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1.0 Introduction 

Kfomation about use of the nation" road system comes from a variety of sources. Traffic 
is counted periodically for short periods of time (usually 24 or 48 hours) at tens of 
thousmds of locations across the country. The resulting short counts are adjusted for 
seasonal and day-of-week variations in traffic volumes to produce estimates of annual 
average daily traflc (AADT) at each site. The s e a s o d  and day-of-week factors used for 
these adjuswents are depived from hourly, daily, and annual traffic counts collected at a 
more limited number sf locations by automatic Irafic recorders (ATh). Growth factors, 
derived from ATR data and possibly from other data, are used to produce m u d  
adjustments to AADT estimates for short-count (or coverage count) sites that are not counted 
every year. 

The distribution of total tralfic across vehicle classes is estimated from classiFcatim counts 
that are obtained using short-term or annual counts from automatic vehicle dassifiers (AVCs) 
or from manual classification counts. The most c o m o n  classification system is the 13-way 
"Scheme F" used by the Hi@way Perfommce Monitoring System1 (HPMS) of the Federal 
Highway Administratisn (FIIWA), but several more aggregate classification systems dso 
exist. The Traffic Mofitaring System requirements established by the Intennodal Surface 
Trmpodation Efficiency Act (ISTEA) of 1992 effectively establishes a five-way classifica- 
tiox multiple-trailer combinations; single-trailer combinations; buses; dour-tire vehicles; 
and, as a residud category, other single-unit vehicles (including motorcycles and trucks 
with more than four tires). Data from classification counts or from coordinated vehicle m d  
axle counts are &o used to develop axle-correefion factors for converting axle counts 
obtained at many coverage-comt sites to vehicle counts. 

Various types of prmment  or portable weigh-in-motion (WIM) equipment are used to 
measure the dynamic loads of vehicles and individual axles. Axle weights are converted 
to I8,OQO pound (I8 kip) eqkcivalm t single axle loads (ESALs) to measure the pavement stresses 
produced by individual vehicles, by classes of vehicles, and by all vehicles. 

Estimates of vehicle-miles traveled ( ) on various road systems are developed by dividing 
each system into sections having reasonably homogenous traffic volumes, multiplying 
estimated AADT on each section by the section's length, and s m i n g .  The AADT 
estimates used for any section may be developed: from traffic counts on the section; by 
judgement and interpolation from A%DT estimates for adjoining sections ; or, for the lower 
functional systems, by assumption. 

For most fhlnctiond systems, HPMS develops its own estimates of W by combining 
count-based AADT estimates for a random panel sample of sections stratified by functional 
system and AADT volume group with state estimates of the distribution of functional system 

1 Federal Hi&way Administration, Highway Pe$omance Mmitor ing  System Field 
Manual, December 1987 m d  draft revisions dated February 1993. 
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mgerage across volme groups. Excluded from this ~qubemenk axe the mral loml md 
urbm local systems and, e f f w ~ v e  in 11993, the mral minor sskkckor system. N s o  effective in 
1993, fie states are r eq~ red  to provide H13MS with PADT estimates fer every section of 
the 8~%'ndgd Arferiai Sysfm ('PAS), so that the o d y  systems for w&& Wm estim;etes of 

will depend on the velme-group stratification will be the rural m d  ~krban minor 
a ~ e ~ d  sysfems md the urban coZHector md rural m(ki~r cokkedor systems. 

'3-1, go& ssf the presnt study are to =view m d  evduate the emen6 system for couectinag 
atd d y z h g  data on roadway usage, m d  to develop m d  test prosedwes that can be used 
for grsduckg improved estianakes ad road usage, Towxd these gods, Task A of Ws study 
include& 

a review of dasumeH%ts descdbbg the egstbg system md procedwes used 
in the esraetion m d  d y s i s  of usage data; 

a mail suwey of nine states to obtain a generd alderstmdhirpg of procedures 
a c k d y  in we; a d  

extended htemie~vs with the staff of three sf these states (EiJa~da, OhioT m d  
W ~ ~ @ O W )  to  gain a more detdled mderstmdhg of the procedures used 
by fiese states. 

The results of the survey and htef iews axe presented in Chpter 2 of this; report, dong 
of si&ficmt f'jirtdb~gs. The third chptes presents discussiom of several 

ts h e  %BPm vsime-goup strat~cation md its effect an H%n/f% estimates 
fourth cbpter dexfibes sever& propowd Task B malyws af the precision 

of dtemative procedures for estimrrlirag MDT, AADT by vehicle class, m d  ESALs. The 
find chpter prewnts several p p s e k h q  mommendations h a t  have resulted from our 
effort SO &a m d  that are not related ts any of the a ~ a l y s s  we propose ta perfom in Task 
Pt , 

ms report 6 8 n t ~ m  %ow appendices. n e  first two e o n t h  lreprodudions of the suwey 
used far the mid survey md m i~~terview wide ~ s e d  for the thee  intemiews 

Appen&x C presents the details of m s perfamed to estimate an 
small d o m w x d  bias in the estimates of that result kom the use of 

sis are dixussed bsied%yl in 
Setion 5.1 (in -Lapter 3). The h a J  appendix s results of investigation 
into dtemGves to the volume-goup sbatificatisn. 
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2.0 Resu t s  of the Su 
Interviews 

A mail survey 0 4  trdfic-modtokg m d  -estimation procedures used by nine states 
was conducted in Dmember 1992 and J m u q  1993. The nine states surveyed were 
Arizona, Florida, Georgia, loway M~assachusgtts, Ohis, Pennsylvania, Tennessee, md 
Washington. This survey was supplemented by personal interviews conducted in Mach 
1993 with relevant members of the staff in three of these states: Florida, Ohio, and 
W~ashgtow and with the Md-BMo Regiod  Planning Commission (which serves the 
Columbus, Ohio area). 

The first section of this chapter presents the most sigmhcant findings of the survey and 
interviews. A more co~nplete summary of the s w e y  responses from the nine states is 
provided in the second section, a summary of current and planned permanent monitoring 
sites in those nine states is presented in the following section, m d  a comparative s u m m q  
of 'the information obtairaed in the course of the personal interviews is presented in the h d  
section of the chapter. The survey instrument used for the mail survey is reproduced as 
Appendix A, and an agenda used for conducting the p e r s o d  interviews is reproduced as 
Appendix B. 

Significant Findings 

This section presents those findings ~f the survey md interviews that appear to have the 
most significance for t h i s  study. These findings are grouped by major topic area. 

Short-Tern Trdfis: Counting 

Six of the nine states surveyed regularly obtain some or d short-term. traffic counts for 24 
hour periods. Two states commented on the relatively high rate of failure for tube counters 
when they are used for more that 24 hours on high-traffic roads anad one (Florida) believes 
48 hour counts are unnecessary in urban areas because traffic volumes vary Little between 
consecutive weekdays. We plan to analyze this issue er in Task B. 

Ohio makes significant use of volume estimates derived from 8,12, and 24 hour manualy 
g-movement counts and Iowa makes at least some use of 8 hour manual counts. 

Ohio's 8 and 12 hour counts are adjusted to 24 hour counts using separate automobile and 
truck factors derived from nearby 24 hour counts. These manual counts represent about 

Cambridge Systemrztics, Inc. 3 
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60 perce: of the volume somts  k&n on the state Mghway system m d  they are a 
siwficmt  nuac ace on the dis~butionli of road miles by vo%aame group repsfled to HFMS. 

n e  mle4omdion factors used by most states varyI at least bemeen Interstate md Ron- 
hterstate roads and &Wen rural m d  mbm locations. However, kzrsnata"s factors vary 
ody by ~ g i o n .  

Momation about the sowces of data. used far axle<omedion factors was o b t b e d  from 
F l o ~ d a  md Wasb$on. Both states use 13-dass AVC counts; and W a s h s o n  dso uses 
mmual classification eomts md simdtmeom axle md vehicle counts t&en at sspeed- 
m o ~ t o ~ n g  sites. It w a d d  appear -that the nost accurate ssrlrses of data would be: the 
complete a l e  clasificagows perfomed at WFM sites; m d  simulitmeous axle and veXc%e 
c ~ m t s  (&ou& the last source could have some diffiedtgr in disthihlg5taishg combhatisns 
with long BFawbxs in states where these ceadgwatiom are used). 'Fke errors htroduced 
by the use s f  13qIass vehicle comts should be quite s m d ,  though some @dance on the 
use of these eomts mi&t be desirable --- an a s s u e d  average of 3.5 a b s  for Class 8 (thee 
md four axle single-tr~ler b c h )  wodd appex to be peferable to the vdme s f  4.0 eased 
by R s ~ d a .  hpraved data for d e ~ v k g  ale-comection factors codd be o b t b e d  from 
AVCs if their so%Rvae were mcedified to produce a l e  comts as well as vehcle-~Eassifica- 
tion comts. 

No quesg3ans were asked abo~n% severd other gstenGdy si@£icmt issues relating to the 
use of ale-correction factom. These m: 

$%B$ extent to which d e  factors are varied to reflect the effects of local 
con&tions (eg.,  a r~aturd-=sowe based econorq) or rose-specific 
eonditiom (truck routes or load l i d t s ) .  1% wrsdd appeax &at R o ~ d a ' s  
p r s c e d a  md, $0 a lesser extent, Adzana's, reflect local conditiom. 

The u.se of separate weekday m d  weekend axle factors to refleek s i e f i c m t  
differences in the weekday md weekend traffic mixes. 

The use of s a s o n d y  v a p n g  a x h  factors (wkch may be approp~ake in 
agdculturd areas). 

The age sf the data used. we are aware of one state that has 80% reedculat- 
ed its axle fac3srs in mmy yeas.) 

Csmting procedmes far multi-lme roads were not addressed i%p the written survey a ~ d  
dixussed a d y  bgiefly in the igitewiews. "These soads frequently require specid praceduses 
became road tubes me most appropriate for use on roads with no more thm two 
mspakated lmes and h e y  c at be used when there are more than three msepwated 
Xmes, Acc~r&gly~ trdiic volumes on heewqs  with six or more Banes dseguently are 
estbated from a combimtisn of ramp cobants md coba~~ts s b t h e d  at locatiam where the 
rrumkr of mspaa ted  Imes drops to  two. $0 eE ate these eskima~sn problems as well 
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as the unavoidably hi$ failure rates for road tubes at high volume sites, W a ~ g o n  State 
has installed p m a n e n t  loops on %.he entire Interstate system and Florida is now doing so. 

At least one state (flo%ida) uses contractors for some of their traffic counting although the 
quality of contractor counts is inferior to staff counts and contractors are not less expensive. 
Contractor counts are =viewed by Wighay District staff for consistency with previous 
counts for counted sections and current counts for adjoining sedions, and they are rejected 
for incomistemies. Some contracts require the contractor ts repeat rejected counts until 
acceptable comts are delivered. We know of at least one unsurveyed state (Delaware) that 
dso uses contractor counts. 

AADT 

Seasonal and Bay-of-Week Factors 

Seasonal and day-of-week adjustments are most commonly made using combined or 
separate monthly and day-of-week adjustment factors. Massachusetts and Washington use 
average weekday adjustments h t e a d  of day-of-week. Florida uses weekly factors instead 
of monthly factors, m approach designed to reflect the week-to-week variations in tourist 
travel. A majority of the states treat holidays as weekdays in developing seasonal and day- 
of-week factors, resulthg in some very noticeable biases in the resulting Monday factors. 

At least three different procedures we  used for applying day-of-week factors to short 
counts. Pennsylvania assures a perfect correspondence between the factors and the counts 
by using midni@t-to-~anight periods for all short counts. Florida uses a more common 
procedure of dividisng all counts into portions taken on separate days and applying the 
appropriate day-of-week factors to the separate portions. Ohio uses a variant of this 
procedure in which the comts for the first and last day are combined before applying a 
combined factor. For counts taken for periods ending on Friday, both the Florida and Ohio 
procedures are lilcely to overadjust for the increased Friday traffic volumes which are likely 
to be greatest for P.M. periods that are excluded from the short counts (but included in the 
day-of-week factors). 

Most stakes derive sets oh s e a s o d  and day-of-week factors from data for up to 11 groups 
of ATRs and associate each short-count site with one of these "factor groups". Florida 
derives a much larger number of sets of factors (one to four sets for each county), generally 
using data for a single ATR for each set. (Vlhere multiple sets are used, they distinguish 
Interstate m d  other roads, and/or w a l  and urban location.) One nonsurveyed state 
(Virginia) uses factors derived from data for in&vidual ATRs that are nearby and believed 
to be on roads with characteristics that are similar to those of the short-count site, and 
W a s ~ g t o n  State does this for certain sites. If performed carefully, this last procedure 
should produce results that are better than those obtained using grouped data (but these 
results cannot be evaluated statistically). 

At least five of the nine states use historic data for developing seasonal and day-of-week 
factors. However, FIopida and Washington use current-year data, calculating the factors 
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at h e  end of the year m d  thm app1%g the factors to dl comts taken during the y e a .  
'Phis latter pmcedm shodd produce more acemate x a o d  comedians than use of 
& s t s ~ c  data pa6cdxJy in the case of H;%odda, wbch uses weeuy csm~tions.  

h edmsive a d y s i s  of the efdedivenes of dtemative psocedmes for perrfomhg season& 
and day-of-week adjustments is pl d for Task B and dissuswd in Chapter 4 of this 
report. 

~ o s t  stakes de+~e? A p o w i h  factors from ATR data for f ie  cument m d  yrxedhg 
year- H~~wever, FE m d  Massachu~Es are expe~menthg with procedues that use 
comp~sc rm of all M D T  estimates derived horn cument-yea counts to the csmspondhg 
pweding-ye= estimates (most of which are derived using growth factors), md 

vzmia is also develophg such a system. These proe have two siwficmt 
ges aver the exclusive use of ATR data m d  one disadvmtage. The 

advmtages axe: 

AT& w e  often located on older roads on which trdfie is gowktg at slower- 
fin-average rates @ossibly because volume is appsoachg capacity). 
Accor&gBy# ATR-basd growth factors hequeaatliy are biased downwad. 

R e  use of d cment-yea AADT estimates &lows the development of 
g s o h  factors that vary by re@on, pem.iMhg r e g o d  vhat iom in qowgjEl 

rates 10 be better captured. 

The m& disadvmtage sf procedures u s h g  cment-yeas AADT estimates is that here 
will be a tendmcy far m y  rmdom emors that "i.ccur in the growth factors to be propagated 
over sabwque~a% yew. '  However, th is  effect is likely to be smder  than the downward 
bias that hequently results when o d y  ATR data are used. Accordhgly, it appeas likely 
that the H s ~ d a  md Mass;aekusetts prscedmes will prove to be prderable to the use of 
g r o h  fador3 B e ~ v e d  exclusively from ATR data. 

Comider t h e e  sets of coverage-cout loeatisru, A, B, and @, counted in Yeass 1, 2, 
m d  3, resg~tiveljr. Consider idso a rmdom emor in the gm~vtla factors estimated for Y e a  
3 that results in csvewstlmating "Pear 3 AADT on wctions in %ts A md B by one percent. 
m e n  Set A is counted in Year 4 the merestimate of Year 3 AADT an Set, A sections will 
result h underestimatkg Year 4 growth factors, apgsoximateIy b d m c k g  the previous 
o v e ~ ~ s t h a t e  a$ AADT on Set B, but produehe; am mderestimate of Year 4 M D T  on Set 
6. This mde~sGmate  will persist tmtiX Y e a  6,  when new counts on Set C wiU result in 
overestimating the Yetar 6 g o d h  factors md rektroduchg m emor in the AADT estimates 
for Sets A m d  B. This emor is Ekely to differ from the cs~&d emor because of additionirk 
random emom (in either &redion) in the Year 4 6  trdfie-eom~ng m d  AABT-estimation 
process m d  bwausc the use of ATR data will tend to d m p e n  the errors over time. 
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Data porn had Agencies 

Eight of the nine states use at least some traffic data collected by local Eghway agencies, 
thou& two of these states do not use any of these data for HPMS. All eight states receive 
raw traffic counts from the local agencies and three also receive at least some estimates of 
AaDT from these agencies. One of the latter states, Washington, uses these AADT 
estimates for HPM submission and a second (Iowa) might. Washington State has 
reviewed the procedures used by the locd agencies for estimating AADT and has found 
them to be "reasonably standardked." 

Vehicle Cllass8ication 

Classifieatim Counting 

Most states collect traffic counts by vehicle class at some combination of W M  sites, 
appropriately equipped ATR sites, and short-term coverage-count sites. Although some 
states apparently obtain classscation counts at only a limited number of coverage-count 
sites, the "dnree states we interviewed routinely obtain complete or Limited classification- 
count data at a sigraificmt portion of the sites at which short-tern volume counts are 
obtined, m d  P e m y l v ~ a  does so at XI percent of its volume-count sites. 

Classification-eounting programs vary not only in their extensiveness, but also in the 
accuracy of vehicle cf=sifica~on. AVCs generdy use axle spacing to distinguish a 
vehicle's class, spacings ahat can be determined only in the absence of acceleration or 
deceleration. Accordiragly, AVCs cannot be used near intersections or on most city streets. 
Also, these classifiers frequently have difficulty distinguislGng automobiles from four-tire 
trucks and buses from larger single-unit trucks. Spread tandem axles and small utility 
trailers also create problems for these classifiers. 

The states have adopted various ways of dealing with the limitations of AVCs. For counts 
with permanent AVCs, Washington State uses 11 vehicle classes instead of FHWA's 13, 
dropping motorcycles and using a single class for d l  four-axle vehicles. For counts with 
presgnce-detection sensors, Washington goes even r, using only four vehicle classes 
defined by overd length. 

For HPkE reporking, Ohio uses a different approach, adding to A's 13 vehicle classes 
additional classes for "undefined" and "misclassified" vehicles. Ohio estimates that 8 to 13 
percent of 4 vehicles are categorized as misclassified, with most of these being 
automobiles. FOP counts at temporary sites, Ohio uses only four vehicle classes 
(automobile, other four-tire vehicles, other single-unit vehicles, and combinations) and 
combines these counts into two classes (four-tire vehicles and others) before releasing them. 
The counts at temporary sites consist of a mix of manual. and machine counts. Ohio is 
currently investigating the use of a video system to produce more accurate classification 
counts. 

En contrast to Ohio and washing tom^, Florida uses FHWA's 13 vehicle classes for both 
permanent and portable classification counts without a separate class for miscfassified 
vehicles. However, we did not discuss the accuracy of the resulting classification counts. 
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The Ehtatiom of existhg AVCs suggest fiat me gM estimates of average daily bus 
aFdfic ( r q ~ s e d  by the graposd ESTEA Trddic Mo~torlsag System) could be & f f i c d t  to 
develop without ihe use af a video system. These limitations also raise questions about 

be disting~sked from four-t-ise tmch md the 
nt that such a &sth&ion be made. There i s  &o 

some p s s s i b ~ l i ~  fiat A h%.equm"y eesdd be reduced by develophaug 
improved ~Hassificatisn - s p i f i c  data about veMeh codiprations 
a c h d y  operated in the state. 

Ohio csEPeds 8 large number sf wmud eight-how cl=sification comts, m d  Axizam 
P e m y k a ~ ~ a  m d  Ww%@an collect a more $idted number of eight or helve-hour 
counts at loeatiom that c a n  a d y  be comted m m u d y .  Far these locations, WasKngton 
esfhates 24holgr traffic v a l u e  by ve%%ic%e class uskg fadass derPjlved horn total 24hour 
trdfis at m a b y  kocatiom, while Ohio does so rasing =paisate factors for fsw-tire vvekbicles 
and, for ather veMcfes. P sylvada uses segaate fadars for totd traffic m d  truck traffic 
by &don u h g  statewide ATR data for ten factor groups. Arizom uses at% classification 
comta, wi&out adj~stmeni:, to distfibute volume csmts across velxicle c l ~ s e s  - a 
prepeedme that prodraces the s m e  resdts as adjuskhg clasificEation csmts to  2%-ham 
vdues -kg  the s m e  factors for dl cIases. 

B ~ m s e  cesmbimtion t;rgicb u u d l y  comtitute a %ages podion of fighttime traffic than aP 
daFime traffic, the adjustment procedures used by d four states ( a d  the Arizona and 
W a s f i g o n  proeedma, h pmiculm) are likely to mderestimate the percentage of 
sombimtisn f m c k  at m m u a ~ - c o ~ t  locations, BeiTter time-sf-day acajiusMents to 
ebasi6eaGan comts could be acfieved 2 separate factors were used POF (at least) three 
types ref vehicles: fom-tire vehicles; other s i n g l e - ~ t  vehicles; m d  combinations. 

Also, when adjustment fadom are d e ~ v e d  using %$-how clasificatian counts horn neaby 
lacaticsns, it frequently may be possible to make m e ~ n g h l  d i s t b c ~ o m  between the factors 
to be used BOB" h e  two dir&iom sf travel, s a p t e n g  v ~ a t i o n s  in the degree of A.M./P.M. 
di~dikzra&V to a reaanab%e extent, However, the development of statewide time-of-day 
factors that w&ct degree sf &rcedion&$p is much more compEcated m d  does not appea 
$0 be wmmted, 

Procedures Commonly Used by fhe States 

For awy road system, the &sf: es~mates of W T  axe developed using AADT estimates 
derived kam traffic COWL~S on every sedion s f  road ira the system. Iowa cusrently obtains 
such esthates %or dl. nodocaS StPP-ctiond systems, 2 ~ 9 6 %  HoT%da does so for the entire State 
=&wag, System. %veriL! states estimate WI' for the Interstate system using AADT 
estimstes for each section of the systersi, hou&, as discussed previously, it is not dways 
pradisd to obtain =parate traffic counts for individud sections that have more than two 
Imes in each dhctiosn. The new HPMS Field Mreauab requires separate AADT estimates 
far evev  wction of the Pkci lpd Arterial System (PAS) and other sediom of the Mationd 
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Highway System (NHS), so W'F estimates derived from these separate AADT estimates 
will soon be available for the entire PAS/NlE[S. 

The second best type of estimates consists of those developed using AADT estimates 
derived from traffic counts on hdividual sections whew available and developed for other 
sections from those for the counted sedions using interpolation m d  informed judgment. 
App-tly, many states, including Ohio and Washington, develop such estimates for their 
entire state hightvay system (SMS). The quality of these estimates depends upon the 
percentage of road sections on which actual traffic counts are obtained and the care h a t  
is used in developing AADT estima%es for sections that am not counted. 

HPMS Estimafes 

MFm develops estimates for all road systems except for the local. fwdional systems 
and, starting in 1993, except for the rural minor collector system. The HPMS estimates are 
developed from data submi~ed by the states for a random sample of sections, stratified by 
functional system and volume group. The new Field Manual requires that a 100 percent 
sample be used for the entire PAS/NHS, thus guaranteeing the consistency of the Wh4§ 
estimates far these systems with those produced by the states. 

For systems other t h  the PAS/NHS, H P M  requires AADT and section-length data for 
a more moderate sample of sections along with universe mileage by system m d  volume 
group. For state highway systems, accurate provision of universe mileage by volume 
group enables HPMS to approximate the state estimates very closely. Florida, Ohio, 
and apparently Georgia, provide such acc information, but with the probable 
exception of Iowa, most or the other states surveyed apparently do not. The quality 
of the IIPM estimates of for non-PAS/NHS roads depends upon both the quality 
oh each state's esthates of SMS W T  m d  the extent to which these estimates are 
adequately reprewntsd by the wiveme mileages by volume group submitted to IIPm. 

For non-SHS roads, Iowa is probably the o d y  surveyed states that has information that can 
be used to provide accurate estimates of universe mileage by volume group, though the 
judgmental procedure used by Ohio makes good use of the limited information it has 
available. The quality of IilF'W estimates of Vh.TT on non-SHS roads is limited by the lack 
sf information on the mileage of these roads in each volume group. 

The effect of H P W  volume-group stratification on MPMS' gins estimates is discussed in 
mare detail in Section 3.1. 

Empv HPMS Volume-Group Strata 

Sledion of new sample sections is a relatively expensive process for some states. 
Accordingly, at least four surveyed states me relatively slow to select new sample sections 
for strata when the HPMS rules indicate that additional samples are required, m d  at least 
one state (Ohio) has dowed  nonempty volume-group strata that contain no sample 
sections to exist for several years. Current procedures used for reporting traffic volumes 
on sections in such strata result in small, but easily avoided, errors in H P W  estimates of 

'Fhis situation m d  a simple procedure for estimating kaffie volume on such sections 
are discussed in Section 3.3. 
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2*2 Su ey Responses 

xizes the Espomes to the w$igken s w e y  provided by the nine saweyed 
states (hzona? FFPo~Q;~, Georgia, IowaF f i s s a ~ h w e a s ~  Ohio, Pemy1vda ,  Temeswe, m d  
Wash@on)  md sugp%emmtary  oma at ion ob thed  from limited telephone fallow-up 
with &ese states. The ~ s p o w s  from Rorida? Ohio, md W a s h g o n  are idso supplemd- 
ed, whex apgropdate, with  oma at ion obt;eined horn h e  iraeemiews with these three 
states. Idomation sbt&ned horn these htemiews is p~sen ted  in more detail h Section 
2.4. 

A espy of the survey htmment  is =produced in Appn&x A. 

I. Fernanent Ma&fa&ng Stations 

f,2. Most states provided updated lists s f  their ATR md weig~t-mofiaitoffing 
sites. Some also provided lists of SMW sites md seasod  ATR sites. A 

arty of pemment modf011%ng sites by states is presented in Settian 2.3. 

3. Five states have at Peast some equipm.ent &at is capable of recordhg 15 
mhute somts. TPWO states sometimes save ekre 25 ~ n u t e  counts, but the 
other states do not. 

11, Collection sf Sho&-Tem Data 

1. a) M states obtain 24 and/or 48 horn volume comts. Iowa m d  Ohio 
dsa obtain counts for shoAer ktemds, m d  Georgia and Was]I&gton 
dso o b t h  counts for longer intemds. Arizona m d  Massachusees 
me the o d y  states that o b t h  only 48 how counts. 

b) AU states obtain 24 md/as 4-8 how classification counts. Georgia 
m d  W x h @ o n  dso obtain comts for longer intends. Arizona, 
P e m y l v a ~ a ,  and %VaEn@on obtain shorter counts on sections that 
e m  o d y  be comteb rnmuay md Ohio obtGm an extensive 
number of ei$t-haw mmud counts. 

Most skates pesfsm wei&t mo~tcrBPing for periods af behveen 24 
and 268 consecutive hours. Ohio uses a bridge WIM system for 16 
to 28 moncontinuokls hours over a tcvs to three day period. Iowa 
does not have a re&= shark-tern weig+g propaan but did co%%ed 
wei&t data for p e ~ o d s  of 15 to 23 hours as part sf a $991 truck 
wei&t study; they dso have Ism WIM sites. W a s b g o n n  c'cbr~ently 
perfoms wei*g o d y  at pemment WIM sites; they cumenaly 
have about 26 Itvat.0-way WIM sites in opera%ion. 
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2. a) In most states, the totd number of short counts exceeds the ntamber 
of short counts on HPMS sample sections by a factor of two to 
seven. 

b) Most states obtain shoI%-tern classification cowts at: 100 to 400 sites. 
Iowa uses about 1,158 sites, and Pennsylvania about 2,250, For al l  
short counts, Waishingon now uses counter/classifiers that are 
capable of producing four-bin classification based on length ody. 
New Florida guidelines will greatly increase the number of classifica- 
tion counts they obtain. 

c) Iowa and Washington are the o d y  states h t  obtain weight data 
only at continuously operated WIM sites. The other states indicated 
&at: they operate between 14 and 30 short-term sites, though the 
responses to Question 111.7 suggest that at least four of these states 
operate short-term sites for nomtatisticd purposes ody. 

3. States h a t  sehedule counting for periods of 48 hours or more use counts for 
shorter intervals that result from equipment mahmdion, etc. Florida and 
Georgia volunteered that they require a minimum of 24 hours of data and 
Iowa that they require a rnkimnwna of 12 hours. 

4. Nom of t-ke nine states surveyed said that they have summer-only short- 
tern comtislg programs, though most cut back or eliminate counting during 
winter m s n h  (and we have been told that local roads are counted by Iowa 
only d u k g  the summer). 

5.  Six of the nine states coUest at least some short-term counts during holiday 
weeks, though five do not count on the holiday and Iowa does not comt on ' 
days that are adjacent to the holiday. The sixth state that counts on holiday 
weeks, Georgia, did not indicate the days on which it counts. 

6. Six of the nine states use classification counts or weight data that are 
collected over a period of less than 24 hours. One of these states, Arizona, 
uses the resulking classification counts as indicative of the distribution of 
vehicles across classes without m y  time-of-day adjustment. The remaining 
states make time-of-day adjustments to the classification counts, but Ohio 
does not adjust weight data. 

7. a) Three states obtain some short-term counts (up to 58 percent) usiflg 
cumdative counters. 

b and c) This question was an inadvertent repeat of 1.3, but there were 
some inconsistencies in the answers to the two questions. 

8. All short-term counting is done by district personnel in  florid;^, and some 
of it is done by district personnel in Iowa, Pennsylvania, and Washington, 

g states say they use only headquarters personnel. 

Cmbridge Systematics, Inc. I1 
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9. For cowtern with ee%&s~tic storage units, the nmber of shoA--fern sites 
Kmded per prssn per wwk rmgea horn 12 to 65, with %he &&est f i v e s  
~.eps&ed by the state &at do the most eomting. These states &a appear 
ts e t b t h  the kiglnest n u m k ~  of sites comted per cpmter (see Question 11). 

10. AE% state"ce%obtah earn& nanrrasbers of seven-day and/or weekend camts for 
specid puqases. 

IF90 two states fallow t&e s m e  practice for days of week used for sahnzg ergs 
contern m d  coUeethg them. P e m y T v ~ a  uses o d y  d&&t-to-mihdgkrt 
comts eoU&ed on Tuesdays and mwsdays. The regime .based by M a o m  
md W a f i @ ; k ~ n  &lows comters to be used at o d y  one site per: weekp wit31 
most WasKwgcsn coeeats bekg far p e ~ o d s  oh 48 or 92. hours, uskady ending 
at h&&t Friday mna g. All states, except far P e ~ m y l v d a  md 
W a b @ o n f  evidently begin m d  end their counting in the middle of the 
day. Four states follow southes that appaently d o w  t%tern to use at least 
some comters at three ar four sites per week. Iowa hcludes Smday 
evef ig  $rdfic .in some of their cowts. 

12. a) Georgia is the o d y  state that does not use m y  coru~ts esuected by 
metropo8itm pl ng o r g ~ a a t i o m  or local jjarsisdictiam, bough 
Ohio m d  Tem~esxe do 1-108 use such counts for l3Pm. Two-firds 
of dl sf WasEn@onys H P M  camis me supplied by county or local 
agencies. 

b) All states using traffic counts collected by other orgadzations obtain 
raw C O ~ ~ S  horn these a r g ~ z a t i o n s .  However, Iowa, Tennessee, 
md W;ash@on dso obtain AADT estimates horn these sources. At 
least one of these states vasEn@on) uses the M E T  esthates 
when suppEed, apparently wi&out m y  individud review of the 
estimates. 

c) All states using traffic counts collected by other org&zatiows now 
provide these orgdzations with written s tmdads  for sbt 
bssla'fis eomts. All states o b t d ~ n g  AADT estimates from these 
sources (and two that do not) dso  provide written sfmdxds for 
estimating AADT. 

1 - ti and b) Hive states use separate rnolra%Hy axbd day-of-week or week- 
day/weekend adjustment factors, and t hee  use combined 
factors. Florida has used o ~ d y  a weekly csmeetisn fador in 
the past, but some Hoa5da districts axe new hco~~orathnag 
day-of-week factors. 

e )  P d  states use a x l e - a . d s e t  factors. 

12 Cnmhidge Systematics, Inc 
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d) Two states count all sections annudy, two states will begin using 
growth factors in 1993, and the other five are already using growth 
factom. 

ylvania uses a separate set of day-of-week by month factors for 
adjusting bvck counts and also two sets of hourly factors for 
adjusting total traffic and truck traffic when less h 24 hours of 
data is obtained. Iowa m d  Ohio also use volume counts obtained 
for less than 24 hours. Ohio adjusts these counts using automobile 
and truck counts from a nearby 24hour manual count; Iowa did not 
indicate t h t  they adjust these counts. 

a and b) Most states use four to eleven strata reflecting rural/urb;an 
and functional system and/or regional differences in traffic 
patterns. All states except Iowa and Ohio have some type of 
regional distinctions and/ or a separate recreational stratum. 
Florida stratifies by county, with some counties having an 
Interstate/other distinction; Florida eventually hopes to use 
an hterstate/other distinction in all counties and a rural/ 
urban distinction in urbanized counties. 

c) Three states stratify axle correction factors by functional system and 
four use the same stratification used for seasonal corrections. 
Tennessee calculates separate factors for each of 485 classification- 
count sites and selects factors to be used for coverage-count sites by 

g characteristics with the classifisation-count sites. Florida 
has been using thee  different procedures, varying by district; their 
new system will stratify by county and Interstate/other (but not 
mrd/ urban). 

d) Georgia and Pennsylvania adjust classification counts using the same 
stratification as they use for volume counts, and Washington is 

tly developing m adjustment procedure. The other six states 
appmntly do not apply seasonal or day-of-week adjustments to 
classification counts. 

e) Thee  states adjust ESAL estimates using the same stratification as 
they use for volume counts, two use other stratifications, two 
apparently use only annual data, and one apparently uses an 
~ o m d  procedure. 

3. a) Seven states recalculate adjustment factors annually, Iowa recdcu- 
lates monthly, and Ohio biennially. 

b) Two states use five years of data when calculating adjustment 
factors, one uses thee  years, three use one year, and three did not 
specify. Two of the three states using one year of data (Florida and 
Washington) use data for the year for which adjustments are being 
made, while the t l ~ d  state (Pennsylvania) uses prior-year data. 

Cambridge Systematics, Inc. 13 
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ssee hWoduces newly revised f a s t o ~  when they become 
a v d a b h  (is., in the ~ d d l e  of the year) but does not apply these 
factors 90 earlier comts that have h e a d y  been adjusted using the 
old fadora. 

4. Of the eight states that use day-of-wek 0% wwkdagrlweekend adjustment 
daActa~s, o d y  h e  exclude holiday data in. ea2culathg these fadoas. 

5. Four states estimate g r s d  factors using o d y  ATIS. data. Ternlessee (which 
ud data horn bath ATR m d  shod-cl.oaraat sites), m d  Florida and 

Masachu=as (which do not) use data horn bath Qges of sites. ( T e m e s ~ e  
uses vow& factors eslnay for design proje&s for loca~ons that are not 

udy.)  Pemy-%vaGa cu ly uses only ATR data but is 
developkg a mare sopKsticated system h t  will combine ATR data with 
colbaats for HPMS sample seetions e state gave an m b i p o u s  respame, 
m d  one (Georgia) comts d sites ally and does not use growth factors. 

6- a Ques~on  6 rquested aormation abaut s e a s o d  and day-of-week 
adjustments to shod-tern ve&cle classification couxats but failed ta 
ask. about the n m k r  of vehicle goupings %or which sepwate 
adjustments are made. WasKn@on uses =paate sets of adjustments 
for automobiles, single-ht trucks, s h g e t r ~ l e r  tmch,  m d  multi- 
trdler m c b  (brat they normally do not perfom day-of-week or 
wekdagr/wwkend adjusments). PemsyIv&a adjusts di tmck 
csmts as a single g~oup.  The response horn Georga suggests they 
adjust truck comts ~ p ~ a t e l y ,  though the specific vehicle catego~es 
adjusted me not specified. At least t h e  s f  the semraG~ng sides 
adjust to td  volume but not the counts f ~ r  hdividud vehicle classes. 

b) Georgia! P e m y l v ~ a f  and. Wmkbggsn me data hum automatic 
vehicle clssifiem to d e ~ v e  the adjustment factors. Georgia d s s  uses 
data horn pf isdic  cotmts made at weigh st;ations, and W a s h g o n  
uses data from special counts "for suspected Friday and Sunday 
conditions. " 

7. Hive states obtain d average truck weight estimates from WTM data 
only, one (Ohio) by a-djassthg shod-tern data using judgemeapt, m d  one 
(Iowa) by adjusting shod-fern data ushg a procedure similar to that used 
for adjusting AADT. Pmcedmes of this last type are dso being developed 
by Georgia and WasErington. Massachusees provided no bl-tdica~onz of how 

tad truck wei&t estimates are obtained. 

8. At 3est seven of the nine st evelop VMT estimates other 
developed for HFM. These estimates are usually for the 
u s u d y  h c o ~ o r a t e  crouts dram appreciably mow locations than those 
counted for MPMS. h some states, swtions of tihe SMS are counted 
pel"iss8iedy; in others, M D T  on sedions not comted is estimated using a 

imtion of b~ te~~o la t ion  m d  judgment. The ~ s u l t h g  estimates of SHS 
should be identicd to the H P M  estimates for those functiond systems 

-- - 
14 CamlPndge Systematics, Inc 



An BpHmd Data Design for Using Continuous Monitoring Sites 
Tmk A Report 

for which HPMS requires a 100 percmt sample md they are of higher 
qudfT the I-IPMS estimates far other functional systems. 

N.. Use sf MPMSToZ e-Gmup Stratsicaltion 

Iowa did not m w e r  the questions in Section W because it does not use H P M  
sampling methods. Responses horn the other eight states are s m a f i z e d  below. 

1. a) ei&t states move HPMS sample sections from one volume-group 
strattzm. to mother when their AADT changes. 

b) Three states do the s m e  for other sections, t h e e  normalty do not, 
md two did not answer the question. At least one of the states that 
said it does not move n o m a p l e  sections between volume-group 
strata (Ohio) does move nonsarnple mileage between strata, an action 
that has the same desirable effect. 

2. In Rsponse to fkis ques&ion, Georgia, Massachusetts, m d  Qhio provided 
useful data that are reported and analyzed in Appendix C and discussed 
briefly in Section 3.1, 

3 W a s k s o n  i s  currently completely revising the ass ent of sections to 
volume groups, appase first time. Five tates have never 
done so, md the two re g states misunderstood the question (and 
probably have never completely revised these assignments). 

4. Seven af the eight states have added sample sections to volume group 
strata, but Massachusefts does so ody  when the staff has time and Ohio has 
only recently begun seleding new sample sections. Ohio is now adding 
sections in olne or two urbanized areas per year. In the meantime, when 
they have ax1 empty sample for any stratum, they move all mileage in the 
stratum into an adjo g volume group. 

The eighth state, Arizonap apparently does not currently maintain the data 
needed to select new sample sectism, thou& they are in the process of 
rectdyiig this. In the meantime, when they have an empty sample for any 
stratum, they apparently "borrow" a sample section from another stratum 
for the purpose of developing data for the stratum, 

5. Pemylvania and Waskaingon are the only states that have dropped sample 
sections from strata that have excessive numbers of sample sections. 

6 .  It appears that, in sir states, there are no special rules for adding sections of 
newly built roads to the sample, but that such roads have a s m d  probabili- 
ty of being randomly selected if they are in a stratum whose sample 
requires expansion. 
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2,s Pe anent Monitoring Sites 

Efibit  2.1 s-mm&zes h e  appro ate neamkrs of pemment mod%o*g sites in the nine 
smeyed states, hcludhg sites that n% exexp&ed to be h oogedion in the next few years. 
These sites have (or wiU have) p e t  h t d e d  smors, &su& they are r r ~ t  d used 
coElgibyuoers%y. 

Far WILM sitesf E&bit 2.1 &sth@shes k ~ e e n  sites hat  have sensors in d lanes: md 
those that have sezwsm only in selected lanesm The latter sites me Strategc WH&way 
Resemh Prop= (SHW) sites at which the skate has chown ts h s t d  sensors o d y  in the 
%mes(s)b for w&ch SWW s q d m s  data. The fomer sites hclude six in I3arisBa and one in 
P e m y l v ~ a  that either are m o ~ t s r e d  o d y  in one di on OP have AVCs in all %mes but 
WXM detmors s d y  in some lanes. 

The data in Efibdt  2."ror other AVC sites is o d y  for sites capabh of Q i s tkp l i sbg  a l e  
spacing for use with F A"s 13 ve&tis%e-class (VC) catego~zation. Pemment EQW-elmass 
c l s s i f i e ~  used by Wi&sInh@csn State at 20 sites are excluded horn the table. Many sf the 
AVC sites hcluded in the table are rest yet in operationf and Temessee is only in the early 

ng far the hstdatiow of AMC equipment. 

The third sategev of data in E . ~ b i t  2.1 hsadicates the nmber  s f  ccaarrslthg sites that have 
peammently hibstded sensors but that are not capable of 13 VC categoaPlzatiow. Most of 
these sites are AT&, hau& some axe used o d y  far coverage eomts. 

The h i d  categoq of moRitseng sites in E ~ b i t  2.1 consists of speed-mo~tof ig  sites that 
are not capable a% 13 VC catego~ization m d  are not used for traffic comting. These sites 
geplglpdly cm~11ta.h bdudive-laop vehic1e S ~ ~ O K S  but no d e  snssrs. 

H 2,4 Su ary of Interview Responses 

arizes the Rspsmes obtdned horn hter~riews conducted with Florida, 
Ohio, and WaaKwgtors pe~smeH. A copy sf the jslbewiew agenda used i s  reproduced in 
Appen& 8. 

A19 states have several diffewnk sI$o~-term cowking prrsgsms with presedures that 
vary among the states md with the progrms. 

Fles~dds Trmpa&ation Sta~stics Office counts traffic on every section of state h&hevay 
once e\Teq t i b e  ye= m d  on dl HPW smple sedions that: are not om the SHS once 
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every or four years. Until recena9~, state &&w;ky sedions were coetylted 
but the accuraq s f  the M D T  estbates de~ved horn the counts does not wmmt such 
f~qaaenz$ cowthg.  However$ wctiom that are likely to efibif ip-icd g r o h  are csmted 
in ekerY yea- in whi& such grrawh is likely. Comts for sites at which trdfic is k a o m  to 
be gpenmmen~Iy mbdmced kmeen dir&dsm w e  m&~~t&ed as sepaate counts. Comts 
far sites at which temporay dire&Iex?d imbdmces exist (e.g., as a result of tourist travel) 
.we combhed, but the imbdace  is re&&.&ed &a% the d i ~ d i o n d  fador (D-factor) computed 
for the site, 

AX counts are for 24 haw periods in -urban areas 48 hour periods in m r d  areas. The 
shod-eer period is used in wbm seas pdmik~ily &cause trdfic QHP c a n ~ ~ u t i v e  days does 
not c h g e  sieficmtly in h e w  meas, &sugh problems with comthg equipment at high- 
vsllme locatiom may dso be a n  idb~eme.  V&en comters at aural locatiom fail before 48 
hours of data me couwted, they reomit, 

Comtibzg is perfamed by about 14 $dl-ti= people located h seven district offices md by 
con$laactors, The qudiv of contrad~r c ~ m t s  i s  %ow and the cost hi& (about $350 per 24- 
hour count it comts  must be ret&en mtiB they are acceptablel about $150 per 24hom 
comt  s&emrise). Dis~ds that review contrador counts have been r+ec~n&; up to 40 
pexent. 

State eoudhg  p r s s m e l  spend 4 to 4.5 days in the field each week, retu 
rn Friday. They obtain 40 to 50 camts per person per week  

M a y  of the po~able corntern used for coverage comts obt&n comes by vehicle class. 
F l o ~ d a  has t h e e  pracedures for canvesting axle c a u t s  (obtained from noraclssi$rhg 
comters) to vehick comtsI with the procedures w g by These were not 
&sussed, but the s w e y  r e s p o n ~  indicates the primary procedwe uses two or thee 
fikctsm for each coaaa~v (PUFF& urbmI m d  sometimes "major Kghvqay"). Tke other 
p r o c e 6 - 3 ~ ~ ~  are said to be "by comt station" a d  "by kghwa'j- ~ct ioq '~presuma&ly these 
are judpmkd adjustments. The factors used are d e ~ v e d  from 13-bin classification data 
o'b6;ei-d at AVC sites, wit21 dl buses assumed to have two axles md Vehicle Class 8 ( t hee  
and dour axle shglje-b~ker tsweks) treated as having %ow axles. 

Pemz~ent  loops are being h s t d e d  on fseeways to d o w  direct camts s f  thoargh traffic 
vcslmes ta be obt&ned. 

Ad&tlsd eomthg is psfcsnned by the traffic operations, comtmction, and development 
offices, but the procedues used by these sffices were not discussed, Ulsuad grade 
crossixags are dso c o u t e d  rrzgul~1.y~ presumably by the Trmsportation Statistics Office. 

The Travel Data Collection Branch (mCB) of the W a s h @ a n  State Department sP 
Transgodzt:lion @kPSD&)T) divides the entire SHS into see%lom with anifom traffic volume. 
Traffic an each such sec~on  is camlted at kis t  once every Eous yews or estimated from 
comts t&en on adjoidng sections. d l  SHS wetions that C C O F F & S P O ~ ~  to E$$m s m g k  
sedicsm are somted once every three years. 
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Wm sample sections that are not on the SHS (about two-thirds of the total) are counted 
by the cities and counties using procedures that were reviewed by the state three or four 
y e m  ago m d  that are considered to be reasonably standardized. Concern was expressed 
about the ability of the cities and counties to provide counts for al l  sections of the NI-IS 
under local control as will be required in 1993 and subsequent years. 

The two most urban hi&way districts in $he state do their own counting, while SHS counts 
in the other four districts are collected by main office staff based in Olympia. Ln general, 
B l ~ p i a - b w d  c o ~ t i n g  personnel spend Monday mo g and Friday afternoon 
travelling Monday afternoon and Tuesday setting up counters, and Friday collecting 
counters. Wednesday and Thursday are spent doing other useful things, including setting 
up for specid purpose weekcend counts (normally taken from noon Friday to noon 
Monday). Counts usually are obtained for a 48 or 72 hour period ending at midnight 
Friday modng ,  but counts for other 48 hour weekday periods may be substituted when 
48 hour counts ending at hnidnight Friday are not available. The Olympia-based counting 
staff consists of six persons working nine months per year and another four persons 
working parts of the year. They obtain 12 to 15 weekday counts per person per week. 

All WSDOT counting is performed using GK counter/classifiers attached to a pair of road 
tubes. They have two data modules per classifier so that one can be brought back to the 
office for reading while the other is counting traffic. These classifiers are used to divide 
traffic into four classes based on overall axle spacing, corresponding roughly to 
automobiles, s r n d  trucks (predofimtly single units), medium trucks (including semis), 
md large trucks. Permanent counters are installed on freeway m s and on some 
ramps, s~ they do not require road tubes at high-volume sites. About three percent of sites 
at which road tubes are used require recounts. 

Counting procedures used by local agencies were not discussed. However, it appears that 
use of axle counters (rather than counter/classifie~s) Is common. A WSDOT publication 
(Short Count Factoring Guide, November 1991) provides local agencies with a set of axle 

on factors by fiwdiond system derived from statewide data along with advice that 
locally derived factors be used if available. However, WSDOT encourages the use of axle 
factors obtained from nearby sites with similar vehicle mixes. Such axle factors may be 
derived from 13-class AVC counts, simdtmeous axle and vehicle counts taken at speed- 
m o d t o h g  sites, or m a ~ u a l  classification cowts. Of these three alternatives, the second 
would appear to be the most accurate, though it appears that the first is used more 
frequently% 

About 30 to 43 percent of dl WSDOT TDCB counts are obtained in response to specid 
requests by other offices. 

The Technical Services office of the Ohio Department of Transportation (ODOT) has several 
counting programs: 

mm; 
SMW; 
theis "Traffic S m e y  Report"; 
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M P M  smpHe s&:ons iws comted for 423 horns once every four yeas  using time-pe~od 
mordhp-eg es~mtes/elassifiem. These cowter/classifie~ ilx'~! dso  rased for spmaCjd-pr~jed 
eamts a d ,  m s t  Ekelyy, for SHW comts. 

Tkie Trdfie Survey Repo& comes are m m u d  t -movement comts obt&ed once 
every four y e m .  About 12ye)08 major SHS2 intemedions are somted on a four-year cycle 
for 8, 12, or 24 hour p e ~ ~ d s  to provide traffic VO ata that, dong with the lIR'vE5 
c~rpfsts, h t e ~ o l a t i o ~ ~ ,  judgement, and some res are used to estimate AADT 
*ou&out the SHS. pbsg 8 md 12 haus comts are d to 24 h o w  ow the basis of 24 
hour touts obtained at nexby hterwdigtm, with =parate adjrmstmexats wed For two to 
four -tire veEsicles and for veQricEes with six or more tires. These "Trdfic S w e y  Report" 

e k e n  t a k a  mmudly for mmy years md provide both SHS traffic volmes  
g-mvemenk data. Since Ohio trdfic engheers make o d y  limited use s f  the 

s, ma&he comts (away from the iaatersediom) would be much more 
efficient. They are now Iooldng into ihe Autoscope (video) system as an alternative to 
m m u d  comthg, but h e y  axe not cumently considekg conventional maefine c ~ ~ m t h g .  

QDOT uses cmda t ive  comters to take about 1500 "ldP0 eomts" each yeax at sites 
se%&ed by the states' I6  ?dPOs. Cumdative camtem are also used for t 
comts at r&hsad aossings m d  for evduatkg dtemtive hter-tions at wwhielk the "Traffic 
S m e y  RepoaP$" C O U ~ S  sm be taken. All. axle comts s b t h e d  with these counters are 
conveded fag tveEaicHe eormts u s h g  statev~ide factors developed by h c 2 i o n d  system from 
Monday-to-Ffiday data %or the p r w e h g  yearar. 

e c o u t ~ g  is hmdhd by thee  Wo-perm"" crews that are based in 
erfomed ixa d weeh h e  do wst have a midweek holiday. 
is spent t ravehg)  md comters are set up Monday afternoon 
crews then start c h e s h g  fhe Monday comters m d  rese~ing 

&ern if they have failed. A few additiand somtem may be set on 'Tuesday &enloon and 
Webesday rnrs as time peraaeits. If a counter fails, h e  somthg  p e ~ o d  is restated; 
but if they o d y  have 24 hours worth sf data a% the end of the week, b e y  will use it; 
ODOT's suwey fesponw hdieates that this ace= about 28 percent sf the time. Countess 
are retrieved b m e e n  esclay afiemaon md Friday mordng. In addition to the six 
peBons that h d 1 e  comts, they have ten to twelve hll--Pime employees that 
condud m m u d  counts, 

For mW cstmtkg) they ha~dle  about 28 sites per person (4 per crew) per week. M e n  
they use eumdatlve counters (for MI30 comes, etc.), they handle about 90 sites per person 

All Ohis data for the SHS refers to the SHS as it appem ow state Kghway maps, 
not as identified by loed s i p  (which may differ in same m~c ip&t ie s ) .  difference 
bemeen state maps md locd s i p  codd have some effed on trdfic volumes a d  
fwG%iond system assi 
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per week They estimate that switching IIPW counts from 48 hows to 24 hours would 
reduce costs by about 30 percent. 

They use road tubes on ;ll highway systems in cool weather and tape switches in the 
er. They dso w e  pmte-down loops in urban areas for volume counts only. On the 

Interstate system (IS), road tubes Rave a 25 to 38 percent failure rate, frequently forcing 
them to use 24 how counts or one-way counts. For tape switches, the failure rate on the 
IS is only about 20 to 15 percent. 

Seasmd and Day-ofweek Factors 

The t h e e  states intemiewed use three essentially different systems for applying seasonal 
and day-of-week factors to short-tern counts to produce estimates of AADT. 

W a s h g o n  State uses averagewekday/monNy fadors to derive AADT from weekday 
counts. Factors for each month are derived by dividing AADT from ATRs by average 
Tuesday-Tnursday traffic (exduding any holidays) ire the month. A separate set of full- 
week/monthiy factors is also available for adjusting seven-day counts. Separate sets of 
these seasend factors are developed for eight factor groups (distinguishing urbm/rural 
location, Intesstate/otherr, h e  m d  regions, and, for one of these regions, east-west vs. 
north-south travel). Locd agencies me advised to use seasonal factors that are derived for 
their own area, if available? or else to use the appropriate factors produced by the state. 
However, o d y  four counties adjust their own counts (generally using procedures with 
which WSDOT was not fmil ia) .  BIU other local agencies evidently provide WSDOT wit11 
raw counts that are adjusted by WSDQT. 

Florida performs s e a s o d  conectiom using weekly factors. These are comidered to be 
superior to rnontkly factors because of the relatively high week-to-week variation in 
vacation travel. Separate weekly factors are developed for each county, generdy 
differentiating wlbm/mrd location and hterstte/otRer highway system; in some cases, 

er distinctions are made between tourist m d  non-tourist roads (with a possible in- 
between category). 

Florida is also in the process of htsoducing a separate set of day-of-week factors. For 24 
(or 48) hour counts, takm over a two (or thee) bay period, each count will be divided into 
components taken on the two (or three) separate days, multiplied by the appropriate day- 
of-week factor, and then the separately adjusted components will be added to produce a 
single overall count. 

Ohio uses combined d a y - o f - w e / n y  factors for seasonal corrections, with separate 
factors developed for each functional system. Separate full-week/monMy and Monday- 
TEhursday/monthly factors have also been developed, though their use is unclear. Ohio 
applies factors in a fashion that is similar to that being used by Florida for day-sf-week 
factors, except that, instead of factoring the counts for the first and last day (of a three-day 
period) separately, Ohio combines these two counts and applies an average factor for the 
two days. The Ohio procedure is slightly more complex than the Florida procedure and 
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it codd be sfightky less acswatgs, but ~e diifferer~ce in ~ s d t s  is U d y  to be small. A more 
sifificmt x%re&ess of the OEo PactarirPg procedure is the hclusion of holiday data as 
nomd wekday data in the development of the seasod  factors - -this prczcss has a very 
sbvistas effect 0x1 the Monday factors &ve%opd for May ;Wg% Septehes  m d  the 
Wehesdaiy, n m d a y #  m d  Fdday factom developed for Novemkr. 

The s e a s o d  f a c e a ~  used by H a ~ d a  for my  yeax are developed at the end nd the year 
using data for %Plat yeax md then appEed 6s the raw counts. This desirable way sf 
develacsphg season& fadom is p d c d m 1 y  deskable when using weekly dadsrs, because 
it warntees appropriate adjustme.wt-s for Eater week and for the effects of my major 
storms. Wafington uses the smte procedme for sections cdswted by WSDBT, but it is 
Pikely Qpbag lacad aagemies use fasten from aura earlier yeaia, ('6989 fadalps are pukBGsEied in 
WSDOTs Short Count Factoring Guih.)  Ohio uses five yeairskwrafi of data in developbg 
factomi ,md appGs the resultkg fadom to rawy counts ohfined for the followkg year. The 
use of ' " m e  year" w a o d  fadsrs, as is done by Florida and WSDOT, is less impo&mt 
for states such as Washin@dsn m d  Ohioj where monthly (ra&er than weekly) factors are 
used, 

kd thee  states coma traffic on a t h e  or four y e a  cycle. Accordingly, for my  given yea, 
es tha tes  sf AADT for most sdiom are osbtEiiPaed by applykg gcawtlra factors to the 
preceding y e d s  estimates. 

BMsh ggrswh factom axe o b t a e d ,  by h d i o n d  system, by csmp g ewerrg-ye- KB'PR 
data to precedhg-ye AT$& dataI without m y  consideration to regional f iuences on 
ggrod-  A sifilia~ proceduw wing WSDOT's eight Baetos groups is most Ekely used for 
SHS comts &I -Bash@sn State, Ithaugh we did not verify this. 'The 1988-,4989 growth 
rakes by factor group published by W S m T  in the Short Count Factoring Guide m d  are 
probably wed by m m y  local agge~%eies for nsn-SHS comks, though the wide encawages 
the use s f  local data. It i s  i n t e~s fkg  to note that these growth rates v q  more by hghway 
type than by region! 

A different psocedm is used by Florida ( m d ,  we mderstmd, d s o  by MassachuseEs). 
F Io~da  derives gob dadors by c o m p ~ n g  cument-ye= AADT for aU sites counted in 
m y  gven year (incltadirng ATR sites) with actual or estimated precedhg-yea AAADT for 
these sites. %pa;rse g o ' o w ~  E a d o ~  presumably are developed far d l  the systems for 
wMch sepaate ijgassrtd c~nwtions ase developed (by c a u t y  for urban/ruird location, 
XraQemkate/o&er KgB~way system, md, irP some eases, tou~sl--/nsn-tou~st roads), 

Vehicle Classgieation 

All WSDQT coverage eomts are obtained using comter/classlfiers that are set to count 
foeas ve&cle classes distktg~skaed by svesaHB a l e  spacing. These classes are descibed as: 
automobiHes, small t~wcks~ medim trucks (heluding semis), m d  large truck. Three of 
these classes conesp~~nd F O U ~ H . ~  to three of the classes specified in +he grogssed Traffic 
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Monitoring System Rules (Federal Register, March 2, 1993, pa. 12123-12125): four-tire 
vehicles, single-trailer combination trucks, an8 multiple trailer combination trucks. 
However, since WSDQT does not distinguish tire or trailer configurations, the comespon- 
dence is imprecise. 

The same seasonal factors are currently applied to traffic eourits for d l  four vehicle classes. 
However, WSDQT plans to begin using four separate sets of factors in the near future. 
They c m n t l y  have classifiers at about 23 permanent counting sites. They plan to increase 
this n m b r  to about 70 (out of a total of about 140 permanent counting sites). About 50 
of the pemanent classifiers will be capable of distinguishing the 13 F l W A  vehicle classes 
and will be used for developing the distribution of Vh/rT across vehicle classes required by 
HPEVIS. (According to WSBOT's January 1992 "Procedures Manual," they currently 
Gst inwsh only 11 vehicle classes - ignoring motorcycles m d  using only a single category 
for dour-tire vehicles). .All70 permanent classifiers will be used for developing the seasonal 
factors. 

Vehicle classification capabilities and procedures used by local agencies (for non-5HS roads) 
were not discussed. However, the "Procedues Manual" states that classification counts in 
f i e  Seattle wbarpized area are 12-how manual counts that are adjusted using machine 
counts of total -traffic. 

Florida 

Many of Rorida's portable counters are classifiers. Tkese are used to obtain classification 
counts using the 13 F W A  vehicle classes. The implication was that, in the future, a 
significant number of such classification counts will be obtained each year, though the 
s w e y  response indicates that, of 5,500 short-tern1 volume counts, in the past, o d y  about 
450 have been classification counts. 

Counts for each of the 23 vehicle classes are adjusted separately using wekIy factors by 
functional system (gresmably Interstate and others) obtained from approximately 62 
permanent AVCs, It does not appear that my evaluation has been performed of the 
adequacy of the data used for adjusting cowts for the less common vehicle classes. 

Ohio obtains vehicle classification data at 21 permanent AVC sites using the 13 F W A  
vehicle classes plus additional classes for "mdef ined 'hd  "misclassified." Their current 
algorithm assigns 8 to 23 percent of all vehicles to the "misclassified" category. (Few, if 
m y ,  are assigned to the "undefined" class.) The majority of "rrPisclassifiedH vehicles are said 
to be Ghrysler passenger cars. Vehicles with spread tandem axles are also entered into the 
araisclassified category by the AVCs, but not by their WIM equipment. 

Ohio also obtains more limited classification data at dl HPMS d turning-movement 
coverage-count sites. Sparate counts are said to be collected for four vehicle categories: 
passenger (P), other dour-tire (A), other single-unit (C), and cornbFnations (B). Separate 
AADT estimates for the entire SHS are published in Ohio's Traffic Survey Report for two 
more aggregate categories: four-tire vehicles (P and A) and other vehicles (8 and C); 
however, corresponding estimates for the four separate categories do not appear to be 
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av~lable,  The s a s m d  md day-of-week fado= used for conve&ing 24 m d  48 how 
s%msScaGon comts to estimates of M D T  by vekicle class me the same for dl. vehicle 
classes; however) they htend %o use pavemmt WfM data for developilsg separate factors 
by veMeHe class k tihe kt-. 

Flodda and Was&@on collect weight data. by veKc9e class at permmen$ WPM sites. 

Qhio c m m t l y  ssbths weight data horn p~&afBLe b ~ d g e  WIM systems used on a 
t emporq  basis at praelsted sites. Wei&t data eo l lded  by these systems are used 
wifiout adjustment far e a o n a l  vdation. Ohio dss  has b t d e d  pm~ztent  pavement. 
WIM system; they e ly are c&brathg these systems md prep g p r o g m s  for 
using the WIM data. 

Ohio used its Road h v e ~ ~ t o y  File (Nq as the s a p k g  h m e  for the h i t i d  selection sf 
m M S  smple sectism. SHS =tiaras were a s iqed  $0 valume goups an the basis of 
Ohio's esthates s f  M D T  OW each =&ion (based on a capb%$kation of traffic comts, 
inte~olation, a d  judgement). CRher sec9iom were assiged to volume goups on the basis 
of judgement md ~1ativel.y l i ~ t e d  traffic count in%Bsnmatation. 

Rmdsm samples were &en d r a m  horn each vo%ume group. A8 would be expected, when 
traffic was coeerated QH these sections, it was f e u d  h t  a few SHS sections m d  a larger 
nmber sf non-SHS sections had h e n  assiped %o the wrong volume group. These 
sections were then ~ a ~ s i p e d i .  PO the comect ~ro_lme group, id  necessqf additiond 
sedism were drawn for m y  mdersmpled volume groups. These was no need to toU& 
traffic cesuts an the m a y  nan-SHS smtions h t  we= not selected as smsple sections, m d  
se tke appropRateness of the volue-group assi nts for hese sections was never 
vefified. 

ud mM s u b ~ s s i o m  hcorporate AADT estimates developed using counting m d  
factokg procedwes dessibed earlier in this section. All B4%M seetiom are counted by 
ODgaT on a $ow-ye= rotating basis. 

Each yeas; Ohio dsa reestimates tstd road miles in each volume group using their most 
cment mfhidTs of AADT far d SMS sections mLd the best available U D T  idomation 
far non-5HS sections. The updated dis~bution of road miles across volume groups is used 
in the Be~vaGon of smple-s&isn expansion factors. This procedure guarmtees that, for 
fwdisnd  system consisting entirely of SHS roads, estimates developed by H P E  
wiU c l o ~ % y  approximate Okrids estimates. For h c t i o n d  systems for wficl-r. 100 
p e ~ e n t  smples we not used, smd- differences will exist bemeen the t w o  sets of estimates 
because mM does not have av&kable Ohio's M D %  estimates for nomannple sections. 

- 
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QDOT finds the precess sf choosing new sample sections for undersampled strata 
laborious ( p r i m ~ l y  because milepost a o m a t i o n  is not included in the RF). For this 
reason, there apparently was a period of several years during which they did not add slew 
smple  sedions. As a result, they have several urbanized-area strata for whish they b e  
no sarnple sections. They usually treat all mileage in each such stratum as belonging to 
the next higher or lower volume group, though, when sample sedions belonging to both 
the next higher and next lower volume group exist, they m y  divide the mileage in the 

presented str between the tcvo adjoining volume groups. Such movement of 
mileage to alternate volume groups introduces some error in the corresponding MPMS 
estimates of 

ODOT is now redressing h e  above problem by selecting new sample sections for d l  strata 
for which they have no sarnple sections or for which they have expansion factors that 
exceed 100. They are picking new sections for one or two metropolitan plansling 
organizations per year. They have found that about 95 percent of the new sample sections 
are in the expected volume groups, indicating that their volume-group estimates are 
=asonably good. 

Washington originally assigned all nonlocal mileage to functional systems and volume 
groups using the best available data, and they selected the initial HPMS sample from this 
universe using a process that probably was similar to that used by Ohio. However, they 
have made no effort to change the distribution of road miles across volume groups to 
reflect subsequent changes in traffic volumes. All changes in road miles by functional 
system are incorporated by simply scaling the mileage in each of the functional system's 
volume groups. Sample sections are moved to new volume groups when traffic counts 
indicate that they should be (but it is not clean. whether or not the corresponding volume- 
group mileages b e  adjusted accordingly). 

Because of a lack of resources, WSBQT has not added sample sections to undersampled 
strata for severd yeas. However, they have never had a stratum without any s m p l e  
sections. 

al E3PM submissions incorporate AADT estimates developed by WSBOT for smple  
sections on the SHS m d  by the counties and cities for other sample sections. The counting 
and factoring procedures used by WSDOT and the local jurisdictions were described earlier 
in ~s section. Of the sarnple sectisns, approimately one-third are on the SI-PS, one-third 
are on county roads, a d  one-third are on city streets. 

Florida Transportaltion Statistics Office (TSQ) personnel were not familiar with the original 
stratification of highway sections for HPMS, though the procedure used presumably was 
similar to that used by Ohio and Washington. The Florida TSO charages the volume-group 

ents of both sample and nonsmple sections whenever new AADT estimates 
their volme-groeap has changed. 'Fhis practice shodd assure that the correct 

up stratification is maintained for all SHS sections (which are all counted once 
years). The Florida SHS corresponds roughly to the entire arterial system. 
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Treatment of non-SHS -$ions was not explicitly Bixuswd. However? since the s d y  such 
sa*ans comted by the TSB are HPW smple  sections md pade  crossings, it is likely that 
non-SHS smpEe sediom me moved to E&er vcslauase goups when their traffic: isacreases 
but that off the SHS very few mnsmple -tiom are moved. 

Movement of w ~ o r a s  &Ween vo lme  groups has resdted in both some volume-group 
s&a%a k o ~ n g  empty and the ht rodue~on of wctions into some fomerly empty strata. 
'They have never had a nommp$P str  far which they had ns sample sections 
(sarggesthntg &at whenever a nommg1e s f i o n  is moved into a fomerly empty atrat-, 
the &ion is hmediately picked as a ample s~ t ion) .  Smple =&isass are dropped from 
the mm s~mple s d y  if they are abmdoned or reclasified as locala%. 

Bath FBagida a ~ d  Ohio estimate W T  on fmdiodlqr %acid roads arhd streets by using a 
shgle vdue of M D T  far d these =tiom, deh.ving this vdue horn rilroad--grade crossing 
traffic eomks ow fwctisnaUgr Eoed roads md streets. Ohio has found that W s  procedure 
tends to ove~stimate local Howwer? F l o ~ d a  beBieves that they have a significmt 
numkr  of grade crossings h a t  are virtually. d~veways, so ha t  they do not believe that 
& e ~  is an overestimate. 

estia~ation for f m d i o n d y  Iocd roads md streets was n ~ t  discussed with W a s h @ s n  
State. 
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Stratification 

For several h c t i o n d  systems, the estimates produced by EPMS are developed from 
AADT esthates for a random panel sample of highway sections stratified by traffic 
volume group. St&ing in 1993: states will begin developing count-based AADT estimates 
for al l  sections on the PAS (hchuding hterstates and other freeways and expressways) plus 
other roads of nationd significance designated as being on the W S .  Accordingly, in the 
future, the volume-group sampling approach will be used primarily for the minor arterial 
m d  collector systems, m d  issues relating to volumegroup stratification are important only 
for these functional systems. 

The most s i e i c m t  issue relating to the volme-group stratification is how well it is 
appbied - in particular, how well are nonsarnple sctions &stributed across volume 
groups? Emon in the distiibution of the mileage sf nonsarnple sections across volume 
goups c a n  affect the resulting estimates significantly. TWO alppresiably less 
siflficmt issues relate to the esti af mean AADT used for each volume group, and 
the estimation of for volume groups that do not contain m y  sample sections. Each 
of these issues is discussed bellow. 

3.1 Distribution of Mileage Across Volume Groups 

A key issue in the use sf a volume-group stratification is: How well can a system of 
I-eighway sections be disbibuted across volume groups when the traffic volumes on many 
of them are own'? Random errors in the distribution process will tend to cancel out 
m d  so will tend not to have any sieficant effect on the resulting W T  estimates for the 
kaighway system. However, systematic errors (such as a consistent tendency to mderesti- 
mate the volume group of sections for which AABT estimates do not exist) c m  have a 
greater effect. 

The following subsectiam discuss how highway sections arad mileage were originally 
distributed across volume goups, how t k s e  distributions are maintained, and the effects 
on Wn/bS estimates of . Our conclusions are: 

For sd ions  on a state's state highway system (SEIS), the origin& distribu- 
tiam me probably adequate or better. 

For these sections, maintenmce of the distributions varies in quality, but 
poor maintenance hequently may not have m y  significant effect on the 

estimates. 
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Far other ~ G Q F L S ?  the Ekely to have been baed  
on hdeqrrate datl-~, a estimates for the lower 
fudianail systems. 

To avoid the problems of applykg a value-group sbatilisation to non-SHS sedism, 
alkgnmtive skatscatiom were developed m d  evduatd.  These stratifications were not 
feud to be ~UCC~SSM. The dtemate stsaeficatiom land their mdyses are dixssus~d %deny 
in Agpndh  D. 

Proceduws o F i @ d y  used to dist~bute setions in each hdisnal  class across volume 
groups mdoubtedly vary amsss states, md many states c ot easily ~ c o m t m c t  the 
p r o c e d u ~  &at they used. However, the procedwe used by OMo i s  probably typical of that 
%as%?$ by mmy states. 

For mmy years, Ohio, like many other states, has m h t h e d  AADT estimates for its entire 
SHS m d  much more Gr%zited AADT ~ssnaa t ion  for sectism off the SHS. h Ohikio's case, 
the SHS M B T  estimates ape developed horn a s ~ m b h t i s m  of traffic counts, hbnlevolation, 
md Morn@.& judgement. Obio also mafaaths a Road hventory File (NF) that cont ' 

idomatiora on d roads and streets in the state, divided infa reasonably hkermogenams 
seeions. 

For mw, Ohio used the RIP as their s m p l h g  frame and used d l  a.v&Bilable idomation 
to ass ip  WIF sediom to vhs8.uxne groups. Rmdom smp%es were then draw-r~ from each 
vo1w.e greup. As would be exp&ed, when traffic was counted on these sed-tions, it was 
fom~d h t  a few SHS smtioaas m d  a larger number of nsm-%HS sections had beeE assiped 
to the wrong v a l m e  goups. These s&iows were them remsiped to the correct vcsBume 
group, and, i f nwessq,  addi t iod sedism were d r a m  for my mderpsmpled volume 
groups. Rere was no me$ to collect traffic counts on the many nsn-SHS sections that 
were not sekwted as s<mple x c ~ o n s ,  m d  sa the appropriatemss of the valume-group 

nts for these? sections was never verified. 

est of SHS s d i o n s  to volume groups was 
~ a s o m b l y  accmate, a%rKBe hei ent of other sedions was less ascabsate. In Ohio's 
cawp the SHS include dl md some mid coUectomf mast or all wbm freeways, 
most ather urban pkcipali &erids, md some ~nbm minor arterids and coUectors. Thus, 
it can  be concluded that Ohis developed genesaUy accurate volume-group assipments for 
sediord hrn the three K&est mid and wbm f w t i a d  systems, m d  less accurate 
asigm'ients far sections in the lower frmndiasbal systems. It is likely that the latter 

nts ~ s u l t e d  in same systematic error in the dist~bution of mileage across volume 
paups, but the size and direction of this enor is not known. 

,Mmy other states have good traffic: data for sections on the SHS ( a d  some even obtain 
traffic COPB~%~S on d l  such sediom), but little or no data for other sections. Hence, it is likely 
that in mamany states, the h i t i d  a s i  nts to volume goups were gemrdqr accurate for 
SHS sections md less accurate %or non-SHS sedicsars. Excludhg the locat h d i o n d  
systems, fiere are now about 635,84190 miles sf SHS and, k 1980, there were about 6rn6,000 
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miles. B is Likely axat most of this d e a g e  was appropriately distributed to volume 
groups, but that many non-SHS roads were hss appropriately distributed. In 1980, there 
were about 585,000 miles of such roads excluding h c t i o n d y  local roads. 

Maintaidng the Dis~bution 

Over time, traffic volitbgles on eAsth~g roads change, new roads are built, a few are 
abmdoned, and the fupldonal classifications of some roads are changed. All states modify 
their estimates of universe miles by fmdional class and volume group for the effects of 
new roads, abmdoments, and c h g e s  in fumctiond class. However, many do not modify 
these estimates for clzmges in traffic volumes on namample sedions. Furthemore, 
dtkou* al l  states change the volume groups to which sample sectiorls belong to reflect 
the effects of changes h estimated AADT on these sections, they do not all change their 
dstributions of universe miles across volume groups accordingly. 

There are two procedures that can be used for changing the distribution of mileage across 
volume groups to reflect changes in traffic volume. f i e ,  used by Florida and Georgia, 
involves maintairming Somat ion  on each universe sedion's volume group, along with 
other roadway characteristics, in a roadway inventory. Then, whenever a new AADT 
estimate indicates h t  a section's volume group should be changed, the universe mileage 
in the section's old m d  new volume group are adjusted accordingly. This procedure's 
capabifiv for keeping a state's nomaa~ple sections appropriately stratified depends on the 
extemiveness of the state's program for re-estimating AADT on these sections. In many 
states (isacluding Florida), this program is largely limited to the SHS, so that much of the 
traffic growth off &e SHS will be missed. 

An alternative procedvre is used by Ohio. h Ohio, estimates of mileage in each volume 
group are obtained u d y  from the state's (computelSzed) RIF. For the SHS, ithe 
distribution is derived from AADT estimates contained in the file; while, for non-SHS 
mileage, the distribtaaian is developed primarily fmm judgement, using whatever AADT 
information is in the file amd an assumption that, for a given functional system, traffic 
volumes off the SHS are about one volume group lower than those on the system. The 
distnibution used for non-SHS mileage is cIearly less accurate than the one for SHS mileage. 
However, it is developed consistently over time; and, assuming traffic volumes grow at the 
same rate on and off the SMS, the nonSHS distribution appropriately captures traffic 
growth. 

For functional systems consisting entirely of SHS mileage, the volume-group data provided 
by Ohio enables PI37m to approximate Ohio's own estimates closely. However, since 
Ql-~io's estimates are derived using Qkio's AADT estimates for all sections, while 
l3PW are derived using volume-group me=, some small differences will exist between 
the Ohio and HPMS W T  estimates. These differences should be insignificant (and, for the 
PAS, they will disappear when 100 percent sampling is adopted), but it should be obsemed 
that the better estimates are those produced by Ohio. (The Ohio estimates are based on 
the best available AADT estimates for each section, ~ ~ % l i l e  the HPMS estimates ase derived 
by approximatkg Ohio's AADT estimates with volume-group means.) 
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SHS Mileage 

The discussion of the p ~ e d h g  submaions hdicata that many states have very goad 
eomt-baed estimates for the entire SHS. Same staes, such as Ohio, provide H F M  
with  om on roadway ~ l e a g e  by volume goup that enables WM to produce 

estimates that closely ~p l l ca t e  the state's estimates- However, m, 
W s h @ o n )  do not. The wsdt  is hat ,  for the SHS, H P M  es~mates of 
m t  as gssd as those produced by the states or those tihat could be produced by K3[HaM 3 
d states adopted the Ohio or Geor@a grocedwes for providhg I-lPW with updated 
idoma811onz on roadway mileage by v o l u e  goup. 

The new W M S  q u i ~ m e n t s  for 100 pexmt s a n p ~ n g  of the PAS and NHS (the 
%aAS/NHS) s h ~ d d  improve the H P M  estimates for the %M/NHS (but not for other 
pms oh h e  V ~ ~ ~ O U S  SHSs). En pasticdap; for states such as Florida, which cmently counts 
trdfic on every section of the SHS, the new requirements wiU enable HPMS to use AADT 
esthates deslved from these ssba6~'ts far $lac entire PM/NM%. 

Hoar Ohio, h e  effeds of the new replations will depend on the way they we implemented. 
If Ohio is r e q ~ e d  to coUec6 24 CTF 48-how m a c h e  counts on every Ohis section of the 
PASjNHS, the quality sf both the Ohio and W M S  es~mates of on these sections wiU 
improve, If Ohis is o d y  require o U ~ t  such somts on "rna9os sections," some 
improvement in Ohio's estimates of c a n  idso be expected (due to fhe replacement of 
8 m d  1% haw mmud counts by 24 or 48 how m a s h e  comts). The H P M  estimates will 
&so improve; however, if HPMS uses only BAD% estimates Qepived from traffic counts on 
the major %&ions without coasidefing 0hio's analysis of ho ie varies on the srnder 
sections that make up tlhe major sediom, IgMS will not be hm91 advantage of a411 of 
0&srfa a o m a ~ s n .  h th is  casef the Ohio m d  H P m  estimates case likely to differ shi&tly, 
with the Ohio esthakes likely to be the better ones. 

The above discussion hdieates &%la& for mmy states, the H F m  estimates of VMT for those 
p013iom of the SHS that are not part of the PAS me not as good as the state's estimates. 
However, m analysis p ~ s e n t e d  h Appendix C suggests that, for many of these states, the 
&dfeagnees are gikely to be qdte  s m d .  That mdysis attempts to estimate the downwwd 
bias &at results in esGmates due to the failme of marry states to modiQ the 
dist~bution of mile oss volume groups as traffic increases. The Appendix C analysis 
uses some relatively heroic assupt iom to estimikte th is  bias, md so we do not believe that 
too mush shodd be made sf &-he results of this analysis. r, that mdysis does 
suggest that the bias resdts h reduchg the es by no more than one 
pexent and that the effect on the estimates o no more thm one OF 

t w o  h m d r e d ~  of a percent per year. The ! ffed is cumulative, but it still should 

As p~~vious ly  obsemed, it is likely t h t  many states ifitidly assigned SHS sections to 
m M S  volume gsups on %he basis of the M D T  estimates they then had for these sections. 
For the SMS h these states, the okighd WM estimates sf W T  should have closely 
~pficated the state" estimates. However, over time, some divergmce between h e  two 
estimates is Eke1y for states h t  &%id not mo&* the HPW distribution sf nileage over 

- 
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volume groups to match the &mges they found iw M B T  by SHS section. Such changes 
codd have resulted k a u s e  of increasing traffic volumes and/ or because of improvements 
in the state's procedures for counting traffic md estimating AADT. However, the 
Appendix C results suggest that the effects of increasing traffic volumes on the distribution 
of rnileage over volume, groups ;rre quite small. Hence, we conclude that, although, for 
those portions of the SHS that are not pa3 of the PAS/NHS, the IIPm estimates of 
are not as good as the state's estimates, the o d y  states for which significant differences are 
k l y  are those which do not modify their distribution of d e a g e  over volume groups to 
reflect changes in their estimates of AADT and which also either did not use SHS AaDT 
estimates in developing their original distribution or have since improved (or otherwise 
modified) their procedures for esthating M B T .  

Although most states have well developed programs for estimating VMT on the SHS, most 
expend no more ghm limited resowes for estimating on other roads and streets. 
Accordingly, in most states, the distributions of non-SFIS sections across volume groups 
reflect a substantial mount  of judgement and relatively little data. Hence, the resulting 
HPMS estimates of for functional systems dominated by non-SHS mileage are likely 
to exhibit substantially greater percentage errors than those for higher functional system. 

The errors resulting from improper stratification of mileage in the lower functional systems 
codd potentially be reduced if stratscation by volume group were replaced by 
stratification by one or more readily observed variables. For this purpose, some potentially 
useful variables are surface type, number of lanes, and (for multi-lane roads) degree of 
access control. h the course of Task A, several. stratifications using these three variables 
were evaluated. Unfort ely, it was found that, although these stratification variables 
perfomed reasonably well for the higker h c t i o n d  systems, they performed very poorly 
for the lower functional systems (and, in particular, for rural major and minor collectors). 
A brief s m a r y  % of the evaluations performed is presented in Appendix D. 

H 3.2 The Volume-Group Means 

This section exanaines issues relating to the estimation of mean AADT for each volume 
group. A family of adtemtive procedures for estimating these means in a fashion that 
reduces tradfic-couflting requirements is developed, and one procedure in this family is 
evaluated. The conclucIixlg subsection of this section suggests that reducing the amount 
of trafficcomthg required for estimating volume-group means could allow an increase in 
tke mount  of traffic-comting on nonsample sections, resulting in improvements in the 
distribution of mileage across volume groups. 

Consider the collection of all sections in. any fwnstional system in any state and the 
distribution of AADT values for these sections. Same typical AADT distributions are 
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sh0w.n in Efib i t  3.2. The doHed lines in the exhibit r e p ~ s e n t  the apprsp~ate volume 
groups far the kK,.&and system. 

The first of the E ~ b i t  3.3 dis~butions r ep~wnes  a situation that is most hkeBy to occur 
in the ease of tthe lower md a l c G o d  s y s t m s  of some West Centrd States m.d other 
states witkt road systems that we deme rela~ve to their popdation. ?his distFjbution is 
EgMy skewed towad the %ow end. sf the M D T  range. Most of the sediom me in f ie  first 
v o % m e  group, with many! ii not most, in the lower kdi of this volume goup. The second 
and third d i s t ~ b u ~ s n s  r e p ~ w n t  situatism with prog3-essive%y less skewing, with the third 

g close to a normal akst~bution 

a ~ o n  sf the three dist-p-ibutions show~ in Efibif 3-1 c a n  provide reasonable 
qu&tative estimates of the apprgtimate nnems for each of the volume groups, With a few 
excepGons, it can  be s e n  fiat most of the volume group m e m  lies reaonably close to the 
~ d p ~ h t  of the volume group. The most notable exceptism are: the highest nonempv 
voltme goup  of each dist~buticrn Qe.g., Volume Group 3 for Distfiibutisn (a)), wlGcla dl 
have means near the low end of their volume group; md the lowest naanemgs~ volume 
group of each distr-ibution which, except for Volme Group 3. of Distl-ibution (a), have 
me= near the && end of their velume group. 

1% aU sectism in a vsB-e-soup are of the same Ien@h tot& W T  isl the volume goup  
is obt&ed by multiplyhg the vo$-e-group me= by the tstd Ben& of these sediom. 
If the s e i o m  are 0% v q h g  total em be o b t h e d  by multiglyhg the Ee8~gf.h- 
rueighiesd value-group mean (EL, x MDT,/CL,) by total Ien@h (EL,). If there is no 
~latisrsskp between a xctisds l a @  m d  its AADT, the expected vdue oh the length- 
weighted mean will equal the expeded vdue sf the mwei@ted man. Since such a 
relatioxsskp is either extremely we& or none~stent, the t w o  mems usually Ee fairly eIose 
to each o ~ e r J  ubstituthg one for the other does not result in m y  significmt bias in 
m estimate of 

Comider now estimates of W T  d e ~ v e d  using the volme-goup midpoint instead of the 
1enN-weighted voBlk9aae-soup mean. The above discussion suggests that uusaadly the 
midpakt and the mem are reaonably close, so &at ody  modest errors wiU result in the 
estimates sf - with notable exceptions Ekely to occur csdy for the lowest m d  K&est 
nsnempv uolme poups. F ts for several volume groups me 
agpgated,  the errors will tend t estimates fss sever& volume goups 
derived using midpot$b$s w e  likely tgo be better ~ r n  similuly derived estimates for a single 

p&iculxP for M B T  distdbutiam similw to those shorn  167 E f i b i t  3.1 
mderestimates for ghe lower volume groups will repid to be bdm-ced by 

overestimati;es for the higher volume groups.) 

The above dixmsion suggests that reasonable estimates of W T  c m  be derived by using 
M D T  estimates horn actual volume counts for sanples of sections in the lowest and 
kghest mnempty v-solme goup of each hctianad system and using volume-group 
midpohts for d other ~ralume groups. 
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Empi~cd Results 

The qa&@ of esaimates derived ushg volume-gsup ~ d p o h t s  was evaluated by 
appE+g a 'IddpoibLt pr~cedure" to HFMS data %or 1991 md compmhg the results to those 
produced by the normd H % m  groeedm. For this e~daluation~ the hdpoint  p r ~ s s e d w  
used was: 

1. For Volume Groups 1 and 13, estimate using AADT estimates for dl 
smple sections (as is done by PEPMS). 

2. For other volume psups, es~mate by a s u d n g  &at the volume- 
group ~ d p o i n k s  represent the urn&-weihted) mean M D T  of dl sections 
in the v a l u e  goup. 

Resources did not pernit testing of the slightly more sopksticated grocedme proposed at 
the end of the preceding sub~ct i sn .  We would expect h a t  procedure t s  produce 
somewhat better estimates than the procedwe x tudly  tested. However, we would 
not expect a s i ~ f i c m t  difference in the quality of the estimates. 

comidehg the above results, it is h p o ~ m t  to keep in mind ahat the VMT estimates 
d e ~ v e d  ushg the two procedures are 50th estimates. To some extent, the WPM prodiedwe 
produces estimates of hat  differ horn those produced by the sreidpsaiffle prcacedm 
b ~ a w e  the  verse sf s&ions e o n t h s  a relatively large number sf sedions with AADTs 
above (or below) their vslwne-goug fidpohts; m d  to some (probably lesser) extent, it 
does so because the valme-group means sf the mM sample differ horn the volume- 
group mems af the hverse.  The differences in the estimates produced by the two 
procedwes me due to some cumently wn sombirmtiasn of the errors produced by the 
two procedures; they me not due entirely to errors produced by the ~ d p a h t  procedure. 

E-it 3.2 sampaes the estimates of statewide nadocd  produced using midgokts 
for Volme Croups the M D T s  of smpIe s t i  r Volume Groups 1 m d  13 
(in glolum 2.) with estimates dedved e n t i ~ l y  from M D T s  (in Column I).' The 

es~mates produced by the two procedures are quite close. The estimate of mtiond 
Vh4T ols t~r~ed.  ushg  midpohts is 1.34 percent altmdles than the estimate obtained s d y  

Before perfamkg this mdysis, one iidj~asment was made to data for South Dakota. 
The M D T  dist~bution of mrd major md or colIectors in South B&ota is very simihx 
to that shown h E&bi$ 3,B(aj, with a very- &sps6~po&iona%e share of sections falling into 
Volume Group 1 when the stmdmd HPMS v o l m e  groups are eased. Ts improve the 
H P M  estimates of over& W T ,  for MPhd.5 s u b ~ s s i o m ,  South Dakota has adopted a 
asonstmdasd volme-gro~kp stratification for sections in these h & i s n d ,  nmowing the 

e Group 1 md shifting a number of sections into higlwr volume groups. 
d South Dakota sections were restratified using the s f m d a d  H P M  

vo%ume $paups= 

In the other states, o d y  t w o  sections, boLh alrbafizd-ma mhor arterials in Kent-rac~,  
were fomd not to be in the stmdad WPM v o l m e  goups. In om ysis, no specid 
adjustments were made for these ~ c t i o m .  
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" %lath Dakoh data modfie$. See footnote to acsomparagrirng text. 

using MDTs.  For hdlvidud states, h e  estimates u s h g  h e  "rpaic%psha%tN procedure range 
from 3.14 pe~enk lower (in Hawaii) ta 2.34 percent hi&es (in Nebrash). 

he relative errors produced by the two 
sis would es~mate - mfng M D T  estimates far dl sedians 

of nodscd  roads from states om$ traffic an A such sctions (e.g., Iowa or Virgiaiai) 
m d  wa-dd compare these values to produced uskg the volume-group 
procedan~ m d  those derived ushg s d y  estimates for the HPMS smple. 
Unfo&matel~r~ resources do not pern%it such 

Bwaba.5~ traffic vsalmes far individud sections are m e t  ufnifom for the entire length 
of the s&ioq and bwaka.~ the AADT values for imdividud sestiom are themselves ordy 
esha tes ,  it is not possible to obtain a completely accurate estimate of AccordinglyJ 
the stmds.H.8 of eomg&son used in the foomoted sxaSence is identified as ;ire estimate 
rather t h a n  m accurate vdue of V K .  
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The Role of M B T  Esthates in Estllma~ng V 

The above &scussion and that of Section 3.1 suggest that, for the purpose of using the 
volume-group approach to estimating VMT, estimates of AADT play two roles: 

1. They provide information about the (length-weighted) mean AADT of their 
volunrae-goup; and 

2. They permit individual sections, to be assigned to volume groups correctly. 

For the purpose of estimating statewide AADT estimates for sample sections in the 
lowest and highest nonempty volume groups of each functional system are needed for their 
first role. However, the results presented in Exhibit 3.2 indicate that, for other sample 
sedions, the first role of estimates is appreciably less important - reasonably good 
estimates of statewide an be obtained using volume-group medians instead of 
smple  data. For sectio se volume groups, h e  second role of the AADT estimates 
may be as important or more important than the first role. Indeed, as suggested in Section 
4.1, the lack of AADT infomation for nonsample sections that are not on the SHS probably 
results in m appreciable mount  of error in the distribution of universe miles across 
volume ~ o u p s  for the lower functional systems, compromising the VMT estimates for 
these system above discussion leads to the observation that it may be possible to 
improve the estimates for the lower h e t i o n d  systems by adopting procedures that 
focus more on the second role of AADT estimat less on the first. In particular, a 
volme-group median procedure for estimating could be adopted in conjunction 
with: 

reduced counting-hquenq requirements for non-PAS/NHS sample 
sections that are not in the lowest or highest nonempty volume group of 
their b c t i o d  system; and 

new r q u i ~ m e n t s  for periodically estimating AADT on nonsample sections 
(from additional volume counts and/or M D T  estimates on adjoinimg 
sections). 

There is some likelihood that such procedures could produce moderately (or even 
sigmificantly) improved W T  estimates for the lower functional systems at no increase in 

u d  costs (but some initid cost for implementing the procedures). However, an 
additional r e s e d  would be required to develop and to evaluate 
F. 

3.3 Treatment of Unsampled Volume Groups 

The movement of sample sections from one stratum to another (as a result s f  changes in 
traffic volume or, less frequently, changes in functional system) can result in some volume- 
group strata that contain no s m p h  sections but that are believed to contain nonsample 
sections. Such an occurrence is very rare for states that select new sample sections 
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the smple for m y  s t r a t a  that includes m y  nommpied sedom fdls below 
However, far states that do not m h t &  a r o d  h v m t s ~  file with n~lepssts m d  

T for dl seaions of nsdalloed roadJ the seles~sn af new sectiom c m  be a time- 
g process. As a resultj some states do not add smph sections to a skaterrm rmtil 

after the smgke has dropped to zero, m d  some have dowed nsnemptry strata without 
s m p h  s&isrns to exist for wvesd yeas  before new smple mfions rn selected. 

UnsmpEed sBkata me most likely to o c e w  for h&vidudBy smplled usb&zed areas. For 
my  h d i o n d  system w i ~ n  m rerb&zed arear m a p l e d  volume-groups are likely to 
be m o n g  the highest and/or lowest of the nonemp(y volume groups. 

M e n  m m m p l e d  s t ra tm occurs, some states, such as Mzom# barmow smple =lions 
from an adjsimkg v a l m e  group to represent the sctions in the stratum, while others, suck 
as OEa, t e m g o r ~ l y  move aU mileage in the sbaturm 6 0  adjoining strata, 'Both these 
dtemtives produce represent;iotiobas of the rr~ileage ias the amsmpled stratum, as required 

s,J that m masonable for most p q o s a s .  However, bath 
procedu~s  htrodmce m e s s q  mst easily avoided emor in the estimation of VMT: 
s&lsm &at ax! ve MD'T  in o w  volruxne group (e.g., 20,000-29,9B) are 
treated as h a ~ g  /LAD'$ in a &f%Efrent vsl up (e.g., 10,000-19,999). Clearly, a .very 
shple dtemative that wodd produce better estimates would be to use the r~dpoint  
sf the apprrapz<atike AADT range (25,QW) as the estimated average AADT Bar d sections in 
the nensmpled s t ratm.  This dtemtiive can be met by requi*g fh t :  

2. seekg the M D T  of bonowed sedions to the ~dpoiaa$ of the AA3'P range 
of the volume group into wM& they are moved. 

The second mle s t h d % e  strata that have ope-ended volanrmne-group ranges ('"902ume 
Croup 13 for most strataF Volume Group 5 in the case of special donut-wea strata). Far 
t h i s  specid cease of m ~ m m p l e d  stratum, we suggest setting the U D ' T  equd to the 
a~erage d u e  used when the stratum last csrcthed sample sections. 

- 
The HPMS hd+sd Process uses detdied data for I-EWE smpIe sections to 

evduate the csn&Gon md perfommce of all nodocd  roads. (Federd Highway 
A stratissl, Highay Pevommce  M~nito(PFdblrg System Amalyfical Process, Version 2.1, 
Volmes? D ~ e ~ n k r  1387.) 
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4.0 P ans for Task B 

This chapter describes several analyses we propose to perform in the course of Task B. 
ses relate to three aspects of the analysis of traffic data: 

S e a s o d  rend day-sf-week factors; 
Estimation of M D T  by class; and 
Equivalent single axle loads (E5ALs) for individual sections. 

4.1 Seasonal and Day-of-Week Factors 

Issues selating to seasonal and day-of-week factors to be addressed are: 

The time period during which short csunts are collected and the relationship 
between this period and the day-of-week factors; 

Alternative types of seasonal and day-of-week factors; and 

The relative vdue of factors derived from current-year data vs. factors derived from 
historic data 

The first subsection belaw describes the basic analytic procedure to be used for addressing 
these issues. Three additional subsections then describe the analyses we currently intend 
to perform relating to each of the above issue areas. 

The analysis wikl make use of ATR data for selected states. Most of the analysis will use 
only data for 1992, including imputed values for I992 derived from data for earlier y e a s  
using a procedure &xussed .in the second subsection below. 

The Basic Procedure 

For each state and each factoring procedure, a separate analysis will be performed using 
data from each of the seasonal factor groups containing two or more AT&. For each factor 
group, %he analysis consists of using data from one ATR at a time to simulate coverage 
counts that codd be obtained at the ATR site, and deriving APaaT estimates comsponding 
to each of these counts by applying factors derived from the remaining ATRs in the factor 
group. For most of the coranting and factoring procedures to be'evaluated, between 100 
and 200 nonoverlapping simulated weekday cotants will be obtained per ATR. Error 
statistics will then be generated by comparing the various AADT estimates derived for each 
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s f  the ATR sites to the a ~ d  AAABT' at the site (as h&cated by the ATR data). These 
statistics should provide a reasonably accwate repre~ntation sf e%ae precision of M D T  
estimates produced mhg the fadofig prmdme & k g  evduated. 

The prwisican of the V ~ O U S  f a e t s ~ g  procedures wiJl be compaed to each other using the 
roat mem quare (Rm) emor of the M D T  esfimatm produced (possibly excludhg 
those for rareationd factor grox~ps)? The mean emor of M D T  estjmates will &a be 
obt*ed to identq  my procedures that produce biased estimates s f  AADT. Aa-tsad-tive 
procedures will be identgied on the basis s f  their prmisisap, lack of bias, ease sf use, and 
other relevmt chxacteristi~s (e.g., s i~ lhv  to cumentliy gopdar procedures). For one or 
two 0% the most aEsacGve or most precise procedms, resouxes pemigthg, some fmfier 
evduation m y  be perfamed on the precision of the estimates o b t ~ a t . 4  for hdividud 
factor goups (e.g., how the prwision teaads ta v q  with h ~ o n d  class, number of ATRs 
in the factor group, type a$ grouping used, ete.). 

U d o  ely, the above approach i s  not capable of evdnluatkg factoring procedwes that 
use mgouped ATR data (e.g., t%ne f a c t ~ h g  epf each coverage c o w t  ushg data from a 
newby ATR beEeved t s  ha..-sre si~ljila cha~acteaistics). We cunently have no plans for 
evduathg such procedures. However, we o b ~ r v e  hatd if properly imp1emente$r, such 
procedwes should produce LIA.DT estimates &at are at least as accurate as those 
perfomed ush-ag gouped data. 

Imputn~on of Missing V;2lues 

ATRs are htended to provide hourly (or 15- ute) traffic counts for every day sf the year. 
HoweverI Par several reasons, data horn hdividud AT& may be missing for v&ous 
periods of time. For the p q o s e  of the Task B m;alyses, we intend to drop my ATR 
for which an exces~ive m o m t  (perhaps, more 5% days) of 1992 data is misshg. Par 
a ~ e r  AT% for whicka 1992 data is ~ s s h g  we krtend t o  use a careful procedure for 
i q u t i n g  fieishglp values that is intended to have as small ;agl effect on our results as 
priEceicdal. 

For A T b  with pd id -day  dataf we in;kend to use this data to impute cowkts for the he%U 
day if the nmber sf hows of data meets or exceeds same m m  (perhaps, I 6  hours). 

- 
Adual .PAD% will be derived as a true average by dividkg total 

the number of days in the year m d  not by using the more complex mdti-stage averagirag 
procedure suggested on page 52 of ,MSHTO Guidelines $or Trwfic Data Programs. 

'The e s d t h g  estimates of W S  emor may be biased domwwd: because of the 
intention& omission of recreation& fador goups; because of the lack of data for m y  
singleATR factor groups; md because factor groups developed using cluster analysis ape 
relatively d&elgr to contain extreme outliers m o n g  the ATE sites in a cluster and, even 
after camectisn for the differences in population sizes, extreme outliers are relatively more 
likely to exist msng the csmespoadiaPg coverage-csmt sites. On h e  other kms%, a 
eompewsathg upwad bias in the R k E  enar  estimates may result b ~ a u s e ,  lor a faster 
gscprsp of n AT&, factors used in this sir; are d e ~ v e d  using data horn o d y  n-l ATRs 
imtead of the pa AT& used in the - procedure being shulated. 
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these imputations generdy will be based on time-of-bay data for the same ATR for the 
same day of h e  followhg and/or p m e h g  week with appropriate modifications made 
for holidays. 

Vdues for other missing 1992 data for any ATR generally will be imputed from 1991 data 
for the other AT& in the factor group. Our current inclination is generally to impute 
values for each individud day using yearearlier data for the same day of the week from 
52, 53 or 55 weeks earlier (adjustkg the week used to maintain appropriate relationships 
to Manday holidays, 3% giving and Easter) and using corresponding day-specific 
groWth factors. Data for IggO will be substituted in this process when it is available and 
1991 data is not. 

The imputation p r o c e d u ~  will be modified appropriately for handling missing data in the 
vicinity of the major fixed-date holidays ( stmas, New Years, and the Fourth of July). 
To minimize the effect of the imputations on our results, we may choose not to sirnulate 
m y  short counts taken in the vicinity of these b e  holidays ('January 1-6, June 27-July 6, 
and December 19-31). 

The first set of analyses to be performed will use factors that are developed for a specific 
day of the year. Such "spsific-day" factors would be developed separately for every day 
on which short-tern traffic counting is performed. 

Nfiaugh specilic-day factors are not currently in use, they have some characteristics that 
make them helpful t$s o w  mdysis. h particular, consider the application of these factors 
to short counts collected on a midrtight-to-mi&&t basis (as is done in Pennsylvania). 
Each 24-hour count would be factored to an AADT estimate on the basis of ATR traffic 
volumes that were recorded for precisely the same time period as was used for collecting 
the short count. The ~srrlt ing adjushent will reflect imprecision due to the use of data 
from ATE sites that are different from the short-count site. However, it will not reflect m y  
additiotaad imprecision due to imperfect matching of time periods. 

IFhe initial analyses to be p r f o m e d  will include application of specific-day factors to: 

1. Midnigtat-to-d~ght short counts; 
2. 24-hour noon-to-noon short counts; and 
3. 48-hour noon-to-noon short counts. 

The last two analyses will represent reasonable approximations to the counting practices 
in most states, in which most or dl short counts are obtained for 24 or 48-hour periods that 
begin and end in the late morning or early afternoon. It is expected that these two 
analyses will produce slightly greater errors than the first analysis because of the imperfect 
correspondence between the periods used in developing the specific-day factors (two or 
three 24-hour periods) and the short-count periods (a pair of 12-hour periods or a pair of 
12-hour periods preceding m d  following a 24-hour period). Indeed, for short-count 
periods ending on Fridayf we would expect a tendency for AADT to be underestimated 
because the Friday factors s f l e a  the full effect of increased Friday traffic volumes, which 
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tend to be csncmtratd in the latter part of the day, while &%re short comts reflect o d y  the 
sEghdy elevatd rno g trdfic voEmes. 

Ewduatiom will be conducted of the ecverd pmision of each of the 
sepasilke evdaluations will be made (at hast for Mtemtivea 2 and 
wbm and systems (testbg the hypeahesis h a t  48-hoeas count 

in w b a  areas). If ressmes pe&tp w 
diffe~nt ways: one using sepaate faders for each sf the days over vP~Hsich the 48- 
hour period is spread; m d  one using Ofio's p r o c e d u ~  of eombfiag the factors for the first 
m d  third day kfaw applying them. me mi^^ we will analyze o d y  the firsf of these 
v ~ m t s .  Ow exp-ation is that h e  two v ~ m t s  will produce very s M a  results with 
the first one prsduchg m a g h d y  k g e r  prwision levels. 

Fhdlyr we p%m to perfom a fo mdysis rasing a facto*g procedure that provides a 
betters match than h d y w s  2 md 3 kmeffi Wke time p e ~ o d  represented by the fad013 and 
the shon%-comt time periods wiaaout r e q ~ s h g  m y  ehmge to the most cornm~~dy used 
comtk~bsg proeedwes. h p&icdwg we prepow to use factors derived from noon-to-.noan 
AFR data and to apply them to "qpisd" 24 (or 48) hour s ~ ~ I ~ - - c o U P ~ ~  periods2 most likely 
~ p ~ m t e d  as a mix of short c~ tmts  that start at 10 a.m. and 2 p.m. (represathg rela%ive%y 
Wpicd offsets in both dirwtiom ham the ntaon-to-noon ATR factors). 

Mae Aggregate Factom 

The second wt of m d y s e s  will eompaase akne use of specific-day factors to severd sf the 
more aggregate types of seassnd md day-of-week fadoss cunmtly used. We cumenady 
plm to m d y z  five sf these more aggwgate types of factors: 

a) Combbed month and day-of-t%yeek factors; 
b) Combhen more-t%P md day-of-week factors treating holidays as if they are 

wwkdays; 
c) Separate month3 and day-of-week factors; 

d) Combhed month mb average weekday (Monday-Thursday) factors; lapad 

e) Segaate week m d  dq-of-week factors. 

'The "opcifie-day" fadsrs that will be used as the basis for these c o m p ~ s o n s  can  SO be 
hsn$t of as combimd week day-of-week factors m d  can be added to the above list 
as Alternative (0. 

"he msnMy factors used in Mtemtive (c) will be derived using the two-step 
procedure for de~viFBg average rnol~wy traffic p~sented ow page 57 of MSPJTO Guidelines 
for Trufic Data Prsgmms The fkst step a6 t h i s  procedme is the derivation of seven Ram~thly 
Axperage Days of Week (MADBPJ) vdues for each month. The average traffic for the month 
is then ~ b t ~ e d  as as% average sf the seven values of M D W .  This procedme provides 
equal wei&t to the contibutions of dB days of the week to the monmy averages, 
 gadl less of %he m o m t  of data av~lab%e for the v d o u s  days of the week (Data 
avdabiliv varies because of ATE d a m  time m d  because months contain four and a 
fradion weeks). 

- 
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*ZI.lis second set of d y s e s  will tit& by selecting one of the wore attractive short-comt 
time periods addressed in the first set of analyses. 'fhe overall precision produced using 
this version of specific-day factors will then be compared with the precision produced 
using corresponding versions of each of the five more aggregate types of factors listed 
above. For those aggregate factoring approaches that are found to be attractive 
(considering precision, ease of use, and current popularity), a limited number of additional 
evduations will be perfomed to determine the precision obtahed when these approaches 
are combined with other attractive shortcount t h e - p e ~ o d  options. 

Use of HisfsPie Data 

h order to evaluate the imprecision resulting from the use of historic data instead of 
cursent-year data, 'two or three of the most attractive combinations of factoring approach 
and short-count time period will be tested using factors derived exclusively from historic 
(1991 and, if available, 3.438) data amd compared to the results obtained using factors 
derived h m  carsrent year (1992) data. It is expected that seasonal factors derived from 
historic data will produce less precise estimates of AADT than similar factors derived from 
current year data, axpd that the difference in precision will be greater for precise-day and 
weekly/ day-of-week factors for any version of monthly factors. 

Data $0 Be Used 

The above analyses of seasonal and day-of-week factoring procedures will be conducted 
using ATR data for 1M-1992 submitted by the states to F!HWA. A has received 
complete data for all three years from six states, including one state surveyed in Task A 
(Pemsylvha): and complete I991 and 1992 data from 31 additional states, including four 
surveyed states (Georgia, Iowa, Ohio, and Washington). As of April 14, one additional 
surveyed state (Massachusetts) had submitted data for d month of 1991 and 1992 (except 
for December 1992) and may have submitted complete data by now. 

f i e  number of states whose data should be analyzed is not immediately clear. Our 
p l m e d  imputation procedure is relatively labor intensive, and its costs will rise with the 
number of ATRs to be mdyzed ( a d  so, with the number of states used). The costs of 
mast aspects of the proposed analyses, however, are relatively independent of the number 
of states used - we plan to focus on the overall precision of the alternative procedures 
with some separate breakouts for urban and mal areas and, perhaps, for states with high 
volumes of tourism. Labor costs of producing these results will be relatively independent 
of the ~ s u m k r  of states used (but processing costs will not be). However, if resources 
permit us to perfom some d y s i s  of how precision varies across factor groups and/or 
across states for one or two attractive factorimg procedures, the costs of these analyses will 
increase with the number of states used. 

'The other states are Califonia, Illhois, Kentucky, Nebraska, and Oregon. 

- - --- -- 
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The qu&Q of o w  ~ s d t s  will i ~ t c l ~ a ~  with the nmber of states mdyzed, &on& with 
d i ~ i s h g  ret To comeme stucfj~ RSOU~C~S,  we are hc1hed to s t d  off using data 
for o d y  three states, hcreashg the number of states to six or eight id resotnrees permit, 

Ie will be m x @ d l y  easier to use states &at have been ameyed, shce we already have 
idorna~oi% an theis fador ~ o u p s .  Hawever! at least one of the states yzed s k a d d  be 
a state with a s i e f i c m t  m a u t  sf =sand vacation travel; Colorado, Utah and VemosPit 
wodd be appmp~ate.  &ssp there eodd be some advmtage in using states for which three 
complete years of data m avilable; and, of these statesp Callidofia (and perhaps Illinsis) 
c a d $  be kteres&ng in i t s  a m  Flight. F h d y ,  we ob~g-ve h t  v ~ a t i o m  m o n g  states in 
ATR desmGme will affect the quaE$r of data and the m s ~ e  of impaatatian required, ;and 
data from states that do not group AT& will not be usable for the mdysis of = s o d  and 
day-of-wek dadan. 

The pmedhg  dixussion suggests that the states from which we are moat likely ts  use 
data are: 

Georgia &kana 
Iowa FBo~da 
Massachuwes <?) 
ohics 
P e m y l v ~ a  
Was&@on 

Colorado Casifoha 
U t d ~  IEnois 
Vemlant Kmtucky 

Nebraska 
Oregon 

If we E ~ %  ourwlves to thee states for the hi t id  ses, they me most likely to be 
Permylvda;, W ~ h g t o n ~  md one of the h w  recreationd states in the third co lum.  
7130th P e m y l v ~ a  and W m k g t o n  have fador gsoupkigs that reflect both regiond and 
fmc?iord-system consideratikiom. 

4,2 Vehicle Classif icatisn 

A copy sf the && report "Truck Flows m d  Loads far Pavement Managementa8" by the 
Wasbgton  State Trmps&ation Center VMC) was received on June 1. Our e~ment  

endation for mdysis of vehcle-cl~sification procedures d u ~ g  Task B of our 
study we bmed on a brief review of h t  re pa^: 

Traffic vo%mes  for VeKcle Class 7 ( s h g l e - u ~ t  t m c h  with &see or more 
mles) are ddornixlated by csmtm&ion txxcks, whose vslurapes axe extremely 
v&able md not readily fforwated from historic site-specific data. We are 
e m ~ n t f y  iwcEwed to inzvestigafe proeedwes for estimathlng current m d  
future volumes sf these vetricles using prcentages of AADT (or possibly of 
AADT for four-tire are-bcles) s b t b e d  from goups of similar roads. 'likais 
hwes~gation probably would use classification data from vN%h4 sites in 
selected states, 
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. Aside from the special case of Vehicle Class 7, the procedms recornended 
by TRAC appear to be appropriate. They will be reviewed and evaluated 

er in Task B. However, we do not believe any further quantitative 
analysis of these procedura is warranted during Task B of our study. 

A brief memosmdtrm discusshg these preliminq m o  endations i~ slightly more 
detail accompanies this Task A Report. 

4.3 Site-Specific Estimates of Equivalent Single Axle Loads 

Two alternative approacktes exist for developing estimates of average daily 18,000 p o d  
(18 kip) equivalent single axle laads (ESALs) for individual sites (other than permanent 
WlM locations). These approakes are: 

1, a) Estimate average daily traffic volumes at the site for 111 to 13 vehicle classes; 
b) FOP each of these vehicle classes, estimate average ESALs per vehicle using 

data from similar sites monitored with permanent WIM equipment; and 
e) Combine the resdts sf (a) and (b). 

2. a) Use podabh WIAa equipment to monitor the site for a short period of time 
(one to seven days); 

b) For this time period, obtain average ESALs per vehicle by vehicle class for 
four to thirteen vehicle classes; 

s) Use data from permanent WIM sites to adjust these results to reflect annual 
average ESALs per vehicle for each vehicle class; and 

d) Apply these estimates to estimates of average daily traffic at the site for each 
of the folw to thirteen vehicle classes. 

The second approach is somewhat more complicated, it requires more resources (the use 
of portable WIM equipment), and, as described above, it is less well defined. However, 
Florida DOT is currently evaluating alternative versions of this approach, so more precise 
descsiptiom of the more attractive versions of the approach may be available in the near 
future. 

The precision of procedures using both approaches depends in part on the precision of 
estimates of average trdfic by vehicle class.5 The precision of the procedure using the first 
approach also depends upon the similarity of the ESALs per vehicle by vehicle class at a 
specific site and the corresponding values at "similar1' WIM sites. On the other hand, the 
precision of h e  procedures using the second approach depends on the similarity of the 
seasonal m d  day-of-week distributions of ESAts per vehicle by vehicle class at a specific 
site and at "similar" WTM sites. For roads with low truck volurnes, eke precision of 

Throughout this paragraph, we use "vehicle class" as sho d for "those vehicle 
classes that contribute siwficmt shares of total ESALs at the site." 
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procedures using the =cons% approach dso depends upan couecthg WIM data for 
sdficimt n u k m  of trucks in each class to produce resombly precise estbates of ESALs 
per vehicle. 

A v ~ m i  of the M i o n  4.1 evdu&ion procedure can be appEed to data ham germment 
WIM sites to evduate the pr~ is ion  of eo only used procdues using the first approach 

dtemtive praeedms using the m o w c i  apprcsa4.A. Idowever? since RJIM sites mually 
have moderate-to-&gk% truck voEmes, a good evduation sf the prwision of applykg eke 
var i~us  procedures to roads with how emck volumes may not be possible at the pwsent 
time. 

One possibill~ for evdua~ng  pmision at low tmsk-volume sites wadd be to simulate 
severd such sites by sel g rmdcrm or systematic sap%es  of WIM swords for K-eigher 
v a l u e  sites. HoweverJ such a simdatisn is not EkBy to cap tm the i d i o s y r a ~ c  
dist~butiom s f  truck wei&ts that miby exkt at sites where truck traffic is dsmiraated by 
trucks s e n k g  a single shipper. 

Pmoher dtemative wouid be to I i h t  the ~ t i d  sis to sites with medim and high 
truck V O B ~ ~ S .  y ~ e  xsd t s  sf this mdysis identi@ EESAk~stimathg procedures using 
the second approach that are effetive for sites witkt medim truck vo%umes, then a new 
p r ~ g m  cadd be developed to obtain WIM data at sites with lower truck volukxees. These 
data codd  %Elen be used to evduate the pmisican sbthable  when pr~cedwes u s k g  the 
smond approac11 are applied to sites with low tmck vwoBmes, Since we think it likely that 
such greocedues will not be suitable for roads with law tmck volums, we are not 
coacerned about the relatively long period of time that would be r e q ~ r e d  to evaluate h e m  
for this use. AccordhgIy, the Task B mdyws will not a~eraapt ta simdate data for sites 
wit% low truck vogues. 

f i e  ESAL-estimathg procedures to be yzed in Task B will be selected after reviewing 
the results of a study cernewtly bekg perfomed by the Flarida DOT. 

- - - - - 
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5.0 Pre iminary Reco endations 

present below greli endations resulting from our Task A review ancd 
ysis of current stat estimating highway usage and related literature. 

We exclude from this list rwommendations that will receive detailed evaluation in the Task 
B analyses described ijn the preceding chapter. However, we include some recornrnenda- 
tions that may wmant some less quantitative evaluation in the c o m e  of Task B. The 
recommendations ax grouped by subject area. 

Trdfic Volume and AADT 

The Wahin@on State Transportation Center (TIRAC) has found substantid site-to-site 
variation in axle-to-vehicle (AV) ratios. The T M C  res J t s  indicate that use of a single axle- 
comgdion factor for each seasonal factor group can result in appreciable errors in the 
~ s d t i n g  estin~ates of AADT - up to ten percent far some sites in the lower functional 
systems. 

The T M C  results suggest h a t  additional review of the determination of axle-correction 
factors for individual sites is warranted. Some possible alternatives are: 

. Require the use of vehicle counters for all volume counts - probably the 
most expensive alternative. 

Assign axle-cosreetion factors to individual sites on a more site-specific 
basis. 

In the absence of AADTC estimates for individual sites, continue to use 
average AV ratios for each of several factor groups. Tlhe best groupings 
probably would be those produced by the regression analysis proposed by 
TRAC. Hd good estimates of the true averages of these ratios can be 
developed' this alternative would produce accurate estimates of systemwide 
AADT for each factor group. 

Although the M D T  estimates for individual sites produced by this last alternative would 
be less accurate, they wodd  not reaUy be less meaningful. In particular, consider two sites 
with the s m  actud values for AADT but different AV ratios. The site with the higher 
AV ratio wodd  have a higher axle count, so applying the same axle-correction factor to 
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both axle comts results in a ihgher M D T  estimate for this site. Mthough the nmber  of 
vehicles at both sites is identicd, the pra?mtage of trucks at the site in question is higher. 
Since t m c h  take up mare road space (and cause ;ease pavement weas), h a qualitative 
seme, kaffic ~1: this site is kgher at the second site. Hence# in the absence af goad 
M D T C  estimates for hPEdi.dud sites, AhBDT estimates d e ~ v e d  using average AV ratios 
wsdd appear to be quite rewonabh, 

Searnab and Dgy-0%-Week Variation 

The T W C  study found m appreciabie dsfesence b e ~ w n  weekday m d  weekend AV 
ratios a~d also some seaand vmiatieian. The fomes result h&cates that ale-conedian 
factom ta be appEed to wekday axle eomts shodd be delrived horn wekday data ody, 
with =paate Satwday a d  Smday fadsrs developd for appficdion to Saturday m d  
Smday axle csmta .  The latter result hdicates h a t  aIe-coaredicpn factors probably should 
vary semsnahtyE at Beat in m a s  with sigTP4ficmt vs lmes  of ~ e a s o d y  varying naturd- 
resewses or skreatisrnd traffic. 

One possibiEQ wedd be to combine axle camedion with conventiond seasonal asld day-sf- 
week fado*% i.e., to develop a set of factors thatI in a single step, conveds axle counts 
to traffic volumes md adjuts these volumes to AAD'T estimates. Such art approach could 
be evduated by applyhg the Sxtiona 4.1 evaluation procedwe to aad classification 
csmts (e.g., front WIlEvh sites) or to ATR data that records bath axle md vehicle comts. 
Because of the high site-to-site v ~ a ~ a n  in a l e  faders m d  the fact that existing factor 
grotaps were not developed for use in developkg mle-carneckion factors, the precision 
~sdjits produced by such an eVduati~~-i likely wodd appex to be appmeiably poorer than 
those aobt&ed when de-camection issues ane ignored. 

ldedyl wle-camdion factom should be defived from pdm of a l e  md vehicle couanls 
obtained at one or more sites. Such paks sf counts can be obtairred horn Tmck Weight 
Study data for dl WIh4 sites, m d  some states record both axle m d  vehicle c n w t s  at some 
other m o ~ t o ~ n g  sites. Howevea; at most mnao~tofing sites, o d y  one af these types of 
csllxats is recorded, even of both are ob thed .  Accordhgly, 13-class AVC data we 

5 d y  eased as the basis for ale-comestion factors. 

The Bgferences between ale-conectissn factors de~ived horn 13-class AVC counts and those 
d e ~ v e d  from pairs sf axle md vehicle touts are very small md c a n  readily be ignored. 
However, it &so appems to be fairly e a y  to reduce these differesaces further or to  eliminate 
them entirely. In p&icda, these differences codd be elimh~ated if 13-class AVCs 
rsorded totd 4 e  counts in addition to the vehicle counts that they dxeaidy produce. It 
is likely &at mmy AVCs wodd require no more than a simple software modification ta 
produce Potd axle counts, 

In the absence of such a s o h m e  modif~eation, two steps c m  be taken to  reduce the small 
errors that we produced by AVC data used for ale--comection factors: 
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a For vehicle classes which include configwations with different numbers of 
axles (e.g., three or four axle combinations), use an average number of axles 
per vehicle derived from T m k  Weight Study data; and 

EIimwimte h e  use of my  cate%ad categories sf mclassiAd vehicles (though 
owly d e h d  classes, such as "ambiguous two-axle vehicles" and 

"nenstmdmd five-de sodgrclsatioas," cauld be used if desired). 

One other dataqualiv issue relates to the frequacy with which axlecorrection factors are 
updated. Changes irr vehicle mix m d  evolving truck size and weight regulations have 
resulted in AV ratios that tend to grow slowly over time. Software to recalculate these 
factors shodd ?x reasonably straightforward to develop and probably should be used for 

ual recalculation of mle-correction factors. In the absence of such software, a minimum 
recdculatisn frequency of every thee  or six years probably should be adopted. 

Florida m d  Massackuseas are currently testing a procedure for estimatiting growth factors 
using AADT estimates for all locations counted in the most recent year (instead of those 
for ATR sites only). f i s  procedure appears to have two advantages relative to the 
conventiornd pracedwe: 

It elhinates a (usually downward) bias h a t  may exist in growth factors due 
to the sithg of ATRs; and 

It d o w s  segion-specific growth factors to be developed and used where 
appropsiate - a capability of particular value for air-quality nom~alPPmel%e 
m a s  (AQNAs). 

State expesience with this procedure should be m o ~ t o r e d  for three or four years. 
Assuming that its statistical quirks (described in Section 2.1) are not found to be significant, 
general adoption of the procedure should be encouraged. 

In many states, a14 trdficilomting off the SWS is performed by county and local 
gavements;  and in some of these states, these governments derive AADT estimates from 
the raw counts. It wodd  be appropriate for A to require that states provide a 

ary of the counting and factoring procedures used in the development of d l  data 
used by h e  state highway department for functional systems of national interest, regardless 
of the source of these data. 
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5,2 Vehicle Classification 

The use of 
&ou&ts are pwsented below. 

Automobiles m d  Four-Tire Trucks 

Automabiles m d  few-Gse ~ w c b  c t be accusc%$glj~ &sthpished by mast RVGs now 
in use. Fu*emose, since a maj of bur-tire trucks (and ~9fla-1~~ dE s n ~ d  four-tire 
Pmch) are p e ~ s o d - u e  vekcles, the vdue of d l s h p i s h g  these two vehiick types may 
not be WO*. the effort m d  f ie  resdthg statistied kaccuracies. Alternatives that w m m t  
cornideration are use of a sh.igl:le ve&c%e class (four-tire vehicles) or use of W o  veKcle 
classes expGcitly disthpislred by ~vheelbae. The latter dtemative wodd  result in one 
class ccsnsisthg of pernod-use veEcles (a biles, m ~ v m s ,  aprd s m d  pickups) and 
a second comisting p ~ r n ~ l y  of f o m - k h  es  i d  veEc1es fhlg-sized va~aas md pickups, 
%imousins, a ~ d  m ~ b u s e s )  pplus a few dsclasified smdall six-tire vveKeles. 

At the sather end of h e  sp Scheme F lumps into a single class, Class 13, three 
vehic%e c o d p s a t i s m  far wMch wpwate data would be very valuable: triples; double- 
'er~ler codiga.~ations with nine or more axles; and double-tr~ler ecsplfiprations with seven 
or eight a les .  Better data on the use af thew three types of c ~ d ~ r a t f $ i ~ ~ b s  W O U L B ~  be 
he1phH for m;mdyzkg the w s n o ~ c  m d  sdety implica~ssns of potenkid changes in size m d  
wei&t wgda~sns .  

h o t h e r  psssEbBe & a g e  h cekasification rquirement-s would be c s m b ~ n g  Classes 11 and 
12 (five and six-axle multi-tr&LiHer so&gwatism). These two classes consist psimaAly aP 
Win 28-foot trailer co&@ralioar.s operating with. a Wsa or thee  awle trador. Although 
Classes 1% m d  12 a m  readily disthpished by AVCs, the &sthrtioaa bemeen these two 
elases a p ~ x s  to be of relatively hmited value to users of classification data, 

The d g o f i h s  used by AVCS to ciassi$r vehicles probably wwzlrrmt some review m d  
perhaps some fine- g. In p&icdmP factors fog. adjusting Bag. some h e ~ t a b l e  
mixlaasZiea~ons (eg., short -theI.bse six-tire trucks as low-tire t ruck )  probably shauld 
by implemented i f  they are nat already in use (and may need updatkg if they already 
exist). 

Buses 

Under ISTEAp there is hcreaased hterest in data on bus traffic. However, vehicle 
clasification based an mh spaehg s e d is thpish mid-sized buses accurately ( a d  
fom- re m E b u s s  are not even cl~sif ied as bmes). In wbm areas, bat least, estimates a% 
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bus volumes and bus V W  might be best developed using iaaformation from bus operators 
rather than that from vehicle classifiers. 

" UnclmszF&Ze" Vehicles 

Certain vehicles c t be assigned unambiguously to one of the 13 Scheme F classes on 
the basis of axle-spachg infomation alone. Current state practice with regard to these 
vehicles varies: 

some states use software that h a a d s  a best guess for all such vehicles; 
while 

. others a s s i p  some or all suck vehicles to an "unclassified" or "undefined'" 
category. 

The former alternative would appear to be preferable. It guarantees classification results 
that provide a good representation of the distribution of vehicles across size categories 
without any significmt mdewouzPt3ng of vehicles in my particular size category (as can 
result, for example, if the difficdty in distinguishg four-tire trucks from automobiles 
results in the nonclassification of significant numbers of four-tire vehicles). Another 
alternative wodd be to require that otherwise "unclassifiable" vehicles be classified purely 
s n  the basis of number oh d e s  (with agproscimately six additional vehicle classes created 
for this purpose). 

Both the elimination of "mclassifiable" classes and the creation of new unclassified classes 
based on numbers of axles would improve the quality of data available for use in deriving 
axle-co on factors. However, the latter of these two alternatives might have the 
undesirable effect of encouraging increased use of the unclassifiable classes, reducing the 
number of vehicles that ax f d y  classified. 

Because AVCs can be used only at locations where speeds are reasonably constant, they 
are of Eiraaited value in urban areas. Accordingly, many states classify urban traffic 
mmudy ,  usually using six, eight, or twelve-hour counting periods. We believe that this 
is an appropriate practice h t  should not be discouraged. However, such partial-day 
classification counts will be misleading d e s s  they are adjusted to 24-hour values using 
separate factors for major vehicle classes with different time-of-day usage patterns. 
Pending further review, h e  sets of factors should be used: 

four-tire vehicles and buses; 
other single-unit trucks; 
combination vehicles. 

Such time-of-day factors f ~ r  classification counts can be developed either from a limited 
number of manual 24-hour coun-ts or from AVC data collected at carefully selected urban 
sites (such as certain freeway ramps). 

Cambridge Sysbernntics, I m .  52 



Am Opfimnl Trnfie Design for eTsing C o n f i n u o ~ ~  MonitoPing Sites 
Task A Report 

P d d - d a y  classification camts usudy me coadeded over time pe~csds that include periods 
of peak congestion. This practice m&s it possible to use these counts for my congestion 

ses sf kterest wiheut kkoducing m y  implpecision due to factohg, This practice 
should be encowaged. 

Adjusmelt~t Factors by Direction 

Cmegltly, one s w e y e d  state dwejaps s p a a t e  time-of-day fadom by d iMjan ,  The 
procedure used does not produce valid esthates of diretiond diffewnces in daily traffic 
m d  I t  does not appex that m y  red use is made of ingoma~an &out these dirediond 
diiferences. Acc~rdingly~ this use of a&%justment f x f o ~  by d fion should be dkxowlaged. 

Time-of-day factom by d i r e ion  may be needed for mp&red one-way facilities and for 
certain other Iscatisrts, W e n  needed, such f~&ors  probably should be developed horn 24- 
hour csmts at nearby sites believed to have the s m e  time-of-day trdfie hxadeeiistics. 

Skrat3E"icatisn by Volume Group 

The quality of mW estimates of V W  is c s m p r o ~ s e d  by the fadlure of many states to 
use dl av~table  AADT hfomation in d i s t~bu thg  kaksdiond system dIeage across 
voh=ne goups. This f i l h g  only affects estimates for systems for which AADT 
estimates ase s u b ~ e e d  to m M S  for only a sample of sections. The new HPMS Field 
M m d  l i d t s  this problem to the mirror arterial md coUedion systems. 

To improve HPm estimates sf d states should be required to revise their 
d i s~bu t iom of 13-2hor arterial marad coSll&or dleage across h c t i o n d  syste 
using the best available M D T  estimates Pos these revjsiom. These revisiom c 
by reviewkg the volume-group as ents af dl seicsns (hcluding d nonsample 
s ~ t i o n s )  or by de~~eloping agvegate n fmc?ior%;aE system mileage by volume group. 
The latter d temat i~~e  (c ndy used by Ofis) appears to be easier m d  is described below. 

Most states develop M D T  estimates for every sectiaa, of the SMS at least once every three 
or four years" These estimates should be used to distdmte SE-HS I-aileage across h c t i o n d  
systems md volume groups. 

The rem;fiIp.lwg dleage in each fimdioazd system probably should &en be dist~buted 
across volume ~ O B L P B  judgementally, ushg available AADT estimates for nsn-SHS sections 
in &ese h c t i a n d  systems, c o m p ~ s s n s  ktween these estimates a d  comespondhg 
estimates far the SWS, md the distribution a b t h e d  for SHS mileage. An appropriate 
assumption used by Ohio for t h i s  last step is that! except as ohewise hdlcated by AADT 
Xomation, the &s~B%ution sf non-SHS dleage for each h c t i o n d  system s m  be derived 
by s&fihg the cornsp~ndhg  SHS dst~buthalian d s m  one v o l m e  g o u p  (e.g., if 50 percent 
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of SEE urban collector mileage is in Volume Group 4 than 50 percent of non-SHS urban 
collector mileage is assigned to be in Volume Group 3). Consideration should be given to 
adopting the one volume-group shift as a recommended procedure for estimating VhaT on 
non-SHS portions of the minor arterial, urban collector, and rural major collector systems, 
aind requiring justification for the use of any procedure that produces higher 
estimates. 

The above procedure will produce improved disbibutiom of functional system mileage 
across volume groups m d  improved IlPNIS estimates of VMT. However, for states that 
do not apply growth factors to dl M B T  estimates derived h m  previous-year volume 
counts, the procedure will tend to underestimate slightly. This small and consistent 
downaward bias can 'he i p o ~ d .  Alternatively, growth factors can be iaeonparated into the 
computer program used for &stsibuting SHS mileage across volume groups or appropriate 
adjustments c m  be made to the HPMS estimates of W. The best alternative probably 
is to encourage the states to incorporate growth factors into their computer programs. 

The above procedure produces improved volwne-group distributions and 
by using all available AADT estimates, not just those for HPMS sample s 
of an expanded number of M D T  estimates, however, raises questions about the 

quality standards to be applied to AADT estimates for nonsample sections. 
A review of the procedures used for developing these AADT estimates would 

be desirable. This review should make sure that the procedures used are appropriate and 
do not bias tPre AADT estimates. However, we believe it would be undesirable for F W A  
to institute volume-coming m d  UDTsstimatirPg standards for nonsarnnple sections that 
wodd produce m y  significant increase in costs to the states. 

As dixussed in Section 3,3, procedures currently used by f ie  states for handling nonenapty 
volume groups that are not represented by any smple  sections produce small but 
mecessary errors in h e  HPMS estimates of VMT. A simple set of d e s  for handling this 
situation without introducing any unnecessary emor is: 

1. Whenever a nonernpty stratum occurs that is not represented by any sample 
sections, represent the stratum by a fictitious section that is identical to a 
sample section in an a d j o m g  stratum in all respects except for M D T .  

2. a) Set t he  AADT of the fictitious section to the midpoint of the 
stratum's volume group; or 

b) if the volume-group is open-ended (and so has no midpoint), set h e  
AADT to the average value used when the stratum last contained 
smple  sections. 

3. To prevent this situation kom recurring, pick three sample sedions to 
represent the stratum next year (or, if the stratum contains fewer than three 
sections, pick all sectism in the stratum). 
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5.4 VMT Forecasting and Tracking 

The Clean Air Act Amendments O& 1% require h e  development of forecasts for 
c e s t h  cxb6n m o n o ~ d e  m d  e AQNAs m d  comp~sons of these forecasts to 
saabwquent esthatefes of actual Some improvements in procedwes for estim&hg 

may have non~viikf eff&s on W T  est f arty such improvements 
ill be n ~ e s s q  to es tha te  their effect estimates for d AQNAs 
omasts are r q ~ w d  m d  to  adjust the srecasts xcordingly. The 

estimates sf m y  c h g e  in proeedwes can be estimated (as a percentage of 
W T  estimates s b t h e d  using the sPdghd procedms) by c o m p ~ n g  estimates produced 
by the new and old psocedms after the new prscedms are hplemented fully. 

- 
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1992 STA$$7S OF T I U m C  MONITOHNG PROCED 

Cambridge Sy sternatics 
1140 Connecticut Ave. N.W. 

Wa~hhgton~ DDC 20034 

%I any Sormatian on the foI10whg questions is contahed in exkthg documents, you 
way respond by suppkybg the dcxument m d  notkg the appropriate pages far specific 
questions, 

1. PE%$lkgMmm MONSTONNG STATIONS 

Appended to this questiomabe is a fist of permanent bdfic-.m.snitorbg stat io~~s in your 
state used in the pr~69ductian of WWA.k traffic-%ro%um~e kends report and dso  a list of 
germanent truck-weight sites. 

1. Coufd you identi* any additional pemanenf monitorhg bstallations that 
you operate for ahy purpose (such as LTFF/SHW). Please include any 
permanent hstallations that are o d y  used htermittently (such as 
permanent sensors used for obtabhg short COUX-I%S on high-voIum 
highway e c ~ o n s  and those to which receivbg units are only a~aehed  
h t e s m i ~ e ~ ~ t i y )  .. 

2. W a t  u.ws are made sf the data collsted from these additional stations? 

3. a) Does your monitorhg equipment record traffic counts by 15-mhute 
interval or one-how htesval? 

b) If your quipmefit records data by 15-minute interval, do you save 
the 15-mhuk esur~ts or do you aggregate them to hourly counts? 
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11. COLLECTION OF SHORT-TEN DATA 

The following questions relate to arJ counting that is performed on a noncontirpuous 
basis. Manenal counts are hclude$. 

1. Over how long a period of tiane is short-term counting performed for: 

a) Traffic volumes? 

b) Vehicle classification? 

c)  Weight monitorhg? 

2. Approximately how many sites are used per year for short-term counting 

of: 

a) Traffic volumes? 

How many of these are on HPM sample sections? 

b) Vehicle classification? 

s) Weight monitorissg? 

3. If short-term trdfic count*g is performed for periods of 48 or more hours, 
d s  you ever use data for less than the full period? 

How frequently? 

For what reasons? 

4. Is short-term counting performed throughout the year? 

If not, over what months is it performed? 

5. Are short-term counts collected during weeks with holidays? 

For which days of the week? 

6. Do YOU use for statistical purposes any vehicle classification or weight data 
that are collected over a period of less than 24 hours? 

If so, do you adjust these data for the time of day when it was collected? 
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7. a) About what percentage of short-tern1 traffic-vslanme counts are 
performed u s k g  devices that reor$ csmts  by t h e  intervd (as 
agpswd ta devices that record only a shgle count for the enthe 
period behg monitared)? 

b) Are the t h e  htervds I5 mhutes or one haw? 

c)  If the t h e  htewals are 15 mhutes, $0 you save the 15-mhute 
counts or do you aggregate them $0 hom%y counts? 

8. Is short-term coeknihg performed by headquarters persomel or by district: 

offices? 

9. About how many short-term sites are handled per person in a typical 

k, about how many haktrs does this person spend in the 
g duties csm~eeted with short-term monitorbg? 

10. Approxhately what (if m y )  percentages of short counts are obtahed for 

a) periods of seven sr  more days? 

b) weekends? 

21. On what days of the week is short--term traffie-.countirag equipment 
nsrxrraEly set up? 

On what days is the equipment normally picked up and read? 
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12. a) Does the State use traffic counts collected by metropolitm pl 
orgaeatisns or local jwsdictiorns 

b) If so, do the s and local jurisdictions provide you with 
tes of AADT or do they submit raw traffic counts from which 

you esthate AABT? 

c) Are these witten standards for these organizations to use 

h obtaining traffic counts? 

in es tha thg  AADT? 

1. In estimating AADT, which sf the following types of correction factor do 
you use: 

b) Day-sf-week or weekday/ weekend? 

c) Axle-cssrection factors? 

d )  Growth factors? 

e) Other (please specify)? 
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2. En develsphg sasonaH and day-sf-week clnrrwtisa factors, wpmate factors 
me usually developed Par rural Interstate ~ g h w ~ a y s ,  other rurd roads, 
urban. Interstate highways, and other urbm roads and strets. These 
factors may be fmfker dkthguished (e-g., by region of the State), and 
s p a a t e  sets of factors may be developed far several other specfis 
categories a$ roads or areas (e.g,, recseationd ta~eas, etc.). M a t -  dktEaslt 
sets of c~rrmtion or dkkibution factors do you use for: 

e) Esthatixag a A % s  per vehicle? 

-. 
3. Are eassnal and day-of-week (as ~ib.eekday/weekeXsd) carrection factors 

secaledated e v e v  year? If not, how f~quent ly do you recalculate them? 
How many years of data are used in their calculation? 

4, In calculaihg day-af-week (or weekday/weekend) correction factors, are 
data for holidays excluded? 

5. Do you estimate growth factors easing data horn ATR sites only, s r  do you 
&SO use data from short-term ceauntiflg sites? 
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4. a) Do you adjust short-term vehicle classi%ication counts 

For day-of -week or weekday/ weekend variations? 

For =aspond variations? 

b) Are these adjustments made using data from 

Permment automatic vehicle classifiers? 

Periodic 24-how or 168-hour classification counts made at weigh 
stations (or other selected sites)? 

Other (please describe briefly)? 

7. How do YQU obtain annual average buck weight estimates: 

Directly from annual WIM data only? 

By adjustislg short-term weight data using a procedure sbiliar to 
that used for estimating AADT? 

By adjusting short-term data using judgement? 

Other (please explain briefly)? 

8. Do you develop estimates for various highway systems other than 
the estimates developed for WMS? If so, could you briefly describe 
how the development of these estimates differs from those developed for 
I-TPbE? If traffic counts are used from sites that are not on HFMS sample 
sections, are these sites selected at random? 
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IV. USE OF WMS" VOL -GROUP STMRFZUTION 

1. a) Under what ~iP'curnstm~es do you mave an Wm sample ~ c t i o n  from 
one ~ro%ume-group s%Pa%um to mother? 

b) A n s n - W M  sample -tion? 

2. About haw many wctlons are moved fsam one volume group skrahm per 

year? 

out of tot& W M %  san~ple sections 

out a% tofa% other swkions 

Of the s t i o n s  that are moved from OW volume-group stratum ts anather, 
approx~ate ly  what percentage are moved to a higher volume sbafeem? 

3. Do you ever completely revised the assigmenl: of sections h t o  volume- 
group strata? 

b) m e n  this was last done, what effect, if my, did it ha.ve QII your 
estknates of W T  by functions% system? 

4. DO you ever add sample sections to volume goup  strata that have lost 
sample s t i a n s  because of changes in traffic volume? What: rules do you 
use for this purpose? 
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5. Do you ever $sop sample sections from volume-goup strata that are being 
oversampled? What rules ds you use? 

6. What additional rules, if any, do you have for adding sections of newly 
budt roads to the sample? 

Please provide the name, title and telephone number of the person responsible for 
responding to Sections 1-111 of this questiomake and (8 different) of the person 
responsible for responding to Section IV. 
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1992 Status of Traffic Monitoring Procedures Agenda for 
State Visits 

Questions for Data Uses 

What trdfic voIaggx~e and t a c k  weight data do you use? 

Mow do you use it? psocedwes do you apply? 

To what extent is th is  data coUwted espmidly for your office (on specid request) m d  to 
what extent is this data collected routhely? 

Are there m y  ways h which t h i s  data could be' made more useM to you? t 
a d & ~ o d  tr&fic v o I m e  and tmsk weight data wodd be useful? M y ?  

A. Procedures m d  Casts 

Please descdbe how shod-tern tsdficaounthg is hmdled: 
About how many people are involved in la.yinng down m d  pickhg up traffic 
cornten? 
Haw do they spend a tgPpicad week? 
How mmy weeks per year do they spend dshg this? 
Vdhift equipment i s  used? How much does it cost? h e  maintenmce-related costs 
sief icrnt?  
Are they based at headqu&ers or at district offices? 
M a t  prcekages of traffic esmts  me provided to you by W O s  or other local 
jul.fs&&dona-%Qr HPM5? for other puqows? 

Please describe how shsA-tern e las i f ica~on somting is handled. 

If you prform m y  sho&-tern wei&% modtosing for statistical purposes, please describe 
haw it is hadled. 

Axe your wei&t-e,~orcemexat and statistical weight-mo~tosing p r o g m s  operated 
sepakately or jointly? How? 

Please Qewdk how you hmdle traffic comthnrg on heways. 
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How do you identify the design hour m ATR sections? On other sections? 

To what extent are equirgmmt problems (tube failures, etc.) a problem? Under what 
circumstances m these problems most likely? 

VVhen equipment f ads  at a site, mder  what c i r c ~ s t m c e s  do you salvage the data 
collxted? specid adjustments are made to the data? 

What is the annual budget for your data-coU&ion program and approximately how is it 
distributed across progrm elements (ATR operation, WIM operation, collection of short- 
tern volume counts, collection of shod-term classification counts, data processing d 
editing, ets.)? 

How would the costs of short-term counting be affected if you switched your counting 
period to 24 hours (or from 24 hours to 48 hours)? 

M a t  kind of adjustments do you apply to raw volume counts: 
Monthly and/or day-of-week or weekday/weekend? 
Axle com&ions? 
Growth factors? 
Time-of-day? 

ch of the above are applied to raw classification counts? 

When adjusting classification counts, how do you group vehicle types? 

If you perform any short-term weight monitoring for statistical purposes, what adjustments 
are made to these data? 

m a t  is the most recent data used in developing the adjustment factors that have been or 
will be applied to 1%2 traffic counts? 

Are any adjustment factors developed separately for the two directions of travel? 

If you use weekday/weekend adjustment factors, how do you define the weekend? 

In developing your day-of-week or weekday/weekend adjustments, how are Monday 
holidays h d l e d ?  Other holidays? Do you collect sl-zort counts on holidays? 

If you use data csllsted by counties, s or locd jurisdictions, in what form do you use 
it: raw counts or M D T ?  If the latter, what checks do you run on the data? 

Does your procedure for estimating for non-IIPM purposes differ from that used 
by MPMS? If so, please describe. M a t  stratification do you use, if any? 
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t uses do state md local agmcies make of the traffic volme  and truck weigh data 
YOU ~ ~ P P @ ~ B P ?  

About how mmy q u e s t s  $0 you get d y  for sjpeid volume comts? For special 
ekasSarat-ion counts? For special soIl&ion of truck weight data? 

M a t  agencies s r i Q 3 ~ t  el-rese requests? 

u d  resome ~ ~ r e m e n f s  far these s ~ i d  rquests csmgae to those for 
H P M  md SHW/LPP data coU&ion? 

Ear witkt the o ~ g d  effort to stratifgr your road system by volume group? 
I f  so, eodd  you. des&be how the s&aGfisation was developed? 

Have you ever been left with a volme-goup stratum h a %  cont&m nonsmple sections but 
no smple sstions? How kequentIy? What do YOU use as the mean AADT for this 
strat=? 

LJnder what circmstmces do you add or &op sections from the m M S  sample? t 
procedures do you use? 
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Appendix C. Estimating the VMT Bias Created 
by the HPMS Volume-Group Stratification 

The effectiveness of the J3E'IVES volume-group stratification depends, in part, on how well 
this stratification is maintained for both sample sections and other sections. Some states 
regularly update their stratification to reflect the latest information on the entire highway 
system; some modify the mileage in various volume groups to reflect the movement of 
sample sections from one volume group to another but not the movement of other sections 
represented by the sample sections; and some do not even revise the distribution to reflect 
movement of sample sections across volume groups, (One of the last group of states, 
W a s h e o n ,  scales the mileage in each volume group of a funct iod system to refled 
changes in totd mmir in the functional system but makes no other adjustments to the 
volume-group stratification.) Failure to modify the volume-group stratification to refled 
movement of sections to new volume groups results in some deterioration of the volume- 
group stratification and of the quality of the resulting VbiT estimates. Moreover, in areas 
where traffic volumes are growing, a failure to'shift mileage to higher volume groups to 
reflect the effects of this growth will wsult in a reduction in ?he resulting estimates of VMT. 
In such areas, a dowslwwd bias in the estimates c m  be expected. 

Section IV, Question 2 of the Task A survey of states was designed to obtain data that 
would allow the extent of my  bias to be estimated. Of the nine states surveyed, three 
provided responses to this question that allowed the development of rough estimates of 
the extent sf the bias, The andysis presented below suggests that the extent of this bias 
is quite s m d  (probably representing less than one percent of growth in most states). 
Special measures to reduce or to eliminate this bias probably are not warranted, though 
elimination of the bias would be one of the benefits of adopting the revised stratification 
procedures presented in M i o n  5.2. 

Complete responses to Seetion IV, Question 2 were received from Massachusetts, Ohio and 
Georgia. The first seven lines of Exhibit C.1 summarize these responses for these three 
states and show two percentages derived from these responses. 

The last two lines of Exhibit C.1 show the percentages of sample and nonsample sestions 
counted each year in each of the t h e e  states (derived from other survey responses). 
Al&ough all three states count traffic on norasample sections to some extent, apparently 
only Georgia and Ohio revise their distributions of all mileage across volume groups 
systematically. Ohio does so using a procedure (described in Section 2.4) that does not 
require tracking all sections individually, while Georgia does track sections individually. 
Exhibit C.1 shows that the percentage of nonsmple sections in Georgia moved to new 
volume groups is approxhatftely the same as the percentage of sample sections moved (3.5 
percent). This result implies that, for sections counted in any year, the probability of being 
moved to a new volume group is greater for nonsample sections t h  it is for sample 
sections. 'Kis result is reasonable, since the percentage changes in traffic volumes between 
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EfiibiB: C,l Selected Suwey Responses fmm e States 

1 volume p u p  each year 

mowd to new VOIUPIP~ group &ah 
are moved to a Bfi$ler volume p u p  

Percent of sections c~aunted each year 11 

a Not applicable tcb Ohio's procedure -- see text. 

counts are likely to be greater on sedions that me o d y  c o w e d  once every six or eight 
yems on scGsns  &at me counted every thee  yeas. Although Georgia moves 
appmxhately the smze pexentage of nomaoaaple and sample sections to new volume 
groups each year! the average Tag before *&ion5 are moved is greater for nonsmple 
sections tha-1 for smpZe seekisns, The result is m over& bias that does not grow over 
time md w k ~ h  is much smder than for states that never move n o i ~ s m p l e  sections to new 
vcelme groups. However# for the purposes of the  central m+sis of this appendix, the 
data submiHed by Georgia can  be used to estimates the bias ha t  would exist inonsaeraple 
sediom were never moved to  new v o l m e  goups. S i ~ l a r l y p  the Ohio data wiU be used 
ts estimate the bias that wsdd exist if Ohis did not maerdy revise its distsibr~tian of 
d e a g e  across vo lme  groups. 

The data submieed by Georgia is d s a  interesthg iw a~other  way: the percentage of sample 
sections moved to new vokbaane groups in Gear@a is I/ ,  to what it. is in the other two  
states, m d  only l o w  percent 0% sections that are moved are moved to lower volume 
groups. 'These ressdts suggest that an appreciable fsacG-ian of seceisns moved ta new 
vsBme groups by Massachuse~s and Ohio are the result of smdorn fluctuations in the 
AADT estimates for kdividud sections (rather than $me declines in traffic volumes). We 
mderstmd h t  Gmr@a rakes the effects sf rmdom flu&uatiam%s by judgerne~~tdy 
dissxding c o w t s  that a p p w  to be incornistent with &stodcd data. 
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ExJtpibit C.2 Estimating the V Bias Created by the HPMS Volume-Gmup 
Stratification 

" For Georgia and Olio, estimates are for effeds that would be lost if Georgia did not 
collect traffic counts an nomaaple sections and move these sections between voltme 
groups a~cordingjy~ % 

The data shown in. Exhibit C.1, dong with data from 1991 IXPMS submissions by the three 
states, were used to produce some very rough estimates of uhg extent to which the 
procedures used by MasachuseHs resulted in underestimating growth in VMT and the 
extent s f  the corresponding underestimates that would have resulted in Georgia and Ohio 
if these states did not roukely revise their volume-group distributions every year. Exhibit 
C.2 shows the IlPMS data used a d  the intermediate and find results of applying the 
estimation procedure to the Exhibit C.1 data from d l  three states. The remainder of this 
appendix describes the development sf these estimates. 

The first two Lines of Exhibit (2.2 show totd 1990 and 1991 VMT by state for all functional 
systems except the local systems; and the next two lines show the indicated growth 
between these two years and the corresponding growth rate. The next three lines show the 
totd d e a g e  of nodocd roads in the three states, the number of WPMS sample sections, 
m d  the total length of these sections. Line 8 shows the average length of a sample section 
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m d  is obt&ed by di,dhg Idhe 7 by % h e  6. Ekes 9 .and 40 show the wmber of smpIe 
s d o w s  msved, respdivelgr, to a K&~$F or lower VOI-e goup, as indicated by the 
Efibit C,I ~ o r n a G a n  &out n u b e r  of ae ions  moved md ge~ent  moved to a figher 
aralme group. 

Line 11 h&cates that a "$rpicd'h~%ume-group stratum has an. M D T  wid& af 10,000 
v&c%es, $kaaugh mmy have smaller widths (as low as 11,800 vehicles), mmy have larger 
w i d h  (as high as 25,080 v&cles), md, for h & i o n d  systems, Volme Group 13 is 
open-ended. 

Line 12 is derived ushg assmpP-ion that is cggltrd $0 this mdysis-fiatp m average, 
e w q  movement of a sample section from one volume group to mo&er represents the 
r e d $ :  a 10,60gB vehicle h c ~ a s e  car dsreaw in the traffic volumes on sample sections. 
This assupt ion  actually is derived from &ee additiond assuptionas. 

The first msm~ptian is &atfl if one cornidem each movement of a section from one v o i u e  
group ts a ~ g h e r  one and the pair of midpahts OE the ~ornespo~kding volume groups, h e n  
the merage &stmee betwen pairs ad ~ d p o h b  is 10,000 ve&cles (uskg m y  masonable 
defi~tisn of the " h d p o h t ' k f  the Eghest volume group). It should be noted h e  a few 
meevemmts may be tss nsnadjacear8 volume groups. The assmed average of 10,C)OO 
vefieles appears reaonable, but clearly is not acasrcwate. A second %sumption is that, for 
dB movements to Howes v o l m e  groups, the similxly defined average distance between 
~Gdpr~ahts i s  d s s  lO,WO vehicles. 

The third sssuptiean is &atp on averageJ every movemat of a sample section Rom one 
volume ~ O I E ~ S  to  m ~ h e r  "rep~esents" a c h g e  in trdfic voluma equal to the distmce 
bebveexa volme-goup fidpolwts-i.e., a & a g e  of 1Q,WO veEcles, om average. f i i s  is the 
c h g e  in traffic volume h e  must occur s n  some subset of the sample sections in the two 
affected volume groups 2 the movement of the section %a a new v01me group 1s not to 
affect the sbsmed  mean traffic vcalmes in either of the dfec6ed volume groups This is 
the eXprent to w&ch hcreasing (or deereabishg) traffic v o l m e  sn sample xcTions has no 
effed on volwrre-goup m e m  a d  so has no effect on the estimates sf traffic m d  
Qnat are developed for ncbnsmp%e sections using these mastem. 

The above aseump~sm imply that the 209 sample swtions in Massachusetts movhrmg to 
&&er voBume groups ~prewat t  a trddic herease 0% 2.09 million vehicles on sample 
sections, m d  the 140 &iom moving to lower volume groups represent a decrease of 1.4 
d i o n  veEc%es. The net effect is m increase of 690,(380 ve&cles (shorn as 691,828 in "$ae 

Efib i f :  C.2 spreadshwt where d cdcculations are done wi&aut romdhg). This estimate 
is ~nsithve both $0 the assumed average of 10,800 vehicles bemeen volume-group 
midpshts  m d  the  sumpt ti on h t  this average i s  the same far sections moving to  higkher 
v o % m e  paups as it i s  for &ase moving to lower goups. Id the 1at-k. sectbm me more 
concentrated in the lower hc t ior rd  systems and the lower volume groups of these 
fmdiond systems, the actual average for these sections may be appreciably lower than it 
is for s a i sns  masvhg to li-kigher v s % m e  groups, m d  t he  net h e r e m  h vvekchs 
~ p ~ w n t e d  by sedisns movbg bemeen vokune groups could be greater than 690,OW. 
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The Line 12 estimate of the net increase in traffic on sample sections that is represented by 
those sample sections that have been moved to another vo1me group is multiplied by the 
average sedion length of sample sedions to produce an estimate of the net increase in 
sample section W T  represented by sample sections that have been moved to another 
volume group. This result, shown on Line 13, is then mdtiplied by the ratio of total road 
miles on nodocall system (Line 5) to road d e s  of HPMS sample sestions (Line 7) to 
produce an estimate of the net increase in on the entire nodosal system represented 
by sample sections h t  have been moved to another volume group. This result is shown 
on Line 14. 

The estimate of i n c ~ w d  migrating sample sections shown on Line 
14 consists of two c o q o  on sample sections and increased WdT on 

ons. The movement of sample sections to new volume groups, performed by 
some states, results in the current VMT-estimating procedure properly capturing this first 
coqonernt. Howgveq the second component is ody captured to the extent that nonsmple 
sections are moved to new volume groups. Since only one such section was moved in 
Massachusetts, virtually d of this component sf growth was lost in this state. Subtracting 
the estimate of the first component (Line 13) from Line 14 produces a rough estimate of the 
W growth in Massachusetts ahat is not captured by the procedure in current use. This 
result is shorn  on Line 15. 

The Line 15 entries for Georgia m d  Ohio show corresponding estimates of W growth 
h a t  would be lost ifthese states used procedures that reflect the effects of changes in the 
distribution across volume groups sf sample sections but not those of nonsample sections. 
For d states, if procedures were used that do not modify the volume-group 
distributions to reflect the effects of any movement of sections across volume groups, then 
the entire effect of the shift in the volume-group &stributions, shown on Line 14, would 
be lost. 

The significance of the Line 14 md 15 underestimates of VMT growth can be evaluated in 
two ways. On Line 16, the Line 15 values are expressed as a percentage of each state's 
estimate of total in 1991 (from Line 2). These values are very small - on the order 
of 8.01 to 0.02 percent. It should be observed ahat the errors will tend to accumulate over 
time. Nonetheless, the analysis suggests that it will take 50 to 100 years until the total 
emor reaches one percent. 

The second evaluation of the Line 15 underestimate is obtained by expressing the 
underestimate as a percentage of each state's estimate of VMT growth (Line 3). This 
evaluation is shown on Line 17. This evaluatjion is important because of the new 
h v i r o m e n t d  Protection Agency's Section 182 and 187 requirements for limiting estimated 

growth. To the extent that failure to monitor W on nonsample sections results in 
restirnating W growth, states that do not perform such monitoring will have an 

advantage in meeting the EPA requirements. The results shown on Line 17, however, 
indicate that the underestimate approaches one percent of estimated Vn/TT growth only in 
Massachusetts, and is t h i s  high only because of this st w (8.8 percent) VMT growth 
rate (shown on Line 4). The s m d  underestimate of growth would appear to be 
tolerable for EPA's purposes. 
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Appendix D. Alternative Stratification Procedures 

h order to estimate 
system on the basis of each s ~ t i a n s '  AADT de g 13 M D T  volume goups  for each 
f u d i o n d  system ( m d  five v o l m e  goups for the donut-xea s&iom d e h e d  in h e  new 
WM Field Mmud). The use of the volwe-goup stratification has the very desirable 
effect of producing strata with very $ow vmimees for AADT (but not n e e e s s ~ l y  for other 
v&ables in the l3PMS ddabaw). However, as discuswd in Scxtisn. 4.1, the effectivenes~ 
of this seat3catlon is esmpromiwd by ake lack of  oma at ion about traffic v01umes on 
mimy road sections h i  are not on a SMS m d  by the failwe of same states to use t he  
i~dsmation they have to m&t& the volume-group stratification 

Che of our Task A oHsjedives was to evaluate possible dtemative stratification procedures 
&at would use ody  road chasade~stics h a t  are related to traffic volume and that are 
readily h a m  BOP d road sections. Chacteristics that were evduated were: number of 
Emes; degse of access control (for mdti-Erne roads); ands for two-lane roads, $ m e  width 
and s d a c e  type. We famd &at these stratifica~oa v ~ a b l e s  worked adeqalately for the 
E g h r  h ~ c t i o n d  systems (where number of lmes is an impoHant variable), but quite 
poorly for rmrd major md minor coUedsin (where f6-1e stP"a$ification was based h o s t  
ereti~ly on surface type). This appendix provides a bded sar ary of the evduations 
perfomed. . 

She str&ificatian yses were pesfomed using data for the 418,752 sanple sections in 
the 1991 H P M  database. For each of these sections, this database shows M D T ,  nleaaaber 
of lanes, a d  lane width; md it disthpishes 15 surface types, t hee  types of r?ccess control 
(none, partidr m d  hihll), a d  four types od medim. 

All of the mdyses  skatified sections by n m b e r  of lanes, usudally: 2,3,4,5,6, 7-$,lo, a d  
42 ~s more. Most of the r stratified four- and six-lane roads by type of 
access control (none, p d d ,  or hll) and tTNo-lme roads by surface type. Instead sf surface 
g Y p ,  one d y s i s  used lme width (to the nearest foot with expanded strata for six feet 
or less and for 16 feet or more). DCe %me-wid& variable was found to be less effective 
then swface typey so subsequent mdyses focused on swface type. 

h i ~ t i d  seatifieation tested consisted of the above eight numbers of lanes with ma-lane 
roads further stratified by 15 surface types and four- m d  six-lane roads further stratified 
by the three types of access control. The resdts of this test suggested that, for the purpose 
of estimathg Mt322; "he 15 surface types could be combhed h to  seven groups: 

~ m p r o v e d ;  
graded m d  &&ed; 
soil, gravel m d  stone; 
low-Qp pavement; 

e htemediate-Vpe pavemew% 
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"simple" high-we pavement (I-IPMS codes 62, 71-73, and 80); and 
"complex" high-type pavement (MPMS codes 62 and 74-76). 

g into this last category have been repaved at least once since first receiving 
avement aptB either currently have a rigid pavement or have had such a 

pavement in the past. Far two-lane roads, av AADT for sections with "complex" M&- 
type pavement tends to be somewhat hi it is for sections with "simple" high-type 
pavement - a category that includes many sections that have not required repaving since 
first receiving a Egh-type pavemat. 

M e r  stratifications tested included: collapsing the seven surface-type strata for two-lane 
roads to two (paved and unpaved) m d  eliminating the distinction between partial access 
control and none; and distinguishing only four numbers of lanes (one, two, three, or four). 

The various stratifications were tested using 1991 HPMS data for three states: Iowa, 
Pennsylvania, and Texas. Texas and Pemylvania are &e states with the largest HPMS 
samples (7,695 and 5,5382 sections, respectively). Iowa, one of our survey states, also has 
a Barge HPMS sample (3,506 sections) and has the third largest sample oh rural mn- 
Interstate sections (a category of particular interest for evaluating the surface-type and lane- 
width stratifications). Although all stratifications were evaluated on the basis of how well 
they performed for individual states, the s&atidications were also tested using national data. 

Exhibit D.l presents a small portion of the results of the stratification tests. This exhibit 
summarizes the results obtained for two of the functional systems in Pennsylvania when 
one of the more interesting stratifications was tested - the use of 12 lane/access-control 
combinations with seven surface types distinguished for two-lane roads. The results are 
shown for f i e  Interstate system in urbanized areas arid for rural major collectors. 

The results for the Interstate stratum show some promise. All sample sections fall into four 
strata (four, five, six, and seven or eight lanes), with their coefficient of variation (CV - 
the ratio of the standard deviation to the mean) lying between 0.36 and 0.49. One 
somewhat unexpected result for these sections is that average AADT for five-lane sections 
is about 25 percent higher it is for six-lame sections. 

R e  results for 1~kd major collectors are less satisfactory. All but four of the 169 sample 
sections ddI into three strata - those for two-lane roads with intermediate or higk-type 
pavement. Appreciable differences exist in the average AADT for each of these strata 
(1,833,2,628, and 3,72;1, showing that a definite correlation exists between AADT and these 
three surface types, However, the CVs for these strata are relatively high, ranging from 
0.87 to 1.44. These CVs suggest that the surfacetype stratification is of no more thm 
limited vdue for reducing sample-size requirements below those that would be required 
in the absence of this stratification. (Indeed, a separate analysis obtained a CV of 1.23 for 
these two-lane roads when the surface-type stratification was dropped.) 

The results for other f w d i o d  systems in E'ennsylvmia generally fall into the range of 
results indicated in Exhibit B.1, with moderate CVs for most multi-lane strata and CVs that 
frequently exceed 1.00 for two-lane strata. The results for Iowa, a relatively homogeneous 
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state, are generally somewhat better those for Pennsylvania; while thase for Texas, art. 
extremely diverse state, are generally somewhat worse. 
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