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ABSTRACT

The objective of this research was to investigate the poten-
tial uses of the annual submittal and output data that result from the
Highwav Performance Monitoring System (HPMS), to determine what the data
needs and uses of the Virginia Department of Highways and Transportation
are, and to make recommendations as to how the HPMS data could be
effectively used by the agency. A literature search and a survey of the
50 state transportation agencies were conducted to determine what
innovative applications of the HPMS are being developed in the field.
The Virginia Department of Highways and Transportation was also surveyed
to determine what its current data needs and uses are, and to then
relate the HPMS applications to Departmental data needs.

It is recommended that the Department (1) distribute the HPMS
report to key persons in the organization as an educational tool,
(2) have the districts and divisions review the.annual data table
summaries for potential applications, (3) review the HPMS data prior to
requesting the collection of new data or extensive system level calcu-
lations to avoid duplication of effort, and (4) commit itself to
maximum usage of the HPMS, keeping abreast of developments in HPMS
applications, and integrate the analytical package into Department
activities.
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SUMMARY
The effort to find more effective uses for the Highway Performance
Monitoring System (HPMS) data the Department collects on an annual basis
comprised three principal activities:

1. A survey of the other 49 state transportation agencies to
learn what uses thev make of the HPMS

2. A survey of the Department's data needs and uses to ascertain
if there are areas where the HPMS data could be substituted
for other data sources more efficiently and effectively

3. A review of all available literature pertaining to the HPMS

This section of the report summarizes the principal findings from

these activities and provides recommendations based upon them.

Survey of HPMS Uses by State Transportation Agencies

Most states are not at the present time using the HPMS or its
analytical package to any significant extent. However, many, as is the
case with Virginia, are beginning to explore the potential usage of the
system. Most generally, states using the monitoring system stated that
the thorough commitment and support of top management is essential for
implementing HPMS usage. This degree of commitment was seen as neces-
sary due to the amount of staff time demanded and, in many instances,
the need to alter traditional modes of operation to integrate HPMS usage
into the organizational structure and function.

Conclusions of the Survev

The following conclusions can be drawn from the survey data.

—— While the HPMS has been in place since 1978, it is only now
coming to be (1) viewed as a routine part of the state trans-
portation agencies' operations, (2) studied as a potential
source of data, and (3) used as a tool for planning, pro-
gramming, policy analysis, and budget and revenue forecasting.

-~  Much of the current effort toward putting the HPMS to use is

in integrating the data submittal process into the routine
activities of the states.
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- States which have combined the HPMS and state data bases or
have gone to automated data management systems ‘appear to have
derived the greatest number of applications from the monitor-
ing system.

-— The maior deficiency of the system in the eyes of states is
that it does not address project level needs. Some states are
using 1007 samples to alleviate this problem, and are thereby
enabled to make project level applications of the system, in
addition to using it in planning and policy making.

~~ The use of 100% sample sizes on selected road classifications
appears to be an attractive alternative for some states and
provides them with an increase in the utility of the HPMS at
no major increase in expenses.

-—- The most consistently cited use of the HPMS data base is
either as the basis for or an adjunct to pavement management
programs, '

-- Many states are considering the adoption of automated data
base management systems and are looking at the HPMS as one
possible alternative.

-- Some state transportation agencies are considering the use of
the HPMS and the analytical process as a mechanism for strate-
gic planning, policy setting, and program development decision
making to assist them in programming and prioritizing an
optimal project mix within constrained budgets. The HPMS then
becomes a tool in the preparation of state transportation
plans and needs studies.

-- Most uses being found for the HPMS appear to be for statewide
or regional system level analyses, similar to those uses
originally recommended by the Federal Highway Administration
(FHWA) . '

Survey of Current Departmental Data Needs and Uses

This survey was intended to provide information concerning not only
the types and uses of data in the Department, but also the source of
this information and its basis or level of detail.
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Conclusions of the Survey

The basic conclusions that can be drawn from this survey are:

Data needed at the system level, and to a lesser extent at the
district and statewide levels, could be derived from the HPMS,
depending upon the requirements and uses of these data.

Because of the heavy orientation of the Department's activ-
ities to project level work, there appear to be few oppor-
tunities for broad applications of the HPMS data, unless the
Department would decide to use a 1007 HPMS sample size.

Pavement management does not appear to be a likely use for the
HPMS data, unless one or the other of these programs were
altered to accommodate the level of detail of the other.

There does not appear to be any particular duplication of
effort within the Department in terms of using data from other
sources in lieu of HPMS data, since road inventory files are
the principal source for the HPMS data base as well as for
most of the other data used. Where duplication could possibly
be occurring in the divisions and districts is in preparing
calculations -- e.g. rates, trends, daily vehicle miles of
travel -- from raw inventory data while these same calcu-
lations and analyses are being routinely done for the HPMS.

It does not appear that the Department is engaged in any
system level statewide planning activities. Should such a
program be instituted, the HPMS could provide a ready and
valuable base for such work, both in terms of a data base and
the analytical tools to conduct such planning.

Non-project-specific data uses, such as long-range budgeting,
programming, or planning, could be uses for the HPMS data,
especially the trend and analysis information generated by the
monitoring system. In these instances, the need for special
field studies could be avoided by taking the trend or average
data, such as percentage of commercial traffic, from the HPMS,

When special studies are considered, the HPMS data base could
first be checked as a potential data source,

Potential Uses of the HPMS

The following discussion of potential uses of the HPMS has been
developed from a review of literature regarding the monitoring system.
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This listing of potential uses includes those developed in conjunction
with the creation of the HPMS at the federal level. Certain of these
uses have already been emploved by some states,

Not all of these uses may be directly applicable within the Depart-
ment, given its organizational structure, priorities, and operational
characteristics. Potential users of the HPMS should look to this
listing as a starting point from which to determine the applicability
and desirability of employing the monitoring system data base and
outputs.

Potential Uses of the HPMS Submittal Package Output

The submittal package output is essentially a series of tables
containing the states' submittal data. In some instances these data are
combined to compare or contrast certain aspects of the information. At
the national level this information forms the basis for the FHWA's
Status of the Nation's Highways reports to Congress. Uses of these data
include the following:

-- The tables of data can provide a quick reference source of
highway system characteristics to use in reports, inquiries,
and general informational requests.

~— Mileage by federal-aid and functional systems, and by govern-
mental control units, can be used in allocating funds or in
determining federal matching ratios. These data may also be
used to make comparisons among expanded sample, universe, and
areawide data, since they have similar formats.

- The mileage and daily travel summary divides system mileage by
Average Daily Traffic (ADT) groups, and can be used to develop
travel estimates by functional svstem and geographic area.

-~ The mileage summary output from the submittal package can be
used to verify sample data used in the HPMS and sample expan-
sion factors. These-data can also be used in the certifica-
tion of public road mileage reports and to verify county rural
and urban mileage figures.

- System mileage and travel (usage) data by roadway design type
and functional class could be used for safety analysis or to
examine how mileage and travel vary by facility type, func-
tional system, and geographic area. This information could be
beneficial in doing trend analyses or in allocating funds in
terms of where projects will serve the greatest number of
users,



System mileage and usage data classed by ADT groups, facility
type, and geographic area could be used to develop travel
estimates by functional system and area. These data could be
used in analyses concerned with prioritizing capital improve-
ments based upon usage and to support the concept of variable
design standards for different functional systems. They could
also be used to demonstrate relative levels of congestion by
facility type and functional system.

From the lane mileage data classed by facility type, functional
class, and usage, comparisons could be developed between
svstems. The data could be used as a measure of system supply
versus demand or as a basis for trend analysis. They could
also be a factor in assessing if capital improvement programs
are keeping pace with changing demand or in estimating mainte-
nance requirements,

Average right of way (ROW) width classed by terrain and
facility type and by urban/rural area could provide data for
comparisons of average ROW widths by functional class or
facility type, and in calculating the percentage of land area
occupied by highway facilities in varying geographic areas and
terrain types.

Mileage and travel data grouped by terrain type and average
highway speed in urban and rural areas could be used to
compare alignment characteristics based upon speed in varying
topographic areas, as an indicator of what system speeds
should be, and, potentially, as input to techniques used for
estimating speed in benefit/cost and investment/performance
analyses.

Usage and mileage by terrain type and peak hour speed in urban
and rural areas can be used to assess the operational adequacy
of highwav facilities, to illustrate the effects of terrain on
vehicle speed, and to assess relative congestion based upon
speed. These data could also be used as input to policy
decisions regarding construction, traffic control, and mainte-
nance and enforcement programs. Speed tends could also be
used to evaluate the effectiveness of programs and to assess
trade~offs between maintenance and capital construction
programs.

System mileage and peak hour volumes aggregated by volume/
capacity (V/C) ratios and development levels could be used to
1llustrate where congestion is most critical on a system
basis. The system level V/C ratios could also be used in some
traffic analyses and in planning activities.
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Mileage and usage data grouped by shoulder width and type
could be used to determine the system mileage with substandard
shoulders or without shoulders, and could serve as a system
level inventory log of shoulder characteristics.

The data concerning mileage and usage by pavement condition
and surface material could be used to correlate travel to
pavement type; to project where pavement deficiencies will
occur in the system over time; as a monitoring mechanism of
maintenance, resurfacing and pavement management systems; and
to predict pavement life.

Mileage and travel data classified by ADT group and lane width
could be used to develop distributions of paved lane widths
for safety analysis, to identify and assess the extent of
substandard lane widths, and to measure the impact of lane
width changes to system operation over time.

System mileage categorized by the percentage of truck traffic
could be used to demonstrate the portions of the system
subject to heavy truck travel, to assess peak and off peak
percentages of trucks (useful in capacity determinations), and
to develop trends of truck travel for formulating construction
and maintenance programs.

THE HPMS submittal tables also contain data concerning the
number of interchanges, intersections, and structures by miles
and functional class. These data could be used to develop
measures of safety and to compare operational characteristics
between systems based upon access factors.

Potential Uses of the HPMS Analytical Package

The output from the HPMS analytical package models can provide the
Department with an array of existing and projected data relating to the
condition and performance of the highway system, and the ability to
evaluate alternative scenarios, such as variable revenue levels, and
trade-offs between capital expenditure and maintenance oriented pro-

grams.

The analytical package can be used to assess the consequences
of alternative program investment levels ranging from no
investment to full investment that would be necessary to
correct all system deficiencies during an analysis period.
This could be used to demonstrate the effect of changes to the
fuel tax structure or of inflation on projected revenues, and
the ability of the Department to then achieve program goals.
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Increased systemwide costs of deferring various types of
improvements can be estimated by the analytical package. For
instance, the cost between programs stressing timely roadway
surface maintenance versus delayed maintenance resulting in
total surface replacement can be computed.

The analytical package can forecast the effects of altermative
future travel estimates on highway system condition and
performance. By expanding the sample size of the HPMS data,
similar analysis of regional development impacts can also be
made.

The analysis package can also evaluate the consequences of
alternative minimum tolerable conditions (MTCs) for the
highway system in terms of future travel conditions, system
performance, and programmatical impacts. This could be done
on a statewide basis or a system level basis to consider
alternate MICs for different functional systems.

Revenue levels can be forecasted based upon alternative
traffic projections and taxing rates.

Long-range consequences of limiting capital improvement
programs to non-capacity related projects can be explored. By
adjusting the MICs to ignore capacity deficiencies, the models
can be forced to make only pavement related improvements. The
consequences of such a policy and variations of the policy can
then be explored.

By removing the restrictions to capacity improvements or
widening programs, especially in urban areas, uncomstrained
needs estimates and relevant performance conditions can be
developed.

The models could be run with restrictions placed on the
maximum number of lanes that could be built on any system.
This would then allow for an evaluation of the trade-offs
between increased congestion in some areas versus the ability
to construct more projects systemwide using those funds no
longer committed to widening projects. Such data could be
useful in making policy recommendations.

The HPMS analytical process establishes a composite index or
sufficiency rating for each functional class. By varying the
points assigned to each component of the index the Department
could test the sensitivity of future highway conditions and
performance to the rating scheme.
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The analytical process can also be used to evaluate the
funding and revenue implications of additions or deletiomns to
the federal-aid system at either the statewide or functional
system level.

The realignment of jurisdictional responsibilities for various
functional systems can be used to determine the impacts to the
highway system, as well as to funding needs. Such data could
be useful in negotiations with local governments and provide
insight into the impact of such changes on the state's admin-
istrative system.

The long-range implications of increased truck traffic and of
the size and weight of these vehicles to the condition and
maintenance of the highway system can be explored. This
information could also be used in pavement management and
pavement design considerations.

By altering the vehicle classification data and fuel consump-
tion and operating cost characteristics used in the models to
reflect actual or proposed changes to the vehicle fleet, the
future consequences of such changes can be assessed. This
could be especially beneficial for fuel consumption, since it
and highway revenues are so closely allied.

The Impact Analysis Model calculates accident rates for
various types of mishaps. The output establishes rates by
functional class and severity. These data can be used in
evaluating safety improvement programs and developing accident
trend data, as well as accident rates, by highway design type,
federal-aid system, traffic volume class, vehicle type, and
V/C ratios.

The Impact Model also calculates ratios for fuel consumption
and vehicle emissions which could be useful in comparing
present and future consumption rates and emission levels, and
the effect of alternative programs and policies on these
factors.

The Deficiency and Improvement (Needs) Analysis portion of the
analytical package determines existing and future roadway
deficiencies, selects a logical improvement type, and esti-
mates the costs of the improvement. These data can be used in
developing needs studies, system level assessments of the
roadway network, and statewide planning analyses. States have
found this useful in projecting costs, developing budgets,
and, in combination with output from the other models in the
package, determining short- and long-range improvements.

xiv



The analytical package will generate both current and
projected DVMT for both system and statewide levels. This
information could be used for funds disbursement and for
general planning and reference purposes.






RECOMMENDATTIONS

In view of the general lack of knowledge concerning the HPMS
throughout the Department, it is recommended that this report be
distributed to all division heads and district engineers.

Further, it is recommended that the data summaries developed in the
HPMS submittal package be distributed to all division heads and
district engineers.

Based on findings from the survey of the current uses of data
within the Department, which was not a 1007 sample, it appears that
there may be some duplication of effort in deriving certain data
items that are required on a system, route, or district tasis.

That is, the HPMS develops these data items; yet, it is not listed
as the source of the data item. Table 8 in the report cites
examples. Accordingly, it is recommended that district engineers
and division heads review their data uses in light of the HPMS in
order to eliminate a duplication of effort. This report should
form the basis of that review.

It is recommended that the Department commit itself to maximum
utilization of the HPMS. Should this commitment be made, then the
following actions are recommended.

(a) One individual should be assigned the responsibility of
monitoring and keeping abreast of developments nationwide
concerning the HPMS. This person should probably be in the
Transportation Planning Division as it now has primary
responsibility for collection and submittal of the HPMS data.

(b) District engineers and division heads should, in general,
review the potential uses of the HPMS submittal and analytical
packages outlined in this report to determine potential
applications in their areas of concern. Any promising appli-
cations should be investigated.

(¢) In particular, the Transportation Planning Division should
review the applicability of the analytical package to its
planning activities. Since a statewide planning methodology
is in place, comparisons of the two procedures offer an excel-
lent opportunity for validating analytical programs.
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EFFECTIVE UTILIZATION OF DATA FROM THE
HIGHWAY PERFORMANCE MONITORING SYSTEM

by

Howard J. Kittell
Graduate Student

INTRODUCTION

Since 1978 the Federal Highway Administration (FHWA) has been using
the Highway Performance Monitoring System (HPMS) as a decision making
tool. The HPMS has also been a major source of information on which
federal policies have been based and has been used to support day-to-day
planning activities and miscellaneous special studies. It consists of a
continuing, integrated data base updated annually by submittals required
from each state and of related analytical models.

The Virginia Department of Highways and Transportation is faced
with program concerns and administrative needs similar to those of the
FHWA. Therefore, the HPMS has the potential of being a valuable
operational and management tool for state level decision making; that
is, the models and analytical tools may be applied to the state data
base developed in Virginia to evaluate highway programs and policies,
and assist in day-to-day planning activities.

The Department has provided the HPMS information since the initial
submittal year, 1978. Unfortunately, these data have remained
essentially unused by the Department. The HPMS data are not being
‘utilized as a data base for system or program analysis.

Given the fact that an annual HPMS data submittal will continue to
be required at an estimated current cost in excess of $400,000, it is
important that the Department consider how it can more effectively
utilize the HPMS data base.

PURPOSE AND SCOPE

The main purpose of the study has been to determine how the HPMS
data can be effectively utilized within the Department in light of the
Department's data needs and the capabilities of the HPMS program.

Within the context of this primary purpose, three specific objectives of
the study were identified and these provided the basic format of the



research effort. These were =--

1. to provide summary information on the HPMS to
Department personnel,

2. to relate the HPMS to existing data requirements, and

3. to provide information on potential uses of the
HPMS to Department personnel.

The scope of the study was limited to a review of pertinent
information on the HPMS, a review of the Department's current data
needs, and a survey of how other states are utilizing or planning to
utilize the HPMS data and programs. It is important to note that for
the purposes of this research it was assumed that the logic and
methodology used in the development of the FHWA's analytical tools are
acceptable. Also, as has been the case in some states, these tools may
need to be modified to provide the type of data or degree of detail
requisite for the intended purposes. An examination of these types of
modifications to either the equations or parameters used in the
equations was beyond the scope of this research.

OVERVIEW OF THE HIGHWAY PERFORMANCE MONITORING SYSTEM

The HPMS was develo;ed by the FHWA to meet two distinct though
interrelated needs. This overview is intended to provide a summary of
the rationale for developing the HPMS and of the data base for the
system,

Background

The FHWA involvement in highway performance and assessment
investigations began in 1974 when 1t became apparent that the total
estimated dollar needs for highway programs could not be met, and, given
changing national views, existing programs were not providing acceptable
solutions to transportation issues. Investigations were conducted to
develop a system for measuring and monitoring the performance of the
highway network that could expeditiously supply supporting data for a
variety of technical and policy decisions. A basic element of this
system was to be a set of sampling procedures for monitoring the
operational status and performance capabilities of the nation's
highways.

During this same period, the data needs of the FHWA, which were
primarily being supplied by the states, were expanding. There was a
recognized need to have a consistent, accessible, and economically
maintainable highway data base at the federal level. The data needs of
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the FHWA fell into the following broad categories:

1. Information necessary for the preparation of biennial
needs reports to Congress

2. Data for congressionally mandated special studies,
often including basic data similar to those required
for the biennial needs reports

3. Data for comprehensive assessments of the safety,
efficiency, and economy of the highway system

Put in place in 1978, the HPMS 1is intended to provide the analysis
basis for the broad program/policy decision making required of the
federal government and to supply the basic data needed by the FHWA for
day-to-day operations.

Purpose and Obiectives

The purposes of the HPMS, then, are (1) to provide a mechanism for
assessing the performance of the highway svstem and the effectiveness of
federal highway programs, and (2) to provide a system for collecting,
inputting, and retrieving information for a nationwide highway data
base. Tt is designed to analyvze performance, evaluate the effectiveness
of existing federal-aid programs, and provide a tool for assessing the
potential impact of highwav programs and policies. It also reflects
efforts to reduce total data reporting, eliminate duplication, and,
above all, to coordinate data reporting requirements by the states. The
objectives of the system are to --

1. provide current data necessarv for meeting congressional
requirements and agency needs in a timely fashion;

2. provide current statistics on the mileage and extent
of the various highway systems;

3. evaluate highway programs by monitoring changes in
highway characteristics and performance based upon
detailed, section specific data obtained on a sample
basis;

4, minimize the need for special data requests and
special national studies; and

5. be compatible with other data systems, so as to permit
meaningful comparisons,



Roles of Participants

The HPMS is intended to be a joint effort of the federal, state,
and local governments. The system development, organization, guidance,
and analysis are the responsibility of the FHWA. It is the
responsibility of the states, and in some instances of local
governments, to supply the data necessary to drive the HPMS. 1In
Virginia, the Department of Highways and Transportation is the sole
agency collecting the HPMS data and organizing them into the required
format. Additionally, each state highway agency is responsible for the
development of mechanisms necessary for updating the data on a
prescribed cycle.

The greatest portion of 'the data categories that states must supply
for the HPMS have been previously required by the FHWA. for national
needs studies and other specialized programs. The merging of these
separate data collection efforts into one system was intended to reduce
the overall data collection efforts of the states while enhancing the
usefulness of available data by collecting them on a continuing basis.
The FHWA estimates that as of the 1982 reporting year, the total
reporting burden of the states had been reduced to approximately
one-third of that required prior to implementation of the monitoring
system,

HPMS Data Base

Three broad monitoring levels are used with the HPMS. These
levels, based upon roadway classification, area size, or data type, are
as follows:

1. Universe Data —- This level includes selected data for all
publically owned road mileage within the state plus any
federal-aid system mileage not yet built or open to the
public. This level describes the type of facility,
functional class, location (state and county), urban/rural
designation, section and route number, jurisdictional
information, and some physical and operational data such as
segment length, laneage, average annual daily traffic
(AADT), commercial traffic, reversible or HOV lanes, and
tolls,

Capital and maintenance costs are also reported as part
of the universe data. These expenditures are reported by
functional class, improvement type, and cost categories on
an annual basis for all improvements completed during a
reporting vear.



Sample Section Data -- Sample data are taken from sections

of roadway randomly chosen by an FHWA selection program.
These samples are chosen by volume group and functional
class, and are to be representative of all public roads
regardless of jurisdiction. The sampled sections,
comprising from 47 to 57 of the state mileage, are intended
to remain constant from year to vear. Table 1 lists sample
section data types.

Areawide Data -- This information is primarily intended to
be control data for the analytical process against which
the sample section data can be measured to determine if
they accurately represent roadway characteristics.

Areawide data are to be submitted on an annual basis by
functional system, and include such types of data as daily
travel information and daily vehicle miles of travel (DVMT)
for rural, small urban, and urbanized areas, and accidents
by rural and urban sections by functional class and
federal-aid systems. This data level also includes
areawide population and land area information.




Table 1

HPMS Sample Data

Identification
Year
State Code
County Code
Rural/Urban Designation
Urban Area Code
Tvpe of Section
Section Identification

sttem

Functional Class
Federal-aid System
Federal-aid System Status
Route Signing

Route Number

Public Road

Identification
Sample Number & Subdivision
AADT Volume Group ID
Expansion

Pavement
Surface/Pavement Type & Width
Pavement Section
Slab Thickness
Pavement Condition

Geometrics/Configuration
Access Control
Lane Width
Approach Width
Shoulder Type & Width
Median Type & Width
ROW Width
Widening Feasibility
Horizontal Align. Adequacy
Curves by Class
Vertical Align. Adequacy
Grades by Class
Speed Limit
Average Speed

Travel/Special Data

Section Group Length
AADT

Number of Lanes

Record Continuation Code

Jurisdiction

Government Level
Administrative Class
Federal/State/Local Domain
Special Systems

Operation

Type of Facility
Reversible Lanes/Roadway
Trucks/Commercial Vehicles
Special HOV Lanes

Toll

Traffic Capacity

Percent Trucks
K-Factor
Directional Factor
Capacity
Signalization
Percent Green Time
Parking

Future ADT

Environment ,
Drainage Adequacy
Terrain
Type Development
Urban Location
At Grade/Grade Separated
Intersections
Structures
At Grade Rail Crossings

Supplemental Data
Structure ID Numbers
Rail Crossing ID Numbers
Type of Improvement
Capital Improvement Costs
Accident Data




DESCRIPTION AND USE OF
SUBMITTAL SOFTWARE PACKAGE

The submittal software package of the HPMS is essentially an
application or utility package of models using the states' annual
submittal data as input, and from this producing summary tables of these
data. These tables form the basis of the FHWA's Status of the Nation's
Highways reports to Congress. The models do not statistically analyze
the data as does the HPMS analytical process, which will be discussed in
the next section of this report, but compiles and tabulates them for use
in verifying samples, making comparisons between years, and establishing
trends.

Two sets of output tables are available from the HPMS submittal
software package. The first is a set of universe/sample based mileage
and travel tables which can be used to verify the quantity and accuracy
of the annual submissions. This data verification function is extremely
important both for the federal submittal and for subsequent use of the
data by the states. The second set is a series of rural and urban
tables that contain summaries of the physical and operational
characteristics of a state's functionally classified road mileage.
Since these tables reflect the condition and performance of the roads
for the data reporting year, they, in conjunction with the tables from
prior submittals, form the basis for trend analyses. These same types
of analyses can be accomplished at the state level, although use of an
expanded sample size might be advisable, depending upon the existing
sample size and distribution and the validity of the sample data in
comparison to known state characteristics. Tables 2 and 3 contain a
listing of these output tables. Actual tables are shown in Appendix A.



Table 2

Universe and Sample Based Mileage and
Travel Tables of the HPMS Submittal Package

Table .
Number Description Data Level
1. Volume Group Expansion Factor Summary N/A
2. Mileage by Federal-aid System and Functional Universe
System/Government Level of Control
3. HPMS Mileage and Daily Travel Summary Sample
4, HPMS Mileage Summary Including Interstate Universe
Travel
5. HPMS Mileage Summary by County Universe
Table 3
List of Summary Tables
in the HPMS Submittal Package
Table
Number Description Data Set
1 System Mileage and Travel Rural, Urban
bv Facility Type and Functional Class
2 System Mileage and Travel (In thousands) Rural, Urban
by Facility Type and ADT Category
3 Lane Miles by Facility Type Rural, Urban
and Functional Class
4 Land Area and Average ROW Width by Rural
Terrain Type and Facility Type
Land Area and Average ROW Width by Area Urban
Type and Facility type
5 Mileage and Travel (In thousands) by Rural

Terrain Type and Average Highway Speed



Table 3

10

11

12

13

14

15

16

cont.

Freeway and Expressway Mileage and Peak
Hour Travel by Area Type and Average
Highway Speed

Mileage and Travel by Terrain Type and
Peak Hour Operating Speed

Freeway and Expressway Mileage and Peak
Hour Travel by Area Type and Peak Hour
Operating Speed

System Miles and Peak Hour Travel by
Volume/Capacity Ratio and Development

Mileage and Travel by Shoulder Width and
Shoulder Type

Mileage and Travel by Pavement Condition
and Pavement Type

Mileage and Daily Vehicle Miles of Travel
by Speed Limit and Functional Class

Mileage and Travel by ADT Group and
Lane Width

System Miles by Percent Trucks
(Peak Hour/and Off Peak)

Mileage and Travel by Functional Class
and Horizontal Alignment Adequacy

Mileage and Travel by Functional Class
and Vertical Alignment Adequacy

Mileage by Federal-aid System and
Jurisdiction

Number of Interchanges, Intersections,
Structures, and Crossings, and Mileage
by Functional Class

Urban

Rural

Urban

Rural, Urban
Rural, Urban
Rural, Urban
Rural, Urban
Rural, Urban
Rural,;Urban
Rural

Rural

Rural, Urban

Rural, Urban



[N

Potential Uses

Potential uses and applications of these tables are discussed in
this section; however, the list is not intended to be exhaustive, but
rather to provide examples of the potential usefulness of the data.
Also, not all of these uses may have direct application in the
Department. This information has been derived from the FHWA's
Usage/Practical Application Notebook developed by the Office of Highway

Safety. The tables are routinely produced by the FHWA on the national
level and can be developed for individual states upon request.

Universe and Sample Based Mileage and Travel Tables

The tables produced by this level of analyses are listed below with
example uses and applications of the data.

1. Volume Group Expansion Factor Summary Table

- By illustrating volumes carried by system mileage, these data
can be used as background information to support analyses such
as safety studies concerned with low volume rural roads.

2. Mileage by Federal-aid System and Functional System/Governmental
Level of Control

- These data can be used to identify what portions of the
federal-aid and functional systems are controlled by various
governmental levels. This identification can be useful in the
fund allocation process and also as input in calculating
federal matching ratios.

- Comparisons between expanded sample, universe, and areawide
data are facilitated by the formatting of this table.

3. HPMS Mileage and Daily Travel Summary

- This information can be used to verify areawide and universe
data.

- It provides travel estimates by functional system and
geographic unit useful for planning activities.
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4. HPMS Mileage Summarv Including Interstate Travel

-~ These data can be used in the certification of public road
mileage.

- Universe interstate DVMT and lane-mile data can be used to
develop sample expansion factors.

-~ These data can be used to verify expanded sample and areawide
functional class mileage data by area.

5. HPMS Mileage Summary by County

- In some states these data can be used to provide input to fund
distribution formulas.

~ The information can be used to verify rural and urban county
mileage figures.

Battery of Summary Tables

The HPMS sample data are expanded to represent the overall
functional systems and are the sources for these 16 tables produced for
rural and urban areas within each state. Urban areas have tables
divided by small urban, individual or consolidated urbanized, total
urbanized, and total urban. The data for both urban and rural areas are
divided into the following functional classes:

Urban Rural

Interstate Interstate
Freeway/Expressway Other Principal Arterial
Other Principal Arterial Minor Arterial

Minor Arterial Major Collector
Collector Minor Collector

These summary tables, as well as charts and graphs developed from
the same data, form the basis for federal transportation documents and
reports and can provide a quick reference of highway system
characteristics.

1. System Mileage and Travel by Facility Type and Functional Class

~ The distribution of mileage and travel by functional class is
useful in policy decisions concerning the distribution of funds
among systems.
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— Mileage and travel by design type and degree of access control
could be useful for safety analyses,

- This information can be used to examine how mileage and travel
vary by facility type, functional system, and geographic
analysis area, and .in trend analyses.

System Mileage and Travel by Facility Type and ADT Category

- The traffic volume ranges by functional class contained in this
table can be used to demonstrate the high percentage of mileage
with low traffic volumes. Such data can be used in analyses
concerned with prioritizing capital improvements based on
relative usage.

- These data can be used to evaluate the relative traffic volumes
carried by various facility types and thus provide an
indication of relative congestion by type on the functional
system. Such data are useful in identifying problem areas for
planning purposes.

- The correlation of traffic volume groups to functional systems
could be used to support the concept of variable standards for
different functional systems.

Lane Miles by Facility Type and Functional Class

- Lane miles can be used to compare systems and to address
trends in system supply.

- Lane miles, as a measure of system supply, can be used to
compare demand versus supply. It can then be determined if
system expansion and capital improvement programs are keeping
pace with changing demand.

- DVMT/lane miles can be an indicator of relative daily usage or
congestion that can be used to analyze trends or make system
comparisons.

- Lane miles can often be more meaningful than centerline miles
in estimating pavement maintenance requirements. This type of
data can demonstrate the variations in lane miles between urban
areas or districts which have similar centerline mileages.
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Land Area and Average ROW Width by Terrain Type and Facility Type
and Land Area and Average ROW Width by Area Type and Facility Type

~ These data can be incorporated into planning analyses such as
needs studies.

~  This information allows for comparisons of average ROW widths
by functional class or facility type and on the basis of type
of terrain.

- The percentages of land area occupied by highwav facilities in
geographic units and terrain type can be compared.

Mileage and Travel by Terrain Type and Average Highway Speed and
Freeway and Expressway Mileage and Peak Hour Travel by Area Type
and Average Highway Speed

~ Average highway speed can be used for a comparison of alignment
characteristics by terrain and area type.

- These data can be used as an indicator of what system speeds
should be.

- These data also have the potential for use as input to speed
estimating techniques such as those used in benefit/cost and
investment/performance analyses.

- Long-term trends can be shown and can be used to highlight
changes to system operation.

Mileage and Travel by Terrain Tvpe and Peak Hour Operating Speed
and Freeway and Expressway Mileage and Peak Hour Travel by Area
Type and Peak Hour Operating Speed

~ These data can be used to assess the operational adequacy of
highway facilities.

~  The distribution of peak hour speeds by terrain can be used to
show the effects of terrain and trends in speeds.

- Operating speed data can be used to assess the relative
congestion at peak periods by functional system. This
information can also provide input to policy decisions on
construction, traffic control, and maintenance and enforcement
programs.
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10.

Operating speed trends can be used to evaluate the
effectiveness of programs and to assess trade-offs of
maintaining the existing plant versus capital construction.

System Miles and Peak Hour Travel by Volume/Capacity Ratio and Type

of Development

This table, which shows system congestion during peak periods
for both mileage and travel volumes, can be used to evaluate
programs and policies over time.

These tables provide V/C ratios for analyses of facility
adequacy, congestion levels, and needs.

Mileage and Travel by Shoulder Width and Type

These data can be used to determine the system mileage with
substandard shoulders, as well as mileage without shoulders, or
mileage with or without curbs.

These data can be retained as a system level inventory of
shoulder type or as a shoulder improvements log.

Mileage and Travel by Pavement Condition and Type

This information can be used to explain pavement
characteristics of the functional system and to correlate
travel to pavement type.

Data for various points in time can be used to determine the
system mileage expected to become deficient or deteriorate from
a good to fair condition, which is basic in assessments of
long-range needs.

Pavement condition trends and pavement type information can be
used to monitor the effectiveness of maintenance, resurfacing,
and pavement management systems.

These data can be used to predict pavement life for pavement
management programs.

Mileage and Daily Vehicle Miles of Travel by Speed Limit and

Functional Class

An important input to speed estimating or monitoring programs
is mileage defined by speed limit as provided in this table.
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11.

12.

13.&
14,

15.

Mileage and Travel by ADT Group and Lane Width

This table provides distributions of paved lane widths for
safety analyses.

These data can be used to identify and assess the extent of
substandard lane widths by functional system and ADT group.

These data can identify the impact of lane width changes, by
system, over time.

System Miles by Percent Trucks

By determining the extent of truck usage by miles and
functional system, a state can demonstrate the relative
portions of the system subject to use by heavy trucks.

These data can be used to assess the peak and off peak
percentages of trucks, which are especially applicable in
assessing capacity needs.

Percent truck data can be used to assess loads being placed on
highways. :

As truck weights increase, these annual data can be formulated
into trends useful in developing policies and programs for
construction and maintenance.

Mileage and Travel by Functional Class and Horizontal Alignment

Adequacy by Rural and Urban Areas

These tables can be used to assess the overall horizontal and
vertical alignment adequacy of each functional class by
geographic unit.

These data can highlight the proportion of travel carried by
each functional system and thus assist in developing cost-
effective improvement programs by showing where projects would
benefit the most users.

Mileage by Federal-aid System and Jurisdiction

These data can help describe the interrelationships between
federal-aid and functional systems and who has control of those
systems. This knowledge can facilitate the planning of capital
expenditure programs.
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16. Number of Interchanges, Intersections, Structures, and Mileage bv
Access Point Range by Functional Class

~ These data can be used as surrogate measures of safety and
operational characteristics of the systems by showing the
number of high volume (more than 500/week) access points per
mile.

DESCRIPTION AND USES OF THE HPMS ANALYTICAL PACKAGE

In addition to knowing the characteristics of the existing highway
systems, it is increasingly important to be able to predict the effects
that existing and proposed highway programs and policies are likely to
have. Such predictive capabilities enable decision makers to test
alternative courses of action to determine which policies will be most
effective in accomplishing the desired transportation goals most
economically.

The HPMS analytical process was designed to respond to a variety of
questions regarding the determination of state and federal levels of
investment necessary to accomplish alternative transportation
objectives. As such, it is a policy planning tool rather than a project
selection mechanism. It is also intended to address questions
concerning the possible effects of alternative policy strategies and
programs on highwav performance. Additionally, the HPMS is to provide
fast, efficient responses to legislative requests concerning highway
condition and performance based upon actual data.

The analytical package models are tools to enable states to analyze
an array of alternative funding levels, MCTs, design standards, and
design year travel estimates. The potential results of various emphasis
areas used in establishing project priorities can then be shown. These
analyses can enable state transportation agencies to logically define
the most prudent and effective programs for the expenditure of public
funds and for statewide planning activities.

The analytical process is essentially a software package consisting
of models which use the HPMS submittal data as their primary input.
Each of these models will be discussed individually; however, it should
be noted that while each model has its own distinct uses and purposes,
it is simply a component of the overall HPMS analytical process. When
used in their proper sequence or combination, with successive models
deriving their input from the output of the preceding one, they achieve
their maximum degree of usefulness to decision makers and legislators in
assessing and analyzing policies and programs to achieve an optimal mix
of project types. The typical sequence of model usage is presented in

16



Table 4, while a summary listing of the eight output tables from the
analytical package is shown in Table 5. Supplementaryv discussion of the
models is contained in Appendix B and individual output tables are shown
in Appendix C. The 1982 FHWA Usage/Practical Application Notebook for
the HPMS analytical package was the source for much of this information,
as well as the analytical process Technical Manuals.

Table 4

HPMS Analytical Process

Base Year Analyses

-~ Composite Index Analysis
- Multiple Deficiency Analysis

~ Impact Analysis

Investment/Performance Analyses

- Investment Level Analysis
- Needs Analysis
- Investment Analysis
- Funding Period Analysis
- Needs Analysis
-~ Investment Analysis
-  Summary Analyses
- Composite Index Analysis
-~ Deferred Cost Analysis
~ Multiple Deficiency Analysis

- Impact Analysis
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Table 5
Analvtical Package Outputs

1., Miles and Cost by Improvement Type and Year of Improvement
(cost in millions) :

2. Investment/Performance Composite Index

3. Distribution of Investments by Improvement Type and
Improvements Not Funded by Functional Class and Improvement

Type
4, Investment/Performance Impact Analysis*
5. Investment/Performance Multiple Deficiency Analysis*

6. HPMS Weighted Index Table, Composite Index by Functional Class
Weighted by Mileage and DVMT*

7. HPMS Index Distribution Table

8. HPMS Deferment Cost Table

Note: Tables can be produced for rural, small urban, urbanized, and
total urban areas stratified by functional class for the
analysis year, the last vear of each time period.

*These tables can be produced for the inventory vear as
indicators of the current conditions and performances.
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It is expected that additional analytical tools will be developed
and further refinements made to extend the usefulness of the present
analytical process.

The analytical process includes the following analyses:

1.

Deficiency and Improvement (Needs) Analysis - The purpose
of this model is to identify the improvements necessary to
keep the physical and the operational condition of a
highway system from falling below certain prescribed
minimum criteria during the study period (five years into
the future). The output generated from this model is a set
of area and functional class summaries consisting of

(1) miles and costs of improvement by deficiency and year
of improvement, and (2) second generation resurfacing miles
and costs by vear of improvement.

The primary use of the needs model output is to provide a
full needs estimate for subsequent testing of investment
scenarios and other analytical purposes. It also
establishes relative distributions of the types of
deficiencies and jimprovements under full needs conditioms
that can be used as a basis for evaluating the consequences
of limited investments. It should be emphasized that the
needs analysis calculates unconstrained full needs while
the investment performance model determines which of the
improvements could be implemented under a given funding
level,

Composite Index (Sufficiency) Analysis -- The Composite
Index Model uses the output from the needs model to

" evaluate, on a point score basis, highway condition,

safety, and service on a section-by-section basis, and then
aggregates these evaluations by functional system. Section
evaluations in the form of composite and component indexes
(sufficiency ratings) are developed.

Two tables are produced by this model, A systemwide Average
Rating Summary and a Rating Distribution Summary. Both are
produced for each set of indexes for the following
conditions: (1) base year, (2) target year without
improvements, (3) target vear with initial improvements,
and (4) target year with initial improvements and
subsequent improvements as needed. From these tables one
can determine which category of deficiency is in greatest
need of attention, the extent of critical deficiencies, and
the consequences of various investment levels.
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Investment Analysis -- This model evaluates the effects of
alternative levels of capital investment on highway
systems. It has the capability of simulating the future
performance of highway systems based on projected levels of
capital investment. This information is particularly
useful in determining what funding level(s) would be
required to attain or maintain a selected level of highway
performance,

The effects of increased or decreased investments on
highway improvements or performance can be demonstrated to
decision makers and legislators by this process. In
addition, the impacts of various assumptions relating to
MICs, design standards, etc., can be tested.

Impact Analysis —- The purpose of this model is to
calculate performance measures (rates) for each investment
level and to summarize them by area and functional class.,
The Impact Analysis Model calculates rates for fuel
consumption, vehicle emissions, vehicle operating costs,
effective speeds, and for property damage, injury, and
fatal accidents. The output from this model can be used in
evaluating improvement programs and, eventually, in
developing national and state trends for the topics
identified.

The accident information from this model can be used to
evaluate safetv improvement programs, and, in time, to
develop both national and state accident trends. While the
output from the analysis establishes rates by functional
class and severity, it can also serve as the data needed to

" develop rates for highway design type, federal-aid system,

traffic volume, vehicle type, and V/C ratio.

The energy aspects of the model are useful in comparing
present consumption to consumption in the target year at
various investment levels. Similar comparisons among
different types of vehicles and highway designs can be
readily developed for the energy parameters.

Multiple Deficiency Analysis -~ This analysis determines
highway system deficiencies for the base year and proiected
needs under various funding or policy programs, and lists
these by functional system and type of area.
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6. Deferred Cost Analysis =-- As the title implies, this
exercise calculates the additional cost for delaying
necessary improvements and develops comparisons of costs.
An example would be the necessary reconstruction of a
roadway due to not resurfacing the facility when needed in
an earlier analysis period.

Example Scenarios that Can be Tested Using HPMS

Many types of scenarios can be evaluated with the current models
and their consequences can be determined in light of future conditions
and performance. Additionally, other scenarios may be evaluated by
altering the basic models. Examples of possible applications follow.

- Alternative Funding Estimates (Levels) -- This is one of the
primary uses of the analytical package. Future consequences of
investment levels can be explored over a range of possible
levels from no investment to full investment necessary to
satisfy all deficiencies during the analysis period. The user
can determine the amount of funds necessary to achieve given
performance levels. Such data could be used to show the
General Assembly or Highway and Transportation Commission the
effect of increased funding or changes to the fuel tax
structure. Various mixes of projects could also be explored in
developing an investment program.

-~  Cost of Deferred Capital Investment-- The increased costs of
deferring various types of improvements throughout the highway
system as deficiencies occur can be estimated.

- Changes in Travel Projections -- Travel projections can be
influenced by a wide range of exogenous factors; e.g., the
economy, population, and fuel prices. Once a state has
projected an estimate of travel for a future study scenario,
analyses can be made using both the original estimates and
modified travel forecasts to ascertain the impact on the future
conditions and performance of the highway system. If a state
expands its sample size, analyses of regional development
impacts could also be made.

-~ Change in MTC ~- The HPMS analytical process can evaluate the
consequences of changing MTCs in terms of future conditions,
performance, and system impacts.

-~ Changes in Design Standards -- A state can use the HPMS to
evaluate long-range implications of variable design standards
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either in response to reduced funding or solely to evaluate the
future implications of such an action.

Limiting Improvement Types to Non-capacity-related Projects --
The long-range consequences of a capital improvement program
limited to pavement improvements could be explored. By
adjusting the MTCs to ignore capacity deficiencies, the model
can be forced to make only pavement related improvements. The
consequences of such a policy and variation on this policy can
be assessed.

Widening Restrictions--Restrictions on widening, especially in
urban areas, can be removed to establish unconstrained needs
and the resulting performance conditions. Such information
could be useful in explaining to decision makers the extent to
which needs are constrained and the diminishing degree of
return from unconstrained capacity improvements.

Limitations on Maximum Lanes to be Built -~ To conserve
financial resources, a state could explore limiting the total
number of lanes a facility can have after improvement. Such a
policy would force more congestion on certain routes but would
make additional funds available for other improvements. By
evaluating the trade-offs between increased congestion in some
areas versus more projects, a state could provide decision
makers with well-supported policy recommendatioms.

Adjustments to Composite Index Rating Scheme -- The HPMS
analytical process establishes a composite index or sufficiency
rating for each functional system. A state may wish to vary
the points assigned to each component to test the sensitivity
of the future conditions and performance to the rating scheme,
or to make them more adaptable to special state circumstances.

Redefinition of the Federal-aid System -- The HPMS could be
used to evaluate the funding and revenue implications of
additions or deletions to the federal-aid system within a state
on a functional system basis. By correlating functional system
changes to administrative systems, a state could use this
information to support its capital improvements program.

Realignment of Jurisdictional Respomsibility for Various
Functional Systems -- This is an issue being explored by
several states. If such a realignment is done on a functional
class basis, the HPMS can be used to analyze the resulting
changes in conditions and performance. Such data could be
useful in negotiations with local governmments and provide
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insight into the impact of such changes on the states'
administrative systems. :

- Changes in Passenger Cars —-- By altering the vehicle
classification data and fuel consumption and operating cost
characteristics to reflect fleet changes, the consequences of
such changes could be determined and evaluated, especially as
fuel consumption is tied to revenues.

- Increases in the Number, Size, and Weight of Trucks —-- The
current model will test consequences of increases in the
relative number of trucks and will estimate the resultant
pavement deterioration and congestion. Modifications to the
models could enable the effects of such changes to be tested.
Such information can provide input to pavement management and
pavement design activities.

USE OF THE HPMS BY OTHER STATES

The second phase of the research effort consisted of a survey of
other state transportation agencies to ascertain how they use or
anticipate using the HPMS data and analytical programs. Inquiries were
made concerning methods of data collection and storage, uses for the
annual submittal data, if the states had acquired the analytical
package, and if so, what uses were being made of it or were being
considered, what modifications were necessary, and what, if any,
problems had been encountered. The primary intent of this task was to
determine what innovative concepts were being developed that had the
potential for application by the Department.

The survey was conducted by telephone, with the interviewer working
from a list of persons designated by the FHWA as contact individuals for
the HPMS. (An updated version of this list is contained in Appendix D.)
A questionnaire was prepared so that a standard set of questions could
be posed to each interviewee, and the responses were systematically
recorded. Persons interviewed ranged from administrative personnel to
people directly involved in the HPMS data management and analytical
operations. In most instances, only one person in each state was
interviewed; however, occasionally certain questions were referred to
other individuals with more direct knowledge in a specific area. The
survey questions and a summary of responses are contained in Appendix E.

Of the 50 states, 32, including Virginia, have been submitting HPMS
data tapes beginning with the 1978 information, while 12 began with the
1980 data. The remaining states have been phasing into the program
since that time. In some instances, initial submittals consisted of
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partial information, such as only the universe data or portions of the
sample data due to a lack of staff or funds to accomplish a full data
submittal.

At present, the majority of states, 32, are having to estimate some
of the required information in order to submit a complete data tape.
The Department 1s now providing the FHWA with actual survey data. The
most frequently cited items being estimated were the following:

- geometric data

- accident information

- vehicle classification

- local area capital expenditures

- local area system data '
These are items that either were not normally collected by states or
that were collected but not on the same basis as that required by the
FHWA for the HPMS.

Existing state data files are the principal source of the HPMS data
in 47 of the states, including Virginia. The remaining three states
derive data from other sources. One of these three had not been
maintaining a state data base, and subsequently began collecting data
solely for the federal submittal. In addition, most states augment
their own data base files with supplementary field survey information -
for the HPMS.

Thirty-three of the states maintain the HPMS data base separately
from their own state data files. The HPMS base is then updated annually
in preparation for submittal to the FHWA. Seventeen states have merged
the HPMS data base with their state base. These 17, which include
Virginia, are primarily the states that have automated data storage
systems with supplementary programs designed to select out the required
HPMS information for the annual submittal. In addition, four states are
in the process of converting from a manually maintained to an automated
data base storage system that will include HPMS data retrieval and tape
creation programs. The states that have gone to the automated systems
indicated that they have found them to be extremely efficient relative
to the HPMS since the submittal process had to be systematized. These
were also the states which responded most positively concerning existing
or potential benefits of the HPMS.

The interviewer also asked if there had been any discussion of
using the HPMS process or a similar automated system for managing the
state transportation data base. Of the 50 states, four have adopted the
HPMS system. In each instance, the sample size has been expanded to
1007 and additional data items included that are either legally required
or are in some way integral to state activities. Six states, including
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Virginia, have developed similar automated data storage and retrieval
systems from which HPMS data can be extracted. Of the 40 other states,
nine are considering the possibility of using the HPMS format as an
automated data base system. None of these states had a definite
schedule for implementing such a program. Most, however, were in the
very early stages of discussions. The remaining 31 states are not
giving any consideration to such a change, primarily because of staff or
funding limitations, they already having satisfactory data programs, or
they have concerns about the HPMS format or sample size.

When asked i1if there had been any particular problems in adapting
to the HPMS process, 39 of the states responded affirmatively. The
problems typically varied with the peculiarities of individual
transportation organizations. Most generally the problems encountered
apart from gaining an understanding of the process and submittal format
were in regard to:

- local system data

- capital obligation data"

- geometric information (curves, grades)

- adequate funding or staff time’

- annual changes made By the FHWA to the HPMS process

- timing of submittals in relation to the states'
annual data collection cycles

- compatibility of HPMS software with states'
computer hardware

Concern was also expressed regarding a lack of confidence in both the
accuracy of the data as required and in the statistical reliability of
the sample size. For Virginia it was noted that no major problems were
being encountered after the Department had acquired an automated data
base management system from which the submittal data could be drawnm.

The FHWA has suggested that the HPMS would reduce and simplify the
state's data reporting responsibility to the federal government. When
asked if this was the perception held by state level personnel involved
with the HPMS, the response was a firm no from 29 of the states. This
response was generally occasioned by inadequate funds or staffing
devoted to the monitoring effort or to the previously discussed
problems. Nine states, including Virginia, reported that, in general,
the system had improved the reporting process. These were also the
states that had either adopted the HPMS data base format or a similar
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automated system with special accommodation for the HPMS, and that had
worked to integrate the HPMS process into the normal functions and
activities of their agencies. Eleven other states responded that the
system had not alleviated any reporting problems or burden, but that in
time it would fulfill the FHWA's claims as the states develop and refine
their submittal preparation procedures, the federal government becomes
more consistent with what it requires, and the states became familiar
with the monitoring system and its capabilities. In general, it would
appear that through both their experience and perceptions, the states
believe that the HPMS can have a positive influence when it is
systematized and incorporated into the day-to-day operations of the
state transportation agencies.

While the current version of the HPMS analytical package comprised
of the six interactive models has been available to the states only
since April 1983, 36 states have already acquired it. Of these states,
however, only nine are making any use of it. Reasons for nonuse of the
model include: '

- lack of funds or staff to research and adapt
the package to states' needs

~ incompatibility of the package with computer
hardware

- preference for own analytical programs tailored to
individual states' needs

- lack of interest or credibility in the package and
the HPMS in general (this most generally stems from
a lack of confidence in the data or sample size)

- 1inability of the HPMS and analytical package to address
project level concerns or requirements

Only one of the remaining 13 states indicated that it was planning to
obtain the analytical package in the near future.

Nineteen of the states who possess but are not currently using the
package indicated that they are beginning, or will begin sometime within
the next two years, to assess the usefulness of the programs for their
transportation operations and determine if there would be feasible uses
for them. Virginia, of course, possesses the package and is assessing
its usefulness with this research study.

Of the nine states currently using the model, all cited essentially
the same applications at the system-wide or regional levels and none at
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the project level of analysis. Several states have gone to a 1007
sample size in adapting the package to their needs. This would allow
for project level analyses. Other states have taken an intermediate
step by maintaining a 1007 sample on certain classes of roads, such as
the state jurisdictional routes, or only on the interstate svstem. This
restriction allows them to test the effectiveness of the HPMS analytical
programs at various levels of detail without investing the funds and
staff required for a universal 1007 sample.

The nine user states have developed or experimented with the
following applications for the HPMS analytical package

- Locating and assessing current and future
system deficiencies

- Forecasting revenues

- Developing profected costs and bﬁdgets
based upon projected deficiencies

- Determining short- and long-range needs
based upon various sets of operational
standards (MTCs)

-~ Optimizing available revenues through
project mix prioritization to maximize benefits
of funds expended

- Determining road conditions and evaluating performance
for program and policy development

- Projecting revenues using alternative taxation
schemes :

- Programming and prioritizing projects
- Developing safety condition service ratings

-  Evaluating pavement conditions at the system level as
an adjunct to pavement management programs

- Developing state transportation plans and needs
studies

- Computing current and future vehicle miles of
travel data

- Determining air quality at the state, Metropolitan
Planning Organizations, and county levels
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- Responding to legislative or executive
requests concerning highway system or performance
(similar to the federal Status of the Nation's
Highways data)

The 19 states planning to study the potential for use of the HPMS
and analytical package cited four general areas in which they feel the
system could benefit them:

- Cost forecasting
- Revenue projections

- Programming/prioritizing

- Program/policy analyses to achieve the greatest
transportation impact for public funds expended

These seem to be the same four general categories of application
under which the other user states' activities could be grouped and which
are generally cited by the FHWA as potential uses for the HPMS.

The states were also asked if, aside from the analytical package,
any of the HPMS annual submittal data were being used. Thirty-four of
the states responded negatively, stating that thev were merely compiling
the HPMS annual data, submitting the data as required, and maintaining a
log of this information. The remaining 15 states are using the
information in some way for their own operations. They listed one or
more of the following uses for the submittal data:

- Breaking down capital costs by geographic area
- Inputting information into pavement management programs

- Developing state transportation plans

- Developing alternative proposals for taxing
mechanisms or structures

- Preparing needs studies

-  Cross-checking against other data to assure
confidence levels ~

- Building a state data base with 1007 samples

- Monitoring accidents with 1007 samples
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- Developing bridge structure reports
- Estimating vehicle miles of travel

- Developing roadway mileage and inventories by functional
class

- Analyzing policies, in conjunction with other
programs

- Refining state counting programs and count
station location selection

- Developing structure deficiency inventories

- Preparing system level reports to state legislatures,
governing commissions, or departmental executives

- Responding to requests for non-detailed or
non-project-specific data

In summary, the following observations and conclusions can be drawn
from the survey data. .

- While the HPMS has been in place since 1978, it
is only now coming to be viewed as a routine part
of the state transportation agencies'
operations to be studied as a potential
resource for data, and a tool for planning,
programming, policy analysis, and budget
and revenue forecasting.

- Much of the current effort toward the HPMS is in
integrating the data submittal process into the
states' routine activities.

- Those states which have combined the HPMS and
state data bases or have gone to automated data
management systems appear to have derived the
greatest number of applications for the monitoring system.

- The major deficiency of the system is that it
does not address project level needs... Some states
are using 1007 samples to alleviate this
problem and are making project level applications possible
in addition to planning and policy making uses.

- The use of 1007 samples on selected road
classes appears to be an attractive alternative for some
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states and allows an increase in HPMS utility without
major increases in costs.

~  The most consistently cited use of the HPMS data base is
either as the basis for or as an adjunct to pavement
management programs.

- Many states are now considering the adoption of
automated data base management systems and are
looking at the HPMS as one such alternative.

- The changing social, economic, and environmental
pressures brought to bear on transportation providers
during the 1970's have dramatically altered the
traditional mix of capital construction and
maintenance projects, as well as significantly
restricted funds available to most state agencies.
As a result of reduced budgets and escalated
project costs, agencies are looking for management
tools to assist them in programming and prioritizing
an optimal project mix within constrained budgets.
This type of strategic planning for policy and
programming decision making is seen by some states
as a prime use for the HPMS and analytical package.

- States are seeing the HPMS as a resource for state
transportation plans and needs studies.

- The increase in use of the HPMS data and analytical
package by the states is mostly for system level
or regional system analyses, which is similar to
uses for which it was intended at the national
level.

CURRENT DATA NEEDS AND USES BY THE DEPARTMENT

The third phase of the HPMS research effort was a survey of
Virginia Department of Highways and Transportation personnel to
ascertain the types of data used in their day-to-day and special
activities and the frequency of such use. To accomplish this task, a
survey questionnaire was mailed to each of the operating divisions and
districts in the Department. The questionnaire listed 63 types of data
that could potentially be used by the Department, most of which were
drawn from the HPMS data types, and provided space to write in
additional items. Respondents were then asked to indicate which data
types were used in their activities, giving the source of the data, the

30



basis of this information (project, link, system, etc.), and the use
they have for the data. A copy of this questionnaire is included in
Appendix F,

O0f the 25 survey forms mailed to the divisions and districts, 19
responses were received at the time the analysis was made, three weeks
after the deadline for returning the forms. Of these 19 responses, 15
were completed questionnaires, while the remaining four indicated that
none of these data items were used.

Tables 6, 7, 8, and 9 contain information obtained in the survey.
They list the types, sources, basis, and uses of the data and the number
of responses for each type. A more detailed summary of the survey
results is contained in Appendix G.

Table 6 summarizes the responses to the question concerning the
source of the data used. The 63 data types listed, plus three types
added from the survey results, are derived from 23 sources within the
Department. It should be noted that the HPMS data base was not cited as
a source for any of the data items. Most divisions and districts derive
data from more than one source. By far the greatest source is the
highway or road inventory, as could be reasonably expected. This source
was cited 178 times by the respondents and represented almost 287 of the
total responses to the question. Other types of inventory or log data
such as signs, railways, bridges, signals, graphic log, and card files
comprised an additional 74 responses, or slightly less than 127 of the
total. These, combined with the road inventory, accounted for slightly
under 407 of all data coming from inventory sources. The next greatest
sources of data were field surveys and special studies conducted for
specific or unique purposes. These were cited in 155 responses, which
was slightly under the number for the road inventory and accounted for
almost 257 of the total responses. Construction plans were the third
greatest source, being cited 75 times and representing just under 127 of
the total. The other sources cited varied little one from another
in frequency of use.

Two conclusions can be drawn from this table:
- A major source of data used is the inventory or
log that has been compiled over time and
is used to maintain a record of the road network.
- Presently, none of the divisions or districts

appear to be utilizing the HPMS data base for any
of thelr data needs.
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Table 6

Sources of Data Currently Used by the Department

Source No.of Responses

Road Inventory 178
Bridge Inventory 8
Railway Inventory 3
High Water Inventory 1
Sign Inventory 3
Signal Inventory 2
Pavement Data System 12
Outdoor Advertising Log 1
Graphic Route Log 39
Card File 7
Mileage Tables 6
Accident Summary/File 26
Bridge Inspection Report 5
Wet Accident Report 1
Bridge Replacement List 1
Construction Plans 75
Traffic Counts 49
Special Studies 20
Field Surveys 135
Calculations 34
Estimates 12
U. S. Census 7
Maps 5

5
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Since the HPMS itself constitutes a roadway data inventory system, there
would appear to be some potential for using a portion of the HPMS data
base as a source.

Perhaps the most critical factor in the use and application of the
HPMS data is the basis or level of detail of the Department's data
needs. Table 7 is a summary of the responses to the survey question
concerning the basis for the 66 data items. These responses have been
grouped into the following levels of detail:

- Location specific (project, link, system)

- Route

- System

- District

- Statewide

In answer to this question, approximately 887, or 430, of the 490
responses indicated that data needed to be location specific. The most
heavily location specific data types are generally the ones derived
from inventory or file sources. These are obviously types which could
not be derived from the HPMS data unless sample based information would
suffice, universe data could be used, or the Department use 100% samples
for the HPMS.
Table 7

Basis of Data Currently Used by the Department

Basis No.of Responses
Location Specific 430
(Project, Link, Structure,
Section)
Route 2
System 52
District 3
Statewide 3
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The system basis was cited 52 times, or in slightly over 107 of the
responses, as the level of detail needed for some operationms.
responses covered 34 data types, or just over one-half of the total data

types.
times each was cited.

part of the HPMS data base.

data types were cited only once.

These 52

These 34 types are listed in Table 8 along with the number of
The last three items listed are, however, not

As can be seen from this table, 20 of these
Those most heavily used at the system

level tend to be the ones which describe roadway characteristics such as
surface, shoulder or lane width, describe the type and class of the

The sources for the system level
data cited were almost always the roadway inventory files or special

facility, or relate to accident data.

field studies.

Table 8

Data Used at the System Level

Data Type

Surface Width

Shoulder Width

Surface & Base Type

Kind of Highway

Annual ADT

Svstem

Functional Class

Lane Width

Approach Width

Shoulder Type

Median Type

Median Width

% Passing Sight Distance

No. Grade Separated
Interchanges

No. At Grade Intersections

With Signals
With Stop Signs
With No Controls

No.

Resgonses

N~ =SSN

—

Data nge

Improvement Type

Pavement Description

Structure Number

Slab Thickness

Pavement Condition

Skid Resistance

ROW Width

% Trucks

Future Annual ADT

No. Injury Accidents

No. Persons Injured

No. Pedestrians Injured

Peak Hour Volume

High Water Information

Sign Inventory

Wayside/Historical
Markers

No.
Resgonses

— N = = LD WD W) e = et et et ped b et fed

The majority of responses indicating a need for system based data
came from the Bristol District and from the Highway and Traffic Safety

Division.

The predominant use of these data in the Bristol District was

for maintenance and construction planning and for safety analyses.
Within the Highway and Traffic Safety Division, the dominant application
was also for safetyv analyses, as well as for design criteria, capacity



analyses, and general information and reporting criteria. The current
sources of these data are inventory files and field surveys. It is
these types of uses for which the FHWA designed the HPMS and for which
applications might be found within this division and district. Also,
since operations are generally similar between districts, similar
applications to those at Bristol might be found for the HPMS data base
in the other districts.

Route and district bases were cited in only 2 and 3 instances,
respectively, as the level of detail used. Only one of the route level
items, Development Type, is included in the HPMS data base, while
district level data were for population, land area, and route mileage.
These same three types were also cited as being used on the statewide
level. As with system level data, inventory files and surveys are the
sources for these data. Again, the HPMS base could have practical
applications for both district and statewide data needs.

Table 9 summarizes the responses to the question of how these data
items are being used within the Department. The 609 total responses to
this question can be divided into 10 distinct categories, the
predominant use being for project level purposes. This use constituted
just under 627 of the responses. The budgeting and programming category
was the second largest division, but comprised only slightly more than
8.5%Z of the responses. While budgeting and programming generally
require project specific information, long-range programming could
benefit from the use of the HPMS data and the analytical package. This
use would employ the analytical process and would be dependent upon the
Department's choosing to use HPMS to make alternative long-range needs
forecasts and alternative program analyses.

Planning was the third greatest data use cited in the survey. The
Transportation Planning Division indicated that the data were used for
corridor studies, site specific studies, and for the 3-C planning
process in urban areas. This last planning type could potentially use
HPMS generated trend data for urban or urbanized areas. If a 1007
sample size was used, it could also supply the base system data for the
3-C analyses.

For the remaining categories referenced in the survey, namely,
inventory, pavement management, accident/safety analysis, traffic
analyses, permits, work scheduling, and special studies appear to have
relatively limited potential use of the HPMS data., However, trend data
could possibly be used in some types of traffic analyses, such as for
deriving percentage commercial traffic figures from the HPMS and thus
avoid the need for special classification counts.
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Table 9

Uses of Data Currently Collected by the Department

Use No. of Responses
Projects 375
Inventories 39
Budget/Programming 52
Pavement Management 9
Planning (Corridor, 3-C, Special) 46
Special Studies 3
Accident/Safety Analyses 41
Traffic Analyses 23
Permits 11
Work Scheduling 10

As noted in the preceding section, pavement management programs are
being linked closely with the HPMS activities in several other states;
however, in Virginia the pavement management program would not readily
accommodate the HPMS data base. The reasons for this include:

- A 1007 sample size is used for both the interstate and primary
systems; however, the secondary system data are collected from
a 57 sample.

- There is a considerable difference in the pavement rating
systems used by the HPMS and Virginia's pavement management
program.

- More detailed coding and classification systems are used in
Virginia's pavement management system than with the HPMS.

- The use of variable sample sections with each iteration of
pavement management is an integral component of the system,
while the HPMS uses fixed sample sections.

- Not all of the data items relative to roadway surface
characteristics that are used in pavement management are
included in the HPMS.

- There is a bureaucratic separation of these two activities into
two distinct functional areas within the Department.
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In summary, the Virginia pavement management program is more
comprehensive and more refined in terms of the data needed to drive it
and the classification systems used than would be available through the
HPMS. This largely derives from the fact that pavement management and
the HPMS as Department activities and programs were developed ,
independently of one another. Only if the state were conducting a 1007
sample for the HPMS would there appear to be a duplication of effort
between these two programs, both of which currently rely extensively on
a common data base, the state's road inventory file.

The following basic conclusions can be drawn from the responses to
the survey of current data uses in the Department.

- Data needed at the system basis or level, and to a lesser
extent at the district and statewide levels, could be derived
from the HPMS data base, depending upon the requirements and

- .uses of these data.

- As a result of the heavy orientation of Department activities
to project level work, there appear to be few opportunities for
broad applications of the HPMS data, unless the Department
should decide to use a 1007 sample size for the HPMS,

- Pavement management does not appear to be a likely use for the
HPMS data base unless one or the other of these programs is
significantly altered to accommodate the level of detail of the
other.

- At present, there does not appear to be any particular
duplication of effort within the Department in terms of using
other data sources in lieu of the HPMS data since the road
inventory files are the principal source for the HPMS data base
as well as for other data used. Where duplication could be
occurring is in divisions or districts preparing calculationms,
e.g., rates, trends, and DVMTs, from raw inventory files when
these calculations are being routinely done for the HPMS,

- It does not appear that the Department is engaged in any system
level statewide planning activities. Should such a program be
instituted, the HPMS could provide a ready and valuable base
for such activities, both in terms of a data base and
analytical tools to conduct such planning.
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APPENDIX A

OUTPUT TABLES FROM THE HPMS SUBMITTAL PACKAGE DATA
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APPENDIX B

HPMS ANALYTICAL PROCESS MODELS
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Deficiency and Improvement (Needs) Analysis

This model will simulate the improvements needed to keep the
physical and operating conditions of a highway system from faliing below
prescribed minimum criteria during the analysis period. The basic
functions of the model are to --

- identify individual highway section deficiencies
which occur during the analysis period,

- determine logical improvements to correct
deficiencies,

- estimate the costs of the improvements, and

- modify the section record to reflect performance
in the target year.

Section deficiencies are identified through comparison of existing
and simulated section travel data and characteristics to the minimum
tolerable conditions, which include physical condition, geometric
design, and operational characteristics. These minimum tolerable
conditions vary by functional class and are somewhat below design
standards used for new construction or 3R projects. These criteria
could be altered by the individual states to reflect their existing or
proposed policy or programmatical needs and requirements.

The analysis period for this process can be a single 20-year period
or it may be one of up to four separate increments within the overall
20-year period. In either approach, each period is analyzed
independently. During each analysis phase, records are developed of
what improvements are made and what pavements have deteriorated based
upon the amount of traffic forecasted. These records are, in turn, used
as input to the subsequent analysis period, if one is specified.

Within each time cycle, deficiencies are sought out, identified,
and prioritized. Sections for which only an initial pavement condition
deficiency is identified do not go directly into the improvement
analysis as do sections with more acute deficiencies. When a pavement
deficiency is identified, the model attempts to simulate reality by
cycling ahead to determine if other, more serious, deficiencies will be
identified. If, however, other deficiencies do occur, the combination
of pavement condition and more acute deficiencies dictate the type and
year of improvement. Once an initial improvement has been identified
for a roadway section, the model continues to forecast traffic,
deteriorate the improved pavement condition on the section, and assess
the need for a potential "second generation" resurfacing during the
analysis period. Target yvear conditions in each section are simulated



assuming (1) no improvement is made, (2) only the identified initial
improvement is made, and (3) the identified initial improvement and
second generation resurfacing, if necessary, are carried out.

Deficiencies are grouped into the following four types:

The

include:

Peak hour operating speeds or volume to
capacity ratio

Lane or approach width
Pavement type or condition

Horizontal or vertical alignment conditions.

improvement type selected by the needs analysis model depends
upon the major type of deficiency that occurs and other less serious
deficiencies that may exist on the section. The four improvement types

1‘

Reconstruction

a. Reconstruct to freeway

b. Reconstruct with additional lanes
c. Reconstruct with wider lanes

d. Pavement reconstruction

e. Reconstruct to same geometrics

f. 1Isolated rural reconstruction

Widening

a. Major widening
b. Minor widening

Resurfacing

a. Resurfacing and shoulder improvements
b. Resurfacing

Traffic Engineering (Urban Only)

This is used only when capacity deficiencies exist and
constraints prohibit overall route widening.

a. Intersection widening
b. Parking removal
c. Signal improvement



High volume to capacity ratios or lane width deficiencies have a
traffic engineering improvement simulated to improve traffic flow.
There is also a maximum number of lanes to which a particular functional
class may be improved,

The output generated from this model is a set of area and
functional class summaries consisting of --

- miles and costs of improvements by
deficiency type,

- miles and costs by improvement type
and year of improvement, and

- second generation resurfacing miles and
costs by year of improvement.

Composite Index (Sufficiency) Anal&sis

Using the data from the Needs Model, the Composite Index or C.I.
Model is simply a procedure to evaluate, on a numeric basis, highway
condition, geometrics, and usage and operating characteristics on a
section-by-section basis, and then aggregate these evaluations by
functional system. Composite and component indexes or sufficiency
ratings are developed from the section evaluations. These indexes are
calculated for base year conditions and for the three potential target
year conditions produced by the Needs Model.

Numeric values are assigned to each sample section based upon
comparisons of the physical and operational characteristics of a section
with specific weights and values. Significant characteristics of a
section are selected to represent the following categories:

~ Condition
-~ pavement condition
- pavement type
- drainage adequacy
-  Safety
- lane width
-  shoulder width

- median width
~ aligoment
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- Service

-  volume/capacity ratio
- operating speed
~- access control

Two tables are produced by this model. These include summaries of
the three indexes plus a composite index, and can be produced for
individual states as well as in the aggregate for national statistics.
Both tables are produced for each set of indexes for the following
conditions:

- Base year
- Target year without improvements
- Target year with initial improvements

- Target year with initial improvements and
second generation resurfacing as needed

The first table, "Systemwide Average Rating Summary," is a
compilation by functional system and area of the four indexes weighted
by mileage and DVMI. It provides a means to determine the relative
differences among categories by functional system. By comparing the
average indexes by category within a functional system, one can
determine which category is in the greatest need of attention. The
ability to produce this table for current and potential improvements
provides a means of obtaining information on potential full needs
investment benefits. The comparisons of the various increments of
improvements can provide information on which functional system or
component category would benefit most by making identified improvements.

The second table, "Rating and Distribution Summary," contains the
distribution of mileage and DVMT for each of the four indexes by
functional system. It can be used to identify the extent of critical
deficiencies and make comparisons between base year and target years to
determine the consequences of full and no investment strategies. Base
year conditions can also be compared to previous submittals to determine
developing trends and ongoing program effectiveness.

Investment Analysis

A means of relating investment to highway performance is necessary
for the formulation of sound financial policies and viable highway
improvement programs. This model provides a means of evaluating the
effects of alternative levels of capital investment on the highway
systems.

B-5



The investment performance analysis first determines priority
rankings for all proposed improvements by functional system and urban
and rural area through applying user specified ranking factors.
Potential improvements can be ranked by one of the following methods:

a base year composite index

combination of cost effectiveness index and
base year composite index

- a cost effectiveness index
- any one base year component index

Upon completion of the ranking process, the model begins to select and
summarize the simulated improvements developed by the needs analysis
from the top of the priority list downward until available funds for the
given investment are exhausted. The model then continues the
summarization process using target year unimproved conditions for the
remaining sections since funds would no longer be available for
potential improvements. This process is iterated for each functional
system and area.

The output from this analysis consists of a series of summary
tabulations and investment curves for seven investment levels. These
levels are based upon percentages of full needs investment which include
100, 80, 76, 60, 40, 10 and O percent of full investment. Within each
level, output 1s presented by ——

- investment curves relating dollars invested to
various target year composite index values by
functional system,

- simulated target year condition summaries by
area and functional system,

- a summary of miles and cost improvements made by
improvement type and functional system during
the analysis period, and

- a summary of mileage and travel served on unfunded or
unimproved sections in the target year and the
necessary additional funding to satisfy those
deficiencies.

Impact Analysis

The impact analysis provides a comparison of vehicle performance
measures that would occur under various investment levels and then



summarizes them by area and functional class. These comparisons can be
made between target years for several scenarios or between a base year
and target year to test impacts of existing or proposed funding levels,
policies, or programs. Vehicle performance measures used in this
analysis are --

system.

fuel consumption,

vehicle emissions (carbon monoxide, hydrocarbons, and nitrogen
oxide),

vehicle operating costs,
effective speeds, and

accidents (property damage, injury, and fatal).

These vehicle performance measures are estimated by analyzing each
sample section and aggregating the results to represent each functional

Except for accidents, the results of the analysis are listed by

the following vehicle types:

Each

small automobile (3,000 1b. or less)
large automobile (greater than 3,000 1b.)
pickups, vans

truck, single unit, two-axle, six-tire
truck, single unit, three-axle or more
truck, combination, four-axle or less

truck, combination, five—axle or more

vehicle type is "driven" by simulation over the highway section to
determine the performance measures for that type and section.

Multiple Deficiency Analysis

The multiple deficiency analysis shows the extent of the more
common deficiency types and probable combinations of these deficiencies
occurring in both the base year and the target year under various
funding levels or policies. Five types of deficiencies are considered
in this analysis:



- pavement condition

- geometric (rural only)
- roadway cross section
- operational

- access control (interstate and other freeway and expressway
only)

Deficiencies are identified by comparing the existing or projected
values with the minimum tolerable conditions. The analysis output is
measured in both miles and travel for each type of deficiency and by
functional system and area.

‘Deferred Cost Analysis

The deferred cost analysis is used to illustrate the increase in
cost due to deferring improvements, including resurfacing, as a result
of budgetary constraints. An example would be deferred resurfacing
which ultimately results in the need for pavement reconstruction. This
analysis produces tables that contain mileage and cost of the initial
and proposed improvement and the final simulated improvement by funding
period and functional system. Inflation or present worth calculations
are not considered. This function is performed automatically when more
than one funding period 1is specified for study.



APPENDIX C

OUTPUT TABLES FROM THE HPMS ANALYTICAL PACKAGE

Cc-1



21661 LT Y4 LR6R ST 22522 avinl
LLet 0 Yy 4 Y3IHLO
————— 19eeet . . 2C8%L Se0l 2 il
1606 €6 0% (V] NIVAUQ 33032
—_——— 068%9% - - - 20eL - CLOLnl uigee TR J BN
V10T
-1 YY1 2 s} 0 - avinl
Lzt 0 0 0 ¥3IHL]
——— 2 2L 2 0. 0. Bl b ithl
Y99 /] (1} 0 NIVHOG Ty3034
ISTSTA 0 Q O Itxis
301337707 J0RIR
— 741 & 642052 LeoL Q0 qvinl
091 (/] 0 0 ¥3IHL0
2826 0EEYE ] €01 0 xany
6tel Z2¢€8 [} 0 NIVW0d W33034
1S1e FAATES €6 ] ETR J RS
3J0I33T0J J0TYR
128 cGl 1896 [V] aviol
4] 0 € 0 ‘ . » W3IH10
e€2 C 068 0 __ ayanl
9ttt 0 . P4 o NIVHOO Wy¥3034
SN +¥ SR 4 - SU T S I { 1 N o ——30¥2S ____
TVIIITIEY JURIA
ChE 62 (419 &4 0 aving
0 V] ot V] Y3410
[4 Q 29 0 xanx
(4] 0 Lt V] NIVHUO Y303y
yd 13 62 HYFIG 1] — lhhhhMllld
IVIBITEY WAIINTSd 2IR1
— I R « T - . Y + S . 0 22522 AYADL
(] 0 0 4 L EL V)
n 0 0 Z 2
4] 0 0 0 NIVHOG 33034
_— 0 Q 4] 8vlcee 34V4S
JIVISIIIRNT
SA1IM SA1IK S11lH SN
afIv 1Y23034-NOA AAYANDD IS QLY-1¥A3014 AdYRIHS QRY-T1Y43034 21Y4SHALNL
W3LSAS O1Y-1¥¥303d4
) 1730y

S31Y1S 40 31VIIIIOV

NOILDIASTIAL ANV WAISAS UIV TVYAIHAd g

JOVITIN TVIOQY 0861

c-2



B T T T T T T T T Y e L L L L TR T Y Y TR P Y L T T R L N A T T L Y Y 1

(B i i T | | | 1 1666 T 98 T €89 T 666 1I-J°62 | €it T -6 |
I i | oV hetes L8t ) stv | etoL | t°v | %2 t_ee-26 |
1 | | ] ] 1 ' i 1 09y €6 | 6l 178°99 te*vZ | T 9e-s¢
1. | | T Y N S |_2°0y 6°¢ | 85 92y 1 6°5 | | ve-€€
! ! { | { | | | I 9°9¢ | v°1 | 02 L%9¢ 1 gttt 1 |
[| | | | [} { | [} | 6°S€ 1 9°2 | 6¢ 2°6t | s°2 | 2€-62 |
] { | 1 ] { | 1 792¢ T ¥¢ Tov T o591 (178 T ez=tz |
1_ | I | v 1.6°66 | 6°61 | eon.us:u L°62 v “.@11“1. t's | 0 1 9z-s2 |
| | { i | 1 1508 | v°ce | s09 €°62 Z%¢ 9 AT I | ] I~ "b2<€z |
| P R I R B b L9y 1 e6°€l | 25z 1 2esZ f Lt | entr t°8 1 8°t |t i 2z-tz |
| t 1 | { { 8°Z¢ | 6°32 | sic $°9t | 6°1 82 6°9 | L°¢ [ 22 I nZ=61 |
| i { ! | | I 6°IT 1 9°% | 0 9%l L% 1) 2°¢ ' to { st-2t |
] 1 ] [} I I Ie'L Tt Tez 6°8 (3 61 2'¢ Tt 10t T~ 9t-6t 1
! | | N . 109 { 1°Z | 8¢ 1 9°2 6° | €Y 3 S L) 1 st-et 1
' ] | | ] 1 6°€ [ 0°T Tl %9 S I i€ st I° T+ T2ttt 1
1 _0°00t | 2°96 | 0°00T | v°vL ) O€EVves 1 6°2 | 1o 1.2°% 0°tr | st 8° 18 1S | r1-6 1
1 8’ | sz | 9°6Z2 ) 6°02 | Zzsft 1 62 |17 F 1 T€ 9 1 a | o T 9=t 1|
[N 9° €S _;mnw:x;*xoum, 1t t8°2 19° 1t I 2 1o 1o { 9-6 |
8° _ 0 82 [ (Y41 7z°2 (e T 2 Y T0 T v=-€ |
e e t°t be° lovy beer  Lec 19 lez e by 10 i 2=t 1
[ i s (1 [y e 1o I'6° Tes Tt 7272 FAE A I {3 0 1 L2 |
1 N | 1 R | 1 1 | | ! 1 371A93S |
1 1 { | { i 1 | | 1 ) T 39vEIAV |
Joememen]-= ' B B L P B Bt b Deeebteteied Eeeteeted Eeettacted Refiedntecued Kbttt Drictuistasioind Retsdbstutsbie |

10l Jotviol |

{x “aundl 40 X | SINN |

P

1 301737707 YONIW_

*Toi Jolwiof |

% nwdl d0x |

eTimemcececceccccccesei|eSteceneinmcmnanaan

¥LI3IT0) ¥OrvHe |

SNOJLIONOD NV3IA-1393V¥]1 0007

5661 ¥v3A ISV

SINK IX_°*ANNI| 40 X |

IVIWILAY ONINW

PPy A e bttt atede e ddedde e bk bttt ittt abaddint

- *Tof JoIwior T~ — [*107 J01WIoL 1
$IVIH_I% *0WNl 40 X | SITNH

SSYI1D IYNOTLINNS

SSY1) TVNOLLINDA

STSRTYNY

ONY X3IONTIT
a0tV y3d

YIOL 30T WIOL |
X "nNnat 40 5 |

1
SINN_| |

Py P i

|___IvI¥31¥Y_WHIININd |

39V 3114

I9NTANDN

ATIVL NOTILNEIVILSTIAd XAANI SWIH OQ4T

e T IV I E T L I

ILVASAIINI

03ILSIANT Cr0°LIv*TE6 TS

1viny

vand

Cc-3



CSNOTLDIYICQ HEJH *53ISSVTID ¥aHIU tAIND ?c-—umz_: NI JIVISUIIND LAdAHd *LAAIG UNY IOVITIA Q4AVG A TN STONTING /T ’

Y°t9 LA LE 9°62 2°62 1VAQ AN QM
20 10018 0y teoun PR A ¥4 L 2 Y4 SITNIN AN *QIM
MOLITTTINT NNONINW
929 $*10 5°%¢ L°62 1VAD Af QM
SLZULLS $°65 6780 9°12 1762 C SITIN AT COIN
HOLTTITID UNCYH
1°99 802 L A T4 561 LVAQ AN °QlM
YLESHYS PAIT) »e 1 6°22 5*61 SITIW AR *OIM
WINIINY wnNTH
L€t Lee 142 0°s1 IVAQ AR *Q1%
Zv515Ys o€l Lo v 92 69l STTIN A *niM
L ARAIRL ]
WATINTHA ¥ N
veg1 9° 1€ 8°82 0°st INAQ AT *QIM
991168 . Y*LL . 9°¢e ['Rd ‘T4 0°st STTUIH AT *0COINM
: JAY ISHIINT
(SNOHL NI} 311S0dWII  3TLAYIS  ALI4VS  VIILIONDD
, $15073 X30N1 30 1S3dW)ID
Q.Q....QQ'. LI B NE BN BN BN BN BN BN ]
oy "1 st o1 50 »l 20 ot 0o 10 90 €0 90 €L tHAHd 40 %
0% 61 u st to 90 00 00 00 0o 10 10 20 9 JOVINN 40 %
) ¥D1237709 NONIH
0z %t €2 n Lt €0 st 1" Lo 80 €0 €2 13 INAHA 40 2
62 4] ¥2  s0 1} il 10 %0 »0 %0 €0 20 02 7 39v37IN 1N ¢ !
¥01937107 WOFYH - ¢
v el ot €1 Lo 1" 00 vo 80 s0 £l ot 92 ot IHAMG 10 %
i€ 0z 2t €1 o1 50 00 »0 L0 40 €l 21 62 3 IVITN 40 2
WINIINY WONTH
€9 " 80 SO S0 60 00 o 20 1 @0 g1 61 ot 1WANG 40 %
€9 10 60 LD (O o o0 10 Lo 80 a0 2 0 T IVINN 4N X
WLIINING W10
vy O€ "1 Lo z0 v0 00 »l v L 12 50 n oo IHANG 40 %
s ¥z o1 0 20 10 oo ol vz 51 o1 L0 €2 £0 I9Y3IIN 40 X
1V 1S¥3INT
¥5<  $5-0G 6%-S% Y¥—-0¥ 6E-SE YE-ID 00 08°<  08°-19° D09°-15° O05°-1%" 0¥°-1€° DE°-12° 12°> : ssY1
NI RINNS
/203345 ON11V¥IJ0 WAOH Nvid /TO1AvY ALIIVAVI 3IWNIIA

321 AY3IS
L151€628 1 (O0O$)IQUINIA INIONNS UOS AMINESIANT WLNL
. 0O0Z D1 $561 :SISATYNY ONI¥3I4 OMIONN]
TIvyny

XdANT ILISOdWOD 000T ”muzgommmm\ﬁzmamm\wz.‘ﬂ



PRI T LT LR R L L R T L L PR PR T e T T T Y L L L Tt R L T R R N T T conae o

I eSO T avet I 69%1 ~— 71 SIE'Y T 41 Rl T TeRFTEr T T InO0Y IWAT TVIUTY

| PR PRI R PRSI U LR PR U P DR R PR |

“ €99%9t " o 19e%6 T T “ T 962%L ,-in“ AN & !__ B £ 1 20 SRR |“‘ 965 T I/IvVIIN WIoT
B L R D i T B L R T T B L i L LT T |
| L339 L°29 1 €%€9 | €%€9 | viz9 1} $*29 1099 T T TVEL 1T rqﬂmxll. A7 A B 1 | WA 1
] 1 - R ] | ] [ i | | Ag 03tMotIm |

I | | r i | 1 I | T 1

6°66 | 6°66 1 t°09 | 109 | 9°65 | o.om'_.-_..% I 1°%9 162t | 62 . €L | eer | 39¥311IH [
“ _ _ . 1 _ —r— -»“.. - “ - T “ A3 TNHITTIR 1.

|

. | . ! [
“ofodt 103t = u.«t_ 0300t _3_ 00T 1007 = AVl _.d.da.ﬂl 1607 = XVH 1 6°A0T 1070 = XVW T 0001 |

IR DOSPEIRIN SRR PODSUTRIIN NGO NERIRRE PR MRSUURLIE PRGN PO NP DO

2
i
|

o%L | Y% qumm.J Ila..dl.. A 7NN LY A K -{: BN SRR A SN - 7 AN B A €A - A ] 4 € 1 THAT ]
o o L P 1 | | A9 GILHOTIM |

. _ 1 I T | 1

(6 | 2°€6 | ¢°8@ 6°0 1 968 |  s°t12 le°aL | 9°1¢ 9°CE 39Y311K I

--—J-

- h l_s--..:-.il - --,“ ..... ..Il—lqli n-lul.-l,.il“lli >§u~dﬁl_

7001 _ ot nqnd 0'00F | OU =%Vl qua.:aq 07 =XVH T 0077 . T =W T 0" 1| q«:||n<anqlq1dd~:q|qq|1u~4u|q||uuq:dMﬂ(quumxdd

N

.

v

o
——--—

[,

°

»
-y e -

Ll
Dy Gu T e wmy wmm

S e e o e e e e P B P P o |

! [ [

iseo 17 1%z 1 Z7%@ I G6z "1'Z%8@ | ~0°cz I'€*W8 1 €°6 ~T2°%¢ | t°LZ "10%%% 1 o8¢ 1 JULY) }
| 1 | T I R o 1 ! | ! | | A9 O3tHOIIM |
1 | | | i I D S | L B | I I | ]
19°t2 ) G°1Z | o°TL | e°tZ Q2L | t°1z  1'2°9t | 9°22  16°t8 | %92 |1e°s6 | @8z | 39V31IH
i
15001 1 OF -nq.:uoqgﬂ TOE T=XVH 1 O°OOT ] OF  =XVW 1D al_| ovoor - _laéad'_

.naon'oo_--onnso-a.-|-o--o.o--------a_----a-.oa---u--n-.a-|-oo-_--ccoua--._-o-uo--_..-o------.ooo-a--..o-u.---o-_o:oo-oe-----oa-.-.
TE'BY 1 9°82 L 1%V 1 66271 §°6% | ~L°6Z 1E"® |7 &"B7 T 8°6% T ~N°617 "0 0Y05 §— OU°ST 1| LY B
' 1 1 ! | 1 ! ! ! 1 A9 031 HI13IN

T 1 T 1 1 1 T ¥ |

€°62 1 0°6Y | 67  1s°8y | 162 | 2°% | 6°61 | 8°6% | i
’ TTTIrETT T “ - “ “ _ - . " “ AU UIIAITIN ..

| |

qqaq«J ‘03 —=XVR| 0001 | 09 EYVH | UTOOU ) 09 SXVH | ..3«3141“«!4432:.41«« %dﬂgjdjﬂl_zagﬁ;

- -

- e > wul w

|
T
0°st 1 JIVITIN
]
|

- ey

)
|8
!
|
I

 TRUSOONY FRGUNRN FSSNREE MRSV FRSSRRON PROUIDIANEN FPPIPNIIE PRSI P P s i -1 commmma=]
qﬂmad—ﬁl TIGRT " WHARTYVHT Y IORT dﬂg:ﬂﬂ-lnjg%g]ngg]ug]g- T ]
| d0x1 ownzu-wxﬁ 40 x 1 GILHIIIN « 40 3 | 031H913IN “ 40 % | au—:u-ux.“ 40 x | _031H913N “ 40 X | Q3LHII3IN " X ]
| Pl AN bl SRS S5SNIy eeesl By et B e 18:111E ) 4 Zummmm |

1 4017371702 WI10L | ¥01731707 HONIW | ¥0133770) ¥OFVH | IVINILNY HONTW  [IVINILAY TVdIIND NI LVLISHILINI 1 , |

Py PR lp=piy iy eplymipt g pugpnprprppipms P PU-F TSP TAAPT PP PSPPI SR DL P8 L 1

TTSNOTITONGY SVIAC[IIVI 0002 SSYTY IWNOTIJATI — UITSTANT UUUTTTS " TE 2T
S661 ¥YIA ISV ‘ vany
IHAG ONV 399V TIT1TH KO OILAITIN
§SV1) TYNOTEINMY A @ XYIORT FEISODdNDT TVINY
STSATVYNY OO0UTIY¥3Id INTANNY

C~5



osivore 121¢
SY8LLC6 yZt

0 0

Y] 0

0 0

o (]

0 0

8191 5
1294912 ©98s2
0 0

Y] 0
S1s3) SIVIN

431337700 YONIW

C0E100T1 99%9¢
o $66¢
0 0
9%01¢ s0s
Y 0
912221 LSt
(] 1]

(v 0

o (4]
086L%8 681
o 0

4] 0
S1S0)- SITIMM

4133113 HONIW

¥35652% 806¢
[X12413 99

0 0

0 0

0 -0

0 0

0 0
812031 §61
6L6018€ $0%2

0 0

0 0
$150J S3Vw

¥ILI3T1T0D HOrYwW

16LEB1L
2961

0

0

0
eLoezt
0

68%1
6CH69Y
%8109
0
S1Sul

RiIARENE 1)

Us

0

1

toe

961

0
$3ITVW

YINIW

*SaVI130 43 SUNVSNNHL NI ddv S1SNY Ty :apnm

688678 0ee

2Lest 21

\ Q

0 0

0 ©

25890¢ k4]

(V] C

0 u

[ ¢

181281 (3]

Y892S5Y oz

$153) SITIN
LLARENY:L

IvdIIdN 1dd ¥3HLD

3dAL ANIWIAOYAWI ONV SSVID TWNOLIIONMY A9 03ONNS 1IN

6LZ1LS 8eey

o 96t
0 0
Telsl Yye
Irsel 08

0 0
t2lise 601
0 0

0 0
5E0165 06¢
0 0

0 0
S150) FERIE

¥3123710) YOrvw

YLESSY
0

0
ge6cl
0

0
Sisivl
0

899
69€561
080981
0
$1S0)

LAR-EDR-1]

0Zel
601
]
93
o

0

8%
0

1

r4 3}
99

0

PERIL]

4INlwW

Zysisy 1521

0 INAR!

(1] ¢

112t Y

o [(]

OLee s

r600C 4yt

0 (4]

] [}]

1198 4

yyel [\

8%690% S6

S$1%2) SITIW
RAARENS.1)

WdlINIdd ¥3IH

012vy1 86 naaNng 1NN v 0L
0 0 MATLINHISHNITY  INIHTAYY
By%eY L9 INTIVIHNSIH
0 0 Sdb'l *HOTUS/M INT IVINN<IY
0 0 ONINIOTM MNNTW
29165 (113 (SINYT NOVITHINIOTY HAPYN
0 0 CHOTLIAULSHADIN O LVINST
0 0 1 SY 19PMEISNDIIMN
0 0 SINV Y HIOIM/M L1INHLISNNIIY
0 0 SAINVT INNH/M 1IPYISNNIIM
0 0 AVMIIYE NI IINMLSNNITY
$15397 SITIN

JLVISYIIND
SINIWIADUART
991L8 oY IN3dS SaNNY WINY
0 66€ INIWIANHINT ON
o 0 MNTEINYLSNNIIY INIWIAVA
6ELYY 98 INTIVINNSIY
0 \ *dWT *HOWMS/M ONTIVIHNSIY
0 (1] INITNIOTM YONTINW
Lzo2Y el (SINVI OOVIONINICIM ¥NPYH
0 0 NOTLONWLSHTIIIY CIFLVINSI
0 0 S1 SV 19NYISNNI3Y
0 0 SINYI YIOIA/M 1INHISNNIIM
0 0 SAINVTY JUIW/M LINYISNIAN
0 0 AVMIINS 01 1INMISNNIIN
$152) S3In

31vISYILINI

13

JdAL IN3IWIAOUIW! ONV SSY T3 TYNOTLINAI Ad INIWLISIANIT 3FHL

Livleolt

40 N2 ILNYIALSIQ

$10008)001¥Id ONJUNNS MDY JNTHISIANT W ind
000 U1 G661 :SISATYNY 0NINId °'HCONNS

C-6



[y
a0

40
4y

111
6l

€l
Lo

00
00

il uvd

00
00

10
00

10
00

0
€0

0o
00

INON

10¥LINOD SS3JIV

e * 6 ¢ % 0 & s B0

%0
S0

€l
s0

11y
€0

%0
1o

10
20

[ 4

00
ov
oo
oo
20
10
19 .
5%
oot
oot
104
(-3¢ 1 X4
8t L
o1 [ X4
ot 1z
62 Le
ot 52
1€ 55
[:13 "y
61 09
Lt L]

S°H-0°% S°E-0°C

/TNDILTUNUD LN3IWIAVA

030UIAI0
NOI1J3S SSOW)

(1
el

€l
40

(1
to

s1
st

6°2-s°2

3]
Lo

(X4
st

0
20

00
00

00
0o

y*2-0°2

Ho il
oet tsy
Y6 19
6 (%4
w9 ¥ 3
[11'] Ly
E£4 Y6
1€ 68
(V) vot
00 0ot
u3aiAlO 11<
Ny
Al13IdVS
00 00 0n
00 00 (13
00 00 st
0o 00 [+1]
€0 10 €1
€0 10 €z
£0 io €0
s0 20 90
10 10 €0
s0 10 90
6°1-6°1 %°1-0°1 [

NDJDI 11OND)D

Tvayny

*13AvVdL UL
w 1] RO u
|8 11/] ¥l ¥4
o1 ol 4! n
e o1 12 11
60 80 11 0n
el (4] 51 ©0
€0 10 20 no
90 20 %0 00
0o 00 00 o
(U] (1] 00 0o
13 o1 [3 6>
NG 1Y INVI
00 00 yy 111
00 10 L9 43
00 00 80 16
00 20 [14 vl
00 00 10 65
00 00 €0 1%
00 00 00 oot
00 00 0 65
00 0o (1] oot
00 00 o0 001
JAVINN MO WYIINT  HOTH
JdAL IN3IWIAVY
L1%1E0Le8

LI B BN B BN BN J

IOV 1NN CIAVd ATTHY Sy /T

TIAVEL N 3
A9VITNN 40 2
HOLIATINT HOMINW

TFAYHL N 2
AWITIW 4N X
ANEIITIN) NOCVYH

FIAVHL 4N %
I9VITIN 40 %
IVINIINY HOMIH

FIAYHY 0 ¥
JoVIANW 4N 2
W INT MY
IVAIININA WIMAO

TIAVYEL 10 3
FIVINUN 4N ¥
JAvISHIINI

* * 2

TM3AVYL M X
JIVINUN 40 ¥
NO1I3TT0D HOMIW

TIAVHL 4O X
JOVITN 0 X
¥O133770) ¥NrYH

1IAVEL 40 X
V3TN 4N 2
IVINIINY MONIW

MIAVYHL 4D %

IVITN 40 X
LARENYA S
TYAIINIHA Y L0

IIAVHL 40 %
I9VIVIN 40 3
LY ISHIING

<sSY M
WU LINOS

2 (00081001834 ONICNNI NN INTWISIANT Tvird

090¢ 01 syl

XAANI ALISOJWOD 0007 FINVRIOLMHA/INTWLSAANI

$STSATYNY ANENTI4 SNICNNg

C-7



. NILLINYESNDDIY J3dIND3IY INJIWIAVD 3 JTYVYITOLINT INIWNSIIV TvHnY yny
40 03AVd 3% 39vITIW 0IAVAINT *NOLLINYLISNDIIY 0IYIND38 INIWIAVC JHL Fu3diM 39vIVIA SIAVIINT NILLDINWELSHNIIN INIWIAVY

"SNJIILDT¥IS3Y ONINIOIM 0L 3IN0 031239¥0D 38 LONNVI AIIHM SIIONIIII 330 ALIDVAVYD HLIM 39VIVIW 33C0NTIINI ST SV 1INHISMNITIY

1821

1837
1vi

18%1
Lzt

MAD20V0DMO~D00

s s

0

0

L4

0

’

€

0

0

0

o
L4 el
1502 SIVIW

0002-6551

COO00O0POCOOCQU

co0MIVY ST YVIA YIINIIVI IHL NVHL SSIT dv3IA IVINIADYIW]

L4 %1 0s Zt
0 0 U
0 0 0
0 0 0
4] 0 o
0 0 0
4 0s A |
0 0 0
0 v 0
0 0 1]
0 1] Q

t a1 0 v

1502 SITW 1S0J S3ITINW

8661-8661 1661-L661

~DCcT3S2027002

NTOCOoO0O0QONOSN

1507 SITIA

9661-9661

(SNOITTIW N1 S1S0D)
AINIWIAIYIN] 3T ¥VIA ONV
JdAL INIWIADYIW] AQ £S0D ONV SITIA

n

NV HLIY IMINIAOYIWT ANY

SSNIILVIIALY 9NIN3IOIM N1 3INT
03123¥40) 39 AONNVD HITHM S3IIIN3II1330 GILVIIY-ALIDVAVDI JAVH JA0DOV JTIYVE 3JHL NI Q3IONTINT SITW 1°267

(XA 10e
(1] ¢
et Y1
0 0
0 [\
0 c
wuy 135
0 0
0 ©
6 H
sl (34
1w Let
1832 $31
5561-4661

IW

000¢

Ty 10

INIHIAOHIWT ON
NOTIINYLSNAIIY IMIWIAVI
INLIVINPSIN

AN SHOTHS/M INIIVIUNSIN
ONINIOTR ¥YINTH

(SINYT COVIONINIATM NOFYH
NATEINYLSMIIIY AILYINST
ST Sv 1InM1ISM™II

SINVY YIGIM/M L1INMIISNIIIY
SINVI IYOW/ M 1INV ISNNITFY
AVMIINY DL LINHLSNN DN

STAIVIMILNY TWAIININA YN

01 S66T  :ONTYId SISATVNY

0
1
o



APPENDIX D

STATE TRANSPORTATION AGENCY HPMS CONTACT PERSONS

D-1



State

Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
Florida
Georgia
Hawaii

Idaho
Illinois
Iowa

Indiana
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada

New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont
Virginia

Contact

Harold Nabors
Les Lutchansky
Robert Ohnleiter
Minnie Beth Delavera
Lee Ballard
Charles Gibson
Jack Bonfoey
Robert Shiuh
David Runyan
Scott Harris
Vern Nakamura
Kieth Longenecker
Ray Caldieraro
Gordon Peterson
Larry Scott

Glen Anschultz
Mohammed Taqui
Carl Rasco
Gillis Gilbert
Thomas Newman
Phillip Hughes
Kenneth Johnson
William Strand
Lowell Livingston
James Summer
Robert Keck
Jerry Miller
Gene McDowell
James Langley
Louis Whittey
Robert Marris
David FiField
Charles Atkins
Robert O'Chesky
Charles Groves
Jerry Cannedy
Robert Blensly
George Wass

‘"Tony Winiarski

Phillip Ross
Dean Schoefield
Kenneth Arnold
Ben Barton
Ronald Delis
Wayne Gilman
Bruce Clark

Telephone Number

(205)
(907)
(602)
(501)
(916)
(303)
(202)
(302)
(904)
(404)
(808)
(208)
(217)
(515)
(317)
(913)
(502)
(504)
(207)
(301)
(617)
(517)
(612)
(601)
(314)
(406)
(402)
(702)
(603)
(609)
(505)
(518)
(919)
(701)
(614)
(405)
(503)
(717)
(401)
(803)
(605)
(615)
(512)
(801)
(802)
(804)

261-6420
465-3900
255-7893
569-2246
322-6032
757-9277
666-7226
736-3164
488-4827
656-6034
548-3827
334-2580
785-2795
239-1354
232-5533
296-3841
564-7183
342-7792
289-2942
659-1369
727-4910
373-2236
296-1658
354-7172
751-2551
444-6120
473-4670
885-3447
271-3344
295-5251
983-0325
457-2811
733-3141
224-2512
466-4224
521-2175
378~-8272
727-5123
277-2694
758-3001
773=3265
741-1816
465-7493
965-4351
828-2676
786-7354



§tate

Washington
West Virginia
Wisconsin
Wyoming

Contact

Isau Nakagawara
Joseph Martin
John Pamperin
Lee Garrett

D-3

Telephone Number

(206) 753-6100
(304) 348-3165
(608) 267-7755
(307) 777-4180






APPENDIX E

SUMMARY OF THE STATE TRANSPORTATION AGENCY
HPMS QUESTIONNAIRE RESPONSES



When did the STA begin submitting HPMS data to the FHWA?
1978; 32 by 1980; 12 after 1980; 3

(Additionally, three states were uncertain as to what the first
submittal year was.)

Data collection and submittal.
A, What is the source of the HPMS data submitted?
state data files; 47 other sources; 3

(In addition, 21 states are using local sources to augment
state files.)

B. Are any of these data being estimated?
yes; 32 no; 18

C. Did HPMS require the development of new or modified data
collection procedures?

yes; 36 no; l4

- local agency data

- special new state field surveys
- new formatting or data basis

D. Did the HPMS result in a change in the way the state stores its
own data base?

yes; 4 no; 46

(HPMS has typically necessitated the creation of new programs
to select out submittal data from automated data files.)

E. Does the state maintain a separate or combined data base for
its own and HPMS uses?

separate; 33 combined; 17

(Four states are currently developing a combined data base.)



Is there any discussion of using the HPMS system for state data
base management?

ves; 4 (have already done so) no; 30

have a similar system; 7 potentially, in the future; 9
Has the state acquired the analytical package?

ves; 37 no; 13

Do you intend to acquire the package?

yes; 1 no; 12

Is the analytical package being used?

yes; 9 no; 28

Are there plans to use the analytical package?

ves; 19 no; 9

What types of uses are seen for the analytical package?
(See main text on pages 28-29.)

Has the state experienced any major problems in supplying the HPMS
data or using the analytical package?

yes;

39 no; 11

General problems cited:

local system data acquisition; 14

capital cost data (local & state); 9
geometric data (esp. curves and grades); 8
funding and staff; 8

accident data (basis of data); 7

continual FHWA changes; 7

compatibility of computer systems; 5

timing of annual submittals; 4



Has the HPMS in fact reduced or simplified the STA's data reporting
responsibilities to the FHWA?

yes; 9 no; 29 potentially; 12

Are the HPMS data being used for any of your state transportation
activities, e.g., statewide plans or needs studies?

yes; 15 no; 35

In what ways?

policy analyses

- revenue/tax structure

- pavement management

- programming

- planning

- needs studies

- data base

- verification of other data

- responding to data requests from outside the STA



APPENDIX F

VIRGINIA DEPARTMENT OF
HIGHWAYS AND TRANSPORTATION'S CURRENT
DATA NEEDS AND USES SURVEY
QUESTIONNAIRE



QUESTIONNAIRE ON CURRENT DATA NEEDS

Division/District Name

Telephone No.

Instructions: Complete the information on the attached sheets for those
data items which your division or district uses in its day-to-day
operations. For those items used, please indicate the source of the
data-(e.g., road inventory, special studies, in-house calculatioms,
etc.), basis of the data (e.g., by link, by project, by system, by area,
etc.), and a brief explanation of how the data item is used. Many data
items have likely been omitted; therefore, please add these on the last
page and furnish the requested information. ; Should you have any
questions, please contact Gene Arnold at SCATS 745-1931. Thank you in
advance for your assistance.
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APPENDIX G

SUMMARY OF THE RESPONSES TO THE
THE VIRGINIA DEPARTMENT OF HIGHWAYS AND TRANSPORTATION
CURRENT DATA NEEDS AND USES SURVEY



) TABLE G-
T SOURCES OF DATA
> = = r
= = =1 i
= EIE 2 E|E|2| g |
SOURCE zlgi= | =l=1S = == S » ‘
AEEHEE MR R EEE
SIZISIZ|E|Z 5|21 |21E gl=lg =58 02 e
SHEHHEEEEPFEREEEEEEEERE
DATA ITEM =l otzlizimlislalol 2l B Sl 28l o] ol 2 =l 2 =
CiI= < | Ej O | = <Q§D<wl~—&—~@:£:.
QA Ll D ZI2f Wliaja ] Qf wi =~ O QMLJ..IC.J_JUMJ')
SHEEEEERHEEEEEEEBEEEEER
ggs—m'ﬂggguz<ﬂ3»%u:muuu*
JURFACE WIDTH 10 1 2 1 2 6
SHOULDER WIDTH 10 1 2 6
SURFACE & BASE TYPE 10 2 1 1 2 4
<IND OF HIGHWAY 8 1 30 |1 3 4
ANNUAL ADT 2 12 1
SYSTE! 12 2 | 1
{0ADWAY OPERATION |
“UNCTIOMAL CLASS 1
ANE WIDTH 10 2 2 6
\PPROACH WIDTH 52 1] 5 2 4
SHOULDER TYPE 5 11 s ] e
IEDIAN TYPE 6 3(1 3 4
IEDIAN WIDTH € 3(1 3 4
(IDENING FEASIBILITY 5 | 2 3 1] 411
IORIZONTAL ALIGN. ADEQUACY | 5 | 3 1151
ERTICAL ALIGN. ADEQUACY 5
, PASSING SIGHT DISTANCE 2
PEED LIMIT 3 2| 2l a1 I
\VERAGE SPEED (HWY) 3 2 112 .
IGNAL TYPE ] : R "
 GREEN TIME | 1 1] 21
ARKING DESCRIPTION | 2 [ 1] 4
| ( ,
ERRAIN TYPE 5 |15




Table G-1 cont.

z = = |
=12 51E 2 Sl 2
>OURCE Z|8|2| |5 5|"|S A B T I

iz 2= <] w wl =] 35 o = = .
= (==~ O | Z| === 2 Z D=2z =z E = v
Ezfﬁﬁiagguf‘”m%&iSSifmé

ATA ITEM >|= —l = =1 —1 = E =g Sl @l &
= it = X O] - = [ D L N <] =

< i=| < == <| o <] S| =] |~ | 21 = -

QiIoldlZlZZIZl Wlola ] Ql wi =~ QWLU_JU'—'V)
<ir | = ST Oy 2| < &2 <] O ==l S Z! <} i W Jf =
—_——n 1l Wil oot ol ept oo ol et oot = M el bl ot Lo f L2l oo

'ELOPMENT TYPE ’ 2 114l

AN LCCATIONM 1]2 ]

. GRADE SEPARATED INTERSECTIONS 3 1 2 3

. AT-GRADE INTERSECTIONS

WITH SISNALS 3 2 3 3

WITH STOP SIGNS 3 2 3 3]

WITH NO CONTROLS 1 2 3 3

. COMMERCIAL ACCESS POINTS 2 2 2 3

. STRUCTURES 113 2 3 1 2

. AT-GRADE RAILWAY CROSSINGS |1 3 4 1 2

PROVEMENT TYPE 1 2 1

VEMENT DESCRIPTION 8 1 1 1 1

RUCTURE NUMBER (SN) 112 1

AB THICKNESS (D) 11 3 2

VEMENT CONDITION 2 2 3 11

ID RESISTANCE 2 3

0.W. WIDTH 3 8 4

TRUCKS 11

FACTOR/DESIGN HOUR VOLUME 5 2

RECTIONAL FACTOR 1 4 2

PACITY 1] 2 5 (1

TURE ANNUAL ADT 3] 3 6

AINAGE ADEQUACY 4 K 3




2N

Table G-1 cont.

SOURCE

DATA ITEM

0AD INVENTORY
BRIDGE THVENTORY
RAILWAY INVENTORY

[IGII WATER INVENTORY

SIGN TMVENTORY

PAVEMENT DATA SYSTEM

SIGNAL INVENTORY
DUTDOOR ADVER.

LOG

GRAPHIC ROUTE LOG

CARD FILE

JMILEAGE TABLES

WCCIDENT SUMMARIES

SRIDGE INSPECT.REPORT
MET ACCIDENT REPORT

LIST

BRIDGE REPLAC.
CONSTRUCTION PLANS

IRAFFIC COUNTS
SPECIAL STUDIES
FTELD SURVEY
CALCULATIONS
FSTIMATES

URVES BY CLASS

-—

—

—

RADES BY CLASS

—

n

N

—

—

MPROVEMENT COST

OPULATION

AND AREA

IAILY VMT

.OAD MILEAGE

I0. INJURY ACCIDENTS

0

10. PERSONS INJURED

0. PEDESTRIANS INJURED

0. VEHICLES BY FUNCTIONAL CLASS

—

EAK-HOUR VOLUME

RAVEL TIME
CCUPANCY

IGH/WATER INFORMATION*

IGHWAY LIGHTING*

IGN INVENTORY*

AYSIDE/HISTORICAL MARKERS*

ORIZOMTAL UNDER CLEARANCE

ERTICAL CLEARANCE

RIDGE SKEW

OTALS

178

8

3

39

25

75

34

Ttame nat inrlided in fhe HPMS Nata Race



TABLE G-2
BASIS OF DATA

(5]
™
o
fod
[
(¥a]
ud
3 5 =
DATA ITEMS = " = |z =
<< — — o —
Q = w (7 <<
(=] (=] D= — [
i ) [~ (79} Q (7]
RFACE WIDTH 13 2
OULDER WIDTH 12 2 }
RFACE & BASE TYPE 11 1
ND OF HIGHWAY 12 2
NUAL ADT 14 2
STEM 9 3
ADWAY OPERATION
NCTIONAL CLASS - 9 4
NE WIDTH 10 2
PROACH WIDTH 7 1
OULDER TYPE 9 ] !
DIAN TYPE 8 !
DIAN WIDTH 8 1
DENING FEASIBILITY 10
JRIZONTAL ALIGN. ADEQUACY 1 ‘
RTICAL ALIGN. ADEQUACY 9 o
PASSING SIGHT DISTANCE 7 1 |
EED LIMIT 8 i
JERAGE SPEED (HWY) 6
[GNAL TYPE 5
GREEN TIME 4
\RKING DESCRIPTION ) ‘ | |
T R
8 | i | !

ERRAIN TYPE




~
£

v ¢

Table G-2 cont.

itz

<
BASIS =
o
(=9
[72]
wd
3 S S
DATA ITEMS = » = = =
<< = — - -
Q = w (72} <<
S 2 > — -
— [==4 w [} (%]
EVELOPMENT TYPE 9 1
BAN LOCATION
0. GRADE SEPARATED INTERSECTIONS 7 2
0. AT-GRADE INTERSECTIONS
WITH SIGNALS 6 1
WITH STOP SIGNS 6 ]
WITH NO CONTROLS 6 1
0. COMMERCIAL ACCESS POINTS g
0. STRUCTURES 8
0. AT-GRADE RAILWAY CROSSINGS 11
MPROVEMENT TYPE 3 1
AVEMENT DESCRIPTION 7 1
TRUCTURAL NUMBER (SN) g 1
LAB THICKNESS (D) 6 1
\VEMENT CONDITIONS 6 1
KID RESTSTENCE 5 1
.0.W. WIDTH 9 1
TRUCKS 9 1
-FACTOR/DESIGN HOUR VOLUME 5
[RECTIONAL FACTOR 6
\PACITY 7
JTURE ANNUAL ADT 9 1
XAINAGE ADEQUACY 50 |




Table G-2 cont.

BASIS =
L
o
=l
o.
w
[§8)
= | E
TA ITEMS = = = = |
uwd bd o<l d i
< o — — b— :
QO - W) (72} << !
[em ) (] S Pt [ ;
-t [~4 w [am} (72} !
VES BY CLASS 3
DES BY CLASS 3 f
ROVEMENT COST 9 |
ULATION 4 1 1 !
D AREA 2 1 |1 |
LY VMT 4 ;
D MILEAGE 5 1 1 |
|
INJURY ACCIDENTS 9 3
|
PERSONS INJURED 8 3 |
PEDESTRIANS INJURED 8 3
VEHICLES BY FUNCTIONAL CLASS 4
K-HOUR VOLUME 6 1
VEL TIME 2 |
UPANCY 1
H/WATER INFORMATION* 4 1
HWAY LIGHTING* 3
N INVENTORY* 5 2
SIDE/HISTORICAL MARKERS* 1 1
IZONTAL UNDER CLEARANCE* 1
TICAL CLEARANCE 1
)GE SKEW* 1
[ i _
\LS 830 2| 52 3 3

=MS NOT INCLUDED IMN THE HPMS DATA BASE
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Table G-3

USES OF DATA

o= =
ZE e
=] ol L - ]
=<9 wl =l =
> [am} — -
| Ol < D > << =
il Ot = - =i = o
— o V| wd| =< d
V| 2] A — O 'l‘_. 5
DATA ITEMS SIS2ISIEIEIZ S22 4 A
d | Z| WL =] = =~ S e |
| W Sl = QW e ] X
Q| > Al > < | Wl Wl << | &= &
Xl 2 D<Al ] W O
Q. = Al i e |l O <l =1 o) =
URFACE WIDTH 121 4} 4] 1] 1 3 3] 1
HOULDER WIDTH 1m0 1] 3 1 3 | 2]
URFACE & BASE TYPE 11 24 2 1] 1 2 111
|
IND OF HIGHWAY 101 21 3| 11 1 1] 1] 2| 1 |
(NNUAL ADT 12) 35011 |11y |
YSTEM 7] 2| 3| 1 TRIRIE
\OADWAY OPERATION 1 1
UNCTIONAL CLASS. 1] 21 2 1 1 1
ANE WIDTH 11 2] 1] 1 1 1
PPROACH WIDTH 7] 1 1| 2] |
HOULDER TYPE 7] 1] 2|
EDIAN TYPE 9 1 1 1 '
IEDIAN WIDTH 9 2| 1 1 ;
IDENING FEASIBILITY 10} 1 1
ORIZONTAL ALIGN. ADEQUACY 1 | 1
ERTICAL ALIGN. ADEQUACY 11 ] 1 |
. PASSING SIGHT DISTANCE 8 1 1 11
PEED LIMIT 71 1] 1 IR ;
VERAGE SPEED (HWY) 6 1 ] |
. 1]
IGNAL TYPE 4 IR
- ] ]
. GREEN TIME 4 1 1
ARKING DESCRIPTION 3 Wb |
ERRAIN TYPE 7 1 1i l




Table G=3 cont.

152}
ol = >
=21 w >-',
EE P <
=| < = i» =
<] << — | ] > -
ol = a - —
N O << D >l << =
wl o = = = =
DATE ITEMS 2ISIYEIS 2l Elo]nl B
D [ e ] Ll e [ L] )] e | b=} ”
W Z] 2T N e =
Ml Slwl =] W —i e ! X
Q| > Ol > << | w Ol << | &2 & !
& 2] D << L] O] WO |
Q| =) M Sl S N Ll =] Q] = '
VELOPMENT TYPE dRIRIENE ] |
BAN LOCATION 2 1 1 f
. GRADE SEPARATED INTERSECTIONY 4| 1 1 1 |
. AT-GRADE INTERSECTIONS | !
WITH SIGNALS 511 11 1 | | j
WITH STOP SIGNS 5| 1 1 1 | | i
WITH NO CONTROLS 511 1 | o
. COMMERCIAL ACCESS POINTS 511 1
. STRUCTURES 6| 1 1 1
. AT-GRADE RAILWAY CROSSINGS | 7] 1] 1] |7 1
PROVEMENT TYPE sl 1 1
VEMENT CESCRIPTION al1i1] |2
RUCTURE NUMBER (SN) 6 AR
AB THICKNESS (D) 4§ 2 | f i
VEMENT CONDITION 4 110 f f
1D RESISTENCE 3 1 | | %
0.4. WIDTH 1 1 |
TRUCKS 911 1 ! 1 | ?
FACTOR/DESIGN HOUR VOLUME 5 1 !
! | ;
RECTIONAL FACTOR 6 1 |1 !
PACITY 7 1 ] % |
TURE ANNUAL ADT o B ] . | |
AINAGE ADEQUACY 7 | 1] | ! Q
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Table G-3 cont.

= T
g’-Z- - ’
o} >
=2 .22 |e
= < - Zln -
=< - <|> -
== = - —
B = =2 > < = |
= 2= |5 5= e |
DATA ITEMS RIS SE|2| 2l Elo| vl S
Ll = <<| =] =]
| 4 HEEHEEREREEF
HEEHHEEBEE
Q. | »y Al & &~ ] N <] =1 ol =
CURVES BY CLASS 3 1
GRADES BY CLASS 3
IMPROVEMENT COST 811
POPULATION 3 2
LAND AREA 1] 2 1 |
DAILY VMT 2 ?
ROAD MILEAGE 4 111a 1 .
NO. INJURY ACCIDENTS sl2 1] 1] |2 .
NO. PERSONS INJURED 4111 ] 2 ! [
3 i
NO. PEDESTRIANS INJURED 50101 1 1 I |
NO. VEHICLES BY FUNCTIOMAL CLASS| 3 1
|
PEAK-HOUR VOLUME 4 1 ! !
TRAVEL TIME 3 |
0CCUPANCY 1 ! |
HIGH/WATER INFORMATION * 5 |
HIGHWAY LIGHTING* 2 1 |
SIGN INVENTORY* 6|2
WAYSIDE/HISTORICAL MARKERS* 2
HORIZONTAL UNDER CLEARANCE* 1 |
VERTICAL CLEARANCE* 1 !
BRIDGE SKEW* 1 |
i
l
TOTALS B75(39 |52 | 9 146 | 3 |41123[11{10 |
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