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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

Systematic, wcl i-designcd research provides the most effrcli ve 
approach to the solution of many problems facing highway ad­
ministrators and engineers . Often. highway problems arc of local 
interest and can best be studied by highway departments indi­
vidually or in cooperation wi th their state universities and others. 
However. the accelerating growth of highway transportation de­
velops increasingly complex problems of wide interest to high­
way authorities . These problems are best studied through a wor­
dinated program of cooperative research. 

In recognition of these needs, the highway administrators of 
the American Association of Stale Highway and Transportation 
Officials initiated in 1962 an objective national highway re­
search program employing 1mxlcrn scienti fic techniques. This 
program is supported on a continuing basis by funds from par­
ticipating member states of the Association and it receives the 
full ccxJperation and support of the Federal Highway Admini­
stration. United States Department of Transportation. 

1l1e Transportation Research Board of the National Research 
Council was requested by tile Association lo administer the re­
search program because of the Board's recognized objectivity 
and understanding of nHxlern research practices, 1l1e Board is 
uniquely suited for this purpose as it maintains an extensive 
commillee structure from which au thorities on any highway 
transportation subject may be drawn: it possesses avenues of 
communication and cooperation wi th federal , state. and local 
governmental agencies. universities. and industry: its relation­
ship to the National Research Council is an insurance of objec­
tivity; it maintains a full-time research correlation staff of spe­
cialists in highway transportation matters to bring the findings of 
research directly to tho:;e who are in a position to u:;e them. 

1l1e program is developed on the basis of research needs 
identified by chief administrators of the highway and transporta­
tion departments and by committees of AASHTO. Each year. 
specific areas of research needs to be included in the program are 
proposed to the National Research Council and the Board by the 
American Association of State Highway and Transportation Offi­
cials. Research projects to fulfill these needs are defined by the 
Board. and qualified research agencies arc selected from those 
that have submitted proposals. Administration and surveillance 
of research contracts are the responsibi lities of the National Re­
search Council and the Transportation Research Board. 

111c needs for highway research are many, and the National 
Cooperative Highway Research Program can make significant 
contributions to the solution of highway transportation problems 
of mutual concern to many responsible groups. The program. 
however. is intended to complement rather tban to substitute for 
or cluplic.ate other highway rese;irch programs. 

NOTE: The Transportation Research Board, the National Research 
Council, the Federal Highway Administration, the Amcrit.:m Associa­
tion of State High,.,,y and Transportation Officials, and the individlL~I 
states participating in tJ,c l\aUonal Cooperative High-.ay Rcscarch 
Program do not endorse products or manufacture.rs. Trade. or manu­
factu1·e1-s' names appear herein solely because they arc c.onsiclcred 
essential to I.he object of this report. 
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NOTICE 

The project that is the subject of this report was a part of the National Co­
operative Highway Research Program conducted by the Transportation 
Research Board with the approval of the Governing Board of the National 
Research Council. Such approval reOe<.1s lhe Governing Bo.,rd's judgment that 
the program conccrne<l is of national importance and appropriate with re­
spect to both the purposes and resource., of the National Research Council . 

·111e members of the technical committee selected to monitor this project 
and to review this report were cho.sen for recognized scholarly c.onipetencc 
and with due consideration for the balance of disciplines appropriate to the 
project. The opinions and conclusions expressed or implied are those of the 
research agency that pcrforme<l the research, and, while they have been ac­
cepted as appropriate by the technical committee, they are not n=sarily 
those of the Transportation Research Board, the National Research Council, 
th,, Amcrir.an Association of State Highway and Tra1.1sportation Ofli<'jals, or the 
Federal I !ighway Administration of the U.S. Department of Transportation. 

Each rq>011 is reviewed and accepted for publication by the technical 
conunittee according to procedure.I established and monitored by the Trans­
rx1rtation Research Board Ex,,cuti Ve Committee and the Governing Board of 
the National Research Council. 

The National Research Council was established by the National Acad­
emy of Sciences in 1916 to associate the broad community of science and 
tcchnology with the Academy· s purposes of furthering knowledge and of 
advising the Federal Government. The Council has become the principal op­
erating agency of both the National Aca<kmy of SciGnces and t11e National 
Academy of Engineering in the conduct. of their services 10 the government, 
the public, and the scientific and engineering communitie1. It is administered 
jointly by both Academics and the, Institute of Medicine. 171e National 
Academy of Engineering and the Institute of Medicine were established in 
1964 and 1970. respectively, under the charter oft11<, National Academy of 
Sciences. 

The Transportation Re.search Board evolve{! in 1974 from the Highway 
Research Board, which wa.s established in 1920. The TRB incorpornt<ls all 
former J-IRB activitie1 and also perfonn.s additional functions under a 
broader scope involving all modes of transportation and the interactions of 
lrans~>0rtation with society. 

Published reports of the 
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are avai /able f rom: 

Transportntion Research Board 
National Research Council 
2101 Constitution Avenue, N.W. 
Washington, D.C. 20418 

and can be ordered throuxh 1he lnlernet ell: 
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PREFACE 

FOREWORD 
By Staff 

Transportation 
Research Board 

A vast storehouse of information exists on nearly every subject of concern to highway 
administrators and engineers. Much of Lhis information has resulted from both research 

and tJ1e successful application of solutions to the problems faced by practitioners in their 
daily work. Because previously there has been no systematic means for compiling such 
useful information and making it available to the entire cmmnunity, tl1e American Asso­
ciation of State Highway and Transportation Officials has, tluough the mechanism of 
the National Cooperative Highway Research Program, authorized the Transportation 
Research Board Lo undertake a continuing prqject to search out and syntl1esize useful 
knowledge from all available sources and to prepare documented reports on current 
praclices in lhe su~ject areas of concern. 

This synlhesis series reports on various practices, making specific recommendations 
where appropriale but without Lhe detailed directions usually found in handbooks or de­

sign manuals. Nonetheless, these documents can serve similar purposes, for eacb is a 
compendium of the best knowledge available on those measures found to be tl1e most 
successful in resolving specific problems. The extent to which these reports are useful 
will be tempered by tl1e user's knowledge and experience in tl1c particular problem area. 

This synthesis report will be of interest to department of transportation (DOT) ad­
ministrators, supervisors, and staffs, as well as to tl1e consultants tl1at work with them. 
Metropolitan Planning Organization (MPO), regional, and local agency staffs might also 
find it informative. It was initiated in response to a recommendation made during tl1e 

Highway Performance Monitoring System (HPMS) Reassessment undertaken by the 
Federal Highway Administration in 1997- 1998 to expand data sharing and par01ering 
more widely among states, MPOs, and local governments. It documents current ar­
rangements among state DOTs, MPOs, and otl1er regional and local agencies to partner 
in the collection and share in the use of HPMS data. Key elements exmnined include in­
stitutional arrangements, the use of data and data sharing, cost and resource require­

ments, technical capabilities/barriers, implementation processes, data quality and capa­
bility, as well as successes, failures, and dill1culties. 

Administrators, engineers, and researchers arc continually faced with highway prob­
lems on which much information exists, either in tl1e form of reports or in terms of un­
documented experience and practice. Unfortunately, this information often is scattered 
and unevaluated and, as a consequence, in seeking solutions, full information on what 
has been learned about a problem frequently is not assembled. Costly research findings 
may go unused, valuable experience may he overlooked, and full consideration may not 
be given to available practices for solving or alleviating the problem. In an effort to cor­
rect t11is situation, a continuing NCHRP project has tlle objective of reporting on com­
mon highway problems and syntl1esizing available information. The syntl1esis reports 
from tl1is endeavor constitute m1 NCHRP publication series in which various forms of 
relevant information are assembled into single, concise documents pertaining to specific 
highway problems or sets of closely related problems. 



This report of the Transportation Research Board includes case studies of successful · 
partnerships. Interviews extended queries into the use of data management systems, 
where HPMS is an clement, but not Lhc sole reason for the data management system. 

To develop U1is synti1esis in a comprehensive manner and to ensure inclusion of sig­
nificant knowledge, U1e available information was assembled from numerous sources, 
including a large number of state highway and transportation departments. A topic 
panel of experts in the subject area was established to guide the author's research in or­
ganizing and evaluating the collected data, and to review U1e final synU1csis report. 

This synthesis is an immediately useful document Uiat records U1e practices that were 
acceptable witi1in U1e limitations of U1e knowledge available at U1e time of its prepara­
tion. As U1e processes of advancement continue, new knowledge can be expected to be 

added to tJ1at now at hand. 
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SUMMARY 

DATA SHARING AND DATA PARTNERSHIPS 
FOR HIGHWAYS 

This synthesis was initiated in response to a recommendation made during U1c Highway 
Performance Monitoring System (HPMS) Reassessment undertaken by U1e Federal High­

way Administration (FHWA) in 1997 and 1998. The recommendation was that a synthesis 
be initialed to identify and document successful instances of data. sharing and data part­
nering wiiliin Ule HPMS process and identify where those instances might be expanded or 

where new opportunities might exist for data partnering. 

The FHWA conducted the reassessment in cooperation wiili its state and Metropolitan 
Planning Organization (MPO) partners and many HPMS users in the broader transporta­
tion and research communities. The reassessment outcome included a consensus on main­
taining the HPMS as a state-based reporting system. The extent of U1e required reporting 
was reduced significantly, but the overall framework of a revised HPMS remains very 
similar to the prior system. 

The HPMS is more than a reporting system. Analytical tools have been developed for 

use in conjunction with the HPMS data, which allow a powerful array of analysis methods to be 

used in conjunction with the data to produce standard as well as tailored policy reports. 

During the course of a National Workshop on U1e HPMS held in Minneapolis in the 
summer of 1997, state, MPO, and local representatives recommended iliat an objective of 
the HPMS should be to evolve tl1e HPMS to a data system which: 

• builds from U1e data systems of local, regional, and st.ate governments; 
• is connected wiU1 a common geo-referencing system; and 
• avoids, whenever possible, collecting data iliat is not used by ilie collecting agency. 

This objective was accepted by the FHWA, and this syniliesis was proposed and devel­
oped in direct response to this new objective in an attempt to expand data sharing and part­
nering more widely among the states, MPOs, and local governments. 

The synthesis research and associated inquiries resulted in U1e following findings: 

• Currently iliere are only limited instances of data sharing or data partnering wiiliin 
the HPMS process. 

• The practice in iliose states and metropolitan areas where data sharing occurs indi­
cates significant opportunities for savings in data collection costs within HPMS 
data co11ection programs. These savings would occur primarily through the more 
efficient collection and use of traffic volume data. These savings are over and above 



2 

the savings lbat will be achieved by lbe revisions associated wilb lbe implementa­
tion of the HPMS reassessment. 

• Data partnering in HPMS programs, whenever and wherever practiced, has <.Teated 
advantageous situations for all participant-; in the parmering. The greatest benefit 

occurs through multiple use of the data collected. An additional benefit is improved 
<la.ta quality, brought about by the greater care and attention paid by partners in the 
HPMS process. 

• True data partnering in t11e collection of daIB from the HPMS sample sections only 
occurs in tluee sIBtes: California, Michigan, and Pennsylvania. In these states lbe 
MPOs have a major role in Ilic collection process. 

• There is a more limited ,unount of partnering in HPMS data collection in an addi­
tional 16 to 18 states ilirough MPO and/or local government involvement in ilie 
collection of data on HPMS sample sections not on U1e state highway system. 

• Approximately 30 states undertake a ll HPMS data collection wit11 tlleir own staffs 
or, in a few instances, wiili Uic involvement of state consuJtants. 

• Financial arrangements witiiin tl1e HPMS data collection system vary considerably. 
On ly t11e three states noted as involved in true daIB partnering make "extra" funds 
available to MPOs for HPMS-associated expenses. HPMS data collection work un­
dertaken by MPOs and local governments is an "eligible" cost under federal finan­
cial assistance rules and MPOs can charge their costs against their metropolitan 

planning fund allocation. In no instance was it apparent Uiat local governments 
participating in HPMS activities had federal-aid funds made available to Uiem. 

• The use of HPMS data is extensive, going beyond the FHWA's use in Ilic biennial 
condition and performance reports to tlie U.S. Congress. 

• Practices relating to ilie use of HPMS-dcrived vehicle miles of travel estimates for 
air quality conformity analysis vary considerably among the states and even among 
MPOs wit11in Uie same state. 

• Data paroiering is much more apt to ocrnr when a state has a comprehensive data 

1mmagement system designed to be accessed from throughout the agency. State data 
management systems make it much easier to expand access to ot11er partners. 

• Research results indicate that at least eight states have used t11e FHWA analytical 
process or t.he Highway Economic Requirements System in some way. Of these 
states, Idaho, Nevada, NortJ1 Carolina, Oregon, and South Carolina seem to have 
used the analytical process most frequently. The ir experience has generally been 
positive, in each instance enhancing Uie array of quantified policy options available 
to senior administrators. In tlie most successful applications Uie models have been 
tailored to address specific, currently relevant, state policy issues. 

• The following is a listing of specific practices that have come to be regarded as best 
examples of partnering within t11e HPMS process today: 
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Establishment of state and MPO data coordinating committees witl1 representation 
from states, MPOs, and major local jurisdictions. 

- Incorporation of HPMS data into broader data management systems by states and 
MPOs. 

- Provision by states of highway system performance data to MPOs and local jurisdic­
tions on either a real-time or annual basis. 

- Recognition of state, MPO, and local agency roles and costs for HPMS data collection 
through formalized financial arrangements. 

- Provision by tl1e FHWA of analytical software to states ~md MPOs to permit them to 
undertake HPMS-based performance and needs analysis. 

- States permitting MPO access to Intelligent Transportation System loop detectors and 
otl1er traffic monitoring devices within an MPO' s jurisdictions. 

- Oregon's use of the Highway Economic Requirements System models in an innova­
tive approach to corridor planning. 

- California Department of Transportation/Soutl1ern California Association of Govern­
ment's establishment of a data coordinating committee, which is overseeing tlleir pio­

neering look at data sharing between the state, MPO, and major local jurisdictions. 

The Kalamazoo, Michigan, MPO's use of tlle unified planning work program as a 
basis for allocating HPMS data collection responsibility and for crediting local data 
collection costs against the local share of MPO costs. 

The Kansas Deparunent of Transportation's use of t11e analytical process to evaluate 
the extent of its principal arterial system and tl1e standards applied to the system. The 
application resulted in a downsizing and rationalization of tlle system witl1 t11e po­
tential of significant reduction in highway user costs. 

The HPMS is a successful planning system, but its full potential has not been realized. 
After a broadly based reassessment, and following significant streamlining, a decision has 
heen made to continue the system. This syntl1esis presents successful instances in parmer­
ing in botl1 data collection and in the use of the completed data set tl1at provide opportuni­
ties for exploiting tl1e full potential of the HPMS system. 
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Cl·IAPTER ONE 

INTRODUCTION 

BACKGROUND 

The Highway Performance Monitoring System (HPMS) 
bas its roots in the 1960s when the Federal Highway Ad­
ministration (FHWA), in cooperation with tbe states, de­
vised a continuous highway condition reporting system, 
although the tenn HPMS did not come into use until 1978. 
111e system developed following a series of congression­
ally mandated national "needs" assessments. These studies 
included reports to the U.S. Congress that were expensive, 
"one shot," efforts. Many states also conducted needs as­
sessments for tl1eir state legislatures. The states and t11e 
FHWA determined tl1at it would be better to devise a con­
tilrnous reporting system ratl1er than proceeding with a se­
ries of ad hoc efforts. Recognizing tlrnt such a system was 
under development, Congress in 1965 required tlle FHWA 
to report biannually on tl1e condition and performance of 
the nation's highways. The first report to Congress in re­
sponse to tl1is mandate was submitted in 1968. 

To make the HPMS process more ilian a data collection 
mechanism, the FHWA developed an efficient needs as­
sessment mech~mism, which has come tO be known as the 
analytical process (AP). The AP, through a series of mod­
els, transforms tJ1e raw inventory into a comprehensive 
needs assessment. It consists of an integrated series of 
models that examine each individual sample section, 
measure its deficiencies against established standards, and 
use cost models to estimate the cost of improving tl1e sec­
tion to an acceptable standard. Because each section is a 
sample, it serves as a proxy for a larger number of similar 
sections. Expansion factors. based on ilie sampling rate, are 
used to exp~md tl1e section estimates to a universal 
estimate. 

TI1e HPMS has been modified and improved over tl1e 
years. For example, tJ1e term HPMS once was limited to 
the cbaracteri7,ation of tl1e sample sections of highways in­
ventoried for needs analysis. Beginning in 1978, tJie term 
HPMS began to be used to characterize tl1e entire highway 
database for FHWA statistical purposes, because increas­
ingly HPMS became the source of many key statistics. In 
more recent years the AP needs assessment has been sup­
plemented hy the Highway Economic Requirements Sys­
tem (HERS), which adds rui economic component to the 
engineering needs analysis of t11e AP. 

The HPMS is in fue process of undergoing significant 
changes as a result of the reassessment study conducted in 

1997 ru1d 1998 (J). In response to many recommendations 
by Ille user and provider community the FHWA has made 
substantial reductions in tlw number and detail of the data 
items required by tJie HPMS. The study recommended 
eliminating 15 data items and changing 21 others, witl1 the 
net result iliat 90 reported detailed data lines will be elimi­
nated, wit11 only one new item added. The reassessment 
identified opportunities for Ilic states to reduce tJie HPMS 
sample size by 35 percent in tJ1e aggregate from 123,000 
samples to 80,000 samples, and for Ille FHWA to reduce 
the number of records by two-tJiirds by means of grouping. 
Estimated annual cost savings of $3 to $5 million were 
identified. The base cost of the HPMS, before the reas­
sessment, has been estimated at $15 to $20 million. Aft.er a 
final round of public comment the reassessment recom­
mendations were adopted in December 1998. Workshops 
were conducted around the country in early 1999 to intro­
duce state and local officials to tl1e changes. Three reports 
document ilie reassessment study U - 3). 

During the 1997- 1998 outreach associated with Ille 
HPMS reassessment, a number of positive comments were 
made regarding ilie practice of "data sharing" or "data 
partnerships." TI1e comments were made in several con­
texts. First, where states viewed Metropolitan Planning 
Organizations (MPOs) as partners in the HPMS data col­
lection process, MPOs were much more inclined to view 
HPMS in a positive light. They were a lso more likely to 
include HPMS data in regional databases and to make use 
of ilie data for their mvn purposes. The same situation oc­
curred when local governments, in particular large cities or 
large urban countjes, were made part of the process. The 
likelihood of the use of ilie data outside the FHWA process 
of preparing the biennial reports to Congress increased 
greatly when sharing or partJiering was practiced during 
data collection. 

The second context of data sharing in this syntl1esis in­
volved tJie use of HPMS data in state or local analyses. 
TI1is context was further limited during tl1is synthesis study 
to mean use of inventory dat.a from the roadway sample 
sections in electronic formats, as opposed to use of area­
wide (summary) HPMS data published in reports of state­
wide statistics. Lastly, the terms data sharing and data part­
nerships are used interchangeably in this report. No dis­
tinction between them is intended. 

The role of the FHWA in sharing was also explored in 
considerable detail. Because the FHWA provides the basic 



repository of HPMS data it plays a key role in any sharing 
process. The FHWA has, since the inception of HPMS in 
the 1960s, always published HPMS-derived information in 
its annual publication Highway Statistics (4). These statis­
tics, such as lane-miles, traffic volumes, and pavement 
condition, are published annually by state in a fairly aggre­
gate form. The biennial reports to Congress on the condi­
tion and performance of the nation' s highways always pro­
vide highway conditions and U1eir associated needs at the 
national level. Ilie HPMS has been designed to estimate 
highway needs for each state. There are sufficiem sample 
sections in each state to allow state estimates of selected 
statistics with predetem1ined accuracy. The FHWA, how­
ever, has always analyzed and published only national 
level needs estimates. 

TI1e FHWA has made U1e AP models available for state 
use in a mainframe version for more than 20 years. Only a 
few states have availed memselves of this opportunity. 
More recently, U1e AP has been available in a microcom­
puter version. The HERS model, which supplements the 
AP by adding an economic component, is much newer, but 
has not generally been available for sta.te use, except by 
special arrangement. 

OBJECTIVES 

This synthesis was designed to document current arrange­
ments among state deparunents of transportation (DOTs), 
MPOs, and 0U1er regional mid local agencies to parUler in 
U1e collection and share in Ule use of HPMS data. The key 
elements examined include institutional (contractual and 
administrative) arrangements, use of data, data sharing, 
cost and resource requireme!lls, technical capabili­
ties/barriers, implementation processes. and data quality 
and compatibility, as well as successes, failures, and diffi­
culties. The syniliesis includes case studies of successful 
parUlerships. 

METHODOLOGY 

TI1e 1997- 1998 FHWA HPMS strategic reassessment used 
a questionnaire to survey state DOTs and MPOs concern­
ing the HPMS program. It included questions about prac­
tices used in U1e collection of HPMS data mid the uses 
made of the data collected. The survey also r&Juested state 
and MPO opinions on U1e merits of the HPMS program 
and ilie value to them of the individual data items. This 
syniliesis study focuses primarily on responses regarding 
state and MPO data collection practices and 
uses/applications of the data collected. The reassessment 
surveys have provided a wealU1 of information on U1e 
HPMS, and state and MPO roles and practices. Unfortu­
nately, U1ey also reveal that there are relatively few true 
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data partnerships or instances of data sharing. There are, 
however, indications Uiat various practices have U1e poten­
tilal to be expanded or combined witl1 the innovations of 
otl1ers to form significant improvements in current prac­
tice. Conversations wiU1 a number of state officials indi­
cated Ulat the HPMS reassessment questionnaires remained 
valid because very few changes had been made in HPMS 
practices pending the outcome of me reassessment. There­
fore, an initial questionnaire survey for U1is s1mhesis was 
determined to be unnecessary. The 50 responses to the 
state DOT survey and the 53 responses to the MPO survey 
were reviewed in detail along witl1 all available documents 
pertaining to the reassessment. The several reports relating 
to U1e reassessment were valuable resources for U1is synthesis 
study. The surveys already conducted were supplemented 
with practitioner interviews to identify selected agencies, 
topics, and practices for a series of intensive case studies. 

In addition, the Transportation Research lnfonnation 
Services (TRIS) was queried for (I) relevant information 
in reports of state DOTs and MPOs, (2) relevant research 
based on U1e use of HPMS data for policy analysis or 
transportation system performance measurement, and (3) 
other direct applications of the HPMS. Specific topics ex­
plored in me literature review included: 

• state needs studies 
• traffic counting programs 
• air quality conformity 
• congestion management 
• pavement management 
• Intelligent Transportation Systems (ITS) 
• Geographic Information Systems (GISs). 

The results of reviews of the HPMS Strategic Reas­
sessment surveys and literature reviews, as well as further 
discussions with federal, state, and local officials and 
comments from me Topic Panel, were used to develop tl1e 
following candidate list of case studies. 

• HPMS data partnering practices in California, 
Michigan, and Pennsylvania. 

• The use of the AP and tlle HERS in policy analysis 
starting wiU1 U1e experiences in Arizona, Georgia, 
South Carolina, and Nevada. 

• TI1e role of the HPMS in benchmarking for urban 
travel and air quality analysis. 

• The role of technology in Ule HPMS process as 
brought about by ITSs, GISs, Global Positioning 
Systems (GPSs), and Congestion Mmiagement Sys­
tems (CMSs). 

• The role of HPMS data as a measure of exposure for 
calculating crash rates. 

For each case professionals associated wiili the specific 
practices of states and/or MPOs were interviewed by 
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phone to secure confirmation of the practice and a wrbal 
summary of work accomplished. Wherever possible, writ­
ten reports were also obtained. For research identified 
through TRlS , copies of the relevant publications were 
obtained and reviewed. 

A number of excellent unpublished state and MPO re­
ports not generally available were identified through tele­
phone contacts. These were often supplied as compressed 
file attachments to e-mail, serving to demonstrate the 
revolution that is occurring in data transfer. The web sites 
of state DOTs and the U.S. DOT were an added resource. 
These sites proved very helpful in capturing recent practice 
and served to showcase data and other information avail­
able electronically. 

TI1ese case studies were originally designed to probe, in 
depth, the nature of the "parmerships'' or "data sharing ar­
rnngement<;" that exist within the HPMS process. The scope 
was expanded from this initial focus because it is evident 
that the HPMS is not the centerpiece of most state and lo­
cal data management systems. It is a key component, but it 
is clear that data pa.rmerships have a broader rationale anl1 
role in 1mmy instances. Therefore, the scope of the inter­
views included queries into the use of data management 

systems where the HPMS is an element, but not the sole 
reason for the data management system. 

The definition of parn1ering proved difficult to estab­
lish, particularly with respect to the financing of HPMS 
data collection. In the federal/state parn1ership that consti­
tutes the federal-aid highway program, virtually all state 
activities are eligible for federal reimbursement. The prac­
tice or reimbursing MPOs and local governments that 
become involved in HPMS parn1ering arrangements varies 
greatly. Therefore, the case studies were selected not only 
to explore data sharing in data collection and use, but also 
to examine the funding arrangements that buttress the 
sharing. 

The originai scope of the synthesis was expanded in a 
number of areas as a result of the interviews with state and 
MPO officials. These expansions are described in the indi­
vidual case studies. 

In summary, this sy11thesis was based on the review and 
evaluation of (1) the reassessment questionnaires, (2) pub­
lications identified in the TRlS search, (3) other research 
reports, ,Uld (4) infonnation provided through numerous 
face-to-face, telephone, mail, and e-mail contacts. 
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STATE AND MPO CASE STUDIES 

California, Michigan. and Pennsylvania were identified 
during tJ1e HPMS reassessment as states that had a higher 
level of partnering tfom other states. The distinction that 
served to set U1ese states apart was the significant role U1eir 
MPOs played in HPMS data collection. It could be said 
that in these U1ree states tile MPOs take on a role in HPMS 
data collection that state DOT district offices serve in other 
states. 

Where appropriate, tJ1e state and MPO case studies in­
clude a discussion of U1e role of HPMS in air quality con­
formity analysis. Air quality uses will be discussed more 
fully in a subsequent section of this report, but for purposes 
of U1e case studies conformity analysis is a process to ac­
cess the compliance or any tnmsportation plan, program, or 
project wiU1 air quality implementation plans. The confor­
mity process is defined by the Clean Air Act (CAA). The 
FHWA has prepared an excellent publication describing 
tJ1e conformity process (5). 

CALIFORNIA 

The California Departme!ll or Tnmsportation (Caltrans) 
has historically had a strong relationship with its MPOs. 
TI1e California legislature has enacted into st.ate law a 
strong linkage between Caltrans and the MPOs and a 
strong role for MPOs. In most states tJ1e linkage between 
state DOTs and MPOs exists because of federal legislation. 
California is one of the few states tJ1at have assigned 
MPOs responsibility under state law. California MPOs 
have plmming responsibility for federal-aid highways and 
also for state-aided highways. There are 170,506 miles of 
roadway in California, of which 18,252 arc under state 
control. TI1cre ~u-c 53,530 miles of roadway in the func­
tional classes requiring section level monitoring U1rough 
U1e use of HPMS sample sections. California has 6,367 
sample sections. 

TI1e HPMS reassessment questionnaire prepared hy 
Caltrm1s indicated support for the HPMS, but also stated a 
desire to see the federal requircmenL5 limited to Uiose es­
sential for federal purposes. The state response, along wiU1 
seven responses from California MPOs, indicated a higher 
degree of cooperation between Caltrans and the California 
MPOs Ulan exists in most 0U1er st.ates. 

Caltrm1s provides federal-a.id state planning and re­
search funds to the MPOs over mid above ilieir normal PL 
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(metropolitan planning) allocation. This funding supports 
th.e MPO' s coordination of HPMS data collection by local 
governments on HPMS sections Ulat are not on the state 
highway system. The MPOs are coordinators/facilitators 
for Ule data collection and thus a formal part of U1c proc­
ess. The MPO role includes making ilie estimate of traffic 
growU1 on U1e HPMS sample sections. In California, 68 
percent of all road mileage is functionally classified as ru­
ral minor collector or local and thus not covered by HPMS 
sample sections. 

In 1998 Caltrans established m1 HPMS Optimization 
Team charged wiU1 optimizing current and potential use of 
HPMS data for analysis and decision making wiiliiI1 Cal­
trans. This effort was a part of Caltran' s Total Quality 
Management Program. As an element of U1e optimization 
study the Caltrans staff looked at current and potential, inter­
nal and external data providers. The mm1y providers, shown in 
Tables 1 and 2 (6, p. 7). serve to illustrate not only the com­
plexity of Caltrans' HPMS data collection, but also U1e 
need to coordinate Ule actions of ilie many providers. 

TAilLE l 

CURRENT AND POTENTIAL HPMS INTERNAL DAT A 
PROVIDERS 

Data Providers 

Maintenance 

TSIP (State Highway 
Inventory) 

TSIP (GIS) 

TSIP (Office of Travel 
Forecasting and Analysis 
Modeling) 

TSIP (Office of Highway 
System Engineering) 

Traffic Operations (Traffic 
Census) 

Traffic Operations (T ASAS) 

Local Programs 

Data Type 

International Roughness Index 
data and Pavement 
Serviceability Rating for state 
highways 

Stale highway data: "D" and ·'K" 
factors, percent 1111cks, capacity 
calculations 

Linear referencing system. visual 
depictions: Nonaua.inment 
areas. gross land area, sample 
locations, postmiles, etc. 

Statewide vehicle miles of travel 

Functional classifications, 
urban/rural boundadcs, route 
ID, jurisdictional boundaries 

Annual average daily traffic for 
state highways 

State highway data: Accidents, 
shoulders, medians, access 
controls, segment lengths, 
number of lanes. terrain types, 

, right-of-way, etc. 
I Monthly county mileage totals 

TS IP = Transportation System Information Program; TASAS = Traffic 
Sw-veil!anre and Analysis System. 
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TABLE 2 viewing and Updating Data Items" (7). This document in­
cludes state contacts, annual deadlines, and an item-by­
itcm description of the data to be collected including 
relevant California geographic codes. The document is de­
signed for use by Caltrans, MPO, and local government 
staff involved in the HPMS data collection process. 

CALTRANS ffi'MS OPTIMIZATION STUDY- CURRENT AND 
POTENTlALEXTERNAL HPMS PROVIDERS 

External Data Providers 

Urban Cities/Counties through 
Metropolitan 

Planning Organizations 
(MPOs) 

Rural Cities/Counties through 
Cahran;; District Offices 

Pe<lerai Hjghway 
Admi111strat.ion 

California Highway Patrol 

California Environmental 
Protection Agency 

California Department of 
Finance 

Data Type 

HPMS principal arterial and 
sample data 

hems for non-state roads 

HPMS principal arterial and 
sample data items for non­
state roads 

Legislation, precision levels, 
,ample data items for non· 
state roads 

Fata l and injury accidents on 
non-state highways 

Nonattllinment boundaries 
definition 

Population, net land area 

TI1e results of lhc study shown in Table 3 (6. p. 4), in 
the form of an implementation plan, demonstrate that op­
timizing HPMS at the sta te level has many facets . This 
plan appears to be relevant for man y state DOTs. 

Caltrans ~umually publishes a comprehensive (the 1996 
report contained 166 pages) "Assembly of Statistical Re­
ports," which is described as "A compilation of Califor­
nia public road data including Highway Performance 
Monitoring System (HPMS) data" (8). This report, con­
taining a wcalt11 of state and substate statistics, is presented 
in a simple, straightforward format. The document bas a 
wide annual distribution to a standing list of public and 
private groups, and additional copies are used throughout 
the year to respond to specific requests for highway infor­
mation. Caltrans also has a Transportation System Infor­
mation Program web site, http://www.dot.ca.gov/hq/esc/, 
which increasingly serves as a source for California high­
way information. 

Caltrans also has financially supported and participated 
in a significant pilot effort to coordinate highway data col­
lection in a large area of southern California. This initiative 
is discussed here. 

To further assist the HPMS process Caltrans has pub­
lished a user friendly, 50-page set of "Instructions for Re-

TABLE3 

IMPLEMENTATION PLAN (I) 

Recommend(.d Optimization 

Provide internet access to HPMS dala 

Educate Ca!trans staff on HPMS 

Collect additional truck data 

Establish HPMS interface to GIS and 
corporate databases- Train HPMS 
staff 

Reduce "lag-Lim,;:" in HPMS data 
delivery 

Merge State Highway Inventory into 
HPMS 

!SSC = Information System Service Center. 

Policy/Procedures Required 

Obtain requ ired management approvals. Develop web page. 
Coordinate final implementation 

HPMS staff develop market/education plan. Produce and 
distribute newsleuers, brochures. Internet. E-mail on the 
HPMS. Include HPMS in Caltrans directory. Make 
presentations where appropriate. 

Add truck classification count data to current traffic 
monitoring service contracts. 

GlS Service Center and !SSC develop GIS linkages to 
corporate database. HPMS and GIS Service Center to 
maintain and ensure database linkages. 

Prepare electronic fon11s to expedite data collection. Establish 
goal to publish data within 6 months after reporting year. 

Conduct feasibility study, analyze current process. and 
develop plan. Produci;: design, coordinate, develop, test, 
refine. and update. 

Approximate Time Frame 

6 months initially, then 
ongoing 

Ongoing 

Ongoing 

I ye.ar development, then 
ongoing 

Collection process is 
ongoing. 60 day 
development upon 
completion of the database 
system linkages. 
(approximately July 2000). 
Ongoing thereafter. 

3 years for full 
implementation after 
completion of the database 
system linkages 
(approximately July 2000). 
Ongoing thereafter. 



9 

TABLE4 
TRAFFIC DATA APPLICABLE TO EACH STlJDY/ACTIVITY TYPE 
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Average annual daily traffic X X X X X X X 
(AADT) 

AADT-fuLure year X X X X X X X 
Average weekday dai ly X X X X X X X X X X X X 

traffic ( A \VDT) 
AWDT- future X X X X X X X X X X X X 
Intersection turning X X X X X X X X 

movements 
Lane occupancy X X X 
Level of service X X X X X X X X X X 
Link speed X X X X X X X 
Link travel time X X X X 
Trip time (origin to X X X X X X X 

destination) 
Peak hour link volume X X X X X X X X X X X X X X X 
Peak penod link volume X X X X 
Queue length X X 
Roadway congestion index X X 
Tmck volume daily X X X X X X X X X X X X X 
Truck volume peak hour X X X X X X X X X 
Vehicle delay X X 
Vehicle hours of travel X X X X X X X 
Vehicle miles of travel X X X X X X X X X X 
Vehicle occupancy X X X X 
Volume/capacity ratio X X X X X X X X X X X X 

RTP = regional transportation plan; RTIP' = regional transportation improvc1.uent program. 

Southern California Association of Governments (SCAG) 

Working in coordination with Caltrans, SCAG distributes 
and collects ,m annual 80-question HPMS survey form. 
Tiiey work primarily through local agency public works 
departments. SCAG conducts workshops for local agency 
staff, and after completion of the fieldwork, assembles and 
transmits the questionnaires to Caltrans. The state is re­
sponsible for all HPlvlS smnple selection and for adjust­
ment of the sample sections due to changed conditions. In 
the HPMS reassessment survey a number of the California 
MPO agencies expressed concern about frequent changes 
in tl1e location of srunple sections. 

During an HPMS reassessment workshop held in Min­
neapolis on June 30-July 2, 1997, a SCAG participant was 
impressed by the apparent success of data parlllerships re­
ported on by some MPO attendees. As a result, SCAG, 
with support from Caltrans, conducted a study of opportu­
nities for data sharing and tl1e potential for developing a 
comprehensive database for all transportation system data 
collected within SCAG' s jurisdiction. The first phase ad­
dressed the establishment of a Regional Highway Moni­
toring System (RHMS) to cover highway-related data. In 
1998, SCAG, in cooperation with Caltrans, formed a task 
force composed or members of the region's six county 

transportation commissions, Caltrans (headquarters and 
district offices), and SCAG to evaluate different alterna­
tives and to develop a metllodology for a RHMS. The es­
tablishment of the task force represents a practice for oilier 
regions to emulate. 

The intent of the RHMS is to consolidate multiple data 
gatllering and analysis functions dealing with highway traf­
fic data into a unified framework that will: 

• Provide a system that can serve as a clearinghouse of 
traffic monitoring data to address the range of phm­
ning needs for SCAG ,md agencies tl1at conduct 
transportation planning and engineering analyses in 
the SCAG region. 

• Provide the necessary data to fulfill mandated moni­
toring requirements at the state, regional, and federal 
level. 

• Streamline and eliminate duplication in data collec­
tion efforts as much as possible (9, p. 1 ). 

The task force meetings provided an opportunity to dis­
cuss data collection programs, coverage, equipment, etc., 
and opportunities for data sharing and data parlllerships. 
Table 4 (9, p. 6), taken from the final report prepared by the 
RHMS consultant, shows the many traffic data elements 
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being collected in the SCAG region classified by potential 
user applications. 

1l1e recently completed study represents an important 
milestone in advancing the exchange of highway informa­
tion by the various governmental units in the SCAG area. 
One important finding of the study was that "designing the 
RHMS, or any other multi-jurisdictional data management 
system is not merely a technical challenge, but an institu­
tional one" (9, p. 2). 

The study concluded that the RHMS provides substan­
tial opportunity for improvement in bow the Southern Cali­
fornia highway system is monitored. It recommended pro­
ceeding witl1 a multiyear effort, but cautioned, "the devil is 
in tile details," and tlrnt success would require difficult 
technical and institutional progress. 

More tllan 10 years ago SCAG inc,eased tl1eir HPMS 
sample size from tl1e FHWA recommended levels in order 
to have more accurate data for travel model validation and 
for oilier planning uses witl1in the SCAG region. Tbe Los 
Angeles basin has for many years had a significant air 
quality problem. SCAG has made a major commitment to 
the development of strategies needed to overcome the 
problem and to monitoring vehicle miles of travel (VMT) 
as a means of tracking progress in implementing strategies 
related to VMT reduction. 

SCAG is unique among MPOs identified through tl1e 
case study process in that they have a strong interest in 
using the AP and HERS programs. In cooperation witl1 lo­
cal jurisdictions tl1ey have enh~mced tl1eir HPMS sample in 
several counties and intend to undertake a pilot HERS ap­
proach as soon as the microcomputer version becomes 
available. SCAG maintains an informative website (http:// 
www.scag.ca.gov/). 

Bakersfield-Kern Council of Governments 

This MPO has a traffic-counting equipment loan program 
for jurisdictions tl1at do not own such equipment. Local ju­
risdictions may use tl1e equipment for tl1eir own purposes 
while it is on loan, but are also expected to count tl1e 
HPMS sections in tl1eir jurisdiction. 

Santa Barbara County Association of Governments 

(SBCOG) 

Santa Barbara County's Clean Air Plan, which SBCOG co­
authored witll tlle county air pollution control district, in­
cludes a description of VMT tracking using HPMS data 
along witll a graph depicting tlle VMT forecast relative to 
the base VMT estimates. This graph is updated annually 

and circulated to tl1e air district and tl1e state as a part of 
the county's intcragency consultation agreement. 

San Francisco-Metropolitan Transportation Commission 
(MTC) 

The MIC is tl1e liaison between Caltrans and tl1e 90 local 
jurisdictions in tlle Bay Area tl1at collect HPMS data. The 
HPMS is not used for conformity determinations. The 
MTC Travel Demand Forecast Models are used for all con­
formity analysis. MI C views the HPMS as a national sam­
ple witil national users. The HPMS dat.a arc not used cur­
rently by eitl1er MTC or tl1c local governments. The MTC 
does use Caltr,ms freeway count data in its model valida­
tion process. 

Sacramento Area Council of Governments (SACOG) 

As the MPO, SACOG assembles data submitted by local 
jurisdictions. SACOG provides traffic forecasts to ,rny ju­
risdiction upon request if tl1e sample segment falls on the 
regional traffic network used in tl1eir analysis system. Most 
samples in smaller jurisdictions require special counts for 
HPMS, whereas the larger jurisdictions have data collec­
tion systems that include tl1e HPMS samples. SA COG' s 
regional traffic forecasting model is used instead of the 
HPMS for all air quality conformity analysis. Their travel­
forecasting model is validated by incorporating four limes 
as many local counts than are included in the HPMS. 

San Diego Association of Governments (SAN DAG) 

SANDAG coordinates tl1e collection of HPMS data for 19 
local agencies for HPMS sections not on tl1e state highway 
system. They also provide forecasts of future traffic where 
requested. Base year HPMS VMT estimates are used to 
validate the SANDAG traffic model. Recently, the base 
year model estimate has been witl1in 1 percent of tbe 
HPMS VMT. The HPMS is not used, however, in confor­
mity detenninations, because SANDAG staff has more 
confidence in their travel models, which are annually vali­
dated tl1rough 2,000 sites of count data. 

California Summary 

Caltrans has a very ambitious program to facilitate tlie 
collection of HPMS data using MPOs as partners wherever 
possible. They have an excellent state HPMS program, 
which provides for frequent adjustment of HPMS samples 
in order to keep statistically valid as traffic conditions 
change. The degree to which the MPOs accept tile role of 
partners in the process varies tllroughout tl1e slate. 



MICHIGAN 

TI1ere are 117,620 m iles of roadway in Michigan, 9,622 
miles of which are on tlie state highway system. There are 
33,155 miles in tbe functional classes requiring HPMS 
sample section monitoring and there are 3,515 sample sec­
Lions in the state. 

Along witli many other states, tl1e Michigan DOT 
(rvtDOT) experienced budgetary constraints during tlie past 
decade, which caused a reevaluation of the work tl1a.t could 
be accomplished witli available staff. One of the results 
was to forge a su-cmger relationship witl1 MPOs and to be­
gin to consider MPOs as partners, mid to a certain degree, 
as extensions of MDOT staff. As early as tl1e 1970s, 
MDOT started working witl1 local agencies to collect re­
quired HP.MS data. TI1is included requesting tbat MPOs 
collect or coordinate the collection of all HPMS sample 
sections that fa]) within the jurisdiction of the MPO and 
that are not on tlie state highway system. There are differ­
ences of opinion about whetl1er additional funds were pro­
vided to fund the expmided MPO efforts. At one point the 
Michigmi legislature established a fund for MPO activities. 
Tiie funds were over and above the required state alloca­
tion of federal-aid metropolitan planning (PL) funds to tl1e 
MPOs. Some MPOs argue tliat these funds could be used 
for a number of eligible activities including the HPMS. 
Regardless, MPOs receive state funds over and above their 
PL allocation, a practice that only rarely occurs m other 
states. Some of tlie Michigan MPOs use PL funds to com­
plete tl1e HPMS dala collection. Although requiring MPOs 
to collect HPMS data, MDOT has maintained a flexible 
policy concerning how the data are collected. Actual expe­
rience shows the following: 

• MPOs perform counLs themselves with state funds 
used to purchase equipment. 

• MPOs purchase equipment mid pass it on to loca.l 
governments or road agencies Oil a rental or loan ha­
sis to do tlie counts. 

• MPOs act only as a coordinating agency and pass Oil 

tasks to local governments and road authorities. 
• Various combinations of tl1e above functions. 

MDOT, in responding to tlie reassessment of HPMS, af­
firmed support for the cunent level of data collection for 
all federal-aid roads. MDOT also reported use of tlie HPMS 
in air quality analysis. Additionally, Michigan was one of the 
states that reported use of tl1e AP. They used the results for 
comparison witli a Michigan needs process that established 
deficiencies and tl1e cost of eliminating U1e deficiencies. 

Michigmi MPOs determine Uie appropriate growtli fac­
tors for their assigned HPMS sample sections. If there are 
differences between state mid MPO growU1 estimates, Uiey 
arc resolved hy mutual agreement. 
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MDOT has heen a national leader in tlle development of 
management systems, including the development of a 
comprehensive data management system. The HPMS data 
are integrated into the MDOT data management system. 

Detroit-Southeast Michigan Council of Governments 
(SEMCOG) 

As tlie MPO for tlie greater Detroit area, SEMCOG coor­
dinates tl1e collection of data for the HPMS sample sec­
tions not on tlle state highway system. The HPMS data are 
integrated with tlie SEMCOG database, and thus are used 
in base year benchmarking, travel model development, 
traffic forecasting, and emission inventory development. 
SEMCOG bought traffic counters a number of years ago 
a11d lends them to local agencies Uiat agree to provide 
HPMS counts. The local agencies are permitted to use the 
counters for their own purposes as well. Local agencies are 
asked to focus on counting, whereas SEMCOG handles the 
update of oilier HPMS items. SEMCOG periodically trains 
local agency staff in traffic counting and also hires consult­
ants for this activity. SEMCOG is not interested in taking 
counts witb their own staff, although they must do so occa­
sionally. SEMCOG has developed a comprehensive trans­
portation GIS system including all local roads in soutlieast 
Michigan. A linear referencing system is used based on the 
Michigan Accident Location Index. SEMCOG parniers 
with local agencies to devise applications tlia:t meet local 
agency needs. Their system is used to process all 
SEMCOG area crash data and integrates tlie data witll 
other traffic-related data. 

Lansing-Tri-County Regional Planning Commission 

The Tri-County Commission fi)llows Michigan practice 
and coordinates the collection of HPMS data on sample 
sections. They provide about one-half the required infor­
mation from their own files, witll tlie remainder provided 
by local governments. Tri-County reports tliat they do not 
routinely use the HPMS data for tbeir own modeling and 
conformity activities. Tiiey have amassed 8 years of HPMS 
data, but bave not had tile staff time to integrate it into tlieir 
o,vn database. In 1999, Tri-County programmed $12,000 
for HPMS, including $3,000 in state funds and $9,000 in 
PL funds. No funds were made available to local govern­
ments. Traffic counts on local sections were on a 3-year cycle. 

Kalamazoo-Kalamazoo Area Transportation Study (KATS) 

KATS reported a long history of involvement in tl1e HPMS 
program. They also appear to have one of tl1e most com­
prehensive approaches to the coordination of tlieir entire 
transportation planning work program, including tlle 
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HPMS. At the start of each year tl1e work to be accom­
plished is determined and the MPO staff and local partici­
pants decide who is going to do the work. Local expertise 
is freely drawn on in areas such as pavement evaluation 
mid bridge inspection. Bridge inspection is outside the 
HPMS system, but is noted because it is very unusual for 
an MPO to become involved in bridge inspection. Specific 
local contributions to the needed work are C.Tedited witl1 a 
dollar value in tl1e work program. The local government's 
matching share of KATS costs can be met through "in­
kind" contributions of HPMS data. The HPMS data be­
come an integral part of the KATS data system and are 
used extensively. The MPO reported tl1at they are begin­
ning to use tlie state's management systems, particularly 
the safety management system. They also report extensive 
MPO involvement in tl1e development of safety statistics. 

Michigan Summary 

MDOT, although requiring MPO involvement in HPMS 
da.ta collection, has a flexible policy on tl1c nature of that 
involvement. l11e competencies of the individual MPOs 
are recognized ~md in individual instances local agencies 
are credited for tl1eir role in tl1e process to a greater degree 
than observed elsewhere in tl1is synthesis. 

PENNSYLVANIA 

TI1ere are 118,952 miles of roadway in Pennsylvania, 
44, I 48 miles of which are under state control. T11ere are 
34,183 miles in the functional classes requiring HPMS sample 
sections, and there are 5,646 sample sections in the state. 

TI1e Pennsylvania DOT (PennDOT) is a strong sup­
porter of tl1e HPMS concept. For a number of years tl1ey 
have provided funds to MPOs to collect HPMS data for 
highway sections not on tl1e Interstate system. They pro­
vide PL funds to the MPOs to facilitate tl1e process. The 
funds are ad.ministered under a longstanding policy that re­
serves a small share of PL funds for distribution to tl1e 
MPOs for state priority activities. TI1e 1997 source of 
funding for HPMS data preparation was: 

SPR 
State matching 
Other PL 
Local governm<:nt 

Total 

$740,000 
340,000 
800.000 
100.000 

$1 ,980.000 

PennDOT officials stated that they consider MPOs to be 
full partners in the HPMS program. They annually contra.ct 
with MPOs tllrough the Unified Plmming Work Programs 
for collection of HPMS information . PennDOT reports that 
HPMS-derived VMT are used in the formulas that detemtine 
the allocation of state maintenance funds to counties. They 

also report the use of several of U1e other data items, such 
as tl1e International Roughness Index (IRI), VMT, mileage, 
and functional classification tliroughout the department. 
PennDOT intends to use tl1e ,malytical package and HERS 
when tl1ey are available for microcomputers. 

PennDOT is one of the state DOTs that approached tl1e 
Intermodal Surface Transportation Efficiency Act of 1991 
(JSTEA) requirement for management systems in a com­
prehensive manner. Significantly, they began the develop­
ment of a comprehensive Roadway Management System 
(RMS) well before the ISTEA requirement. The HPMS 
sample section data are integrated into tile RMS. 

PennDOT has developed a cooperative program for es­
timating growtl1 on tlle HPMS sample sections. 1l1e state 
actually codes tl1is item, but only after consultation witil 
the appropriate MPO. In practice, the state uses tl1e MPO 
forecasts for all tl1e sections for which the MPO has a fore­
cast available. 

Philadelphia-Delaware Valley Regional Planning 

Commission (DVRPC) 

The DVRPC is covered under Pennsylvania because Penn­
sylvania is a case study state, although tl1e Commission 
also has a role in New Jersey's HPMS program. They have 
a very complete role in Pennsylvania's HPMS progrmn in­
cluding updating tile physical and operational characteris­
tics of non-Interstate sample sections and selective field 
verification of data items reported by local governments. 
They have responsibility for all traffic counts except for 
the Interstate system. The DVRPC traffic counting pro­
gram is very extensive and includes significant project­
related counting in addition to tl1e HPMS. The DVRPC 
count about 1,100 locations each year, of which 100 or 
more are HPMS sections. The vast majority of the counters 
are owned by tile DVRPC and operated by tlleir own staff. 
The equipment is loaned to counties on request. Purchase 
of tile equipment is financed with DVRPC planning funds. 
The DVRPC has an annual HPMS budget of $110,000, 
which includes botl1 Pennsylvania and New Jersey. The 
DVRPC reports tl1at HPMS data are used in developing 
VMT for tl1e region and that tl1e classification counts are 
used for project purposes. The traffic counts are also incor­
porated into tlle DVRPC GIS database. 

The DVRPC has a somewhat complex VMT estimation 
process. They combine tl1eir HPMS counts witb other 
count data to develop one estimate of VMT. They use tl1eir 
simulation (travel forecasting models) for a second esti­
mate and tl1ey combine tileir Pennsylvania and New Jersey 
estimates to achieve a regional estimate. Based on experi­
ence they have chosen to use tl1e simulation results as the 
basis for conformity analysis. 



The DVRPC region includes nine counties in the two 
states with 20,400 miles of road. The DVRPC role in New 
Jersey is more limited than in Pennsylvania. The DVRPC 
does not make field site visits to verify data and reports 
!bat their current role is more limited thm1 in the past. 

Pittsburgh-Southwestern Pennsylvania Regional 
Planning Commission (SPRPC) 

TI1e SPRPC is responsible for all aspects of HPMS data 
collection for sample sections not on the Interstate system. 
TI1eir boundary has recently been expanded from six to 
eight counties, requiring major adjustments to their data 
collection operations. In 1997 the S PRPC programmed 
$1 22,000 for HPMS work. Although they play a major role 
in !lie HPMS data collection, limited direct use of t11e 
HPMS data was reported on SPRPC's reassessment ques­
tionnaire. TI1e HPMS data are entered into a terminal for 
electronic transmission to PcnnDOT. 

Current year VMT estimates are used to validate base 
year travel modes. TI1e travel models are used for confor­
mity analysis because of t11eir sensitivity to alternative fu­
tme transportation systems. PennDOT provides VMT 
summaries derived from t11e HPMS to the SPRPC. 

Harrisburg- Harrisburg Area Transportation Study (HATS) 

HATS follows the Pennsylvania practice and provides 
HPMS data to PennDOT at an mmuaJ cost of $21,250 
(1997). HATS collects all non-fnterstate HPMS data within 

13 

tlleir three county area. HATS reports tlle use of PennDOT 
RMS county data files recently made available on CD­
ROM. This CD-ROM includes informat.ion derived from 
HPMS. HATS staff reports tliat t11ey expect to greatly in­
crease their use of HPMS data and all data in the Penn DOT 
RMS now t11at they are available in a user-friendly format 
on a continuing basis. 

Allentown-Allentown- Lehigh Valley Transportation 
Study 

The Lehigh Valley MPO follows Pennsylvania practice by 
completing HPMS traffic counts on a 3-year cycle and up­
dates t11e physical inventory wit11 a field review each year. 
The HPMS data are used as a partial source of data for 
calibration of the regional traffic model. The data also 
come into play in air quality conformity analysis. They 
also report a practice t11at is common to ot11er Pennsylvania 
MPOs-acccss to loop detectors installed by PennDOT on 
major highway facilities. Using traffic counters supplied by 
PennDOT they are able to easily download the count data 
from t11e loop detectors. 

Pennsylvania Summary 

PennDOT has forged increasingly stronger ties with MPOs 
in recent years. They have also devoted significant re­
sources to the development of a statewide database. TI1e 
MPOs have become partners in data collection and as the 
state transportation data management system has evolved 
the state has made it available to MPOs. 
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CHAPTER THREE 

APPLICATION OF THE ANALYTICAL PROCESS AND THE HIGHWAY 
ECONOMIC REQUIREMENTS SYSTEM 

BACKGROUND 

The HPMS as viewed today has two components, a data 
system and an imalytical process. TI1is chapter will de­
scribe the use of the HPMS database in the analytical proc­
ess. Subsequent chapters will describe other applications of 
the HPMS data. The HPMS from its inception was de­
signed as both a national monitoring program for reporting 
the conditions of the highway system and a series of mod­
els that allow the user to investigate needs and perform­
ance w1der varying sets of assumptions. Policy use of the 
basic data set beyond the comparison of statistical totals 
requires an analytical system or model. Most policy appli­
cations of the HPMS include an evaluation of the conse­
quences of improvement programs of different investment 
levels on the transportation system. That is, the HPMS 
analytical process can quantify tl1e system benefits ex­
pressed in benefit- cost terms that would accrue from a 
high invesunent level and can also quantify declines in 
system performance that would result from inadequate in­
vestment levels. TI1e process also allows ti1e analyst to ex­
mnine life-cycle costs of investment options. 

The term highway system in tiie context of HPMS and 
AP/HERS applications means all roads not functionally 
classified as local roads or rural minor collector roads. This 
means ti1at the HPMS sample sections cover tiie 20 percent 
of ti1e roads that are freeways, arterials, and collectors, mid 
which carry 80 percent of all traffic. HPMS sample sec­
tions do not cover ti1e 80 percent of the roads iliat are clas­
sified as rural minor collectors or locals. 

Tue HPMS has as a key element a random sample of 
highway sections that form a statistically designed frame­
work to provide specified levels of accuracy for estimates 
of key system parameters. Conditions on ti1e highway sec­
tions are monitored on a periodic basis. The conditions 
monitored include those section characteristics such as 
basic geometry, pavement type, m1d thickness, which 
change only when an improvement is undertaken, and 
those more dynamic characteristics, such as traffic volumes 
and truck use, which are consumtly changing. To monitor 
changing characteristics the section is visited, traffic 
counted, m1d other chru1ges noted. In some instances, the 
required data are available ti1rough oti1er progrruns such as 
a pavement management program or a capital investment 
program. For example, a pavement management system 
might provide pavement condition ratings and a traffic 

counting program for traffic volwnes. Capital improvement 
program files might indicate if the section had been im­
proved mid indicate the nature of the improvement. 

The AP works from ti1e inventoried highway section 
characteristics to undertake highway needs and perform­
mice assessments. As has been noted, the HERS models 
have been developed in recent years to add ru1 economic 
component to ilie AP engineering standards approach. An 
important clement in the estimation of future conditions is 
the establishment of some measure of growth. In the 
HPMS process growth is entered as a growtl1 rate for traf­
fic on each sample section. How ti1e growti1 rate is deter­
mined, by whom, and who enters it into ti1e data set, varies 
greatly. 

In summary, tl1e capabilities of the AP/HERS models 
include: 

• Assessment of base year condition and performance, 
• Forecast of future highway system needs, 
• Simulation of highway system conditions for a given 

investment level, 
• Analysis of invesunent strategies using engineering 

ru1d/or economic criteria, and 
• Estimation of highway user costs mid life-cycle costs 

for each set of assumptions. 

It has been difficult to define the relevant universe of 
applications for AP ru1d HERS for this synti1esis. This is 
because the AP has evolved in boili capability and avail­
ability since being developed in the late 1960s. Originally, 
states wruning to use tiie AP had to request that the FHWA 
make special computer runs on me FHWA mainfnune 
computer. Later, ti1e FHWA made its mainframe progrruns 
available. More recently, tl1e AP has been available to 
st.ates and MPOs in a microcomputer version. The HERS 
model is not yet available for general use, although as 
noted in me case studies, some states have made special ar­
rangements to use HERS on a trial basis. 

Characterizing tile use of ti1e AP ru1d HERS also is 
made difficull by tile fact ti1at some st.ates are consistent 
users of tl1e software, some are intermittent users, and 
some have tried ti1e programs on mi experimental basis. 
The majority of states have never used me ru1alytical mod­
els associated witi1 the HPMS. No instances of MPO use of 
t11e AP or HERS were identified, alt11ough as was noted 



earlier, SCAG, the MPO for the Los Angeles area, is gear­
ing up to undertake a pilot HERS application. SCAG's ap­
plication will involve a programming exercise to identify 
candidate improvement projects based on a complete look 
at a two county arterial system. This will require a full 
HPMS inventory of the arterial system. 

STATE AP AND HERS APPLICATIONS 

Since the HPMS AP was made available for state use in 
tbe 1980s, approximately 15 states have used HPMS or 
HERS in an actual application. The following 11 states are 
tbe most recent users or those states with the most signifi­
cant applications of the AP or HERS. 

Kentucky 

Kentucky was the first state to use t11c AP. Over U1e years 
tbe Kentucky Transportation Cabinet (KTC) bas periodi­
cally called on FHWA staff to make special computer runs 
to aid in policy analysis and U1e preparation of policy re­
ports. Kentucky has historically used an adequacy rating 
approach for determining highway deficiencies and needs. 
More recently, KTC staff used the AP to demonstrate that 
the ade{Juacy rating approach yielded results comparable to 
those of tJ1e HPMS AP. Kentucky staff used this outcome 
to support their continued use of the adequacy rating. Thus, 
this application of the AP did not result in a direct use of 
the AP on a continuing basis, but raUier for intermittent 
validation of KTC' s long-established practices. 

Oregon 

Of all states, the Oregon DOT (ODOT) has used Uie AP at 
the most advanced level. This statement is made because 
Oregon has used the AP on an extensive basis and also 
used the HERS model. In addition, ODOT has used the 
models for corridor planning, as well as for policy analysis. 

ODOT's initial experience with the AP led to its use in 
the Oregon Road Fimrnce Study (1992- 1993). More re­
cently, tlle AP model was used to develop supporting data 
for the Corridor Plans (1993-1996), the Oregon Transpor­
tation Initiative (1996), and the Oregon Highway Plan 
(]997-1998). For each analysis ODOT modified the model 
inputs to U1ose appropriate for U1eir specific study require­
ments and to match conditions specific to Oregon mid to 
reflect Oregon policy assumptions. 

Oregon's use of the AP to assist in planning improve­
ments to major corridors is unique. First, some 26 corridors 
were identified as having statewide significance. In each 
conidor, an HPMS data set was developed for each corridor 
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section. This resulted in 100 percent coverage of the corri­
dors. The HPMS AP usually requires 75 data elements for 
a needs analysis. ODOT identified 40 variables that were 
essential for their corridor plmming and that were sufficient 
to run the models in the corridor application. These data 
items were available in ODOT's Integrated Transportation 
Information System and related databases, or could be de­
rived from U1em. To establish desirable performance stan­
dards, values relevant lo Oregon were substituted for na­
tional values. For corridor plmrning t11c AP was set to 
evaluate highway conditions in 1996 and 2016. The infor­
mation for U1e base year was taken directly from available 
databases. Future year analyses involved a number of 
steps, including calculating changes to system conditions 
based on forecast growth and on usage impacts. Botl1 base 
and future year m1alyses included the computation of a 
service index (a measure of congestion levels) and an im­
pact index analysis (a measure of overall travel speed, ve­
hicle operating costs, and fuel consumption). 

During U1e analysis process for the 1999 Oregon High­
way Plan, ODOT began using the HERS model. The Ore­
gon consultant for the phm initiative, Cambridge Sys­
tematics, had developed the HERS models for the FHWA 
mid t11us was very familiar wiU1 its operation. The HERS 
model allows the analyst to introduce benefit- cost into Ule 
clevclopment of highway needs. It complements the AP 
engineering standards-based mialysis with the HERS bene­
fit-cost analysis. Sections of highway determined to re­
quire upgrading must pass a double test. First, they have to 
fail to meet engineering standards specified in Ule AP and 
second, the proposed improvement has to demonstrate a 
benefit-cost ratio exceeding a predetermined level. 

Botli the AP mid HERS allow the analyst to tai lor tl1e 
assumptions on which the calculations are based and to test 
alternative assumptions. Oregon made full use of this 
flexibility while looking at three scenarios: (1) a preserva­
tion-only scenario, which limited improvements to t11ose 
necessary to preserve t11e system; (2) a restricted moderni­
zation scenario, which allowed limited system improvements; 
and (3) an unrestrained mcxlemization and improvement sce­
nario, which allowed all deficiencies to be overcome. Two 
additional reference or "benchmarking" points were analyzed. 
These were the "existing condition,'' which determined the 
perfonnance level of the system in the base year, mid the 
"zero funding" situation, wbicb looke<l at tlle performance of 
the system over time ifno improvements were made. 

For each scenario m1d for the two reference points 
ODOT looked at (1) average effective system speed, (2) 
user costs per mile, and (3) tot.al annual costs, weighted by 
VMT. 

It is also possible to look at U1e individual highway sec­
tions to examine the specific recommendations of t11c AP 
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and HERS under varying scenarios. In its national analysis 
FHWA staff examines selected highway sections to test tbc 
reasonahleness of the results. Oregon' s corridor analysis 
coded all sections of the corridors and tl1us bad the ability 
to examine tl1e results on a full coJTidor ha.sis. This appli­
cation allowed a policy level look at options for developing 
an investment program aimed at the major corridors in tl1e 
state. Tbe AP and HERS models allowed this to he accom­
plished more quickly and more cost effectively than a typi­
cal engineering analysis. It was also possible to test a 
greater array of options, including lxith funding levels and 
improvement program assw11ptions. 

Idaho 

111e Ida110 DOT (IDOT) report~ having used tl1e HPMS AP 
for tl1e past 10 years. IDOT has completed tllree major 
policy studies using tl1e AP mainframe package, but would 
like to use the mic.Tocomputer version. For those wanting 
to examine tl1eir latest study, information on it is available 
at htlp://www.st.ate.id.us/HOME/transporL.hun. The Idaho 
analyses address state, county, highway district, and city 
road systems. 111e AP package was used to estimate high­
way system deficiencies, and based on those deficienc.ies, to 
estimate investment requirements. TI1e package was modified 
so that it could address needs on roads functionally classified 
as local. Special needs assessment cTiteria (minimwn tolerable 
conditions, design st.mdards, and unit cost,;) were developed 
to reflect lda110 conditions and practices. In addition, tl1e mod­
els were used to develop a composite index for each highway 
section. 1be index is a weighted measure of physical condi­
tion, operating characteristics, ,Uld safety. 

Ida.110 also used the Bridge Needs and Investment Proc­
ess (BNIP), an FHWA companion bridge model to tl1e AP. 
By combining tl1e BNIP with tl1c AP IDOT is able to pres­
ent bridge needs and highway system needs and tl1us pres­
ent a more complete picture of highway progrmn needs. 
The FHWA uses a similar approach in its biennial reports 
to Congress. The National Bridge Inventory is a complete 
inventory of all the nation' s puhlic hridges both on and off 
the federal-aid system. No additional data collection is 
needed for m1y state tlrnt chooses to undertake a similar 
bridge analysis because ilie FHWA's bridge needs model 
uses the National Bridge Inventory data. The bridge in­
ventory includes both tl1e physical characteristics of each 
bridge as well as periodic condition ratings. 

South Carolina 

111e Soutl1 Carolina DOT has used tl1e HPMS AP since 
1988. Most recently, it was used in conjunction witl1 tl1e 
development of a statewide transportation plan. As an aid 
in tlle plan preparation process, estimates were made of tl1e 

backlog of existing deficiencies and ilie costs of overcom­
ing these deficiencies. Future needs were also identified. 
The combined analysis served to demonstrate tl1at there 
was a revenue shortfall and that future revenue would have 
to he increased or ilie condition of the highway system 
would deteriorate over tl1e 20-year analysis period. 

Texas 

The Texas DOT (TxDOT), along with all other Texas state 
agencies, is required by the state legislature to prepare a 
stralegic plan every 2 years. One of the required elemcnL~ 
of the Strategic Assessment is an External/Internal As­
sessment. This assessment must address a variety of fis­
cally related topics. As noted in "Plmming for Texas Needs 
Using Highway Performance Monitoring System Analyti­
cal Performance (10), Texas used tl1e HPMS AP to develop 
the highway component of tl1e funding requirements analy­
sis. The AP model was also used in tbe development of a 
state tnmsportation plan. 

TxDOT also has used tlie HPMS AP to develop its 
Strategic Mobility Plan. This analysis, similar to those be­
ing required of most state and federal agencies, links 
TxDOT' s mission and required goals to the funding re­
quired to fulfill tlwse goals. The Office of tl1e State Audi­
tor undert<X)k a review of TxDOT's use of tl1e HPMS AP 
and database and concluded iliat the use of HPMS as tai­
lored by TxDOT had been satisfactory. 

Kansas 

The Kansas DOT (KDOT) recently undertook an m1alysis 
to examine tl1e appropriateness of the standards on which it 
established highway deficiencies and highway needs. The 
analysis was undertaken in conjunction with the develop­
ment of a new state transportation plan. Kansas has many 
miles of routes classified as arterial, including numerous 
low volume roads. Using tlle ilien existing standards in 
needs analysis, tl1e costs to improve this extensive mileage 
to tliese standards was more tllan what realistically would 
ever be available. Therefore, KDOT began a policy analy­
sis to better understand tl1e prohlem and to look at tl1eir 
options. Initially, they looked at a broader set of functional 
classifications tl1an used previously. In effect, they subdi­
vided tl1e arterial system in LO several categories. 

In actual practice, tl1e percentage of roads falling into 
tl1e different functional classes varies significantly from 
state to state and even between states witl1 similar topogra­
phy and highway systems. Many of ilie functional classifi­
cations were originally made at a time when tl1e expecta­
tions of ilie systems were quite different. Following 
establishment of the broader set of classification standards, 



KDOT used the AP to examine the consequences of tlie 
modified standards. Their analyses looked at user costs, 
related to various funding levels and t11e modified stan­
dards. l11ese analyses determined tllat user costs are "more 
than douhle . . . for the conventional functional classifica­
tion .. . witb the same funding level, the road user costs in­
creased only slightly when the funds were allocated ac­
cording to t11e State Transportation Plan classification and 
standards" (11, p. 12). KDOT has also used the HPMS AP 
in other policy applications. These included looking at a 
"maintemmce only" funding policy and at t11e cost impli­
cations of deferring maintenance. 

Arizona 

111e Arizona DOT (ADOT) reports tliat tliey are CUITently 
using tlie AP as part of tlle process to provide input to the 
Governor's Transportation Vision 21 Task Force. They are 
investigating two planning scenarios. The first will deter­
mine t11e costs of maintaining t11e highway system mini­
mum tolerable conditions, whereas tl1e second is estimat­
ing the costs of maintaining tlie system at acceptable 
conditions. For ea.ch of the scenarios ADOT staff specified 
t11e parameters of the condition level. 

North Carolina 

l11e Nortll Carolina DOT (NCDOT) undertook an HPMS 
AP analysis of highway needs along with an assessment of 
future highway conditions and performance resulting from 
alternative funding mid policy scenarios. In an analysis 
similar to tbat requi.red in many zero-based budget reviews 
and strategic planning analyses, NCDOT staff used t.hc 
HPMS AP capabilities to simulate tlic system performance 
tllat would result from seven different program funding 
levels. The specified funding levels were 0, 10, 40, 60, 70, 
80, and 100 percent of current funding. For each funding 
level, composite safety, service, and condition indices were 
developed, as well as a combined index. 
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The analyses were conducted for each highway func­
tional class to facilitate the evaluation of the program con­
sequences of the funding levels on different functional 
categories. NCDOT also used the BNIP in a parallel exer­
cise for tlle bridge program. NCDOT staff concluded Uiat 
the HPMS AP and the BNIP " ... can provide an informa­
tional support basis to help management evaluate policy, 
analyze needs, develop improvement programs, and allo­
cate money to maintain optimally the Nortll Carolina 
highway and bridge systems" (II, p. 6). 

Michigan 

MDOT has used the AP as a part of its ongoing statewide 
planning program. MOOT has traditionally used their own 
needs process for estimating highway system deficiencies 
and the cost of eliminating them. The HPMS AP has been 
used as a benchmark or independent source for detem1in­
ing highway pavement imd congestion needs. 

Nevada 

The Nevada DOT has made use of tlie HPMS AP 
mainframe version on many occasions. Since converting lo 
microcomputer operations their use has not been as exten­
sive, although they intend to start again. The Nevada DOT 
has included looking at (1) t11e types of improvement 
specified in tlle AP result<; for the various system and proj­
ect categories and (2) the AP investment levels by category 
as an aid in formulating tl1eir state highway program. 

Georgia 

The Georgia DOT reports having used tlle AP once during 
tl1e past 5 yea.rs for internal planning studies. Based on that 
experience, t11e deparonent intends to begin using it every 
2 years as a part of their ongoing statewide plmming 
process. 
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CHAPTER FOUR 

AIR QUALITY CONFORMITY 

BACKGROUND 

l11e use of HPMS-derived VMT estimates for air quality 
conformity analysis in nonattaimnent and maintenance ar­
eas is based on federal policy established following enact­
ment of tb.e CAA Amendments in 1990 and !STEA. Tbe 
Environmental Protection Agency, in consultation with the 
U.S. DOT, published VMT Forecasting and Tracking 
Guidance in 1992, in response to a CAA requirement (12). 
This guidru1ce addresses how to forecast and track VMT 
and requires t11e use of HPMS-derived travel estimates, 
unless the agency responsible for demonstrating confor­
mity can show that it has a better method available. l11is 
policy was established because HPMS proved to be the 
only statistically based VMT estimation procedure avail­
able on a national basis. 

At the time the guidance was issued mfil1y MPOs had 
never made count-based estimates of VMT for t11eir study 
areas because it was not essential for tJ1eir purposes. They 
had less expensive methods, such as screen line counts, for 
validating travel models iliat could tJ1en be used to estimate 
VMT. 

Each state has for many years prepared fillllual VMT 
estimates based partly on the HPMS (for that part of the 
system covered by the HPMS) ~md partly on otJ1er methods 
for that part of the system not covered by HPMS (generally 
roads functionally classified as rural minor collector and 
local). These estimates are reported annually in tile FHWA 
publication Highway Statistics (4). The FHWA, the Federal 
Transit Administration, and the Environmental Protection 
Agency established HPMS-based VMT estimates as t11e 
preferred approach, because these estimates had a long 
history, were statistically based, were controlled in a na­
tional system of total VMT estimation, and had been pub­
lished for mm1y years. MPOs have t11e option of using fill 
alternate method if they demonstrate t11at it is superior to 
HPMS-based estimates. 

A review of the responses to the HPMS reassessment 
questionnaires by states and MPOs and interviews with 
many federal, state, and MPO officials did not provide a 
clear understanding of practice with respect to the use of 
VMT in air quality confonnity mrnlysis. Within a single 
state some MPOs reported full satisfaction witll HPMS­
based VMT estimates for travel model validation filld con­
formity analysis. Others reported no confidence in ilie es­
timates and cited tlie use of fill alternate procedure. The al­
ternate procedure used in lieu of HPMS most often 

involves eitJ1er (1) a region-wide estimate of VMT based 
on coverage counts instead of tJ1e HPMS rm1dom sample or 
(2) a travel model-derived estimate witll the base year 
travel model having been rigorously validated. 

State responses to questions regarding tile use of tJie 
HPMS-based VMT estimates for conformity analysis also 
showed inconsistencies between opinion m1d practice. 
These results are, perhaps, not surprising given the com­
plexity of this topic. First, it must be recognized that the 
HPMS system is designed primarily to yield statistically 
valid state estimates of specific highway system parrune­
ters, including VMT. Altllough consideration is given to 
metropolitan areas of over 200,(X)0 population in tJ1e sam­
ple design, transportation system parameters will always 
be more accurate at the state level tllan at the metropolitan 
level. Second, U1e accuracy required for air quality analysis 
strains U1e requirement<; of tJie tnmsportation plmming pro­
cess at all levels. 

Today's urban tr~msportation plru1ning models were de­
signed to determine if added lanes are needed on a high­
way (plus or minus 2,000 vehicles per hour, ilie nonnal ca­
pacity of a freeway lane) or to make similar decisions witJ1 
respect to transit. In conformity analysis the models are re­
quired to evaluate tlie pollution burden consequences of all 
trm1sporta.tion improvements, as well as U1e impact of vari­
ous air pollution reduction strategies (known as transporta­
tion control measures). These strategies include measures 
such as carpool promotion or no-drive days, U1c magnitude 
of and tile results of which are generally small and ex­
trnmely difficult to estimate. Individual control measures 
are often designed to reduce area-wide travel by less thm1 1 
percent. Ncvertlleless, the HPMS has some benchmarking 
role in almost all nonattainment areas. Most commonly it 
is used to establish Ilic base year VMT estimate, which 
serves as a benchmark for tile travel model base year esti­
mate. HPMS-based travel forecasts are less likely to be 
used in air quality analyses because they result from a 
growtJ1 factor applied to each sample highway section. 
Typically, only one growlli factor per section is used for 
each forecast period. l11e series of models used for fore­
casting in metropolitan travel analysis are much more dy­
namic and transportation-system filld land-use sensitive 
th[m the HPMS. MPOs evaluate mode, system, and ooera­
tional changes on a frequent basis. Lru1d-use forecasts by 
MPOs are generally based on zoning, known deveiopment 
proposals, and growtll trends, and are generally varied 
based on Uie nature of transporta.tion system proposals. 



Significantly, there is a "paru1ering" that frequently 
takes place relating to the HPMS use of MPO travel fore­
casts to develop the growth factors for the HPMS sample 
highway sections. Because MPOs have extensive experi­
ence in estimating traffic on specific facilities under a 
range of assumptions, there is a compelling logic to having 
MPOs develop HPMS growth factors. 

ILLINOIS 

When tl1e Chicago metropolitm area experienced difficulty 
in demonstrating air quality conformity in the early 1990s, 
U1e region's VMT estimates were called into question by 
federal review agencies. As a result, a detailed study of 
VMT estimation was undertaken by tl1e Chicago Area 
Transportation Study (CATS), the region's MPO, in coop­
eration with the Illinois DOT and with the assistance of a 
consultant, Wilbur Smith and Associates. The study looked 
at tl1e tllree sources of VMT estimates for tl1e region . These 
were the HPMS, tlie Illinois Roadway lnfonnation System 
(IRIS) metl1od, and t11e CATS travel model estimates. The 
study identified differences between t11e sources in system 
coverage, treannent of local roads, rmd approaches to esti­
mating growth. TI1e VMT estimates based on tl1e HPMS 
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and the IRIS approaches were more consistent than those 
of the CATS approach. This is not surprising because the 
HPMS and IRIS are developed from tlle same database. 
The CATS VMT estimates differed from the HPMS and 
1RlS primarily in tl1e estimated rate of VMT growth. The 
CATS models showed a lower growth rate than either the 
HPMS or IRIS. The consultant has recommended, and Illi­
nois DOT accepted, a series of improvements to tlieir 
HPMS and IRIS procedures, ma.inly concerning keeping 
t11e HPMS sample up-to-date by adjusting it as traffic pat­
terns change, particularly those associated with suburban 
development. 

Conversations witl1 transportation analysts and federal 
officials associated wit11 conformity analysis in other non­
attainment areas indicate tliat the Chicago area is not 
unique. Chicago officials have studied their problem in 
more depth and proposed a solution that will allow more 
confidence in ilie VMT estimates developed by ilie HPMS 
and IRIS. Once t11ere is more confidence in the measured 
VMT, a detennination c,m be made about the adequacy of 
t11e VMT estimates developed using tl1e CATS models. 
This effort represents a good first step in the cooperative 
efforts to improve the air quality conformity process in tl1e 
Chicago area. 
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CIIAPTER FlVE 

APPLICATIONS INVOLVING NEW TECHNOLOGY 

Virtually all the positive partnering experiences of states 
and MPOs make use of new technology. The most ad­
vanced experiences are in states with data managemem 
systems tbat are accessible to MPOs electronically, either 
directly or through the periodic provision of data files on 
disks. The FHWA has made a number of data files avail­
able on the World Wide Web at http://www.fhwa.dot.gov/ 
ohiml. TI1e FHWA site also has links to most state DOT 
sites, many of which contain trrmsportation data files or 
have links to data files . The FH\-VA site also has links to 
the U.S. DOT and to the Bmeau of Transportation Statis­
tics sites (http://www.bts.gov/). The Bureau of Transporta­
tion Statistics site, currently being upgraded, will contain a 
wealtl1 of transportation infonnation as well as links to a 
great number of additional transportation sources. 

At the same time, it is significant t11at t11e ability to 
share transportation system information among the federal 
government, states, MPOs, and local governments is oc­
curring concurrently with the ability of anyone with a 
computer and a modem to access most or key components 
of tl1e same information. 

GEOGRAPHIC INFORMATION ANO GLOBAL POSITIONING 
SYSTEMS 

For many years the HPMS pnxluct or output was a series 
of tables, charts, and graphs. With the advent of the GIS, 
states and the FHWA began Lo introduce a spatial dimen­
sion to all highway-planning activities, including tlle 
HPMS. These occur at two levels. Most basically, the GIS 
is used to provide geographic visualization to a data set, 
that is, it is mapped. In more advanced applications the 
GlS is used as an integrating technology, allowing all data 
with a common geography to be brought togetller for 
analysis. Beginning in 1992, the FHWA embarked on an 
effort to create a digital database representing tl1e National 
Highway System, and tl1e remaining rmal arterials and m­
ban principal arterials. The resultant product is called tile 
National Highway Pl.urning Network (NHPN). 

TI1e most common method used by states to identify tile 
geographic location of their state highway system is a Lin­
ear Referencing System (LRS). The LRS, in effect, gives 
each highway section an address that allows it to be lo­
cated. For FHWA purposes each NHS section is uniquely 
located on t11e NHPN. The common data fields that pennit 
tbe linkage of HPMS sections to t11e NHPN are county 

code, inventory route number, inventory subroute number, 
and beginning and ending milepoints. The states use many 
different LRSs, but it has been possible to accommodate all 
of them in the NHPN. 

In response to questions on tl1e reassessment question­
naires regarding the potential of new technologies to im­
prove the HPMS system, most states and MPOs expressed 
a desire to sec more use made of GIS and GPS technology. 
Many respondents indicated tl1at t11eir sample sections 
were being geocoded in a m.umer tl1at allowed tllem to plot 
the sections on their highway system maps using available 
GIS software. Clearly, practice is changing rapidly as a 
number of respondents indicated tl1at they were currently 
involved in enl1ancing their GIS capability or upgrading 
t11eir data files into data management systems. 

The HPMS strategic reassessment included a review of 
required section identification attributes, including those 
used by the FHWA in linear referencing. The HPMS 
Steering Committee clid not recommend any changes witli 
respect to geographic referencing, concluding tllat the cur­
rent identification scheme is functioning satisfactorily. 

TI1e Arizona DOT (ADOT) was mentioned frequently 
in conversations with transportation planners as t11e state 
tliat was perhaps t11e leader in tl1e application and integra­
tion of GIS and GPS technology into transportation pl.u1-
ning. A series of phone conversations with ADOT officials 
revealed tl1at tl1ey have purchased two GPR devices, which 
are capable of specifying a point on tl1e ground within an 
accuracy of ±1.5 m. Their current program involves using 
t11e GPR devices to determine t11e centerline location of ilie 
state highway system. Local governments providing traffic 
counts to ADOT on roads not on the state highway system 
are being asked to provide the same centerline location ac­
curacy, if they have a program capable of delivering it. Lo­
cal governments in Arizona have used consultants to pro­
vide GPS services. 

The ADOT GPS program bas multiple goals. Most im­
portantly, they are significantly improving tile accuracy of 
their base maps. Cmrent base maps have evolved from 
state surveys and U.S. Geological Survey base maps and 
have been supplemented in recent years by Bureau of the 
Census TIGER (Topologically Integrated Geographic En­
coding and Referencing system; a digi tal database of geo­
graphic features covering tl1e entire United States) files. In 
tl1e worst cases t11e accuracy of ilie current georeferencing 



is ±400 ft. Thus, in some instances, the accuracy has been 
improved by a factor of 40. The geographic location of 
ADOT'S highway system inventory data is specified using 
a linear referencing system. The GPS program, as part of 
the centerline location program, is locating every mile post 
and oilier LRS control point within the ±1.5 m accuracy 
standard. 

Arizona also has a video-referencing program for their 
highway system. It is thus possible for staff to took at tlie 
video image of any highway section without leaving the 
office. Cross sections, signs, drainage, accident locations, 
and pavement types nm be identified and the precise loca­
tion determined. ADOT has checked tl1c accuracy of its 
GPS measurements against carefully measured bench­
marks and detennined that even at 55-mph vehicle opera­
tion tl1e specified accuracy is obtained. 

ADOT is moving to a full GIS platform with its high­
way system data. ll1is is ~m excellent example of where the 
HPMS data collection is benefiting from a general up­
grading of highway plmming technology. In the process, 
the costs of collecting mid maintaining HPMS data will be 
reduced and its accuracy improved. Its availability on a 
GIS platform should increase its availability within ADOT 
and increase tlic possibility of sharing the data wit11 exter­
nal parn1ers. 

In conjunction witli tllis synthesis, Tnmsportation Re­
search Boa.rd (TRB) staff queried t11e TRB Committee on 
Spatial Data and Information Science m1d t11e TRB Com­
mittee on Statewide Data and Information Systems, seek­
ing further insights into t11e current relationship between 
the GIS and tbe HPMS. A number of useful responses 
were received. 

• A representative of an Arizona MPO reported that 
A.DOT has a program called tlic Arizona Trm1sporta­
tion Information System, designed to facilitate 
HPMS reporting by local governments. It includes 
me application of ArcView, a commercial software 
package, to facilitate tl1e use of the ADOT GIS base 
map as an aid iu locating sections and determining 
section characteristics. The MPO reports tliat t11ey are 
not using tlie Arizona Tnmsportation Information 
System in tlleir transportation planning, because at 
tliis ti.me their own base maps are more current and 
more accurate. 

• A Michigan MPO reports tliat tliey have invested a 
considerable amount of time in developing a proto­
type three county HPMS GIS database. Four years of 
HPMS data have been incorporated into the database. 
All files are in TRANSCAD (a commercial software 
package) file format, and include a nwnber of addi­
tional geographic identifiers. 
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Several oilier state DOTs reported on ilieir database and 
GIS advrmces. Commercial software packages are in 
common use. The Oracle system for databases, lmegraph, 
and Arcinfo for the GIS were cited in addition to tllOse 
previously mentioned. 

Perhaps tl1e most interesting comments came from a 
re presentative of the private sector, who noted tliat states 
have aggressively opposed any national or federal location 
standards. He argued iliat intelligent transportation services 
will converge on a common location standard detennined 
by tl1e marketplace mid t11at states would begin to gravitate 
toward tbe marketplace standard. He stated tliat when a 
critical mass of st.ates have moved to a common base, tl1e 
FHWA would have tlle opportunity to change the HPMS 
location standards. Clearly tliere is a great need for a com­
mon reference system with the growing use of inexpensive 
in-vehicle positioning technology. All automakers have 
georeference-based products available, with new ones 
coming on tlie market. The issue is how and when to 
achieve it. 

One report cited tlie use of a GPS to monitor highway 
system performance in t11e Boston area. This involved an 
instrwnented vehicle monitored as it travels tllrough lbe 
highway network. Using GPS tracking, the speed and dis­
tance traveled are determined, thereby providing a snap­
shot of relative congestion on the system. 

INTELLIGENT TRANSPORTATION SYSTEMS 

The continued growt11 mid expMsion of ITSs tlmmghout 
tlle United States has memit the installation or literally 
tJiousands of loop detectors. Loop detectors are wire llxlps 
placed in grooves cut in tlie pavement. When attached to a 
monitor loop detectors have t11e ability to measure traffic 
volume, mid when combined witli a second detector, t11e 
ability to measure speed m1d estimate traffic density. De­
tectors are being installed for many different specific ap­
plications, but virtually alt may be linked wit11 a transmitter 
to send tlle data they are monitoring to computers at central 
control stations. Most applications of ITSs are designed to 
operate on a real-time basis. The data gatl1ering mecha­
nisms are monitored and data transmitted continuaUy. 
Virtually all ITS applications monitor traffic volumes, lbe 
most expensive component of HPMS monitoring. Traffic is 
also tl1e most variable clement of the HPMS monitoring 
system, changing tliroughout tlle day mid night, by day of 
tlie week, and tending to increase over time. ITS applica­
tions are somewhat oriented to freeways, t11e most difficult 
h ighways to monitor. 

The wealt11 of information collected on highway system 
operations can only be shared if data coordinating mecha­
nisms arc in place and if top management of t11e agencies 
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responsible for system operations and those responsible for 
system plmming agree to work together. The case studies 
specifically identified only one direct instance of data sharing, 
aJt110ugb, no doubt, there are many more. This single instance 
occurred in Pennsylvmiia, where MPOs are allowed to con­
nect monitors to the PennDC)T loop detectors on freeways i11 
order to monitor volumes. Where direct tnmsmission of 
volume data to centralized traffic control centers occurs, 
the sharing of traffic data can be further simplified. 

Although the sharing of traffic volumes from loop de­
tectors has been described, it is only the tip of the ITS ice­
berg. Toll roads in particular are bringing on line an array of 
monitoring devices that greatly increase t11e ability to 
monitor travel. Weigh-in-motion systems are evolving mid 
have greatly ina·eased the amount mid quality of truck 
classification information. 

One of the problems of ITSs is that the mnount of data 
collected can he overwhelming, particularly for those with 
modest m1d periodic needs. 

CONGESTION MANAGEMENT SYSTEMS 

The requirement that CMSs be in place in all metropolitan 
areas of more thm1 200,000 population originated with 
ISTEA in 1991 . There had been an earlier requirement in 
California law that formed the basis for the federal provi­
sion. !STEA required that all construction of new freeway 
capacity be based on a CMS. Although the CMS programs 
were under development throughout the country, Congress 
had received many complaints that the provisions were on­
erous and a burden on states mid MPOs, particularly in ru­
ral mountain imd fm1n states. As a result, in the National 

Highway System Act of 1995, Congress removed the blan­
ket CMS requirement, but left it in place for all nonattain­
ment areas of over 200,000. 

The HPMS reassessment questionnaires did not reveal 
any consistent pauern of use of HPMS data in the CMS 
process. Clearly, congestion management requires knowl­
edge of traffic volumes on some kind of systematic basis. 
The HPMS, witb iL<; grounding in a random sample of 
highway sections, cannot form the sole basis for CMS data 
collection. Where the HPMS is part of a data management 
system it helps support all traffic data needs. Additionally, 
the HPMS data can be used in other types of applications 
because of its ability to provide a benchmarking measure. 

The Texas Transportation Institute (TTI) at Texas A&M 
University has for more than 15 years undertaken research 
and reported on urban congestion throughout the country. 
This work is based entirely on HPMS data. The press ea­
gerly awaits each mmual report by the TTJ team. The re­
ports are now embargoed for release at a specified time to 
ensure fairness in publication. The TTI reports rank each 
major metropolitmi area on the severity of its congestion. 
Newspapers in the areas indicating the worst congestion or 
indicating a worsening of congestion give front-page cov­
erage to the TTI report. 

The ITI researchers have demonstrated tl1e ability of 
the HPMS database to provide an index of relative urban 
congestion in U.S. metropolitan areas. Thus, metropolitan 
areas that apply congestion management strategies such as 
promotion of carpooling, vanpooling, mid transit can use 
their HPMS data a5 a bottom line measw-e of whether t11e 
strategies are actually affecting congestion on a system­
wide basis (13, 14). 



CHAPTER SIX 

OTHER HPMS APPLICATIONS 

SAFETY 

Toe literature search conducted employing the TRIS sys­
tem revealed significant use of the tenn HPMS relative to 
safety. Indeed, safety applications can be considered major 
d,1.ta sharing practices related to the HPMS program. This 
is because all <..1·ash rate reporting requires a measure of 
exposure to provide a basis for calculating crash rates used 
for making safety comparisons. For example, fatal crashes are 
generally reported on the basis of deati1s per 100 million vehi­
cle miles. Roadway type, vehicle type, sex and age of driver, 
etc., typically stratify <..,rtSb rates. The HPMS system is used 
to establish miles of roadway by functional classification, 
truck VMT, as well as all measures of automobile VMT. 
Thus, the HPMS program plays a key roll in the provision 
of safety statistics. The HPMS reassessment has provided 
some relief with respect to ti1e reporting of crash infonna­
tion through HPMS, recognizing that crash information is 
also reported to the National Highway Traffic Safety Ad­
ministration through ti1e Fatal Accident Reporting System 
and the Highway Safety [nformation System. The FHWA 
will eliminate tiie reporting of fatal mid injury crash data 
now provided by ti1e states on a summary basis by func­
tional system. Neverti1eless, the HPMS remains of major 
importance as a basis for estimating ti1e various exposure 
measures noted above for calculating crash rates. 

PAVEMENT MANAGEMENT 

A number of references in the TRIS search and their bibli­
ographies showed that there was considerable interest in 
the HPMS database as a pavement research tool in ti1e late 
1980s and early 1990s. Tlle more tim.1 100,000 HPMS 
sample sections with U1eir 30-year history of monitored 
pavement condition proved a valuable resource for pave­
ment research. A numher of researchers developed HPMS­
based pavement performance curves for use in early pave­
ment management applications (15). 

From tbeir inception, ti1e AP models have evaluated 
pavement conditions of the sample sections and made im­
provement determinations as a hasis for determining needs 
in each of ti1e biennial reports to . Congress. The AP ti1ere­
fore might be ti1ought of as a forerunner of ti1e many cur­
rent pavement management models. 

A close exmnination of ti1e pavement research literature 
shows, however, tiiat ti1e HPMS data set has been replaced 
as a pavement research tool by the data collected by the 
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Strategic Highway Research Program. In addition, the vast 
increase in the use of pavement management systems bas 
begun to make available a rich source of pavement condi­
tion data. 

The emergence of pavement management systems has 
created an opportunity to reduce U1e costs of collecting 
pavement condition data for the HPMS by using the pave­
ment management system data in lieu of data collected 
solely for the HPMS. A variation of this practice reported 
by some states is to use a contractor collecting pavement 
management data to monitor HPMS sections while iliey 
are in the field monitoring pavement management systems. 

BENCHMARKING 

A 1995 Advisory Commission on Intergovernmental Rela­
tions report, which looked at the performance-based ap­
proaches of 13 federal agencies, characterized ti1e FHWA 
HPMS process as the most comprehensive of the systems 
examined. The Advisory Commission on Intergovermnen­
tal Relations study also found tbat no agency has a longer 
or better record of reporting performance to Congress Urnn 
tlie FHWA (3, p. 4). TI1e HPMS process preceded by 25 
years lhe 1993 Government Performance and Results Act, 
which requires perfonnance reporting by all federal agen­
cies. This law requires every federal agency to establish a 
system for monitoring ti1e results or effectiveness of the 
federal investment in tem1s or outcome measures. The 
DOT has reported biennially to Congress since ti1e HPMS 
was established. This long series of reports has resulted in 
a continuing dialog between the executive and legislative 
branches on U1e adequacy of federal transportation re­
sources and ti1c effectiveness of the program. 

In parallel with the broad mandate of the Government 
Performance ru1d Results Act there has been m1 evolution 
in government management practices, which has resulted 
in an emphasis on strategic planning and performance-based 
managemenL These management approaches place an em­
phasis on measurement of outputs and outcomes. Bench­
marking is the term usually applied to U1e quantified tracking 
of key parameters relating to program perfonnm1ce. 

Asset management is a newer approach to tile manage­
ment of infrastructure and is being widely applied in 
both U1e private imd public sectors. Asset management also 
requires benchmarking to ensure ti1at assets are being 
maintained at desired levels. 
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TI1e case studies of HPMS applications did not reveal 
significant direct use of the HPMS in state program man ­
agement activities. The use of VMT trends, which are 
derived from the HPMS, is widespread. The highway 
condition data, however, arc not often used at the state 
level. Where condition data are used, it is in those states 
where the AP and HERS are a part of their policy planning 
functions. 

There is a significant opportunity for greatly increased 
use of HPMS data, AP, and HERS in all states that have 
adopted performance-based management approaches that 
incorporate henchmarking of program performance. 

THE ROAD INFORMATION PROGRAM 

Sharing and partnering within the HPMS program are most 
often thought of as occurring witl1in the public sector. 
1l1ere are, however, otlier major HPMS applications tl1at 
do not fit into tl1is category. 

One major user of HPMS statistics is The Road Infor­
mation Program (TRIP), an organization that conducts 
education programs for the highway industry. As their 
name infers, TRIP provides highway-related information, 
mostly in tl1e form of press releases. They are active in in­
dividual states when highway-funding issues are being de­
bated in state legislatures and al tl1e national level when 
Congress considers nat.ional tnu1sportation legislation. 
TRIP depends very heavily on data from DOT biennial re­
ports to Congress and from special analyses conducted 
using HPMS data. Over a period of years every state leg­
islator and member of Congress is made aware of tl1e con­
dition and performance of their state's and tl1e nation' s 
highway system. All of tl1ese statistically based arguments 
are derived from HPMS data. 

The TRIP organization makes use of HPMS results be­
cause tlle data are available to any individual researcher or 
orgm1ization requesting tl1em since they are produced at 
public expense. Additionally, the TRIP program results in 
significant and effective use of the HPMS product through 
its press releases and services to journalists needing road 
information. 

PRIVATE SECTOR INVOLVEMENT 

There is not extensive private sector involvement in tlJe 
HPMS process; however, tbe potential exists. The New 
York State DOT (NYDOT) has experienced differences in 
VMT forecasts made using different data set<; and different 
methodologies. The HPMS sample sections, along with 
U1eir assigned growth factors, were the principal source of 
data for one estimate. To help resolve tllc differences and 
in particular to help resolve questions regarding travel 
growth, NYDOT has purchased county level commercial 
data and forecasts from tl1e WEFA Group. Woods & Poole 
Economics provides a similar product. The commercial 
forecasts are not VMT forecasts, but growth estimates 
based on demographic and economic models. Growth is 
expressed in terms of population, households by income, 
and employment by industry. The estimates serve as an­
oti1er form of benchmarking. When two estimates or fore­
casts differ it is extremely helpful to have a third estimate 
to help determine where tlle problem lies. Given the high 
correlation between VMT and the economy, demographic 
and economic benchmarks tliat are external to the HPMS 
process could prove helpful to other states. 

Some states and MPOs use private contractors for traf­
fic counting. Although tl1e practice is limited, tlle potential 
exists for contractors to find multiple users for count in­
formation and Urns bring down collection costs. 



CHAPTER SEVE~ 

CONCLUSIONS 

The lime of this synthesis was advantageous, following as 
it did the 1997-1998 HPMS reassessment. More signifi­
cai1tly, the entire field of data management is currently un­
dergoing rapid change as indicated by tJ1e followi ng: 

• Individual databases are being consolidated into data 
management systems. 

• GISs are gaining near universal use when data fields 
have an associated geographic location . 

• Agencies at all levels of government are applying 
strategic planning and performance-based manage­
ment principles to their organizations and programs. 

• Intelligent Transportation System applications are re­
sulting in a signifiamt increase in the number of 
continuous traffic monitoring devices. 

• Asset management concepts arc increasingly applied 
to infrastructure systems. 

• Benchmarking is a cornerstone of strategic planning, 
performance-based maJJagement, and asset manage­
ment. (fhe HPMS is by its very nature a bench­
marking system.) 

All of U1cse technology and management dynamics are 
increasing tl1e need and opportunity for data partnerships. 
TI1ey are also greatly increasing tl1e potential benefits. 

Oilier findings to facilitate parn1ering in tlle collection 
and use of HPMS data include the following. The need to: 

• Establish training for states and MPOs on how to es­
timate the accuracy of statistics resulting from state 
or regional application of the HPMS, including pro­
cedures on bow to detennine the number of addi­
tional sample sections needed to increase Uie accu­
mcy of specific statistics for state or regional 
applications. Combine the analytical process (AP) 
and tlle Highway Economic Requirements System 
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(HERS) models into a single, user-friendly micro­
computer analysis program. 

• Expand training opportunities to cover the use of the 
combined analytical programs; tl1at is, AP and 
HERS. 

• Use HPMS data and t11e analytical models more 
broadly, given ti1e HPMS reassessment decision to 
maintain each state as a basic sampling unit and the 
successful experiences of states using HPMS analysis 
tools. Potential applications include benchmarking 
for strategic planning, performance management, and 
asset management; corridor planning; U1e develop­
ment of state plans; as well as tl1c more traditional 
policy and planning analysis. 

• Have the MPOs provide the growtl1 factors for U1e 
sampled highway sections whenever U1e HPMS data 
or process is used to estimate future conditions on 
highway sections witl1in MPO planning boundaries. 

• Establish data ccXJrdinating committees for each state 
and MPO, witl1 representation from all tllose agen­
cies at the state, metropolitan, or local level, which 
are involved in U1e collection of transportation sys­
tem data. 

• Make national and state HPMS data sets accessible 
on Internet web sites as soon as the edited data be­
comes available. 

• Incorporate HPMS data into broader data manage­
ment systems whenever possible. 

• Provide state and MPO planners witl1 access to 
highway operations data available electronically 
tluough ti1e application of Intelligent Transportation 
System technology. 

• Ensure t11at potential users of tbe HPMS database are 
aware of its availability and possible applications. 
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