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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 
Highway 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 (I) 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 snnual basis 
comprised three principal activities: 

i A survey of the other 49 state transportation agencies to 
learn what uses they make of the HPMS 

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 suDport 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 Survey 

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 (i) 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 major deficiency of the system in the eyes of states is 
that it does not address project level needs. Some states are 

using 100% 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 100% 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 lleu 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 statewlde 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. 

ix 



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 employed 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 applicabilltv 
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 
areawlde data, since they have similar formats. 

The mileage and dailv travel summary divides system mileage by 
Average Daily Traffic (ADT) groups, and can be used to develop 
travel estimates by functional system 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 
systems. 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 highway 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 
illustrate 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 Packase 

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 systemwlde 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 alternative 
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 MTCs 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-capaclty related projects can be explored. By 
adjusting the MTCs 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, unconstrained 
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 systemwlde 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 deletions to 
the federal-ald system at either the statewlde 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-ald 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 statewlde 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. 
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The analytical package w±ll generate both current and 
projected DVMT for both system and statewlde levels. This 
information could be used for funds disbursement and for 
general planning and reference purposes. 
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RECOMMENDATIONS 

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 100% 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 basis. 
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• 

(c) 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 
NIGHWAY 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 makin• 
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 require• 
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 

i. 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 Departmentpersonnel. 

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 proKrams. ItIs 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 Seen 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 t.vpes of 

modifications to either the equations or parameters used in the 
equations was beyond the scope of this research. 

OVERVIEW OF T•E HIGHWAY PERFORMANCE MONITORING SYSTEM 

The HPMS was developed 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 it 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: 

I. 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 is 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 Objectives 

Thepurposes of the HPMS, then, are (i) to provide a mechanism for 
assessing the performance of the highway system 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. It is designed to analyze performance, evaluate the effectiveness 
of existing federal-aid programs, and provide a tool for assessing the 
potential impact of highway 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 

i. provide current data necessary 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 p•ograms 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. In 
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. 

NPMS 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: 

I. 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 NOV 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 year. 



2. 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 4% to 5% of the state mileage, are intended 
to remain constant from year to year. Table i lists sample 
section data types. 

3. Areawlde 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-ald 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 
Type of Section 
Section Identification 

System 
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 
•.•ghways 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 
Number 

I 

Table 2 

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

Description 

Volume Group Expansion Factor Summary 

Mileage by Federal-ald System and Functional 
System/Government Level of Control 

HPMS Mileage and Daily Travel Summary 

HPMS Mileage Summary Including Interstate 
Travel 

HPMS Mileage Summary by County 

Data Level 

N/A 

Universe 

Sample 

Universe 

Universe 

Table 
Number 

Table 3 

List of Summary Tables 
in the HPMS Submittal Package 

Description 

System Mileage and Travel 
by Facility Type and Functional Class 

System Mileage and Travel (In thousands) 
by Facility Type and ADT Category 

Lane Miles by Facility Type 
and Functional Class 

Land Area and Average ROW Width by 
Terrain Type and Facility Type 

Land Area and Average ROW Width by Area 
Type and Facility type 

Mileage and Travel (In thousands) bv 
Terrain Type and Average Highway Speed 

Data Set 

Rural, Urban 

Rural, Urban 

Rural, Urban 

Rural 

Urban 

Rural 



Table 3 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 

I0 Mileage and Daily Vehicle Miles of Travel 
by Speed Limit and Functional Class 

Ii Mileage and Travel by ADT Group and 
Lane Width 

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

13 

14 

Mileage and Travel by Functional Class 
and Horizontal Alignment Adequacy 

Mileage and Travel by Functional Class 
and Vertical Alignment Adequacy 

Mileage by Federal-ald System and 
Jurisdiction 

16 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 



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. 

I. 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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HPMS Mileage Summary 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. 

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. 

•.attery 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 
Freeway/Expressway 
Other Principal Arterial 
Minor Arterial 
Collector 

Interstate 
Other Principal Arterial 
Minor Arterial 
Major 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. 

I. 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. 

Ii 



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 prlorltlzlng 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 iseful 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/Iane 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 centerl•ne 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 highway 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 Type 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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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. 

8. 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. 

9. 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, resurfaclng, 
and pavement management systems. 

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

i0. Mileage and Daily Vehicle Miles of Trayel 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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ii. 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. 

12. 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. 

13.& 
14. Mile•.ge. •n•..•rav•l 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. 

15. 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 by 
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 highway 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 de•ree 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 
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Table 4, while a summary listing of the eight output tables from the 
analytical package is shown in Table 5. Supplementary discussion of the 
models is contained in Appendix B and Indiv±dual output tables are shown 
in Appendix C. The 1982 FHWA Usage/Practlcal 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 

Composlt• 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 

Analytical Package Outputs 

I. 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 year of each time period. 

*These tables can be produced for the inventory year 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: 

I. 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 
(I) miles and costs of improvement by deficiency and year 
of improvement, and (2) second generation resurfacing miles 
and costs by year 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 improvements under full needs conditions 
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. 

2. 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-sectlon 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: •I) base year, (2) target year without 
improvements, (3) target year 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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3. 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 
MTCs, design standards, etc., can be tested. 

4. 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 Impa•t 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 safety 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. 

5. Multiple Deficiency Analysis This analysis determines 
highway system deficiencies for the base year and projected 
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 resurfaclng 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 ofposslble applications follow. 

Alternative Funding Estimates (Levels) This is one of the 
primary uses of the analytica ! 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 
developln• 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 performaqce of the •ighway 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 

21 



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-suppoKted policy recommendations. 

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-ald System The HPMS could be 
used to evaluate the funding and revenue implications of 
additions or deletions to the federal-ald 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 Responsibility 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 governments 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 proKrams. 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 prozram 
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 is 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 
100% 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 if 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 drawn. 

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 
Droblems. 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) 

inability 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 100% 
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 100% sample on certain classes of roads, such as 
the state jurisdictional routes, or only on the interstate system. 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 100% 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 projected costs and b•dgets 
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 prioritlzlng 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 

Programmlng/prloritlzing 

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 •f, aside from the analytical package, 
any of the HPMS annual submittal data were being used. Thlrty-four of 
the states responded negatively, stating that they were merely compiling 
the HPMS annual data, submitting the data as required, and maintainln• 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-checklng against other data to assure 

confidence levels 

Building a state data base with 100% samples 

Monitoring accidents with 100% samples 
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Developing bridge structure reports 

Estimating vehicle miles of travel 

Developing roadway mileage and inventories by functional 
class 

Analyzin• 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 100% samples to alleviate this 
problem and are making project level applications possible 
in addition to planning and policy making uses. 

The use of 100% samples on selected road 
classes appears to be an attractive alternative for some 

29 



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 progra•mlng and prloritlzlng 
an optimal project mix within constrained budgets. 
This type of strategic planning for policy and 
progra•mlng 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 da•a 
types were used in their activities, giving the source of the data, the 
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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. 

Of 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 28% of the 
total responses to the question. Other types of inventory or loE data 
such as signs, railways, bridges, signals, graphic log, and card files 
comprised an additional 74 responses, or slightly less than 12% of the 
total. These, combined with the road inventory, accounted for slightly 
under 40% 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 25% of the total responses. Construction plans were the third 
greatest source, being cited 75 times and representing just under 12% 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 their data needs. 
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Table 6 

Sources of Data Currently Used by the Department 

Source 

Road Inventory 
Bridge Inventory 
Railway Inventory 
High Water Inventory 
Sign Inventory 
Signal Inventory 
Pavement Data System 
Outdoor Advertising Log 
Graphic Route Log 
Card File 
Mileage Tables 
Accident Summary/File 
Bridge Inspection Report 
Wet Accident Report 
Bridge Replacement List 
Construction Plans 
Traffic Counts 
Special Studies 
Field Surveys 
Calculations 
Estimates 
U. S. Census 
Maps 

No.of Responses 

178 
8 
3 
i 
3 
2 

12 
i 

39 
7 
6 

26 
5 
i 
i 

75 
49 
20 

135 
34 
12 

7 
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 88%, 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 

Location Specific 
(Project, Link, Structure, 
Section) 

Route 

System 

District 

Statewide 

No.of Responses 

430 

52 

3 
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The system basis was cited 52 times, or in slightly over 10% of the 

responses, as the level of detail needed for some operations. These 52 

responses covered 34 data types, or just over one-half of the total data 
types. These •34 types are listed in Table 8 along with the number of 
times each was cited. The last three items listed are, however, not 

part of the HPMS data base. As can be seen from this table, 20 of these 
data types were cited only once. 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 
facility, or relate to accident data. The sources for the system level 
data cited were alm6st always the roadway inventory files or special 
field studies. 

Table 8 

Data Used at the System Level 

No. No. 
Data Type Responses Data Typ• Responses 

Surface Width 2 
Shoulder Width 2 
Surface & Base Type 1 
Kind of Righway 2 
Annual ADT 2 
System 3 
Functional Class 4 
Lane Width 2 
Approach Width 1 
Shoulder Type i 
Median Type i 
Median Width i 
% Passing Sight Distance 1 
No. Grade Separated 2 

Interchanges 
No. At Grade Intersections 

With Signals I 
With Stop Signs I 
With No Controls i 

Improvement Type 1 
Pavement Description 1 
Structure Number 1 
Slab Thickness i 
Pavement Condition I 
Skid Resistance i 
ROW Width i 
% Trucks I 
Future Annual ADT i 
No. Injury Accidents 3 
No. Persons Injured 3 
No. Pedestrians Injured 3 
Peak Hour Volume i 
High Water Information I 
Sign Inventory 2 
Wayside/Historical i 

Markers 

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 safety analyses, as well as for design criteria, capacity 
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analyses, and general information and reporting criteria, l•he 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 bask could have practical 
applications for both district and statewide data needs. 

Table 9 sdmmarizes 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 i0 distinct categories, the 
predominant use being for project level purposes. This use constituted 
just under 62% of the responses. The budgeting and proKramming category 
was the second largest division, but comprised only slightly more than 
8.5% 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 100% 
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 

Projects 
Inventories 
Budget/Programming 
Pavement Management 
Planning (Corridor, 3-C, Special) 
Special Studies 
Accident/Safety Analyses 
Traffic Analyses 
Permits 
Work Scheduling 

No. of Responses 

375 
39 
52 

9 
46 

3 
41 
23 
Ii 
i0 

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 100% sample size is used for both the interstate and primary 
systems; however, the secondary system data are collected from 

a 5% 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 

100% 
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 100% 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 calculations, 
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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Deficiency and Improvement (Needs) Analysis 

This model will simulate the improvements needed to keep the 
physical and'operating conditions of a highway system from falling 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 year conditions in each section are simulated 
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assuming (i) 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: 

Peak hour operating speeds or volume to 
capacity ratio 

Lane or approach width 

Pavement type or condition 

Horizontal or vertical alignment conditions. 

The 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 
include: 

I. Reconstruction 

a. Reconstruct to freeway 
b. Reconstruct with additional lanes 
c. Reconstruct with wider lanes 
d. Pavement reconstruction 

e. Reconstruct to same geometries 
f. Isolated rural reconstruction 

2. Widening 

a. Major widening 
b. Minor widening 

3. Resurfacing 

a. Resurfacing and shoulder improvements 
b. Resurfacing 

4. 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 
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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 resurfaclng 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, geometrlcs, and usage and operating characteristics on a 

sectlon-by-sectlon 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 
alignment 

B-4 



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 DVMT. 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. 
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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 
su•marlze 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 usln• 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 wh_•ch include 
i00, 80, 76, 60, 40, i0 and 0 percent of full investment. Within each 
level, output is 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 sugary 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 
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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 

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 
system. Except for accidents, the results of the analysis are listed by 
the following vehicle types: 

small automobile (3,000 lb. or less) 

large automobile (greater than 3,000 lb.) 

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 

Each 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: 
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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 resurfaclng, as a result 
of budgetary constraints. An example would be deferred resurfaclng 
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 is specified for study. 
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APPENDIX C 

OUTPUT TABLES FROM THE HPMS ANALYTICAL PACKAGE 
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APPENDIX D 

STATE TRANSPORTATION AGENCY HPMS CONTACT PERSONS 
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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) 261-6420 
(907) 465-3900 
(602) 255-7893 
(501) 569-2246 
(916) 322-6032 
(303) 757-9277 
(202) 666-7226 
(302) 736-3164 
(904) 488-4827 
(404) 656-6034 
(808) 548-3827 
(208) 334-2580 
(217) 785-2795 
(515) 239-1354 
(317) 232-5533 
(913) 296-3841 
(502) 564-7183 
(504) 342-7792 
(207) 289-2942 
(301) 659-1369 
(617) 727-4910 
(517) 373-2236 
(612) 296-1658 
(601) 354-7172 
(314) 751-2551 
(406) 444-6120 
(402) 473-4670 
(702) 885-3447 
(603) 271-3344 
(609) 295-5251 
(505) 983-0325 
(518) 457-2811 
(919) 733-3141 
(701) 224-2512 
(614) 466-4224 
(405) 521-2175 
(503) 378-8272 
(717) 727-5123 
(401) 277-2694 
(803) 758-3001 
(605) 773-3265 
(615) 741-1816 
(512) 465-7493 
(801) 965-4351 
(802) 828-2676 
(804) 786-7354 
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State 

Washington 
West V•rginla 
Wisconsin 
Wyoming 

Contact 

Isau Nakagawara 
Joseph Martin 
John Pamper±n 
Lee Garrett 

Telephone Number 

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

SUMMARY OF THE STATE TRANSPORTATION AGENCY 
HPMS QUESTIONNAIRE RESPONSES 
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i 

2• 

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; 14 

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.) 
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3, 

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

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

have a similar system; 7 potentially, in the future; 9 

A. Has the state acquired the analytical package? 

yes; 37 no; 13 

B. Do you intend to acquire the package? 

yes; i no; 12 

A. Is the analytical package being used? 

yes; 9 no; 28 

B. Are there plans to use the analytical package? 

yes; 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; Ii 

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 
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Has the HPMS in fact reduced or simplified the STA's data report±ng 
respons±b±litles to the FHWA? 

yes; 9 no; 29 potentlally; •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 

progra•mlng 

planning 

needs studies 

data base 

verification of other data 

responding to data requests from outside the STA 
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APPENDIX F 

VIRGINIA DEPARTMENT OF 
HIGHWAYS AND TRANSPORTATION'S CURRENT 

DATA NEEDS AND USES SURVEY 
QUESTIONNAIRE 
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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 Sn its day-to-day 
operations. For those items used, please indicate the source of the 
data-(e.g., road inventory, special studies, in-house calculations, 
etc.), basis of the data (e.g., by link, by project, by system, by area, 
etc.), and a brief explanation of how the dataitem 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 
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TABLE G-I 

SOURCES OF DATA 

RCE 
>- 

DATA IIEM • c•::-'-- <- •" 

;URFACE WIDTH 

•HOULDER WIDTH 

•URFACE & BASE TYPE 

(IND OF HIGHWAY 

•NNUAL ADT 

•YSTEt.I 

•OADWAY OPERATION 

FUNCTIONAL CLASS 

.ANE WIDT}I 

•PPROACH WIDTH 

•HOULDER TYPE 

•EDIAN TYPE 

4EDIAN I•IDTH 

•IDENING FEASIBILITY 

•ORIZONTAL ALIGN. ADEQUACY 

IERTICAL ALIGN. ADEQUACY 

I0 

IO 

I0 

II 

I0 

5 

PASSING SIGHT DISTANCE 

•PEED LIMIT 

kVERAGE SPEED (HI, Y) 

;IGNAL TYPE 

;GREEN TIME 

IARKING DESCRIPTION 

"ERRAIN TYPE 

5 

2 

3 

I• 12 

I•I 2 

III ii 
2 

I 



Table G-I cont. 

OURCE 

•TA ITEM 

'ELOPMEI'IT TYPE 

,AN LCCATIO.•I 

GRADE SEPARATED INTERSECTION 

AT-GRADE INTERSECTIONS 

W ITH S I SNALS 3 

WITH STOP SIGNS 

WITH NO CONTROLS 

COMPERClAL ACCESS POINTS 

STRUCTURES 

AT-GRADE RAILWAY CROSSINGS 1 

PROVEMENT TYPE 

VEMENT DESCRIPTION 8 

RUCTURE NUMBER (SN) 1 

AB THICKNESS (D) 

V EME,"IT CONDITION 2 

ID RESISTANCE 2 

O.W. WIDTH 

TRUCKS 

FACTOR/DESIGN HOUR VOLUME 

RECTIONAL FACTOR 

PACITY 

TURE ANNUAL ADT. 

AINAGE ADEQUACY 4 

''i 

3 

2 

II 

5 

2 

2 

il 

2 

2 

6 



Table G-I cont. 

DATA ITEM 

URVES BY CLASS 

14PROVEMENT COST 

OPULATION 

il .AND AREA !i 
•AILY VMT 

IOAD MILEAGE 

I0. INJURY ACCIDE•ITS 

I0. PERSONS INJURED 

I0. PEDESTRIAI'IS INJURED 

IO. VEHICLES BY FUNCTIONAL CLASS 

)EAK-HOUR VOLUME 

"RAVEL TIME 

ICCUPANCY 

IIGH/WATER INFORMATION* 

II GHWAY LIGHTING* 

,IGN INVENTORY* 

IAYSIDE/HISTORICAL MARKERS* 

IO.RIZOI'.ITAL UNDER CLEARANCE 

ERTICAL CLEARANCE 

RIDGE SKEW 

OTALS 78 

il 

39 

ii 

!911 

it 

!il 

4 

49 



TABLE G-2 

BASIS OF DATA 

DATA.ITEMS 

RFACE WIDTH 

OULDER •IDTH 

RFACE & BASE TYPE 

ND OF HIGHWAY 

'.NUAL ADT 

'STEM 

IADWAY OPERATION 

INCTIONAL CLASS 

•NE WIDTH 

'PROACH WIDTH 

IOULDER TYPE 

iDl A,•,I TYPE 

iDIAN WIDTH 

:DENING FEASIBILITY 

)RIZONTAL ALIGN. ADEQUACY 

;RTICAL ALIGN. ADEQUACY 

PASSING SIGHT DISTANCE 

GREEN TIME 

13 

 

I0 

7 

9 

8 

8 

I0 

7,1 
•EED LIMIT 

IERAGE SPEED (HWY) 

•RKING DESCRIPTION 

(i;-5 

ERRAIN TYPE 



Table G-2 cont. 

DATA ITEMS • 
EVELOPMENT TYPE 

RBAN LOCATION 

O, GRADE SEPARATED INTERSECTIONS 

O. AT-GRADE INTERSECTIO•IS 

WITH SIGNALS 

'•,IITH STOP SIGNS 

WITH NO CO•:TROLS 

0.. COM,"IERCIAL ACCE-SS POINTS 

O. STRUCTURES 

O. AT-GRADE RAILWAY CROSSINGS 

,,'IPROVE• ,EhT TYPE 

AVEI•ENT DESCRIPTION 

TRUCTURAL NUMBER (SN) 

LAB THICKNESS (D) 

•VEMENT CONDITIONS 

KID RESISTENCE 

.O.W. WIDTH 

TRUCKS 

-FACTOR/DESIGN HOUR VOLU[IE 

[RECTIONAL FACTOR 

•PACITY 

7 

JTURE ANNUAL ADT 9 

•AINAGE ADEQUACY 5 
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Table G-2 cont. 

VES BY CLASS 

DES BY CLASS 

ROVEMENT COST 

ULATION 

D AREA 

LY VMT 

,D MILEAGE 

INJURY ACCIDENTS 

PERSONS INJURED 

PEDESTRIANS INJURED 

VEHICLES BY FUNCTIONAL CLASS 

K-HOUR VOLUt!E 

VEL TIME 

UPANCY 

H/•IATER I NFORMATION* 

HWAY .LIGHTING* 

N INVENTORY* 

SIDE/HISTORICAL MARKERS* 

IZONTAL UNDER CLEARANCE* 

l'I CAL CLEARANCE* 

930 2 

]GE SKEW* 

--MS ['tOT Ii'iCLUDED I1'1 THE HPMS DATA BASE G-7 

11 

II' 

31 



Table G-3 

USES OF DATA 

DATA ITEMS 

URFACE WIDTH 

HOULDER WIDTH 

.URFACE & BASE TYPE 

LIND OF HIGHWAY 

•NNUAL ADT 

;YSTEM 

12 4 

2 

2 

II 1 

II 2 

,I0 2 

12 3 

7 2 

II 2 

II 

7 

7 1 

9 

9 

I0 

II 

!OADWAY OPERATION 

;UNCTI ONAL CLASS. 

.ANE WIDTH 

•PPROACH WIDTH 

;HOULDER TYPE 

IEDIAN TYPE 

4 

3 

2 1 

3 1 

2 

2 1 

2 

l, 

IEDIAN WIDTH 

IIDENING FEASIBILITY 

IORIZONTAL ALIGN. ADEQUACY 

1 2 

1 

1 1 

1 

1 1 

2 

G-8 

•ERTICAL ALIGN. ADEQUACY 

PASSING SIGHT DISTANCE 

iPEED LIMIT 

•VERAGE SPEED (HWY) 

;IGNAL TYPE 

GREEN TIME 

'ARKING DESCRIPTION 

"ERRAIN TYPE 



Table G-3 cont. 

SE 

DATE ITEMS • 
VELOPMENT TYPE 

BAN LOCATION 

GRADE SEPARATED INTERSECTIONS, 
AT-GRADE' 

INTERSECTIONS 

WITH S 
IGNAL• 

VELOPMENT TYPE 

.BAN LOCATION 

•IITH STOP SIGNS 

WITH NO CONTROLS 

COMMERCIAL ACCESS POINTS 

STRUCTURES 

•. AT-GRADE RAIL•IAY CROSSINGS 

IPROVEMENT TYPE 

,VEMENT DESCRIPTION 

'R•ICTURE NUMBER (SN) 

AB THICKNESS (D) 

•VEMENT CONDITION 

lid RESISTENCE 

O.W. WIDTH 

TRUCKS 

FACTOR/DESIGN HOUR VOLUME 

RECTIONAL FACTOR 

.PACITY 

TURE ANNUAL ADT 

AINAGE ADEQUACY 

7 

2 

4 1 

7 

4 2 

1 

2 



Table G-3 cont. 

DATA ITEMS. 

IMPROVE•IENT COST 

CURVES BY CLASS 

GRADES BY CLASS 3 

8 1 

POPU LATION 

LAND AREA 

DAILY VMT 

ROAD MILEAGE 

NO. INJURY ACCIDENTS 

NO. PERSONS INJURED 

NO. PEDESTRIANS INJURED 

NO. VEHICLES BY FUNCTIONAL CLASS 

PEAK-HOUR VOLUME 

TRAVEL TIME 

OCCUPANCY 

HIGH/WATER INFORMATION * 

HIGHWAY LIGHTING* 

5 

S IGN i,•IVENTORY * 

WAYSIDE/HISTORICAL IIARKERS* 

HORIZONTAL UNDER CLEARANCE* 

VERTICAL CLEARANCE* 

BRIDGE S KEI,•* 

TOTALS 

141 
2 

I 1 'I 

II 

23 II 
lOi 


