

"Sampling Surveys For Estimating Local, Rural, and
Urban Vehicle Miles of Travel,"™ by R. Bodle, FHWA,
Highway Planning Technical Report $31, July 1973; and

. "Improved Methods For Vehicle Counting and
Determining Vehicle Miles of Travel," by John
Hamburg & Associates, 1Inc., NCHRP Report CN-8-20,
January 1981.

Fuel Consumption Estimates

Several states have used fuel consumption estimates to
calculate VMT. This procedure has one distinct advantage over
cluster sampling in that it is less costly. The estimation of
average fuel consumption (mpg) for the vehicle fleet often does
not entail even a special study. Taxes on vehicle fuels are
used to estimate the total gallons of fuel used in the state.
The actual calculation of the local road VMT is then a very
simple nmatter. This method, however, is not considered
acceptable by FHWA.

The problems with this methodology stem from two sources.
One is the estimation of total fuel consumed in the state for
transportation purposes, and the other is the estimation of
average fuel consumption rates. The first of these problems is
much more significant than the second.
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Two major errors (among others) occur in the calculation of
fuel consumed in the state. Both stem from the use of fuel tax
data to estimate total fuel consumption. The first is that some
travel is in the state with fuel purchased outside of the state,
and some fuel purchased in the state is used outside of the
state. This may or may not be significant, dJdepending on the
price of fuel in neighboring states, and the amount of internal,
external, and through travel occurring in each state. The
second problem 1is that fuel tax data has been shown to
underestimate travel in rural areas. This 1is bLecause some
untaxed fuel intended for farm use is used for travel purposes.

On top of these errors is the error in the estimate of
average fuel consumption per mile. The error in this term may
or may not be large, but the rapidly changing fuel consumption
Characteristics of the vehicle fleet will more than likely
introduce more uncertainty in this estimate than would have
existed a decade ago.

Ratio Estimator

This methodology is proposed as an alternative to the
conventional methodologies presented above. It has not been
tested for accuracy or reliability, but certainly presents the
possibility of providing an improved estimate of local road VMT
for an acceptable price. The essence of this approach is to
survey trip makers to determine actual routings for their
trips. These routings would then be used to determine the
amount of travel on 1local roads versus those included in the
HPMS inventory. The ratio of local travel to non-local travel
computed from these surveys would then be multiplied by the
total VMT for the HPMS inventory. This would provide an
estimate of local road VMT.

The above estimate would entail two sources of error. The
first 1is the error in the VMT estimate based on the HPMS
sample. This is a known quantity. The second is the error in
the local road to non-local road ratio. This error is dependent
on the variability of the ratio and the sample size of the
survey used to estimate that ratio.

It is logical that such a ratio would be fairly stable from
year to year. As a result, a special study would not be
necessary every year to provide this estimate. 1Instead, such a
study might be performed only every several years to confirm any
changes in this ratio. A six-year cycle, twice the recommended
HPMS count cycle, is a logical choice for performing this kind
of survey.

The survey would have to account for differences in rural
and urban street systems that might affect the ratio. In
addition, it might also need to account for seasonal
differences, or differences due to density of development.
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Because this procedure has not been previously tested, it
is suggested that a pilot program be instituted by FEWA to test
the feasibility of the approach. It seems logical that
performing such a survey would be more accurate than either of
the previous methods because of the few sources of error, and it
would almost certainly be 1less expensive than a traditional
counting approach.
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FOOTNOTES

10

US DOT, FHWA, Highway Performance Monitoring System Field
Manual, 1980, as revised, Appendices F, G, H, I, and K.

Appendix E includes complete definitions of statistical
terms and derivations of formulas,

See footnote 2.
See footnote 2.
See footnote 2.
See footnote 2.
See footnote 2.
See footnote 2.

The Maine Facility Laboratory, prepared for FHWA, Evaluation
of Vehicle Classification Equipment, September, 1982,

P. Davies and D.R. Salter, "Reliability of Classified
Traffic Count Data, Transportation Research Record 905,

pp. 17-26, 1983.
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V. PROGRAM IMPLEMENTATION

This chapter focuses on the issues involved with the actual
implementation of the recommended program. In particular, it
details the steps involved in program implementation, and the
effects of phasing in the program slowly.

This section is divided into headings detailing the effects
of delaying the implementation of particular program elements
and procedures. These headings cover:

. seasonal factor procedures;
changes to the HPMS volume counting schedule;

. axle correction factor procedures;

. growth factor procedures; and

. vehicle class and weight elements.

Seasonal Factor Procedures

If the recommended seasonal factor approach is delayed,
the existing state method for applying seasonal factors will
have to be maintained. Thus the state may have to continue
collecting control counts if those counts are used to compute
gseasonal factors or to help allocate seasonal factors to
particular roadway segments. This in turn will result in a more
expensive count program with no significant advantage in
accuracy, that is also more difficult to automate.

HPMS Count Scheduling

A delay in implementing the three~year count cycle for HPMS
counts has numerous effects. The most significant effect 1is
that the HPMS sections may continue to be counted on an annual
basis. This results in a sizable increase in the number of
counts that must be taken in a year over that needed by the
recommended program, and a consequent increase in program cost.

The added number of counts does have several advantages:

. It maintains the HPMS data at the c¢urrent levels of
precision, rather than lowering the precision slightly.

. It eliminates the need to modify HPMS counts for growth,

although it does not reduce the need for growth factors
in other traffic counts.
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. It modifies the procedure needed to compute annual growth
factors, as it allows the annual growth to be computed

directly from changes in the estimated annual volume for
each HPMS stratum.

It does not have an effect on either the need for seasonal or
axle correction factors.

AXxle Correction Factors

This factor adjustment cannot be disregarded. If some axle
correction factor is not used, the estimated volumes for those
road segments counted with single-tube axle counters will be
overstated. The state may continue using an axle correction
factor based on some method other than the recommended process,
but the accuracy of that estimate will probably be less than
that of the recommended factors.

Growth Factors

Growth factors can be calculated from several sources other
than the HPMS sample segments. The most common of these methods
is using control counts and ATR counts to estimate growth. This.
method may be used while the HPMS growth factor method is being
implemented, but the accuracy of the growth factors is certain
to be below that of the recommended procedure because of the
reduced number of counts used in the factor calculation. The
use of control counts would also result in the need for an

additional set of counts.

Vehicle Class and Weight Element

These program subelements may be delayed due to lack of
modern classification and weighing equipment. If these program
elements are delayed, the state will probably not have a
statistically valid estimate of traffic composition or truck
weights for the majority of roads in its highway network. The
state would therefore need to continue using their existing
procedures to estimate traffic composition and truck weights.

None of the states examined in this project had a
statistically valid method for estimating either vehicle
classification or truck weights. To achieve a statistically
valid estimate for either of these guantities, a special data
collection session would have to be conducted at the location of

interest each time an estimate was needed. This is eXpensive
for vehicle classification data, and unreasonable for truck
weight data. Therefore, in many instances, statistically

unreliable estimates may be used out of necessity.
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APPENDIX A--DEFAULT VALUES

FOR STATISTICAL EQUATIONS

This appendix presents the values used in the statistical
equations presented in the main body of this report.  These
values may be used for calculating sample sizes and for deter-
mining the precision of various traffic estimates.

The values for this appendix were derived from three
principal sources:

. ATR data provided by the five participating states
and maintained by the FHWA;

vehicle classification data from the HPMS vehicle
classification case study; and

truck weight data from the HPMS truck weight case
study.

It is acknowledged that these data bases are not statistically
valid. They were, however, the best available data. As a
result, states are encouraged to provide their own data whenever
possible in lieu of this data base. In particular, they are
encouraged to develop their own statistically valid data base
using this study as a guide. Data collected in the recommended
manner can then be used to update the sample sizes derived using
these tables.

This appendix is divided into two basic sections:
. vehicle classification and weight data; and
. traffic volume data.

The vehicle classification and weight data are presented in
Exhibit A-1l. This table shows means and standard deviations for
the percentage of traffic (PVC and SPVC) and equivalent axle
loads (EAL and SEAL) for each of the recommended functional
classifications of roads. These data are used to compute
precision versus sample size (number of monitoring sessions)
graphs for each of these classifications (Exhibits A-2 through
A-17). Precision is defined as the accuracy of an estimate
within a stated level of confidence. In this appendix, a
95 percent confidence interval is always used. The graphs were
computed using equation 20 from section IV of this report.

To use the graphs in Exhibits A~2 through A-17 the user
must first choose the graph for the appropriate functional
classification of road. The next step is to choose the method
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for selecting sample size. Each graph includes a curve for
three different precision versus sample size relationships, or
weightings of coefficients of variation (see page IV.34). These
curves represent the precision of:

. 382 truck estimates;
all vehicles weighted by volume of traffic;

. all vehicles weighted by total weight contributed by
each vehicle class.

The different curves show how different weightings affect the
"accuracy" of estimates. The most important fact to remember is
that five samples (or any other number) will result in the same
level of precision for a single classification of vehicles, no
matter which curve is used to select sample size. The three
curves onhly differ in how the estimates for all individual
- vehicle types are weighted when they are combined.

Once a curve has been selected the accuracy for a given
number of counts can be determined. For example, using
Exhibit A-2, a sample size of 20 locations is chosen. This
sample will result in an estimate of vehicle classifications
that is accurate to within 17 percent, if the accuracy of the
estimates of each vehicle class are weighted by the volume of
that class. The accuracy of 'the estimate of 382 trucks is
slightly worse than the composite. Twenty monitoring sessions
produce an estimate within roughly 37 percent £or this vehicle

type.

The accuracy of other vehicle types can be calculated using

equation 20 and the default values for percentage of traffic and
standard deviation of that estimate for a vehicle class from
Exhibit A-1. For standard automobiles, this estimate would be

computed as:

a2 = 1.952 * gpyc2 / pvc? = '3.8025 * 0.0317
‘ 20 20

The accuracy d is therefore equal to ,077 or 7.7 percent of the
vehicle classification estimate produced by the 20 counts (i.e.,
the estimate is 41.6 percent plus or minus 3.2 percent.)

Truck weight (EAL) estimates are performed in exactly the
same manner. One of the curves in the graphs in Exhibits A-10
through A-17 is used to estimate a composite accuracy for a
given sample size. The accuracy of an estimate for any specific
vehicle type must then be computed using equation 20, the



sample size selected, and EAL and SEAL estimates included in
Exhibit A-1 for computing the COV term (i.e., substitute SEAL

for SPVC and EAL for PVC in the eguation above).

For volume estimations, average standard deviations for
SVOLD (variation across days, expressed as a fraction of AADT)
and SVOLA (the variation in the "true" axle correction factor)
are provided in Exhibit A-18. The standard deviation across
locations, SVOLL, can be estimated from the equation:

SVOLLL = Volume range in stratum h + 1000
3.5

For example, SVOLL for a road within a stratum with a volume
range between 5,000 and 10,000 ADT would be computed as:

SVoLLy = (10,000 - 5,000) + 1000
3.5

SVOLLy, = 1,714.

This would then be expreésed in terms of percent AADT,

It 1is assumed that each state will determine the standard
deviation of the seasonal correction factor (8SVOL8) £for each
factor group as a by-product of the determination of the
appropriate factor groups.

aA.21



EXHIBIT A-18

STATISTICAL DEFAULTS FOR TRAFFIC VOLUMES

Functional Classification SVOLD* SVOLA**
‘Rural:
Interstate 0.117 0.140
Other Principal
Arterials 0.090 0.094
Minor Arterials 0.098 0.067
Collectors 0.095 0.059
Urban:
Interstate and -
other Freeways 0.078 0.067
Other Principal .
Arterials 0.069 0.058
Minor Arterials “0.065 0.021

Collectors 0.065 0.021

* pxpressed as a fraction of AADT.
** Expressed as a fraction of the axle correction factor.

~
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APPENDIX B-~EQUIPMENT SUMMARY

This appendix details the results of Peat Marwick's
examination of existing vehicle <classification and truck
weighing equipment. This section is a summarization of:

. published research;

. other literature available from FHWA or from Peat
Marwick's project library;

. manufacturer's specifications and test data; and

. comments from state DOT personnel who use traffic
counting equipment,

No new research was performed for this contract in this area.
Only equipment with working models currently available for sale
or test are included in this review. Other eqguipment with
enhanced capabilities which may soon be available 1is not
discussed here,.

This appendix is divided into two major sections:

. vehicle classification equipment; and

. truck Weighipg equipment.
Most truck weighing equipment currently being designed can also
collect vehicle <c¢lassification data, but such devices are
generally too expensive to be used strictly £for vehicle

classification data collection. For this reason, such equipment.
is discussed in the truck weighing portion of the appendix.

VEHICLE CLASSIFICATION EQUIPMENT

As ‘stated in the main body of this report, different states
use different vehicle classification  systems. Suggested
classification schemes use as few as ten or as many as 32
vehicle classes. The FHWA has recently issued a nationwide
standard for vehicle classification: categories. This
classification system is presented in Exhibit B-1. :

Qverview

The proposed national system follows the standard system of
delineating vehicle classes based on the number of axles on a
vehicle and the spacing of those axles on the vehicle. The
principal difference between this system and many state systems
is that no division is made between in-state and out-of-state

B.1



Vehicle Categories

1

2

11
12
13

EXHIBIT B-1

FHWA~-RECOMMENDED VEHICLE CLASSIFICATION

Vehicle Description

Motorcycles (Optional)
Passenger cars

Other two-axle, four-tire single unit
vehicles

Buses

Two-axle, six~tire single unit trucks
Three-axle single unit trucks

Four or more axle single unit trucks
Four or fewer axle single trailer trucks.
Five~axle single trailer trucks

Six or more axle single trailer trucks
Five or fewer axle multi-trailer trucks
Six~axle multi-trailer trucks

Seven or more axle multi-trailer trucks

Source:

Memorandum on Vehicle Classifications: Alterna-
tive Schedule and a Recommended Grouping, June 1983, as
revised on October 1, 1983.

B.2



vehicles. From a federal perspective or a design perspective,

this detail is not necessary. Furthermore, automated

classification counters are not <capable of making  this
distinction. If & state wants this data, it can be collected by
manual classification counts (and used to factor automated
counts), or through a special survey.

Automatic classification of traffic wusing the FHWA's

‘proposed system requires a traffic counter that uses some kind

of axle sensor. The most common of these sensors is the
pneumatic, or road, tube, Some experiments  have used other
devices such as c¢oaxial cables as axle sensors, but these
devices are not currently in common use in the United States.

A second kind of automatic counter can also classify
vehicles. These counting devices use inductance loops which
classify vehicles based on their overall body 1length. These
counters are capable of using loops already embedded in the
pavement for other purposes as sensing devices. The counters
cannot, however, -classify vehicles using the FHWA systen,
because they cannot distinguish axles.

Axle-8Sensing Classifiers

From the discussion with the participating states, it 1is
apparent that the axle-sensing classifiers are the type .of

equipment most acceptable to *state DOTs, because they can
classify vehicles .in a manner similar to the manual counts

currently taken. At this time, however, no type of automated
vehicle classification equipment is widely used, nostly because
early models were not  reliable. For the most part,. early
problems are being worked out, although most available machines
still suffer from two shortcomings:

. the inability to classify vehicles in slow moving
(congested), traffic; and

. the ability to classify only one lane of traffic.
This could be either the right hand lane, closest to

the shoulder, or the 1left-hand lane, providing the
counter is placed in the median strip of a road.

Each available axle-sensing classification counter:

. determines the axle spacing of passing vehicles as a
function of speed;

. uses a minimum speed programmed into its software as
a fail-safe signal for the end of one vehicle and
the beginning of another; and

. uses a mwminimum speed as a guard against vehicles
changing lanes and striking the sensor with only one
axle. . :

B.3



These precautions, which enhance the validity of the data,
result in an inability to classify vehicles at slow speeds,
which, in turn, prevents the use of the machines on road
sections experiencing stop-and-go traffic during the count
period.

The restriction to one lane (either left-most or
right-most) in which traffic can be counted and classified is a
direct result of the axle-sensing device presently used by many
American and foreign manufacturers, the pneumatic tube. The
road tube registers any axle striking the tube. When stretched
over two lanes, the tube is incapable of determining the lane
from which the axle signal is emitted. The tube's use is
therefore restricted to the lane nearest the counter.

Some manufacturers claim their counting equipment is
compatible with other axle-sensing devices, but only the systems
designed by the Transportation Road Research Laboratory (TRRL)
in the United Kingdom and a new Canadian system manufactured by
IRD are designed specifically for a different kind of sensor.

The TRRL system uses a refined triboelectric cable, a form
of coaxial cable. Tests at the TRRL show that the cable sensor,
if carefully manufactured, can have a useful life of up to four
years. Thus, it can be installed at permanent locations to
collect data on lanes other than outside lanes. A portable
cable is currently under development at TRRL.

The IRD system is also designed for a permanent location.
This system consists of 12 pressure sensors permanently placed
in the pavement to detect axles. It too can collect data from
multiple lanes.

At this time, road tubes are the most common axle sensing
devices used in the United States. A Maine DOT studyl of
automatic vehicle classifiers concluded that using road tubes as
sensing devices results in a high error rate. Road.tubes suffer
from a high degree of intentional and unintentional damage due
to vehicular traffic. During the study, the tubes displayed a
tendency to undercount axles, even when in working order. Maine
DOT personnel were unable to trace the cause of the
undercounting, but attributed it to a combination of tube
deterioration, air-switch malfunctioning, and internal
processing problems. The problems incurred with road tubes when
used for vehicle classification did not seem to affect the same
counting devices when used for speed analysis.

1l Maine Facility Laboratory, Evaluation of Vehicle Classifica-
tion BEguipment, prepared for FHWA, September 1982.




To quote from the Maine study:

While it was not typically obvious whether the
tubes or the systems being tested were responsible
for some of the error, 1t was c¢lear that the
tube~based systems did not seem to have a high
degree of reliability ({(e.g., a three or more axle
vehicle did not have all of its axles counted).
In addition, it was rarely clear when a tube was
breaking down, or when it had, when that breakdown
had occurred,

The Maine report. estimated that the tube-based systems
tended to misclassify vehicles larger than three axles, 10 to
20 percent of the time.

The Maine DOT study rated the TRRL system con51derably
higher than any other classification system. The Maine study
achieved a 98.3 percent accuracy rate for vehicle classification
during the study. The equipment classified 95.7 percent of the
trucks correctly. Similar tests in the United Kingdom comparing
the automatic system with manual counts achieved accuracy rates
of between 96 and 98 percent (assuming no errors in the manual
counts). The system tested by Maine DOT was designed for use as
a permanent station, but the TRRL is developing a portable
system, = -

The new IRD system was not available for testing at the
time of the Maine -evaluation, but it 1is currently being
evaluated in Canada and Minnesota. Preliminary information
shows that the counter is equal in accuracy to the TRRL system.

Length Classifiers

Most counters using pneumatic tubes are also capable of
using dual inductance loops for vehicle length classification.
These <classifications are currently ©performed at several
permanent speed-monitoring locations in the United States. The
length data available through the loops 1is not, however,
sufficient to classify vehicles to the level of detail needed by
most highway engineers. The use of loops at ATR stations can,
however, give excellent information on seasonal and hourly
distribution of truck traffic, even if data are not available in
the preferred vehicle classifications.

The Maine report assessed the performance of counters using
inductance loops for input of raw vehicle clasgification ‘data as
somewhat better than the performance of axle-sensing devices.
The loops were generally more accurate in c¢lassifications,
although all counters showed significant dgquality control
problems. The accuracy of the length classifications was caused



in part by the simplified categories used. The four-vehicle
categories wused by most systems were significantly less
intricate than the l4-vehicle categories that used axle sensors
for classification. The Maine report indicated that automatic
vehicle classifiers wusing loops placed up to 95 percent of
passing vehicles in the appropriate category. Machine
breakdowns in the test, Thowever, <considerably reduced the
overall accuracy of the machines. In addition, the Maine study
- showed that the loop equipment tended to be very sensitive to
minor adjustments in the tuning of the inductance loops. This
sensitivity <created some <calibration problems with ‘those
counters not specifically designed to allow testing at the site.

Limitations of Automatic Counters

The discussion above suggests  that improvements in
automatic classification equipment have not progressed to the
point ' where manual counts are unnecessary. Besides the
shortcomings previously mentioned for both axle-sensing and
length classification equipment, some states require information
that cannot be collected by any existing automated counter.
Among. the data that must normally be collected manually are:

in-state versus out~of~state designations;

. vehicle categories based on the number of tires per
axle; and ’

. truck-type analysis by body type (e.g., refrigerated
truck trailer versus tanker).

The need for these data, as well as the need for vehicle
classification data where automatic equipment does not function
accurately (e.g., in congested areas), results in a continued
need for manual classification counts.

Manual classification counts are not without accuracy
limitations. While manual counts are often used as the
"ecorrect" figures to ‘which automatic counts are compared,
studies have shown that manual .counts can contain substantial
errors. A paper written by P. Davies and D.R. Salter and
published in Transporation Research Record 905 indicates that a
study they performed indicated that manual classification count
error ranged as high as 35 percent, even when counters were
closely supervised. These results would indicate that the error
from automatic counters  functioning properly is not
significantly different from the error in manual counts.

In summary, automatic vehicle classification equipment 1is
rapidly developing the capability to provide the majority of
data desired from vehicle classification counts. Permanent
stations performing limited auto/truck splits are currently in



use (for example, Illinois' telemetry system collects speed data
by vehicle length class) using loop inputs. Permanent and
semipermanent axle-sensing classification equipment have shown
high accuracy correlations. Portable axle sensors using road
tube sensors have exhibited less accuracy, but in many instances
can provide the majority of data needed.

‘TRUCK WEIGHING EQUIPMENT

This section includes an outline of the issues affecting
truck weight data collection and an overview of the equipment
available on the market,.

Truck weight data has traditionally been collected for two
different purposes, weight enforcement and data collection for
engineering and planning. The scope of this appendix allows
discussion of only the planning aspects of truck weight data
collection. Enforcement activities are dealt with only where
they affect planning.

Overview

Historically, truck weight data has been collected as a
means of determining pavement loadings. These loads in turn can
be translated into design requirements and estimates of pavement
life. The majority of vehicle (usually truck) weighings have
been taken at fixed weigh stations on major roads.  Some axle or
wheel-load weighings are taken using portable Iloadometers at
nonpermanent roadside locations to determine vehicle weights at
sites away from permanent stations. :

The primary federal impetus behind truck .weight studies has
been the biennial truck weight survey. This survey consists of
truck weighings, driver interviews, and vehicle classifications
submitted to the FHWA every two years. From this survey, the
FHWA and states determine truck weight trends and revise
estimates of equivalent axle loadings for wvarious truck
classifications to be used in design and maintenance
computations. This program is currently under review, as FHWA
examines:

. methods of streamlining the surveying process;
uses of the truck weight data; and
. capabilities of the new WIM equipment.
Many states are therefore currently delaying .truck weight

planning studies until the results of the federal review are
made available.



Obtaining accurate information on truck weights is
difficult. The main problem 1s that the costs of collecting
weight data are high, limiting the amount of data that can be
collected, while several factors contribute to cause
inaccuracies in the data that can be collected. Several of
these factors are:

. The avoidance of weigh scales by overweight vehicles
skews the data.

The small number of locations used for weigh
stations do not represent either a random or a
representative sample of the state highway system.

. The cost of the manpower necessary to run a station
as well as the cost of scales prevents states from

expanding their vehicle weighing programs.

*, The considerations necessary for weigh station crew
safety and scale accuracy limit the number of sites

suitable for most existing portable scales.

It is the enforcement of weight laws that causes overweight
trucks to take precautions to avoid any operating weigh
station., The result of this avoidance is weight data which
underreports the heaviest trucks, thus making average survey
welght fall below the actual average weight.

In the five participating states, vehicle weight data for
planning purposes was collected separately from weight
enforcement measurements. This had two primary impacts:

. The data was less affected by underreporting of
heavy trucks since there were no law enforcement
officers at the survey sights. :

. Less data were available for planning purposes than
if the vehicle weighings done for enforcement
purposes were included

Several state DOT personnel interviewed for this report conceded
that drivers with overweight loads were less likely to
purposefully avoid a weigh station if they knew that no
enforcement activities were being conducted at that site. They
disagree about whether data from enforcement weighings should be
sought by planning departments. The lack of representative data
on heavy trucks diminishes the quality of the data collected,
but the size of the enforcement data base is usually greater
than the amount of data the planning department can afford to
collect, The planning departments usually lack funds and take a
relatively small number of weighings in comparison with the
number taken by enforcement departments.
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Truck Weighing Eguipment Capabilities

The latest improvements in vehicle weighing technology
attempt to minimize the above problems. The newest systems are
designed to operate without human observation and in such a way
as to be inconspicuous to the passing motorist. In addition,
several newer systems are designed to be truly portable so that
more appropriate samples may be selected from the highway
‘system. The following discussion presents the characteristics
and capabilities of three types of truck weighing eguipment:
fixed scales, portable scales, and Weigh-In~Motion (WIM) scales.

Fixed Static Scales

Almost all states operate at least one fixed-scale
location. Some stations are manned 24 hours a day, 365 days a
year. Many, however, are operated for only portions of each day
or during particular seasons, such as harvest time., Fizxed
locations are used because the cost of weigh station
construction is high, and historically the difficulty in
transporting and setting up weighing equipment has also been
great.

Fixed stations are effective for weighing all vehicles only
when no bypass routes exist. This happens primarily in the
western United States, at borders between states or through
mountain passes. Fixed stations-are least effective at
locations where numerous bypasses exist, which tends to be the
norm in most of the U.S. To a limited extent, the problems of
trucks routing around fixed stations can be decreased with the
periodic use of portable equipment on the available bypass
routes. Unfortunately, the truckers' use of CB radio and other
communication techniques tends to greatly reduce the
effectiveness of this practice.

Portable Static Scales

Portable scales have existed for many years. For the most
part, the early models consisted of scales designed to weigh
individual wheels. These scales were set up on roads with
sufficiently wide shoulders or turnouts to allow the scale crews

to pull trucks completely off the road.

Improvements in technology have resulted in more
sophisticated scales that can weigh entire tandem axles and
still be carried on trailers pulled by 'a large van or mobile
home.  These improvements have greatly increased the speed with
which a crew can weigh a vehicle. These scales, for the most
part, still need a wide, flat road shoulder. This type of
weighing station also suffers from the same evasion problem that
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plagues fixed-scale weighing locations: truck drivers report
the operation of the scale soon after it is set up and
overweight trucks use alternative routes to bypass the scale.
The quality of the data then rapidly deteriorates.

A second kind of portable scale is used in conjunction with
fixed-scale locations., 1In this case, several fixed scalehouses
are constructed with removable dummy scales. Portable weighing
equipment are then rotated between them. The portable scale
replaces the dummy scale in the prepared scale pits and
transforms the scalehouse into a working station. The advantage
of this method is the capital savings in only having to buy one
scale for several fixed locations. The system suffers from the
same basic deficiencies as both the fixed and "tradltlonal"
portable systems,

Several new technologies for weighing vehicles are
currently being marketed worldwide. The new systems can weigh
vehicles while the vehicles are in motion. Two such systems,
bridge WIM and the capacitor pad, have considerable potential.
Their size and location reduce their visibility to vehicle
drivers. If they are not used in conjunction with enforcement
practlces, it may be p0351ble to reduce the problem of truck
evasion which results in unrepresentative data. However, if
they are used in conjunction with enforcement activities, the
trucking community will avoid them and the weight data will
still fail to accurately represent heavy trucks.

Weigh-in-Motion Scales

The basic idea in WIM scales is that they weigh vehicles
without forcing them to stop. WIM is viewed as a way to
increase the efficiency of existing scalehouses and to obtain
data not previously available through the use of static scales,
Substantial obstacles, however, prevent the wholesale
‘substitution of WIM equipment for ex1st1ng static scales. These
obstacles include: .

. differences between weights measured with WIM

equipment and those measured with static scales;

. the inability of states to use the WIM equipment by
itself in an enforcement role; and

. the high cost of WIM equipment.

The main drawback to using WIM is the problem of "dynamic
weight" versus "static weight." The measured weight of an axle
on a moving vehicle often differs from the measured axle weight
of a stationary vehicle. This difference is due to the fact
that the load and suspension of a moving vehicle interact with
pavement condition and road profile in such a way that the size
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of the load experienced by each wheel of the truck oscillates
(i.e., the truck bounces, so that the load experienced by the
tires is either decreasing as the truck bounces into the air, or
increasing as the truck lands.) The faster the vehicle 1is
traveling and the rougher the road surface, the greater the
range of oscillation of the dynamic weight around the static
weight. This oscillation causes WIM systems to measure axle
loadings which differ, often substantially, £from the actual
‘static loadings, which, in turn, precludes their use for many
enforcement purposes.

As a result of this problem, the majority of WIM systems
currently on the market are wused primarily to support
enforcement activities by sorting vehicles approaching existing
conventional static weigh stations. By slowing the approaching
vehicle and making the approach pavement to the WIM sensors as
smooth as possible, the motions of the vehicle are reduced
sufficiently so that the WIM system can act as an effective
sorting device., A WIM sorting device uses a signing system to
route potentially overweight trucks to the static scales and
legal trucks back onto the highway. This process allows static
scale use to be limited to those vehicles 1likely to be
overweight. It also decreases the time necessary to process the
majority of trucks.

For planning purposes, WIM systems can be placed directly
in the traffic lanes of a roadway. A complete conventional WIM
installation (weigh pads, electronics and equipment housing, and
often a van) can be. purchased for roughly $100,000. Additional
weigh pads can be purchased for another $10,000 per traffic
lane, Installation in the pavement is not included in these
figures. One set of electronic eguipment can be moved from site
to site, thus reducing the cost of a complete systemn. The
initial capital costs for a multi-site system, however, may be
high, as are the costs for maintaining the fixed sites used by
the system.

- To provide an alternative to these conventional fixed WIM
sites, two new WIM systems have been introduced:

the capacitor pad; and
. the bridge WIM.
Both systems, still in the development stage, have been tested
in the United States, where it is hoped that they may be

produced in the near future.

Capacitor Pad

This system, originally developed by the National Institute
for Road Research in South Africa, is currently undergoing
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testing by the  Arizona Department of Transportation. The
capacitor pad consists of a 1.8 meter by 0.5 meter by
.8 millimeter hard rubber pad containing the capacitor and
attached to the roadway using nails and bituminous tape. The
pad is placed in the extreme right-most portion of the traffic
- lane (left-most side for inside lanes), and measures the loads
on the outside wheel of each axle crossing it. The Jlatest
version of this pad uses dual inductance loops to determine
‘vehicle presence and speed, while inputs from the capacitor pad
are used to determine weight per axle, spacings between axles,
vehicle classification, and weight law compliance.

The pad has several distinct advantages:

. It is portable; one person can place it on almost
any road segment in 20 to 25 minutes.

. The pad does not resemble conventional law
enforcement equipment; therefore the intentional
destruction or avoidance of the weigh site may be
prevented.

. The pad costs 1less than a third of what most
conventional WIM systems cost. An initial capacitor
pad with data retrieval eguipment can be purchased
for approximately $35,000. Additional <capacitor
pads will be available for roughly $10,000 apiece.

. The pad does not require on-site persconnel to
operate it,

The capacitor pad has several drawbacks:
., It covers only part of a lane;

. By weighing only one moving wheel (or pair of
wheels) per axle, the measurement is susceptible to
both the effects of roadway curvature in horizontal
and  vertical directions and the effects of
crosswinds. '

The pad mlght become dislodged by trucks passing
over it, particularly if a truck 1ntent10nally tries
to damage the pad. .

The pad is meant for operation in the outside lanes
of traffic.

. The traffic lane to be used must be c¢losed
temporarily for pad installation.



Bridge WIM

Bridge WIM consists of sets of strain gauges placed on the
support beams of bridges. The electronic gauges are attached to
a mini- or microcomputer which uses strain measurements from the
bridge and input from tapesw1tch axle sensors on the road to
classify and weigh passing vehicles. The system, tested in
Maine and Iowa, appears to work fairly well.

The main advantages of the system are:

The weighing device itself (the set of strain
gauges) is invisible to the passing motorist.

. The system is portable from bridge to bridge.

Like the capacitor pad, essentially no site
construction is needed to install the system.

It requiies only one on-site person to monitor the
device while it operates.

The primary drawbacks to this system are:

. It can only be placed on the underside of bridges,
and cannot be used on all bridges.

. The bridge girders mist be accessible to the crew
member placing the strain gauges.

The .system loses accuracy when more .than one vehicle
is on the bridge at a time.

. The system must be calibrated for each bridge it is
placed under, using one or more measured weight
calibration trucks. .

. -The system requires that the computer be located
near the bridge, usually in a van (for
portability). Some concern exists about the ablllty
to locate the van in a place both appropriate and
unobtrusive.

The accuracy of individual axle weights from bridge WIM systens
are uncertain., Data from an Iowa test showed that the variation
between bridge WIM axle weights and static axle weights was
fairly high. Total EALs computed with the two sets of axle
data, however, were within 1.4 percent of each other. This
would indicate that the individual axle errors were randomly
distributed for the heavier loads, and the resulting data would
be acceptable for many planning purposes such as computation of
EALs, The data would not be accurate enough for the enforcement
of truck weight laws.
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WIM Limitations

WIM systems lack the weighing tolerance necessary for
enforcement weighings when vehicles are traveling at highway
speeds because of the dynamic effects previously discussed. On
a smooth roadway surface, an error of roughly 30 percent on any
-individual axle can be expected.l With significantly greater
road roughness the "impact factor"™ (the difference between
static and measured dynamic forces) <can be as high as
100 percent.2 The variance between dynamic and static weights
are highest for tandem axles and other multiple sets of axles.
These errors are in addition to any errors caused by machine
malfunction, and are caused by the movement of the vehicle, its
suspension, and its load.

Work performed by TRRL has shown that errors caused by
dynamic forces are randomly distributed. As a result, with a
smooth roadway surface and a large sample size (i.e., 24 hours
or greater), the median gross truck weight measured by an
accurately functioning WIM system is normally within 10 percent
of that measured using a static scale, according to personnel
who have used this equipment in the past. Average axle weights
for vehicle class categories also approximate the true norm much
closer than do individual vehicle weights.

Another significant aspect of WIM systems is that they
preclude the driver interview portions of the current federal
biennial truck weight survey. An FHWA survey of data uses and
an internal Wisconsin DOT questionnaire indicated that portions
of the information from the interview portion of the survey
contributed substantially to various data user analyses. Among
the data items needed by these users, but not capable of
determination by WIM systems, are:

commodity type;
. permit status;
. trip routing;
. registered weight;

. truck characteristics (engine type, industry type,
trailer type); and -

1 presentations by Dr. Clyde Lee and Dr. Robin Moore at the
WIM Conference, Denver, Colorado, July 11-15, 1983.

2 Ibid.



origin/destination data.

Such data would have to be collected with a special survey if
all truck weight data were collected using WIM equipment.

In summary, the emerging WIM systems offer the possibility
of significant improvements in the quality and cost
reffectiveness of truck weight data collected. The WIM systems
will not, however, totally supplant the use of static scales and
driver interviews for the collection of planning data.
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APPENDIX C~--COST ANALYSIS

This appendix -contains  the cost calculations used to
estimate cost versus precision trade-offs in the main body of
this report. This appendix 1is intended to provide the states
with procedures for estimating their own actual costs. The
numbers presented 1in this appendix are examples, and are not
directly applicable to any particular state. The discussion is
split into three sections: '

. paper tape versus,solid state equipment:

. automatic wvehicle c¢lassification equipment versus
manual counts; and

cost and accuracy trade-offs for different count
durations and frequencies.

Costs for performing different tasks vary considerably from
state to state due to:

. varying wage rates;

. varying skill levels of the personnel performing the -
task; .

. varying methodologies used to perform the tasks; and

. varying types of equipment used in each state.
These cost- differences are illustrated by the,aﬁerage cost per
location in each example state's speed monitoring program. The

costs for these programs determined from their fiscal year 1983
budgets are shown below:

State Cost Per Count
Kansas . $449
Maine . $306
Ohio ' N/A
Oregon $277
Georgia N/A

The speed program is the best source for data to be used in
comparing costs Dbetween the various states, as the state
programs are quite similar, though they do differ in the
equipment and methods used to collect and transcribe the data.
Other count programs are not readily comparable because of
significant differences in the amount of data collected, the
manner 1in which the data are collected, and each state's
budgeting process. Because of these differences, an average



cost per count for the example states cannot bLe computed.
Therefore, unit costs anu other descriptive measures will be
used in the analyses in the remainder of this appendix.

PAPER TAPE VERSUS SCOLID STATE
EQUIPMENT

Solid state traffic counters and magnetic tape cassette
drives have some significant advantages over traditional paper
tape devices. These advantages are:

. the ease an¢ speed of data transfer between the
counting device and a usable format; and

. the accuracy of the transfer process.

Both of these aspects result in cost savings to DOTs using solid
state equipment. These advantages increase if large amounts of
data must be transferred from a counter to another format., The
more data there are (e.g., vehicle <classification data or
15-minute count volumes, rather than hourly or daily volumes)
the greater the advantage of the solid state device.

There are two alternatives to solid state devices using
electronic transfer of cata: manual data transfer or aata
transfer using a paper tape reading machine (either an optical
reader, or a mechanical reader of punched holes). The nanual
technigues seem to be most common, as most counting device
manufacturers have stopped waking paper tape readers, ant many
of the paper tape readers still in use are near the end of their
usefulness. ' ‘

Both of these alternatives are more time-consuming and nore
error-prone than electronic transfer of data. In addition to
errors in reading or writing of data (by hand or machine) during
the transfer from paper tape, there are frequently errors in the
data on the tape. Counting devices (particularly old ones) are
well known for occasional malfunctions in their punch mechanisms
as well as for worn print ribbons and print heads. Such errors
cannot be corrected in the data transfer step, only augmented by
the &additional errors made during data transfer. While the
electronic counterpart of the print or punch' mechanism is also
subject to malfunction, these errors occur considerably less
frequently. . ‘ '

These factors lead to the conclusion that solid state
recording devices have significant cost advantages over
mechanical devices, The following <discussion ‘attempts to
quantify that advantage. The cost and manpower figures useaq
below reflect data collected by Peat HMarwick 1n numerous
engagements, and are not directly applicable to any one state.



It is suggested that a state follow these basic steps using
state data to estimate state-gspecific savings.

The assumptions used were:

. Data 1is manually transferred from ©paper tapes
directly onto a computer file, via a CRT.

. Each paper tape is from an ATR station, and contains
hourly data gathered during a lé4-day period.

. Data can be manhually transferred at & rate of three
tapes per hour (42 cays of hourly information)
incluging station identifiers.

The salary of the person responsible for data
transfer is $15,000 per year, including benefits but
not overhead.

. The example state has an overhead of 50 percent,

The introduction of so0lid state eguipment in Lieu of paper
tape equipment, given the above assumptions, would lead to
several changes. The time needed to transfer data woulc drop
slightly. The data from the solid state device would be
transferred directly to the DOT computer, as were the manually
transferred data. The electronic eguipment would ke able to
operate by itself except that a staff member would need to load
the appropriate tapes. This staff member could be the sane
person that would examine the data for errors, effectively
removing the need for a person to transfer data from tape to
computer.

This reduction in staffing needs due to data transfer
improvements would be proportionate to the amount of data being
transferred. If the state has 50 ATR locations, the cost
savings in the data transfer can be calculated as:

Cost = $15,000 (per year) * 1.5 goverhead) * 50 (stations) = $4,700 per year {(rounded off)
0 (hrs. per 2-week perio * {stations per hr.

This reduction would be even larger 1if, instead of the
first assumption, the data were first transferred manually to a
coding sheet from the paper tape and then keyed into the
computer. additional savings accrue from the electronic
transfer of data, since the transfer is more accurate than a
manual transfer, and the time needed to edit the data can be
reduced. The savings could be as much as a 50 percent decrease
in the time spent editing the data. As it is estimated that the
people who edit ATR data spend 30 percent of their time at that



function, a 50 percent reduction would equal 15 percent of those
people's time. At a salary of $20,000 {(not including overhead)
the cost savings would be:

Cost = $20,000 * 1.5 * .15 = $4,500

These two cost savings would result in a combined savings
of $9,200 in staff costs per year. The same types of cost
reductions would be applicable to any data collection and
transfer presently performed with paper tape eguipment. This
includes volume counts (for any purpose), vehicle classification
counts and speed monitoring. The more data transferred (i.e.,
15~minute volumes rather than hourly volumes), the higher the
savings from the automated data transfer. Assuming the cost of
a counter is $2,100 and that the cost of staff time increased
proportional to the interest rate paid, the $9,200 annual
savings computed above would pay for the replacement of the 50
paper tape recorders in 11.4 years (50 * $2,100/%$9,200}.
Because the interest may actually be higher than staff pay
increases, the cost of counter replacement may actually take
longer.

AUTOMATIC‘VEHICLE CLASSIFICATION
ECUIPMENT VERSUS MANUAL COUNTS

One principal reason for the Gevelopment and examination of
autonatic vehicle classification counters is the high ccst of
manual classification counts. The high one-time capital cost of
automatic equipment allows substantial annual reductious in
labor costs of Gata collection. -Most states using the automatic
counters discount the accuracy problems found in a Maine DOT

study (see Appendix B). The consensus among the user states is
that the automatic counters are as accurate &as the manual and
short count manual count techniques wused previously. No

definitive study has been performed comparing the accuracy of
the various manual count technigques with that of the automatic
.counters.

The cost of manual vehicle <c¢lassification counts varies
from state to state, depending on the size of the average crew,
the duration of the count, and the wages paid the crew, 1In sone
- instances (for example, Pennsylvania) the marginal cost to the
state for the manual counts is significantly less than the
actual count cost since the crew is made up of DOT construction
inspectors currently without state duties who would be paid

whether or not they were taking traffic counts.

The five states included in this study used either one- or
two-person crews to perform manual vehicle «classification
counts., The counts lasted from seven to 24 hours at each
location, requiring between one and three crews per count. If a
$20,000 annual cost 1s assumed for each mehber of the crew



(including overhead), working 220 count days per year, the cost
of each person day for manual counts is roughly $91. A
one-person seven~hour manual count would thus cost roughly $91
plus travel expenses. A 24-hour count would cost between $273
{(three one-person crews) and $546 (three two-person crews) plus

travel.

In comparison, the cost of an automatic vehicle
‘classification counter is roughly $2,300. A single-person crew
can place as many as ten counters in a single day. If it 1is
assumed that the counter can be used 100 times each year, and
that the machine is written off in one year, the per count
capital cost would be $25. If the single-person crew can place
10 counters per day, the cost per count would be roughly $18.
This is based on the assumption of one day to place the counter,
and one day to pick up the counter, at a cost of $91 for 10 days
or roughly $9 a day.) The total cost per 24-hour count is thus
roughly $43, less than half the cost of a single-person manual
count. Even if the assumptions for the automatic counter usage
above are cut in half (five placed per day, 50 counts taken per
year) the cost per 24-hour count is only $86, still less than a
third the cost of a manual 24-hour count.

The cost savings from the wuse of automatic vehicle
classification equipment become increasingly important with the
size of the vehicle classification program. Oregon and Georgia
perform eight- to 24-~hour classification counts at or near their
ATR stations every three years and each quarter, respectively.
Ohio takes quarterly 24-hour counts at 14 £fixed locations.
Kansas - takes 16-hour manual counts at 40 fixed locations
quarterly and 40 supplemental locations annually. Maine takes
two seven-hour staggered counts at 38 locations each dquarter.
Any expansion of —current vehicle classification '~ counting
programs using current methodologies would substantialy affect
these states' traffic counting budget. The use of automatic
equipment might permit the moderate expansion of these programs
without the necessity of cutting back another program. .

In addition to the lower cost of data collection, the
states will obtain machine readable data as a result of the
microprocessor technology used by the machines, thus saving
money in data processing as described earlier. - The 24-hour
counts are also more statistically reliable in comparison to the
short counts c¢urrently used in some instances by four of the
five states. ' :

COST AND ACCURACY TRADE~-OFFS FOR DIFFERENT
COUNT FREQUENCIES AND DURATIONS

The cost versus frequency curve in Exhibit IV-5, presented’
as a table in Exhibit IV-4, shows the cost versus freguency
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trade~off for volume counts. (Exhibit IV-4 is repeated here as
Exhibit C~1, for the reader's convenience.) The graph is

determined by using equation (7):

SVOL; 2 - gvoLD2 + SVOLS2 * (1 + 1 ) +
nd nce

svoLAaZ * (1 + 1 ) + SGF2 ( 1+ 1 )}

nve ngf

where: SVOLD = 0.07

SVOoLS = 0.04

SVOLA = 0,03

SGF = 0.01

ncc = 6.0

nve = 12.0

ngf = 40.0

nd = 1,0

The maximum error is assumed toc take place during the final year
before a new count is taken. That is, for a three-year count
cycle, the maximum error ocCCurs after two years. During the
third year, a new count is taken. The minimum error occurs when
the count is taken and no growth factor is applied. The effect
of the duration of the count is determined by altering the
variable nd, which represents the number of days counted.

The cost of the counts were determined at the same time.
It was estimated that the majority of a count's cost comes from
placing the counter in the field. Therefore, leaving the
counter in place would not dramatically increase the count's
cost. The increased costs of the second and third day are
intended to reflect the cost of processing the data, and of
additional inefficiencies in the £field personnel's count
schedule from having to leave the counts in one location for a
longer period. One "cost" not covered is that. due to the
equipment being unavailable for use elsewhere while collecting
the second day's data.

Vehicle Classification Counts

The cost/precision relationship of manual vehicle
_classification counts 1is not similar to that of the volume
counts. If manual counts are used, the costs of collecting
additional data do not increase slowly, as they do for volume
counts. The cost rises linearly with the number of days of data
collected. The added precision of the data does not rise in the
same manner (i.e., the cost doubles, but the precision is not
twice as good with one additional day of data collection). The
added data collection is therefore not as cost effective as
taking the same count elsewhere.
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EXHYIBIT C-1

RELATIVE COST AND ACCURACY OF COUNT DURATION
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If automatic vehicle classification egquipment is used, the
cost versus precision relationship expressed in the volume
calculation holds true. However, the reliability of the
counting device is not similar. As explained  in Appendix B,
tests of automatic classification eguipment have repeatedly
shown that the accuracy of the «collected data 1is highly
dependent on the axle-sensing devices. Since most portable
counters use road tubes, the accuracy of the count depends on
the road tube, and it is not clear that these tubes can operate
consistently for more than a day without beconing loose or
cdamaged, It is therefore recommended that until better axle
sensors are ¢eveloped, automatic classification counts be
limited to 24 hours when using portable equipment.

Truck Weighings

Truck weight  measurenents are similar to vehicle
classification counts, only with yreater problems. For the most
part, existing truck weight locations wust Le manually
operated. This means that the cost of taking truck weight data
increases linearly with the number of days counted, which
‘prevents any appreciable savings from multiple-day counts.

Other factors, however, also affect the accuracy of truck
weight data. The longer a truck weight station is open, the
higher the possibility that overweight trucks will bypass the
station, unless no bypass route exists. In cases Wwhere no
bypass route exists, the accuracy of the truck weight data will
probably improve with the increased duration of the count.
Unfortunately, the magnitude of the changes in precision

attributable to any of these factors is not quantifiable at this
time.
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APPENDIX D--CASE STUDIES

This appendix contains five examples of proposed traffic
monitoring program implementation by states, The five states
included in these <case studies were <chosen by FHWA, and
contributed data used in the design of the program. The five
case studies included in this appendix cover:

. Georgia;
. Kansas;

. Maine;

. Ohio; and
. Oregon,

The scope of this project does not allow for in~depth
analysis of each state's budgeting process, manpower
utilization, or department organization. Therefore, the
recommendations included in this appendix center primarily on
the number and frequency of traffic data counts taken by each
‘state. The effect of these recommendations on the cost or
manpower needs of & state's traffic counting program are dealt
with only within the limits of the budget data provided by the
states during the state visits.

For this appendix, vehicle classification count locations
are assumed to be chosen as simple random samples of the HPMS
volume locations. This assumption 1is made to simplify the
examples and tables in this appendix. This is not intended to
imply that simple random sampling is recommended over sampling
proportional to VMT. It implies only that it is easier to
present.

Each case study 1is organiged by existing count program
element. The proposed program will be detailed in terms of its.
effects on the existing program and any other necessary changes
required to implement the new program.

. GEORGIA

The Georgia DOT count program contains the following
elements: ’ ‘

. Continuous Counts;

. Control Counts;



Coverage Counts (including HPMS volume counts);

Vehicle Classification Counts;
. Speed Monitoring; and
. Truck Weight Monitoring.

" All of these programs, except the speed monitoring program, are
subject to some change by the recommended traffic monitoring

program. These changes include:

. altering the existing seasonal factor approach:
eliminating the control counts;
. moving some of the ATR locations;
reducing the total number of ATR sites by four; and
. possible reductions to the coverage count program.

These changes are discussed in detail under the following
headings.

Continuous Counts

The ATR program would be modified as a result of the new
seasonal factor process. The modifications are intended to
redistribute the ATR locations s¢ as to more completely cover
all functional classes of roads.

The seasonal factors were derived using the process
described in the main body of this report. First, a brief
discussion with state DOT staff indicated three possible regions
within the state that might regquire separate seasonal factors
for each functional classification. These regions are:

. the counties north of Atlanta (region 1);

the counties "south of a line drawn between Cblumbus
and Augusta (region 3); and :

. the counties between these two areas {(region 2). -

These regions are shown in Exhibit Georgia-1l. The seasonal
patterns for these regions within each functional class were
then computed and compared. This analysis showed that the
functional classifications for several of the regions had
similar seasonal patterns. These functional c¢lasses were then
combined. The resulting seasonal factor groups are shown in
Exhibit Georgia-2. This exhibit also includes the number of
existing ATR counters included in each factor group.

D.3
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An examination of the number of ATR locations for each of
these factor groups indicates that all but one of the factor
groups have more than the recommended minimum of three ATR
stations. The remaining groups have between four and 14 ATR
stations. Exhibit Iv-3, from the main body of this report,
examines the cost effectiveness o¢f the number of ATR stations
per factor group. From this exhibit we see that the additional
accuracy achieved by maintaining more than eight ATRs per group
-decreases sharply with each additional ATR 1location. It is
therefore recommended that no more than eight ATRs be kept in
any one factor group. This choice of a maximum number of ATRs
per factor group is relatively arbitrary, and the state may wish
to choose some other number of stations as a maximum,

The choice of eight ATRs as a maximum results in the
elimination of eight ATR stations, six from group 4, and two
from group 8. To standardize the number of ATRs per factor

group and make use of the large number of ATRs already in each
seasonal group, it is recommended that five stations be chosen

as the minimum number of stations per factor group.
Exhibit IV-3 shows that the additional two stations per factor
group (added to the minimum three stations) add significantly to
the precision of the seasonal factor. Since the state only
needs to construct four new sites to achieve this minimum (three
in group 6 and one in group 3), this recommendation appears
reasonable from a cost standpoint. '

The factor groups with numbers of counters between these
extremes are left unchanged. This allows the state .to take
advantage of the majority of ATR locations already constructed
while still collecting data in a cost effective manner.

Georgia DOT will have to alter its seasonal factor approach
if it adopts the recommended count process,. The new £factor
process is somewhat similar to their existing process in that
the functional classification of a road section is a primary
means of identifying the seasonal factor for a count. Georgia
currently applies seasonal factors from individual ATRs to the
majority of traffic counts. The combined factor groups in the
recommended process should result in a slightly more stable
factoring process. The application of factors should also be
easier, in that the only need 1is for the functional
classification of the roadway instead of the three tiers of
information currently used. These tiers are:

.. look for a factor for the specific route;

. look for a factor for the county and the functional
classification needed; and

. look for a factor for the statewide functional class
needed.



The recommended program also uses a monthly factor with a
day~-of-the-week adjustment, while Georgia currently wuses a
weekly adjustment. The recommended process should provide a
slightly better factor in this case due to the better stability
of the monthly factor. Georgia DOT may wish to use an
interpolated weekly average if it chooses to continue using a
weekly factor.

Control Counts

The control counts are no longer necessary once the
recommended seasonal factors are accepted. The purpose of the
control counts is to help assign individual traffic counts to
seasonal factors. This function is no longer necessary as roads
are automatically assigned to factors due to their regional
location and functional class.

HPMS and Coverage Counts

The coverage .count program is not necessary in its present
form to provide estimates of statewide VMT for functionally
classified roads. Georgia DOT has stated that it wishes to
retain its coverage count program in its present form, in order
to provide site .specific volume counts for those locations
covered by the count program. This data may also be used for
estimating ADT and VMT on roads not included in the HPMS
inventory, and for updating the volume group classification of
HPMS sections.

By keeping the coverage count program intact as it is
currently performed, the Georgia DOT count program provides an
" extensive amount of information that the state believes 1is
important and worth the cost of data collection. The continued
collection of this data, however, does prevent the DOT from
obtaining some of the cost reductions that they would otherwise
receive from relying more heavily on the HPMS system. These
savings could have been quite substantial in Georgia because the
coverage count program is a major part of the annual $570,000
budget for volume count data.

The HPMS volume counts are affected by the recommended
changes in the length and duration of HPMS volume counts, and by
the reduction of the coverage count program. Since HPMS data is
collected as-a part of the coverage count program, some chahge
in the methods used to collect this data is necessary to provide
for 48-hour HPMS counts. The need for HPMS data every -three
years rather than every year further reduces the demand for the



existing coverage count program element. The adoption of this
particular recommendation will therefore reguire some
significant changes in the manner in which Georgia DOT schedules
and collects HPMS volume counts,

Vehicle Classification Counts

The size of the example vehicle classification program is
~less than Georgia DOT's current program. The existing program
includes quarterly counts at all 64 ATR locations, or 256 counts
per yvear. The proposed count program includes 300 counts spread
over three vyears, or roughly 100 counts per year. The number of
vehicle «classification c¢ounts 1s dependent upon the default
curves in Exhibits A-2 through A-~9, and the precision levels
shown in Exhibit Georgia-3. Exhibit Georgia-3 also contains the
distribution of the classification counts by functional
classification. The number of counts and their distribution are
subject to change as a result of specific state needs and
requirements for specific precision levels,

The 300 counts selected for Georgia should be taken
randomly from all days within the count cycle from the existing
HPMS volume sections. The counts should be spread evenly
throughout all three years. A systematic approach to this might
be to collect data at roughly 100 locations three times each.
The three sessions for each location could be selected randomly
from: #

. all days within the three-year count cycle;
. one year of the count cycle; or

. a different year for each count (i.e., count one in
year one, one in year two, and one in year three).

Professional judgment was used to determine the appropriate
level of “accuracy for each functional classification, A
confidence interval -of 95 percent was used for all functional
classes. The graphs in Exhibits A-2 through A-9 were used to
detérmine the sample sizes.

Speéd Monitoring

No changes are recommended to the speed monitoring program
element.

Truck Weight Monitoring

Like the vehicle classification program element, the size
of the truck weight program element is dependent on the level of
precision specified by the state. Professional judgment was
used to determine the level of accuracy used in the sample size



EXHIBIT GEORGIA-3

Vehicle Classification Sample

HPMS Vehicle Precision Precision
Volume Sanple Class by by
Group Size Sample 382 volume
‘Rural: Interstate
Group 1 33
Group 2 32
¥ Group 3 28
Group 4 12
Group 5 4
Group © 2
Group 7 1
Group 8 1 =
Total 113 30 counts 30% 15%
Other Principal Arterials
Group 1 204
Group 2 66
Group 3 20
Group 4 4
Group 5 4
Group 6 2
Group 7 1 o
Total 301 40 counts 35% 12
Minor Arterials
Group 1 87
Group 2 30
Group 3 21
Group 4 12
Group 5 4
Group 6 5
Total 159 : 30 counts 40% 1ls
Collectors
Group 1 103
N Group 2 27
Group 3 21
Group 4 8
Group 5 4
Minor Collectors '
Group 1 79
Group 2 17
Group 3 7
Group 4 17
Group 5 17
Group 6 3
Total
Collectors 303 48 counts 40% 10%




Urbanized and small Urban

HPMS Vehicle Precision Precision

Volume Sample Class by by

Group Size Sample 382 volume
Urban: Interstate

Group 1 99

Group 2 39

Group 3 16

Group 4 4

Total 158 48 counts 30% 9%
Other. Principal

Group 1 139

Group 2 60

Group 3 50

Group 4 26

Group 5 23

Group 6 27

Group 7 23

Group 8 2

Total 350 40 © 35% 10%
Minor Arterials

Group 1 55

Group 2 39

. Group 3 41

Group 4 36

Group 5 15

Group 6 11

Group 7 5

Total 202 30 40% 12%
Collectors

Group 1 44

Group 2 36 *

Group 3 52

Group 4 30

Group 5 10

Group 6 12

Total 184 30 60% 18%



calculations along with a confidence interval of 95 percent.
Exhibits A-10 through A-17 were then used to calculate the
sample sizes shown in Exhibit Georgia-4.

The truck weight monitoring sessions are to be selected
from the  vehicle classification location-days. Ideally,
measurement sessions should Dbe selected randomly from the
vehicle classification counts. In practical terms, a more
"systematic approach is more appropriate. For example,
Exhibit Georgia-4 indicates that 25 monitoring sessions are
necessary to collect 382 weight data for rural interstates
within 10 percent accuracy and 95 percent confidence. A
systematic approach might be to count eight different rural
interstate locations three times each (plus one location a
fourth time). ©Each of the three counts at a location would be
taken during a different part of the year (e.g. March, August,
November). The counts at each of the stations could be spread
between the three vears as best suits the budgetary restrictions
of the state, or one count could be ‘taken each year at each
location. A vehicle classification count would alsoc be taken at
each weight monitoring site. The vehicle classification count
would be used as part of the 300 locations necessary per cycle.

Special Studies

Special data collection may increase. Georgia's continued
reliance on an extensive coverage count program significantly
reduces its need for special counts. For special data needs,
the HPMS sample and inventory should be utilized along with
coverage count data whenever possible. Any additional data
needs can be performed by personnel and eguipment previously
used in the control count program.

The special data collection program element should be used
to collect all kinds of traffic data not supplied by countinuous
counts, coverage counts or the HPMS data base. This c¢ould
include, but not be limited to, site-specific wvolume counts,
special studies for determining in-~state versus out-of-state
travel, or any other set of data the state may desire,

'



Rural:
Interstate

Other Principal
Arterials
Minor Arterials

Collectors

Urban:
Interstates &
Freeways

Other Principal
Arterials

Minor Arterials

Collectors

EXHIBIT GEQORGIA~-4

TRUCK WEIGHT SAMPLE SIZE

Vehicle Truck

Classification Weight 382 Total Weight
Sample Size. Sample Size Precision Precision -

30 25 11% 15%

40 15 20% 25%

30 11 30% 36%

48 6 30% 43%

48 3 40% 47%

40 3 42% 60%

30 3 97% 94%

30 3 97% 97%

.12



KANSAS

The current Kansas traffic monitoring program consists of
the following program elements:

. Continuous Counts (ATRs);

. Control Counts;

Coverage Counts {including HPMS volume counts);
. Vehiclé Classification Counts:

. Truck Weight Monitoring;

. .Speed Monitoring, and;

. Special Data Collection.

EPMS volume data is‘ collected as part of the coverage count
program, and will be discussed under that heading.

Most of these program elements will be subject to changes
if the recommended traffic monitoring program is accepted. The
most significant of these changes are:

. the altefation of the =existing seacnal factoring
process; . : :

. the elimination of the control counts;

. a reduction in the number of coverage counts taken
each year;

. & reduction in  the number of .continuous count
locations; -

. @ increase in the number of truck weight monitoring
sessions each year; and

. an increase in the amount of traffic monitoring
performed under the special data collection program
each year.

The speed'monitoring program is not changed aé it is beyond the
scope of this contract.

Continuous Counts

Kansas continuous counts are used to provide seasonal
controls for other +traffic counts. The recommended traffic
counting program alters the current ZKansas seasonal factoring



process to one based eéntirely on the functional classification
of each road section. As a result of this change, Kansas does
not need to maintain all 102 of its current continuous counters.

While Kansas currently utilizes factors for six different
districts, the recommended seasonal factors stratify the state
only by urban and rural areas. The analysis performed for this
case study did not determine a consistent difference in seasonal
factors between the districts, so the recommended factor groups
are not stratified by regions within the state. The proposed
factor groups are delineated strictly by the functional
classification of the roadway section. The proposed factor
groups and the number of existing counters within each factor
group are shown in Exhibit Kansas-1.

Several of the Kansas ATRs did not follow the seasonal
patterns of the majority of roads within - their functional
classification. These ATR locations are shown in
Exhibit Kansas~2. Discussions with Kansas DOR indicated that
these locations were different for several reasons, ranging from
proximity to major recreation sources to road construction near
the count location. Kansas DOT will need to determine which of
these counters needs to be treated as "special" cases, and which
should be included with the ATR functional groups.

The large number of ATR locations within the Rural
Principal Arterial Category and the Rural Minor Arterial
Category indicates that many of these locations are not
necessary for determination of seasonal factors. Exhibit IV-3
in the main body of this paper indicates that roughly eight ATRs
is a reasonable maximum number of ATRs per seasonal factor
group. After eight ATRs are reached, the cost effectiveness of
the additional ATRs starts to decline rapidly. .The choice of
eight ATRs 1is, however, somewhat arbitrary, and the state may
wish to choose a slightly different number. If a maximum of
eight ATRs are used per factor group, the new seasonal factor
groupings allow 53 ATRs to be discontinued for collecting
seasonal data. One factor group (urban collectors) has only two
ATR locations, while urban interstates and other freeways have
only. four counters. Kansas may wish to relocate six counters to
‘locations (to achieve a minimum of. six ATRs per factor group)
within these functional classes to -provide for better seasonal
estimates on these functional classes.

, If both of the above ATR recommendations are accepted,

Kansas will have a net reduction of 47 ATR locations. This
could conceivably represent a savings of $50,500 per year for
the state (47/102 * $110,000 per vyear for the existing ATR
program). However, Kansas may wish to retain some of these ATR
locations for other purposes (e.g., trend analysis).

D.14
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ATRs WITH UNUSUAL SEASONAL

ATR 1D

3-100-0400-00
5-630-9001-64
2~-027-1415-00
1-044-2370-33

6-038-0500~00

EXHIBIT KANSAS-2

District

PATTERNS

Road

Us--40
Douglas Ave,
R-141

K-237

Us-50



Control Counts

Kansas indicated (in comments presented in an earlier paper
on state data needs) that they collect control counts four times
a year for one week at two urban locations. It is unclear what
these counts are used for, but they do not appear necessary
within the recommended traffic monitoring program.

"HPMS and Coverage Counts

Kansas collects HPMS volume data while performing its
regularly scheduled coverage count program. The coverage count

program currently operates on several cycles:

. interstates and principal arterials are counted
every year;

minor arterials and collectors on the rural state
highway system are counted on a two-year cycle;

the remaining county federal-aid system roads are
counted on a six~year cycle; :

. coverage counts are also collected in cities on
arterials and collectors using a six-year cycle; and

random counts are performed on locally classified
roads in cities with a population greater than 5,000
people to help estimate VMT.

The recommended program relies on the HPMS sample and data
base to provide statewide estimates of VMT. The only non-HPMS
coverage counts hecessary for VMT estimation are those used for
estimating VMT on roads not in the HPMS data base or counts used
for updating the volume group classifications of HPMS sections.
.Like Georgia, Kansas has specific needs for some coverage count
data, and will continue to collect some data 'in this manner.
The coverage count program does provide information that. can not
be supplied through the HPMS data base, and is of significant
importance to the state. > ~

The recommended program will increase the length of HPMS
volume counts from 24 to 48 hours. This will require sone
additional changes in the manner in which Kansas schedules
annual traffic counts. Volume data needs £or -specific road
segments not counted in the HPMS or coverage count programs will
be provided through the special data collection element,



Vehicle Classification Counts

Kansas currently takes 100 vehicle c¢lassification counts
per year along with vehicle classification counts taken at truck
weight locations. The recommended program will take essentially
the same number of vehicle classification counts each vyear.
Exhibit Kansas~3 shows how these counts are distributed across
functional classes. The number of classification counts and
“their division between functional classes is a function of the
assumed precision levels, alsc shown in Exhibit Kansas-3. The
number and distribution of vehicle class counts may therefore
change after Kansas reviews this appendix, based on their review
of available statewide data, as well as their budget
restrictions.

The 300 counts selected for Ransas should be taken randomly
from all days within the count cycle for the existing HPMS
volume sections. The counts should be spread evenly throughout
all three years. A systematic approach to this might be to
collect data at roughly 100 locations three times each. The
three sessions for each location could be selected randomly from:

. all'days within the three-year count cycle;
. one year of the count cycle; or

. a different year for each count (i.e., count one in
year one, one in year two, and one in year three).

Professional judgment was used to determine the appropriate
level of accuracy for each functional <c¢lassification. A
confidence interval of 95 percent was used for all functional
classes. The graphs in Exhibits A-2 through A-9 were used to
determine the sample sizes, Appendix A includes a description
of how to use these exhibits. :

One final change is recommended for vehicle classification
counting in the state of Kansas., The state-—should make greater
use of automatic vehicle <classification egqguipment. Kansas
currently uses two-person manual counts for its wvehicle
classification data. . The state does own some automatic
classification equipment and has indicated satisfaction with the
performance of the machines. The increased use of this
equipment should allow the state to take 24-hour classification
counts using fewer resources than currently used to take 16-hour
manual classification counts. This should free additional
resources for use in other important areas.



EXHIBIT KANSAS~3

Vehicle Classification Sample

HPMS Vehicle Precision Precision

volume Sample Class by by

Group Size Sample 382 volume
Rural interstate

Group 1 62

Group 2 12

Total 74 30 counts 30% 15%
Other Principal Arterials

Group 1 310

Group 2 53

Group 3 11

Group 4 2 '

Total 376 40 counts 35% 12%
Minor Arterials

Group 1 109

Group 2 18

Group 3 - 9 ‘

Group 4 3 ’

Total 139 30 counts 40% : 11%
Collectors

Group 1 87

Group 2 11

-Group 3 ' 6
Minor Collectors

Group 1 185

Group 2 3

Total :

Collectors 292 48 counts 40% 10%



Urbanized and small Urban
Vehicle Classification Sample

HPMS Vehicle Precision Precision

Volume Sample Class by by

Group Size Sample 352 volunme
Urban: Interstate

Group 1 149

Group 2 " 66

Group 3 13

Group 4 1

Total 229 48 counts 30% 9%
Other Principal Arterials

Group 1 132

Group 2 90

Group 3 67

Group 4 32

" Group 5 20

Group 6 9

Group 7 10

Group 8 1

Group 9 ©2

Total . : 363 40 35% 10%
Minor Arterials

"Group 1 181

Group 2 39

Group 3 30

Group 4 20

Group 5 13

Group 6 9

Total 292 30 40% 12%
Collectors

Group 1 163 .

Group 2 68

Group 3 49

Group 4 25

Group 5 8

Group 6 2

Total 315 30 - 60% 18%



Truck Weight Monitoring

The proposed truck weight monitoring program increases the
number of weighing sessions that the state conducts each year
from 15 sessions every two years to BO sessions every three
years (roughly 23 per year). It is recommended that the state
conduct some truck weighings every year rather than every other
year as is the current practice. This should result in more
- representative truck weight estimates.

Exhibit Kansas~4 contains the recommended number of truck
weight monitoring sessions and their distribution by functional
class. The data in Appendix A was used to compute these sample
sizes based on assumed levels of precision. The actual sample
size chosen by the state may vary from that in Exhibit Kansas-4
depending on a review of the selected precision levels and
specific data needs and resources.

The truck weight monitoring locations are to be selected
from the vehicle classification locations. Ideally, counts
should be selected randomly from the vehicle classification
location-days. The proposed sites, however, will have to be
examined to ensure that the state's weighing equipment can be
used at those locations.

A systematic approach to site selection may be more readily
applied than the purely random site selection. For example,
Exhibit Kansas-4 indicates that 24 monitoring sessions are
necessary to collect 382 weight . data for rural interstates
within 10 ©percent accuracy and 95 percent confidence. A
systematic approach might be to count eight different rural
interstate locations three times each. Each of the three counts
at a location would be taken during a different part of the year
{e.g. March, August, November). The counts at each of the
~stations could be spread between the three years as best suits

the budgetary restrictions of the state, or one count could be
taken each year at each location.

. Speed Monitoring

Speed monitoring is beyond the séope of this study, and
thus is not changed by these recommendations.

Special Data Collection Element

The state traffic counting department already collects some
special count data if requested data are unavailable. Most
special counts are collected by coverage count personnel who are
collecting data in the area. These counts are collected in such
a manner as to minimize additional travel costs. Personnel in
charge of data collection are responsible for determining the
need for special count data and for scheduling collection.



Rural:
Interstate
Other Principal
Arterials
Minor Arterials

Collectors

Urban:
Interstates &
Freeways

Other Principal
Arterials

Minor Arterials

Collectors

EXHIBIT KANSAS-4

TRUCK WEIGHT SAMPLE SIZE

Vehicle Truck
Classification Weight 3582 Total Weight
Sample Size Sample Size Precision Precision
30 24 10% 13%
40 24 15% - 20%
30 12 28% 33%
48 6 30% 43%
48 3 40% 47%
40 3 42% 60%
30 3 97% 94%
30 3 97% 97%
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The procedures currently 1in place appear to be well
designed to determine actual data needs as well as to provide
scheduling for the expected increase in special data requests.

The special data collection program element should be used
to collect all kinds of traffic data not supplied by the
countinuous counters or the HPMS data base. This could include,
but not be 1limited to, site-specific volume counts, special
"studies for determining in-state versus out-of-state travel, or
any other set of data the state may desire.

MAINE

The current Maine DOT traffic data collection program
consists of the following programs:

. Continuous Counts (ATRs);

. Control Counts;

. Coverage Counts (ADT) inéluding HPMS Counts:;

. Vehicle Classification Counts;

. Speed Monitoring:

.eTruck Weight Monitoring: énd

. Special Study Counts,
These program elements Will be subject to c¢hange if the
recommended program. is implemented. The —most significant

changes would be:

. the -alteration of the existing seasonal factor
process; .

- . the elimination of control counts:

. a reduction in the number of coverage counts taken
each year;

. an increase in the number of vehicle classification
counts performed in a year; and

. an increase in the number of special counts taken.

The speed monitoring program 1is not changed in the revised
traffic count program. The Maine DOT truck weighing program is
currently in the planning stage, so the proposed weigh program
cannot be compared to an existing procedure.

D.23



Continuous Counts

It is recommended that the Maine ATR program be changed
slightly to conform to the needs of the recommended traffic
count program. These changes include:

. the elimination of five ATR locations;

. the addition of one to three ATR sites at different
locations than the eliminated sites; and

. the alteration of the seascnal factoring process
performed with ATR data.

The replacement of some ATR sites with new sites is necessary to
provide for a Dbetter distribution of ATRs by £functional
classification,

An examination of Maine's ©present seasonal factoring
process and individual ATR data indicates that a regional
stratification of factor groups is necessary. Three primary
regions are apparent:

. the urban areas;
. the southern beach areas; and
. the remainder of the state.

In addition to these basic regions, there are some ski rescrt
areas that are treated as a special case due to their unusual
seasonal traffic patterns. It will be necessary for Maine DOT
to designate those roads to be included in this special
category, if they agree with the recommendation.

The current Maine DOT factoring groups and 1982 ATR data
show substantially more seasonality to the traffic on the beach
side of 1I-95 and US-1 (see Exhibit Maine-1l) than  in the
remainder of the state. To confirm this tendency, seasonal
factors were computed for  factor groups containing all ATRs
within a functional classification both with and without ' the
beach ATRs. As can be seen in the standard deviations of these
two estimates (see Exhibit Maine-2), the factor groups are more
uniform with the beach sites as a separate factor group. :
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EXHIBIT MAINE-2

COMPARISON OF STANDARD DEVIATION

WITH AND WITHOUT
THE BEACH REGION

Factor Group

Rural Interstates and
Primary Arterials

Rural Minor Arterials
Rural Collectors

Urban Interstates and
Other Freeways

Urban Arterials and Collectors
Beach Group

Average

Without Special
Beach Region

With Special
Beach Regions

.26

.082
.202

. 251

.041
107
N/A

.1366

.082
.158
.040

.041 -
.026
.130
0795



The special ski areas were retained from the existing Maine
factor groups because the seasonal pattern of the Kingsfield ATR
showed a radically different pattern from any of the other ATR
locations. Therefore it did not £fit acceptably into the
functional classification factor groups.

After the delineation of the beach region and special ski
roads, the remaining ATR functional groups were examined for

-similarities. It was determined from graphs of the seasonal

factors that rural interstates {(Functional class 1) and rural
principal arterials (Functional c¢lass 2) could be combined, as
could urban arterials and collectors, (All functional classes
are combined 1in the beach region and special ski areas.)

Exhibit Maine-3 presents seasonality graphs for the two rural
functional classes that were combined. Exhibit Maine-4 contains
a listing of ATRs for each of the final seasonal factor groups.

With the factor groups now establiéhed, the number of ATRs
within each category was examined: :

Number of
Factor Group Counters Functional Classes
Group 1 13 Rural Interstates and Principal Arterials
Group 2 5 Rural Minor Arterials
Group 3 2 Rural Collectors
Group 4 3 Urban Interstates and Other Freeways
Group 5 4 Urban Arterials and Collectors ‘
Beach Group 5 Various

No specific number of ATR sites is recommended for each factor
group. Using the 1logic presented in the main body of this
report, the absolute minimum number of sites was considered to
be three except for special cases. Two sites are needed to
determine the variation in the data, and the third allows for a
malfunction of one traffic counter. This logic indicates that
one count location should be added to the rural collector
classification.

The determination. of the appropriate number of continuous
counters in the remaining groups is more difficult. The table
above shows that the first grouping (Rural Interstates and
Principal Arterials) has considerably more ATR sites than the
remaining groups. Exhibit IV-3 in the main body of this report
shows that the information gained from adding ATR sites
dininishes quickly after more than eight sites are included in a
factor group. = Therefore, it is recommended that only eight
locations be kept in any seasonal factor grouping. If five ATRs
are eliminated from the first factor group, a significant cost
savings would be achieved by Maine DOT, while the remaining
eight stations would ensure calculation of an acceptably
accurate seasonal factor for that functional class.
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EXHIBIT MAINE-4

ATR STATIONS BY FACTOR GROUP:

Factor Group

Rural Interstates and
Primary Arterials
Rural Minor Arterials

Rural Collectors

Urban Interstates and
Other Freeways

Urban Arterials and Collectors
Beach Sites

Special Factor Group

.29

ATRS

052,092,272,382,702,080,
110,170,210,390,760,770,
020

70,100,130,650 |

010,040

262,792,800
140,190,200,180
30,230,400,670,780
280



The remaining factor groups contain an acceptable number of
ATR locations. However, the state may want to add ATR sites at
some of the other locations in case of multiple counter failure,
or just in the interest of additional information. The most
likely locations for additional ATRs would be in factor groups 3
and 4. One additional counter in each of these factor groups
would provide a minimum of four counters per group, and result
in a greater margin of safety in case of counter failure or
.construction at ATR sites. Maine DOT would need to make these
decisions based on available resources and information needs.

Control Counts

The control count program should be eliminated. The
purpose of the control counts is to help assign traffic counts
to seasonal factor groups. With the recommended factor process,
all count locations are automatically assigned to a factor group
on the basis of the functional class of road. Thus a series of
counts to assist in this process is unnecessary. The specific
cost savings associated with this reduction in counts cannot be
determined because of the combination of continuous counts,
control counts, and coverage counts as a single line item in the
DOT budget.

HPMS and Coverage Counts

The coverage counts that Maine DOT performs include both
coverage counts and HPMS sample section counts. The recommended
procedure would reduce the number of non-HPMS counts in the
annually scheduled data collection process. -Only those counts
that provide information for roads not on the HPMS system, for
updating the assignment of sections to HPMS volume groups, or
‘for specific state needs would be collected in addition to the
HPMS data. The state will have to decide how much, if any, its
coverage count program can be reduced. The HPMS inventory and
special traffic counts would be used in place of any ellmlnated
‘coverage counts.

Changes to the volume counting procedures for HPMS occur
for the frequency and duration of the HPMS counts. The
three-year count cycle results in roughly 510 HPMS counts each
year. These counts, however, are to be taken for 48 hours,
rather than 24 hours. The effect of this change on the traffic
count budget is difficult to determine. The actual number of
HPMS counts currently taken each vyear is unclear, as these
counts are collected as a part of the overall coverage count
program. It is recommended that the state collect the entire
HPMS sample on the recommended three-year c¢ycle, rather than
over the seven years needed for the c¢urrent coverage count
cvele, The changes will improve the accuracy of the HPMS data.

Some changes in the scheduling of HPMS counts may be
necessary due to the reduction of the coverage count program and
the inclusion of vehicle classification and truck weighing into
an integrated HPMS process.
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Vehicle Classification Ceounts

The vehicle classification program is also reduced as a
result of the new program. The recommended program allows for
monitoring roughly 300 locations every three years, or roughly
100 per year. Each count is either a l6-hour manual count, or a
24~hour automatic count. The existing program manually counts
38 1locations eight times a year, or 304 seven-hour sessions.
.This would compare to 200 eight-hour <counts for the new
‘programn. (The state DOT may need to retain the practice of
using two seven<hour counts rather than one lé-hour count due to
labor issues, but this should not significantly affect the
accuracy of the sample.,) A recommended alternative would be to
collect as much of this data as possible with 24-hour continuous

automatic equipment counters.

The vehicle classification strata are defined by the
functional classification of roads, without further
stratification by volume group. Exhibit Maine~5 shows the
sample sizes chosen for Maine's HPMS vehicle c¢lassification
sample. For example, this exhibit shows that 30 monitoring
sessions should be selected from the 60 HPMS rural interstate
sections to achieve the estimated percentage of 382 +trucks
within 31 percent {(i.e. an estimate of 12 percent plus. or minus
3.7 percent.)

The 300 counts selected for Maine should be taken randomly
from all days within the count c¢ycle from the existing HPMS
volume sections. The counts should be spread evenly throughout
all three years. Since a true random sample  may not be
feasible, a  systematic approach may be necessary. ‘Such an
approach might be to collect data at roughly 100 locations three
“times each. The three sessions for each location could be
selected randomly from: '

. all days within the three-year count cycle;
. one year of the count cycle; or

. a different year'for,each count (i.e., monitor one
location in year one, one in year two, and .one in
year three).

Professional judgment was used to determine the appropriate
level of accuracy for each functional classification, A
confidence interval of 95 percent was used for all functional
classes. The graphs in Exhibits A-2 through A-9 were used to
determine the sample sizes. The necessary sample sizes were
selected by reading the X axis of the graph for the desired
accuracy off the Y axis of the graph. Appendix A includes an
example of the use of these graphs.



EXHIBIT MAINE~S

Vehicle Classification Sample

HPMS Vehicle Precision Precision
vVolume Sample Class by by
. Group Size Sample 352 volume
Rural: Interstate
0-10 39
10-20 12
20-30 9
Total 60 30 counts 30% 15%
Other Principal Arterials
0-5 246
5-10 54
10-15 12
15-20 4
Total 316 30 counts 35% 12%
Minor Arterials
~0=2.5 111
2.5-5 25
5-10 10
10-20 5 .
Total 151 30 counts 40% 11%
Collectors
0-2.5 91
2.5~5 15
5-10 5
Minor Collectors
0-1 155
1-2 25
2-3 6
3-5 14
Total .
Collectors 311 50 counts 40% 10%



Urbanized and small Urban

HPMS
Volume Sample
Grou Size
Urban: Interstate
0-10 116
10-20 27
20-30 3
Total 146
Other Principal Arterials
0~5 47
5-10 73
10-15 71
15-20 33
20-25 7
25-30 7
30-35 2
Total 240
Minor Arterials
- 0-2.5 95
2.5-5 52
5-10 45
10-15 13
15-20 15
20-25 2
Total 220
'Collectors
0-1 124
1-2 . 66
2=5 10l
5-10 33
Total

324

Vehicle

Class

48

40

30

30

.33

Sample

counts

counts

counts

counts

Precision Precision
by by
352 volume
30% 9%
35% 10%
40% 12%
60% 18%



Speed Monitoring

No changes are recommended for the speed monitoring program
element.

Truck Weight Monitoring

Like the vehicle classification program element, the size
of the truck weight program 1is a function of the level of
precision wanted by the state. Professional judgment was used
to determine desirable levels of accuracy within a 95 percent
confidence interval £for computing sample size. The default
sample size versus precision curves found in Exhibits A-10
through A-17 were used to calculate the required sample size for
the selected levels of precision. The selected truck weight
sample size and levels of precision are shown in Exhibit Maine-6.

The selection of actual truck weight locations for Maine
should take into account the availability of the WIM system they
are currently purchasing. This in turn may slightly affect the
selection of vehicle c¢lassification sites, but it should not
significantly affect the accuracy of the recommended data

collection process.

The truck weight monitoring locations are to be selected

from the vehicle classification locations. Ideally,
measurements should be selected- randomly from the vehicle c¢lass
locations and days. In practical terms, a more systematic

approach is more appropriate. For example, Exhibit Maine-6
indicates that 20 monitoring sessions are necessary to collect
382 weight data within 11 percent accuracy and 95 percent
confidence for rural interstates. A systematic approach might
be to monitor seven different rural interstate locations three
times each. ©Each of the three counts at a location would be
taken during a different part of the vyear (e.g., March, August,
November) . The measurements at each of the stations could be
spread between the three years as best suits the budgetary
restrictions of the state, or one count could be taken each year
at each location. Each truck weight session should also ineclude
complete vehicle classification data, which will . be used in
place of a separate vehicle classification count at that
location.

Special Study Counts

The number of monitoring sessions taken in the special
study category may increase. The reduction of the coverage
count program may deprivé some data users of count data they
need, and these needs will often have to be. filled by the
special count program. The HPMS sample and inventory should be
utilized whenever possible, but some data needs will not be met
by the HPMS data.
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Rural:
Interstate
Other Principal
Arterials

Minor Arterials

Collectors

Urban:
Interstates &
Freeways

Other Principai
Arterials

Minor Arterials

Collectors

EXHIBIT MAINE-6

TRUCK WEIGHT SAMPLE SIZE

Vehicle Truck
Classification Weight 382 Total Weight
Sample Size Sample Size Precision Precision
30 20 11% 15%
40 15 20% 25%
30 11 30% 36%
48 6 30% 43%
48 3 " 40% 47%
40 3 42% 60%
30 3 97% 94%
30 3 97% 97%

.35



The special data collection program element should be used
to collect all kinds of traffic data not supplied by the
countinuous c¢ounters, c¢overage c¢ounts, or the HPMS data base.
This could include, but not be limited to, site specific volume
counts, special studies for determining in-state versus
out-of-state travel, or any other set of data the state may
desire.

An increase 1in the special data program may actually
benefit a majority of users when .compared with the existing

program, in that the special count program should quickly
address existing needs in all parts of the state.

OHIO

The Ohio traffic monitoring program currently contains the
following elements:

. Continuous Counts;

Coverage Counts {(including HPMS volume counts):
. Vehicle Classification Counts; | |
. Truck Weight Monitéring: and

.>Special Counts.

The HPMS volume counts are taken at the same time the coverage
counts are taken, and will be discussed under that heading.

The effects of implementing the recommended traffic
monitoring program in Ohio can be summarized as follows:

. a new seasonal factoring procedure should be used;

. the coverage count program can be reduced;

. the number of regularly scheduled vehicle
classification c¢ounts will Dbe reduced, although
additional vehicle classification counts may be

added to the special data collection program:; and

. the special data collection program will be expanded.



The effect of the program>on the Ohio truck weight monitoring
program is unclear because insufficient data were available as
to the current size of this program now that the state is using

WIM equipment.

While the state also performs speed monitoring, this
particular aspect of traffic monitoring is beyond the scope of
this project. The speed monitoring program is, therefore, left
.unchanged.

Continuous Counts

The grouping of ATRs by functional class for Ohio indicated
that there is more variability in the seasonal patterns among
these roads than for the majority of the other states examined.
It is unclear whether this is due to the actual traffic on those
roads, or whether -errors in the data caused additional variation
in the seasonal factor groups that does not actually exist.
Considerable difficulty was experienced preparing the ATR data
contained in FHWA files for this analysis of the Ohic program.
The available data had a c¢onsiderable number of missing data
points and other obvious errors, and these and other possible
errors may have had a significant effect on the outcome of the

analysis.

The final selection of seasonal factor groups for Ohio is
very similar to their current factor groupings. The current and
recommended factor groups are shown in Exhibit Ohio-1l. As
stated above, the variation within the recommended factor groups
was higher than for most of the other example states. Regional
stratifications did not reduce this variation, so the state is
treated as a whole, without regions.

‘ The lack of &a need for regional breakdowns means that
considerably fewer ATR stations are needed to provide seasonal
adjustment factors for the entire state. As can be seen in
Exhibit IV~-3 in the main body of this report, the benefits from
ATR stations decrease sharply in comparison to- the  cost of
servicing them after approximately eight counters are achieved
per dgroup. It is therefore recommended that no factor dgroup
have more than eight counters, although this is a relatively
arbitrary number, and Ohio may wish to keep more or fewer ATRs
in a factor group. :

Three of the recommended factor groups have more than eight
counters. This means that Ohio can reduce the total number of
ATR locations by six. However, three of the factor groups have
only four counters. It is recommended that these factor groups
be increased to six counters to provide for improved data for
the seasonal factors. These two recommendations together result
in no change in the total number of ATRs for the state.



EXHIBIT OHIO-1

CURRENT AND RECOMMENDED SEASONAL

FACTOR GROUPS

Current
Rural Interstate
Rural Interstae (I-75)

Rural Highways 1000 ADT
South of US-30

Rural Highways 1000 ADT
North of US-30

Rural Highways 1000 ADT

Rural Recreational
Urban 40,000 ADT

Urban with ADT 15,000 and
ADT 40,000

Urban with ADT 15,000

Recommended

Rural Interstate

Rural Principal Arterials

Rural Minor Arterials

Rural Collectors

Urban Interstates

Urban Principal Arterials

Urban Minor Arterials
and Collectors



HPMS and Coverage Counts

The Ohio coverage count program currently takes four years
to cover the entire state. HPMS volume counts are taken at the
same time as these counts. The recommended program would
collect only the HPMS counts, counts for estimating VMT off of
the HPMS system, counts for updating the HPMS volume group
classifications, and other countz specifically needed by the

‘state. The state DOT indicated that their coverage count

program fulfilled specific state needs that could not be met
through the HPMS. It is therefore unclear exactly what savings
the state can make in the reduction of its coverage count
program.

The recommended program would increase the £frequency of
HPMS counts to every three years. The counts would also become
48-hour machine counts, rather than 24-hour machine counts.
(Manual counts will be discussed under vehicle classification
counts.) Ohio would need to take 992 counts per year to satisfy
the HPMS volume count needs of the recommended program. Other
counts would be necessary for updating the volume strata of HPMS
sections not included in the volume sample as well as for other
reasons. These counts compare to the roughly 6,000 machine
counts currently being taken for all purposes every year.

Vehicle Classification Counts

Because of the industrial nature of much of the state of
Ohio, it 1is -suggested that the state stratify its vehicle
classification counts for rural interstates and principal
arterials by high and low volume roads. For this appendix, high
volume roads are considered to be those roads with AADT greater
than 20,000 vehicles per day. Since data are not available to
indicate a reduction in the variation within the vehicle class
strata resulting from this stratification, this causes an
increase in the vehicle classification sample size.

Exhibit Ohio-2 shows the selected vehicle classification
sample sizes and levels of precision. The data in Appendix A
are used to calculate these estimates, with the data for each
full stratum being used for both high and low volume roads.
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EXHIBIT OHIO-2

Vehicle Classification Sample

HPMS Vehicle Precision Precision
Volume Sample Class by by
Group Size - Sample 3582 vVolume
Rural: Interstate
Low Group 1 9
vol Group 2 68 50 counts 23% 10%
Group 3 35
HI Group 4 5
Vel Group 5 1
Total 118 50 counts 23% 10%
Other Principal
Group 1 256
Low Group 2 86 40 counts 35% 12%
Vol Group 3 24
: Group 4 3
Hi Group 5 7
vol Group 6 1
Total 377 40 counts 35% 12%
Minor Arterials
' Group 1 84
Group 2 47
Group 3 20
Group 4 7 . ‘
Total 158 30 counts 40% o 11%
Collectors
Group 1 71
Group 2 13
Group 3 10
Group 4 9
Minor Collectors
Group 1 142
Group 2 19
Group 3 3
Group 4 19
Group 5 6
Total .
Collectors 292 50 counts 40% 10%



Urbanized and small Urban
Vehicle Classification Sample

HPMS Vehicle - Precision Precision
Volume Sample Class by by
Group Size Sample 352 volume
Urban: Interstate
- Group 1 305
Group 2 193
Group 3 54
Group 4 22
“ , Group 5 41
Group 6 4
Total 619 50 counts 30% 9%
Other Principal Arterials
Group 1 104 ‘
Group 2 195
Group 3 166
Group 4 94
Group 5 54
Group 6 48
Group 7 21 .
Total 682 40 35% 10%
Minor Arterials :
Group 1 94
Group 2 - 74
Group 3 74
Group 4 43
Group 5 18
Group 6 13
Group 7 10
Total 326 30 40% 12%
Collectors
Group 1 105
Group 2 73
Group 3 132
Group 4 55
. Group 5 26
Group 6 8
Group 7 ‘3.

Total 402 30 60% 18%




The 410 counts selected for Ohio should be taken randomly
from all days within the count c¢ycle for the existing HPMS
volume sections. The counts should be spread evenly throughout
all three years,. A systematic approach to this might be to
collect data at 100 locations three times each, and data from
another 110 1locations once during the <cycle. For those
locations counted three times, the three sessions could be
selected randomly from:

all days within the three-year count cycle;
. one year of the count cycle; or

a different year for each count (i.e.,, count one in
year one, one in year two, and one in year three).

Professional judgment was used to determine the appropriate
level of accuracy for each functional classification. A
confidence interval of 95 percent was used for all functional
classes. The graphs in Exhibits A-2 through A-9 were then used
to determine the sample- sizes. Appendix A includes a
description of how these graphs are used.

Currently, Ohio takes vehicle classification counts as a
part of their coverage count program. Roughly 2,200 of their
8,200 coverage counts are manual counts that include vehicle
classification information. In addition, Ohio takes vehicle
classification data at its 14 fixed truck weight locations four
times a year. The recommended program would reduce the amount
of regularly scheduled vehicle classification counts to 410
sessions every three years, or roughly 135 per year. If this
reduction in counts hinders some data user needs, additional
vehicle classification counts can be taken as part of the
" special data collection element. As an option, given Ohio's
current large vehicle classification program, these counts could

be taken annually.

It is recommended that Ohio reduce the number of manual
classification counts it takes, and utilize more automatic
counters. This should result in a more cost effective vehicle
classification program.

A final change to the Ohio vehicle classification progran
element 1is the need for the state to revise the vehicle
classifications used to conform to the newly issued federal
guidelines. This should result in some improvement to the data
available for state data users, although it will increase the
number of vehicle categories collected in some instances.



Truck Weight Monitoring

The recommended number of truck weight monitoring sessions
for each  functional <class of road is presented in
Exhibit Ohio-3. As with the number of vehicle classification
counts, the recommended number of weight monitoring locations is
dependent on the level of precision required by the state, and
may vary from those shown in the exhibit as a result of state
. needs. As stated earlier, it is unclear how many truck weight
locations the state is currently operating, because Ohio's WIM
equipment was not 1in operation at the time of the state
interviews. It is therefore not possible to. compare the
recommended and current truck weight programs at this time.

The selection of actual truck weight locations for Ohio
should take into account the availability of the bridge WIM
system currently used. This may slightly affect the selection
of vehicle classification sites, but it should not significantly
affect the accuracy of the recommended data collection process.

The truck weight monitoring locations are to be selected
from the vehicle classification locations. Ideally,
location-days should be selected randomly from the vehicle class
location-days. In practical terms, a more systematic approach
is more appropriate. For example, Exhibit Ohio-3 indicates that
20 monitoring sessions are necessary to collect 3S2 weight data
within 11 percent accuracy and 95 percent confidence for rural
interstates. A systematic approach might be to monitor seven
different rural interstate locations three times each. Each of
- the three sessions at a location would be during a different
time of the year (e.g., March, August, November). The sessions
at each of the stations could be spread between the three years
as best suits the budgetary restrictions of the state, or one
session could be taken each year at each location. A wvehicle
classification count would also be taken at each weight
monitoring site at the same time as the weight monitoring. This
classification count would be part of the required 410 counts
per cycle described above,

Special Counts

Ohio DOT currently takes traffic counts for the MPOs in the
state, as well as other "special” data. The recommended traffic
monitoring program may expand this program to include other
requested data not collected through one of the other program
elements. This may include vehicle classification counts,
additional truck weight monitoring, or any other traffic data
need  for specific sites that would normally be provided by the
state highway department. Non-site-specific data should be
available through one of the other traffic monitoring elements.

Other Ohio DOT "special" programs, such as the collection
of data at railroad grade crossings, should continue, although

the fregquency of these counts should be reviewed by the
department. :



Rural:
Interstate

Other Principal
Arterials
Minor Arterials

Collectors

Urban:
Interstates &
Freeways

Other Principal
Arterials

Minor Arterials

Collectors

EXHIBIT OHIO-3

TRUCK WEIGHT SAMPLE SIZE

Vehicle Truck

Classification Weight 382 Total Weight
Sample Size Sample Size Precision Precision ..

100 20 11% 15%

80 15 20% 25%

30 11 30% 36%

50 3 44% 60%

50 9 26% . 35%

40 6 29% 43%

30 3 96% 943

30 3 7 926% 96%

.44



OREGON

The Oregon DOT traffic monitoring program currently
contains the following elements:

. .Continuous Counts;
. Coverage Counts (including HPMS volume counts);
. Vehicle Classification Counts;
. Truck Weight Monitoring; and
. Special Counts.
volume counts for the HPMS are obtained from the regularly

scheduled coverage count program. As a result, the recommended
HPMS volume counting procedures will be discussed under the

coverage count heading.
As with the .other states, Oregon also performs speed
monitoring. This program element is beyond the scope of this

project. Therefore, the recommended traffic monitoring program
does not make changes to the speed monitoring program element.

The impacts o¢of the recommended program on the . Oregon DOT.
traffic monitoring program can be summarized as follows:

. the number . of - continuous counter locations is
reduced with some counters being moved; ‘

. thé seasonal factoring process is changed slightly;
. the coverage count program is reduced;

. the number of vehicle classification counts taken
‘per year is reduced, and the locations altered; and

. the size of ﬁhe special count program is increased.
The effects of the recommended program on. Oregon's truck weight
monitoring cannot be analyzed, as Oregon has temporarily
suspended its weight monitoring program subject to the release
.of new federal guidelines. ' '

Continuous Counts

Oregon DOT currently operates 115 ATR locations in four
regions of the state. The recommended program uses only two
rural regions (see Exhibit Oregon-l} and one urban region within
the state, although the state may decide to keep several roads
separate as special recreational routes. The recommended
seasonal factor groups are presented in Exhibit Oregon-2. The
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recommended groupings are based on the original Oregon regions.
An examination of the available data showed that differences in
the seasonal traffic patterns between several of the current
regions were not large enough to warrant keeping them separate
in this analysis. This is illustrated in Exhibit Oregon-3 for
the Minor Arterial functional class.

As can be seen in Exhibit Oregon-~1, the 115 ATR locations
.are split between only 8 factor groups in the recommended
program. This is an average of over 14 counters per factor
group. In Exhibit IV-3 in the main body of this report, the
advantages of maintaining more than eight ATR locations per
factor group are shown to decrease in comparison to the cost of
operating them. If the state accepts the recommended factor
grouping, and eight counters are accepted as a maximum nunber
per factor group, it will be possible for the state to eliminate
as many as 51 ATR locations. As stated in the other case
studies, the choice of eight ATRs as the maximum number of ATRs
per factor group is somewhat arbitrary, and the state may decide

that another number is more appropriate.

‘Dregon will have to move 11 ATR locations if they wish to
have eight counters in each seasonal factor group. Currently,
the Urban Principal Arterial group has only 3 stations, while
the Urban Minor Arterial and Collector group has only 2. The
movement of count locations would result in a one time cost to
the state, but this cost would be offset by the savings
‘resulting from the the reduction in the total number of ATRs
from 115 to 64. This savings could be as much as $84,000 per
year for the state (51/115 * $190,000/year ATR budget).
However, Oregon may wish to maintain some of these ATRs for
other reasons such as trend data. ‘ :

HPMS and Coverage Counts

The Oregon coverage count program is performed on a
two~year cycle. During this cycle, HPMS volume counts are also
collected. During one year, the state collects data for state
roads, while in the second vear, the state collects data on FAS '
county roads. It is unclear exactly how many of these road
segments are included on the HPMS inventory and how many are not
included in the inventory. There are, however, only 1,930 HPMS
volume count sample sections in the state of Oregon.

The recommended HPMS program element would cut back the
coverage count program to a third of the HPMS volume sections,
or 643 sections per year, plus whatever non~-HPMS counts are
needed by the state on a regular basis (e.g., counts for
updating the volume grouping of other HPMS sections, or data for
local road estimation). However, the HPMS volume counts would
be counted for 48 hours rather than the 24 currently counted.
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Vehicle Classification Counts

Oregon currently takes one manual vehicle classification
counts at 113 ATR locations every three years, an average of 38
counts per year. The recommended program would increase the
‘number of vehicle classification counts to roughly 105 per year
(320 on a three—-year cycle). These counts are broken down by
functional c¢lass in Exhibit Oregon-4. The number of count
locations selected £for the HPMS vehicle class subelement 1is
dependent on the level of precision desired by the state, so the
actual number of counts needed by the state may vary from those
shown in Exhibit Oregon-4. The state will need to examine its
particular needs and budgetary constraints before determining
these precision levels.

The 320 counts selected for Oregon should be taken randonly
from all days within the count cycle for the existing HPMS
volume sections. The counts should be spread evenly throughout
all three vears. A systematic approach to this might be to
collect data at 105 locations three times each. The three

sessions for each location could be selected randomly from:
. all days within the three-year count cycle;

. one year of the count cycie; or

a different year for each count (i.e., count one in
year one, one in year two, and one in year three).

Professional judgment was used to determine the appropriate
level of accuracy for each functional classification. A
confidence interval of 95 percent was used for all functional
classes. The graphs 1in Exhibits A-2 through A-9 were used to
determine the sample sizes. Appendix A includes a description
of how these graphs are to be used. It is further recommended
that the state make use of automatic vehicle classification
equipment wherever possible.

Truck Weight Monitoring

The number of days of truck weight monitoring necessary for
each functional class of roadway is shown in Exhibit Oregon-5.
As for the vehicle classification data, the number of days is a
function of the precision desired, and the actual number of
counts taken by Oregon may change depending on the available
budget and the accuracy needed.



EXHIBIT OREGON-4

Vehicle Classification Sample

HPMS Vehicle Precision Precision
Volume Sample Class by by
Group Size Sample 382 vVolune
< “Rural: Interstate
Group 1 53
Group 2 46
. Group 3 6
Group 4 9
Group 5 3
Group 6 1
Total 118 50 counts 23% 10%
Other Principal Arterials
Group 1 205
Group 2 58
Group 3 12
Group 4 5
Group 5 2 ‘ :
Total 282 40 counts ‘ 35% 12%-
Minor Arterials
Group 1 100
Group 2 23
Group 3 15
Group 4 -3 . _
‘Total 141 : 30 counts 40% 11%
Collectors
Group 1 116
Group 2 13
, Group 3 8
B Group 4 3 .
: Minor Collectors
Group 1 142
Group 2 C 14
Group 3 3
Group 4 3
Total _ :
Collectors 302 48 counts 40% \ 10%
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Urbanized and small Urban

HPMS
vVolume Sample
Group Size

Urban: Interstate
Group 1 41
Group 2 46
Group 3 21
Group 4 14
Group 5 6
Group 6 1
Total 122

Other Principal Arterials
Group 1 55
Group 2 95
Group 3 57
Group 4 42
Group 5 30
Group 6 15
Group 7 7
Group 8 6
Group 9 1
Group 1 1
Total 309

Minor Arterials
Group 1 93
Group 2 88
Group 3 73
Group 4 28
Group 5 14
Group 6 6
Group 7 5
Total 307

Collectors
Group 1 132
Group 2 87

" Group 3 91
Group 4 31
Group 5 6
Group 6 2
Total 349

Vehicle Classification Sample

Vehicle Precision Precision
Class by by

Sample 382 volume
48 counts 30% 9%
40 E 35% 10%
30 40% 12%
30 . , 60% 18%



Rural:
Interstate

Other Principal
Arterials
Minor Arterials

Collectors

Urban:
Interstates &
Freeways

Other Principal
Arterials

Minor Arterials

Collectors

EXHIBIT OREGON-5

TRUCK WEIGHT SAMPLE SIZE

Vehicle Truck
Classification Weight 382 Total Weight
Sample Size Sample Size Precision Precision
50 25 10% 13%
40 25 15% 20%
30 12 28% 33%
48 6 30% 43%
48 3 40% 47%
40 3 42% 60%
.30 3 97% 94%
30 3 97% 97%
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The truck weight monitoring locations are to be selected
from the vehicle classification locations. Ideally, counts
should be selected randomly from the vehicle classification
location-days, although the proposed sites would have to be
examined to see if they could be used given Oregon's truck

weighing equipment.

In practical terms, a more systematic approach is more
‘appropriate. For example, Exhibit Oregon-5 indicates that 25
monitoring sessions are necessary to collect 352 weight data for
rural interstates within 10 percent accuracy and 95 percent
confidence. A systematic approach might be to count eight
different rural interstate locations three times each (plus one
location a fourth time). Each of the three counts at a location
would be taken during a different part of the year {e.g., March,
August, November). The counts at each of the stations could be
spread between the three years as best suits the budgetary
restrictions of the state, or one count could be taken each year
at each location. '

Special Counts

The number of monitoring sessions taken in the special
study category may increase. Any reduction of the coverage
count program may deprive some data users of count data they
need, and these needs will often have to be filled by the
special count program. The HPMS sample and inventory should be
utilized whenever possible, but some data needs will not be met

by the HPMS data.

The special data collection program element should be used
to collect all kinds of traffic data not supplied by the
countinuous counters or the HPMS data base. This could include,
but not be limited to, site specific wvolume counts, special
studies for determining in-state versus out-of-state travel, or
any other set of data the state may desire.
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APPENDIX E~-STATISTICAL DEFINITIONS AND DERIVATIONS

This appendix is intended to provide the reader with a

means of following the statistical equations presented in the
main body of this report. The first .part of this appendix
presents the derivation of the equations in the main body of the

. paper. The remainder of the appendix presents a list of
“definitions of the terms used in the equations.

EQUATION DERIVATION

Several methods of estimating the standard error of a
traffic estimate have been presented in the past. This document
expands on the methodologies presented in the document, Guide to
Urban Traffic Volume Counting, by Robert Ferlis, Larry Bowman,
and Bart Cima of Peat Marwick, for FHWA, February 1980. In that
document, the error in a volume estimate is divided into two

" terms, "internal” error and "“external" ‘error. Internal error

contains locational, daily, and seasonal terms. It is affected
by sample size.  The external error includes axle correction and
seasonal adjustment terms. It is stated that these terms are
unaffected by sample size. This study differs in that we assume
that the axle correction and the seasonal adjustment factors
contribute errors which are affected by the sample size of the
counts used to calculate the estimates. In the Guide to Urban
Traffic Volume Counting, these terms were given, not calculated
as a part of the counting  process. = A statewide traffic
monitoring program, however, is in charge of collecting the data
that determines these values ~and thus can affect their
precision, by altering the data collection procedures. Axle
correction’ adjustment terms and seasonal adjustment terms are
therefore included in the eguations for calculating the standard
error of a traffic estimate. :

The equations presented in the text of this document are

also in a slightly different form than those in the Guide to
Urabn Traffic Volume Counting. The main difference is that some

of the variance terms on the right sides of egquations are not
simply divided by the sample size used to collect the data used
in estimating the factor. For example, equation 2 contains the
terms:

SVOLS2 * (1+ 1 )
nce

where this might normally be presumed to be:

SVoLS?2/nce



[

For the above, ncc eguals the number of classification counts
used to estimate the seasonal factor. That factor has a
standard deviation equal to SVOLS.

It is our contention that the seasonal factor contributes
two sources of error, an error in the estimated mean value (the
factor) and an error due to the distribution of the actual
values that are the population. The first of these is the error
in the factor itself, the difference between the estimate and
the "true" average seasonal adjustment factor for that factor
group. This error is affected by the number of samples used to
estimate it. The second portion of error is that due to the
difference between the "true" average for the strata, and the
actual value for that road section.

. For estimates of traffic at specific locations, this
portion of the error is not affected by the sample size, and
thus contributes the entire standard error of the factor. In
equation 2 the first of these errors is that represented by the
term l/ncec, the second is represented by the value 1. It should
.be noted that the same data used to estimate the deviation in
the mean value is also the data that provides the estimate of
the deviation in the population. The standard deviation of the:
mean and the population are therefore the same for these cases.

This same effect occurs for axle correction and for
growth. Daily and locational variance, however, do not exhibit
this characteristic. These terms are therefore completely
affected by the number of monitoring sessions used to compute
the desired estimate.

The estimation of an average value for a stratum (as in
equations 3 and 7), rather than a value for a single location,
creates a slightly different form of equation 2 to develop. The
two_ sources of error are still present for seasonal, axle, and
growth variance, but the manner in which these effects are
computed changes slightly. For volume estimation, the number of
counts taken within a stratum affects the difference between the
true mean value and that of the sample. The greater the sample,
the less the difference between the sample mean and the stratum
mean. Equation '2 changes to accommodate this and results in
equation 3. As an example, the seasonality term presented
earlier in this appendix becomes:

SVOLSy, 2 * ( _1  + 1 )
Ny ncch

This version of the basic eguation indicates that the error from
the seasonal factor is still affected by the number of counts
taken to compute the factor. The error from the difference
between the population mean and the computed stratum mean,
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however, decreases as the number of volume counts grows (i.e.,
as the sample grows, the mean of the sample will approach the
mean of the population, and there will be no error from this

source).

The vehicle <classification and truck weight eguations
continue to use the basic format shown above, where several
sources of error have two basic forms, the error in the mean
‘estimate, and the error due to the difference between the actual
estimate and the true mean value of the population.

The calculation of standard error for individual estimates
or for stratum estimates of percentage of vehicle classification
and for weight per vehicle type is a simple extension of the
formulas for estimating volumes. The only differences are from
the substitution of terms. For exanmple, the variance across
days of the percentage of vehicles is substituted for the
.variance of volume across days. In addition, there are no terms
for axle correction or growth in the computation of the standard
error of the vehicle classification percentage estimate or of
the truck weight estimate.

A second type of formula was necessary for determining
error in estimates that are made by multiplying two previous
estimates together. For example, the estimated number of 382
trucks at one location can be computed as the estimated volume
times the estimated percentage of 382 trucks. - The error
calculation for this type of estimate is  determined using
formulas derived for applying ratio estimates. The text Sample
Survey Methods and Theory by Hansen, Hurwitz, and Madow,
published by John Wiley and Sons, New York, 1953, serves as the
basis for deriving these equations (see volume 1, page 163.

Egquation 9 is derived from the data in this source, and the
covariance term is assumed equal to zero. This results in
equation 10:

which serves as a model for further derivations.

the basic form of equation 10 is used to provide the basis
for estimates of volume by vehicle type and total weight by
vehicle type. This form is simply the square of the products of
the two estimated wvalues times the 'sum of their squared
coefficients of wvariation., This same basic formula is used 1in
equations 10, 13, 17, 26, 28, and 31. The major differences
between these eguations and eguation 10 are in the substitution
of terms. For example, the estimated wvalues for EALs and the
deviation of the EAL estimate are substituted for the estimates
of percentage of traffic by 'vehicle type and the standard
deviation of that estimate when equation 10 is used to estimate
total EALs by vehicle type as in equation 26,
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DEFINITION OF TERMS

Listed below are definitions of all terms used in the
equations presented in this report.

systematically, following the protocol listed below:

*

Once the reader becomes familiar with the system, he or she
should be able to readily identify any variable using these
basic notations and an understanding of the root wvariable.

list of the specific terms used in this report is presented

below:
cov

d
EALjR
EALjih
'EALihk
EALij

EALj
GF

GF1

the capital letter § at the begining of a term
always indicates that the term is a standard
deviation or error;

the lower case i indicates "for the vehicle type i";

the lower case Jj indicates "for the location j%:

the lower case h indicates "for the stratum h"; and

the lower case k indicates "for the vehicle k".

il

the coefficient of variation for an estimate.

the accuracy of an estimate, expressed as a
fraction of that estimate (i.e., multiply by
100 to express as a percentage).

the average equivalent axle load for vehicle
type i for stratum h.

the total equivalent axle load for vehicle
type i for stratum h. ‘

-

the equivalent axle load for vehicle k of
vehicle type i for stratum h.

the average equivalent axle load for vehicle
type i for location j.

the total equivalent axle load at location j.
a growth factor estimate,

a growth factor estimate based on the counts

from the current year and those same locations

from a previous iteration of the count cycle.

Variables are defined

28



GF o

Milesy

n

I

ncce

nccp

nd

ngf

nhr

. ntwh

ntwgy

nvce

nvey

PVCih

PVCij

L}

a growth factor estimate based on the counts
from the previous year and those same
locations from a previous iteration of the
count cycle.

the number of miles of roads in stratum h.
the number of monitoring sessions taken,

the number of monitoring sessions taken in
stratum h,

the number of control locations used to
calculate the seasonal factor.

the number of control locations used to
calculate the seasonal factor for stratum h.

the number of control locations used to
calculate the seasonal variation or seasonal
factor for vehicle mix for stratum h.

the number of days of monitoring used to
estimate volume at a location.

the number of count{locations used to estimate
the growth factor.

the number of monitoring locations used to
estimate the variation in percentage of
vehicle mix across hours.

the number of truck weight monitoring sessions
for stratum h. '

the number of truck weigh£ monitoring sessions
for determining seasonal variation for
stratum h.

the number of vehicle classification counts
used to estimate the axle correction factor.

the number of vehicle classification counts
used to estimate the axle correction factor
for stratum h.

the average percentage of volume contributed
by vehicle type i for stratum h.

the percentage of volume contributed by
vehicle type 1 at location j.



SEAL4p
SEALjnp
SEALS

SEALD{p
SEALL{p
SEALSih

SGF

SPVCih
SPVCj 5

SPVCDih
SPVCHip

SPVCLip
SPVCSip
SPVCTip

SVOL

I

it

the standard error of
axle load for vehicle

the standard error of
axle load for vehicle

the standard error of
axle load for location

the standard deviation
average equivalent axl
i for stratum h.

the standard deviation
average equivalent axl
i for stratum h.

the standard deviation
average equivalent axl
i for stratum h.

the standard error of
estimate.

the standard deviation
percentage of volume ¢
type i for stratum h.

the standard deviation

volume contributed by
location j.

the standard deviation
vehicles of type i for

the standard deviation
vehicles of type i for

the'standard deviation
vehicles of type i for
locations.

the standard deviation
vehicles of type 1 for
seasons.

the standard deviation
vehicles of type i for
purposes, as a composi

the standard error of
combined strata.

the average equivalent
type i for stratum h.

the total equivalent
type i1 for stratum h.

the total equivalent
j.
across days of the
e load for vehicle type

across locations of the
e load for vehicle type

across seasons of the
e load for vehicle type

the growth factor

of the average
ontributed by vehicle

of the percentage of
vehicle type i at

of the percentage of
stratum h across days.

of the percentage of
stratum h across hours.

of the percentage of
stratum h across

of the percentage of
stratum h: across

of the percentage of
stratum h across all
te.

the average wvolume for



&

SVOLj

SVOL; j

- SVOLj §

SVOL+
SVOLA
SVOLApR
SVOLD
SVOLDy,
SVOLLj,
SVOLS

SVOLSY,

VMT;y

VOL

VOL{

VOLy3

VOLp 2

VOL4{

VOLjih

L}

L}

L}

1l

]

the standard error of & volume estimate for
vehicle type i for combined strata.

the standard error of the average volume of
vehicle type i for stratum h.

the standard error of the volume of vehicle
type i at location j.

the standard error of a volume count at
location j.

the standard deviation of volume due to
deviation in the average number of axles per

vehicle.

the standard deviation of volume due to
deviation in the average number of axles per
vehicle for stratum h,.

the standard deviation of volume across days.

the standard deviation of volume across days
for stratum h. -

the standard deviation of volume across
locations for stratum h.

the standard deviation of volume across
seasons.

the standard deviation of volume across
seasons for stratum h.

the vehicle miles of travel for vehicle type i
within stratum h.

a volume estimate.
the average volume estimate for stratum h.

the averagé‘volume estimate for stratum h for
the current year of the count cycle.

the average volume estimate for stratum h for
the previous iteration of the count cycle.

the volume estimate for vehicle type i (for
combined strata).

the volume estimate for vehicle type i for
stratum h.



VOLij

VOLj

the volume estimate for vehicle type 1 at
location j.

the volume estimate for location j.

the normal variate for the specified
confidence interval.
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