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This report presents the results of a study of the use of traffic data kom 
conhuous momitofig sites performed wder  conkact to the Federal 
Highway Ad~nisbPa~on ( A). h the course of this study, we 
reviewed cwent  grocedwes far c o l l e e ~ g  traffic data and for resing these 
data to es~mate annual auerage daily trafic (AADT), vehicle-miles of travel 
( m y ) ,  MI@$ and W'F by vekcle class, and 18,8041 pound (18 kip) 
equivalent s i ~ g l e  axle loads (ESAIs). 

As part of %his effort, we employed a written sulrvey to learn about 
procedures being used by nine States, we eondusted personal hterviews 
with key staff in three of these States (Flobda, Ohio, and WashingtorP), 
md we perfarmed an gxtemive andysis of data horn coaa~nuous automatic 
trafic recorders ( M h )  in four states (hcludhg one of the States that was 
surveyed and intewiewed). In addi~on, we reviewed the kaffic data 
required by F W A ' s  Highway Perfomance Monitosng Syskm' (HPMS) 
and by the Traffic M ~ ~ t ( ~ r i l ~ g  System for Highways (TMS/H) of the 
htermodal Sawface Trmsporta~sn Eflicienq Act (ISTEA)i2 and we also 

Federal Highway Ad~Haispa~an,  Hfgitaway Peflomaazce Monitoring 
System Field Manual, Washington, D.C., Aaapst 1993. 

' (U.S.) Deparment of Trmspo&ation, "Management and Ikfonitokg 
Systems; hteriwa Final Rule," Federd Register, December 1,1993, pp. 6341- 
63485. 



Use of Data from C01~n~nacsm Mmitm'ng Sites 
Volume I: &com~rn&kiom 

reviewed the data eollec~on md malysis procedures requ.ked or 
nded in mWXs T r ~ f i c  Monitori~g Guid$ (TdG) and the 

M S W O  GuSeIines f i r  Trafic Dafa P r o p m s 4  (the MSHT0 GGdehes) 
issued by a e  h . e ~ c m  &so~aGon oh State FBghway and Tamsporta~on 
Offidals. 

Volume 1 of this Find Report presents a nmber  of reco 
relating to the coBecGaae m d  anallysis of baaffic data that are based on the 

ed and, in ppar~cdar, on our analysis of ATR data. 
$ions take a varie8y 06 formq. Some are restatemenk 
s in the Th4G of the MSIf lO Guidelbes; others are 
ndi4Gom that go beyond those in the TMG s r  

m d  may, in some cases, differ from the previously 
published recclcsmmenda~om; and still others are skagges~ons for prose- 
dures that c m  be used to improve the quality of traffic es~mates but 
which r e q ~ r e  some judgement o the way in tvhic2.a they c m  be u s 4  
~k"s08t effec~vely. The new reco nda~ons presented here are those of 
Cambridge S y s t e ~ ~ a ~ c s  m d  are not necessarily accepted by F W A .  

Complete docmenta~sn  of all malyses performed is contained in Volume 
11. 

We have several obsema~ons m d  recam~&enda~ons r e l a ~ n g  $0 the 
du ra~sn  of short-dwa~ora counts: 

B All shoe-damtion volume coants oavk HPA4S sampb 
sedisns should be taken for p&ods that are mgltiples of 
24 hours. 

3 kLlthough Fb-$TbTA prefers that short-dura~on csmts be 
taken fog. a ~ ~ n i n ~ u m  0% 48 hours, the differences in qualiq 
between 24 and 48-hour weekday C O W ~ S  is small. Sonae 
advantages sf $$-hour counts are h a t  dab far two 24-hour 

Federal Highway Admi~skatiogh, Traflc M~nbforing Guide, 
Waskngtean, D.C., October 1992. 

' M S f  %TO figl~wajr SazbcomdBee on Traffic E n @ n = ~ g F  M S f l O  
GuideIrnesfor T T Q . . ~  Dafw Programs, h e s i c m  Assscia~on of State Eghway " 

and Transpoata~an BffidaRs, Washhgton, D.C., 1992. 



periods can be used to &wk the eomistenq sf results, and 
howBy data horn one 0% ~ e s e  periods can be used to 
replace 9asisshg hourly data horn the other period* Sf 
unusual events binelmerrf wewfhm or incidents) &%feed 
travel volerme d u ~ n g  any 28-hour pe&od, d ~ t a  for the 
afected p e ~ o d  should ~ o t  be ~ s e d  an4 neeessaTf the 
coantws should be Befl i, place for a n  e&a 24 hs&rsm 

Q rime is no need t o  take counts on w midnifilt-to-midrrdg&P 
basis. 

Some ReeommendaGaans for Impro~ng &e Quality 0% Counts 

All shod-daration volgme counts should be checked for masonable 
sansistency with previous eoadnts obtaiosed for %he same sedicsn algd with 
cumeat counts obtained $or nearby sesgons of the same road. We 

end &at all ques~onable comts be retaken. 

We recommend avoiding the us; of contractors for the routine c o U e c t i ~ ~  
of volume and veMcZe-classification counts. Permanent highway-agency 
persome1 usually are able to obtain %ese coukppts more efficienely md 
more reli~bly. If contractors are used, they shodd be req&red to use 
comters &at record hourly data, their counts shodd be subjected to 
consistency check by highway-agency persomel, and their corakack 
should require that rejected C Q ~ ~ S  be repeated until acceptable CQU~S are 
produced. 

Axle-Correction Factors 

Wi& the possible excep~on 0% corn& taken on rural  nor collectors and 
hc$ionally Bscal roads, m e 9  count takela with a single road tube should 
be adjusted usifig an axle-~owection factors Road-spee@c factors are 
recommended for aPay mainlizae axle eoulzts obtained f s s i~g  road tubes on 
the IS a~rd  on other NMS mads.  Far use 0% other roads, we recommend 

' 

the development ofwxle-comeci&a'onfwdors that vary by @nciie~~aaB system 
and perhaps by t"e@on. These systemwide axle-comes~sn factors s110uId 
be recalculated a% least once every thee years. 



B Use of Cantinuous ATR Data 

We d e h e  an ATK station as comisG-lng of one or more ATRs used for 
cslles~ng eonhuous t~affie data at a Wo-way site or at a pair of one-way 
sites. For road sec~ons on w ~ &  C O B ~ U O P X S  ATR staGons are located, 

T should be d e ~ a e d  porn t ra f i c  counts that are collected for e v ~  
day of the year. If reEab1e counts are not available BOP a sma1Z: number of 
days, traffic counts for these days may be imputed implicitly using the 
AASWO procedwe for obtahhg U D T .  

For sees-ions &at $0 not contain an ATR, M D T  must be estimated horn 
short-dwagan samts (short c o a t s )  taken %a some mdfiple of 24 hours 
by applying factors that adjust for seasonal md day-of-week varia~on in 
waiffic voBume. Goad faetksGng procedures can produce LkADT est' ~rnates 
that are substan~dly better than those produced by using unfactsred 
ch~rnts; while poor procedmes e m  produce little or no improvement in the 
es6Emaies, md they can also h9oduce biases that adversely affect 
aggegate resdts derived how M D T  es~mates for different sites. Our 
most important reco nda~ons re labg  to the use of data from A'FR 
s ta~ons  are: 

s All T estimates submiBed t o  HPMS should be d e ~ a e d  
~ s i ~ g  factors developed ks~llly f r o ~ z  O C P U ~ I  or imputed 
"cawent-year" data; i.e., from data far a csngnuous 12- 
monh ((OB 52-week) period that ineHudes the dates of the 
comts to be factored. Bhibit S.1 compares the qualiq of 
AADT esG~r~akes derived slsing "cunent-year" ffastsrs with 
those derived using "hiistoric'9actors. 

B N o ~ f i n c ~ o n i ~ g  ar m a l f i n c t i o n i ~ ~ ~ m b  should be restored 
fa smicc as quickly as possible; 

W All Am data should be subjected &e a sysfematlis: review 
ts eliminate @%reliable or mislsadi~g data; 

o ' f i e  quality of M D T  estimates can be improved by 
i ~ e r e a s i ~ g  the ~urnbm and hopoge~keify offactor POUPS; 

o Although factor groaps should refleet w f  least some 
fiaactional-system disfa'nc~ions, geop~phdca B d is t i~ct ions 
usz~wlly are more valuable; 

e The use of separate 'hufban Interstate" a d  '"urban other" 
fastasr pasups is unnecessaq; and 

6 T%ere agpeeiiw to be little value in u s i ~ g  mapre than five t a  
eight A223 stations pe~fac to r  r o u p .  



Exhibit S.1 Effect of "Historit" and "Cument-YeazW Factors on AADT 
Estimates for Twa States 

Based on applkation of "Combined Month and Day-of-Week Procedure" to 48- 
hour short csennts. 

B Growth Factors 

We recommend that, in each year# all skates that haae w need for re@sn- 
specific p o w t h  factors: 

a Obtaia growth rates far era& Am station and wba for 
each shad-count s i k  counted rsuMbsely in that year far 
which a rewsoaably reliable precediag-year M D T  estimate 
also exists; and 

Develop powdh factors for each re@on by taking a simple 
averwge ofgrowth rates obtainedfor the ATB stafiosas and 
shod-count sites ~ P B  the reHon. 

States with NMQS nonakeahment areas h a t  contain uzarbanked areas 
shoeajid develop separate gowf i  factors for each W T  Trackjng Area. All 
states may dwelop reglom-specific gowth factors for o*er substate 
regions that are of particular interest or that are beliwed to have atypical 
W T  grow& rates. 

We recammend that the estimates of road miles by  finekional system and 
voIe(~'2ze $t"oup sabmifted t o  T estimates ,for all sections 
for which such estimates exist! idudhng AADT es~mates  der îved from 



special counts c011eded for project-mlated p q o s e s .  m d  counts collected 
by local gsvermewts. 

We recommend that f a c t o ~ ~ g  for p ~ w f h  should &a? g@omed annually 
(and such factoring should h~ required, nk least, for all WMa. k c k i n g  
Areas sonespandi~g t o  EPA air-qugliq non-auainmenf areas). A1s0, we 
recommend that cuwent-yeas seasonal and Hay-of-week factors be applied 
t o  all newly collected counts as soon as %he procedures discussed in 
Chapfm 3 ape implemmkd. We recommend the use sf computerized 
procedures for perfomhg all facts~ng and for a s s i p h g  sec~ons s r  files 
of road to V B B U ~ ~  goups. 

Vehicle Classification 

We prefer that AT& used for ~Easslficaeon be propa 
ability provides State permme1 with direct coka4%oB over the classifica~on 
aBg~rithm used md perfits h e -  ng of this algori&%sm to reflect changes 
iige the axle spasing m d  axle weights of hdi~ridual classes of vehicles 
opera~ng ~k the State. 

Ambiguous Vehicles 

We recommend thaf all vehicles be ass iped  f s  one o f the  standard classes 
even when there is some ambiguiq as to wMch 6s the correct class. 
Ambigui~es usually are bemeen two rela~vely s i ~ B a r  classes (e.g., 
automobi8es and Pow- re mcks). By assiwng an ambiguous vebcle 
only to an "undefined" or "~mclassifiabBe" cJlass, valuable hforma~on 
(lvhether the v e ~ c l e  1s light s r  heavy) is  Isst. However, ambiguous 
veKsles m a y  be assiped to a amstandard class in addifion to a standard 
class; suck nonstandard dasses may be used as a diaposGc tool in 
identtibhng weahesses in the ckassifica~ebn algorithm. 

We also recommend that the classification algok-e'thm used by each State  
be tested p ~ o d i c a l l y  and modgied if wpprapP4iak. Modifications may be 
required to handle new vehicle cof igura~ons (e.g., articulated buses). 
Also, ~d tests indicate that the algorbtht is overes~ma~ng the nkamber of 
fours-tire trucks and u d e r e s h a h g  the number of six-tire trucks, the 
weight or ade-spacing tthxeshold used for dishguishHng four-tire bucks 
from six-&are trucks should be reduced slightly. 

5 
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Use of Data f i m  Copafirauow Moplitoping Sites 
~oltapne P: %eomraztPn$gfioa 

Count Duration 

Shod-dursrkim classifica~on rsunk obtained with aafomwfic vehicle 
classifims QAVCs) should be colleekd over pegods that are a multiple of 
24 hogrs and are at least 48 hours lgo~g. Smen-day couats are preferable, 

ate the need for day-of-week factorhg, and they reduce 
the effects of random flaxe~a~o9ns; on the comts obtanbed far buses md 
other rela~vely smdl classes sf ve&cles. 

Manual Classification Counts 

if padisel-day classificwtion counts are $0 be used to derive esGmtes of 
daily haffiie voIme by vehicle class, fime-of-day factors must be used. 
Because time-of-day usage paktems &fkr si@ficantly by vehicle class, we 

nd the development md use sf sepzate sets of factors for: 

31. f o u r - ~ e  vekjic%es md buses; 

2. o&er single-mit tru&s; and 

Estimaeng AADT by Vehicle Class 

For road sec~sns  on wki& a permanent AVC is located, M D T  by vekide 
class (AADWC) should be obtained directly &om annual data produced 
by that AVC. FOP neahgr sec~sns  on the same road, MDTVC should be 
obtahed by cometag total txaffie on the see~on for a short period of  me, 
using factors to produce esemated total M%$T, and using data from the 
hearby AVC to dis~bulta total M D T  across vekcle classes. %fions for 
es~mating MDTVC on other sec~sars are: 

' 

0 CsHEect several seven-day classifica~sn counts over the 
course sf a year m d  average the results; 

8 Obtah classifisafion comts for a single period sf ant least 48 
hours and use amual data from one or more AVCs on 
other roads to factor these comts; or 

e Obtain classifica~on counts for one or two periods of at 
least 48 hours and use these counts to $isbibrake es~mated 
AADT across vehicle classes. 



if this East optio~t is usedf counliszg &thw should be peqomed for a 
$eve%-day pe&aH or . i b  should be peqormed on both weekdays wnd 
weeke~ds w1tJz the C O U H ~ S  adjusted fo rq~ese~liP a se~m-day pedod. 
Failure to hdude weekend data vrill result in appreciable averestimtes 
of vhg.~urne h r  most truck dasses. 

Estimating VMT b y  Vehicle Class 

Estimates of by vehicle class shds~eld be developed only fiom 
cfnss i f ica t io~ data ithat reflect bath weekday aad weekend conditions. 
They may be based on AADWC es~mates &at were developed horn 
amual AVC data, horn short-dura~on classifica8;ngsw somts taken on both 

m d  weekends, or horn weekday elassificaGo~~ esmts factored 
a1 elassi8caGon data. Mtema~vev, they map be based on 

mfaetored short-dwa~an dassifieai~on comts taken thoughout the year 
on both weekdays and weekends. The ase of ~afactared weekday 
classificatioz counts B"$~km t h ~ ~ u g h o ~ f  the year produces sipificankt. 
overestimates of W T f s r  ~~3k88f tmck classes. 

Dis%g<bution of WIM Sites 

We recommend that, insbad of d i s t k b u f i ~ g  wdgh-in-matioaa ( W M )  sites 
across finctional systems and volume poups, the sites should be 
d i s t ~ b ~ f e d  across regions. Regional differences in the eccsnerwic base are 
likely to have a ~eieter hfiuence on truck weight &araeterisGcs than are 
hc$icsn;aE system and M D T ,  par~cularly on roads with sipificant 
amouts  of hxally generated kaffis. For this reason, w e  consider regional 
disbibu~esn to Re more valuable, par~cularly for nsn-.IS sites. Also, states 
with sipzificwnf systems of roads with d i f f e r e~ f  weight Iimits should 
cosssider bist~bgt iag W M  sites both across reeons and across systems 
of roads with divVere%f weight limits, 

WHM Insirallations and Iwteqkretatiow of WIM Data 

Users sf gdlh4 Batxi ;ahodd be aware that these data are likely to produe 
higher estimates of average ESALs t11m would weighhg 04 the same 
vehicles on s t a ~ s n a ~  scales. The degree 06 this va~at ion is affected by 
the qualify sf the road surface, the suspension sharacteris~cs of passing 



Use of Dae @om Con~araeolss Monitwing Sites 
Volasm I: &commmLtions 

h & s ,  the loads camied by ttaose m&, md, to a M t e d  exienf the 
semar desiw md sensor ccsfiwra~sm sf the device. To reduce this 
effect we recommend thnf pavemeat irr the nieisrify of gmassent  W M  
installations be maincain~d to kighm sitbk~dards than t h e  srsedfkor ofhm 
paik~mcnf~ %hat podable aqaipmmt ofely be arsed wf locatioas where 
paaempzt b iia good c a ~ d i f i o n ~  aand %hatr whea piezo-elecMc sensors are 
use$ at least t w o  be w e d  in each lane. By weighg  each axle mdfe ~m 
once and averaeng h e  results, axle weights c m  be o b t h e d  that are 
closer to those that wodd be obtahed by s b ~ o n a ~  scales. Mso, we Bga 
not recommmd flte use sf site-specific W M  data for project-dmip 
p u ~ o s e s s  

Estimating ESALs from WIM Data 

We ~ecom~aend that ESALs estimates be developed only from data 
salleefed o ~ e r  time pedods duPa'ng which fhe cwHbzwkie%n af W M  
equipmar8 can %Be maintained with a higlz degee of accuracy. In. areas 

e mintenanee of calibra~on is diffisdt, the time periods for which 
data is collected probably should be no more than one week long. 

Documentation 

AU procedures used for es%imaGng MDT,  M D W C ,  and W T  by vehicle 
class and for developing data on veficle weights m d  ESALs should be 
documented 3w writing. 





This repo& presents the results of a study of the use of e%.a%fic data from 
san~nuous monito~ng sites performed under eoaawact to the Federal 

sgk.a~an ( F W A ) .  In the coaagse of ibis study, we have 
reviewed eunent prscedwes for collecGng Braffic data mQ for using these 
data to estimates annual average daily trafic ( U D T ) ,  vehicle-miles of travel 
(WT) ,  M D T  and W T  by vekcle class, and 18,000 pund (18 kip) 
equivahart siagle axle loads (ESALs). 

As part sf this effort, we empbyed a ~/vritten sumlgy to learn about 
prscedwes being used by nine States, we conducted personal htemiews 
with key staff in three of these States (Florida, Ohio, and Washhgton), 
and we performed an extensive maHy"s 0% data from eowainuous wufomatis 
t r~ f i c  recorders (AT&) in four stakes (including one of the States that was 
sumeyed md intesviewed). In addi~on? we reviewed the haffic data 
required by FHWXs Highway Performmce Monitoring Systed (HPMS) 
and by the Traffic Moxl4torirag System for Highways (MS/H) of the 
Intermodal Surface TranspoPBation Efficiency Act (ISTEA);' and we also 

Federal Highway Ad~nis$ra~ow,  Highway Peqormance Mo~itoring 
System Field Manual, Was'Ringtorr, D.C., August 1993. 

' (U.S.) Deparment of Trmsporta~on, "Management m d  M s f i t o ~ g  
Systesm; Interim Final %&arle," Federal Register, December I, 1993, pp. 63441- 
6348%. 
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reviewed the data-csllec~on and malysis procedwes requked or 
A's TraBc Mo~fit~~~g 6%ide7 ( W G )  c%nd the 

M S m O  GuideHiaes for Trwf@e Data Propams6 (the d-$Pa$mO G ~ d e l h e s )  
issued by the h e ~ c a n  Assoda~on of State Highwaj~ and Transportation 
Officials. QUI: work on &.is study also benefiBed horn a parallel effort to 
produce m hproved Traffic Manita~ng System for the V~ginia 
Deparwent of Tt.-pgerta~~n? 

Volume I of this Final Repork presents a number of reconmenda~sns 
r e l akg  to the csllec~on and malysb of traffic data that are based on the 
work we have perfarmed m d ,  in parGcdar, on our aalysis of ATR data. 

recom~enda~ons were re~ewed  for reasonable aead prae~ca8iQgr by 
staff in the thee j~~tewbew states (Flodda, Ohio, md Washgton). We 
wish to h d  the staff in these states for their review of an earlier draft 
0% this volume a s  well as for their helgfxsl co nts durhg the initial 
roux~! of htenriews. 

ndatiapns take a variety of forn7s. Some are restatements of 
recomnenda~o~~s in the W G  or ah@ AASmO Grsidelbes; others axe , 
ui+edged recormenda~ons that go beyond those in the TMG or the 
AASmO Guidelines and mayp in some cases, differ from the previously 
published reco da~om; and sfill others are sugges~ona %or pmce- 
dupes that can be used to improve the qualiv of traffic es~mates but 
w&& require some judgement as to the way ik which they can be used 
most effec~~yely. The new reco endabons presented here are those of 
Cambridge Systema~cs and are not necessarily accepted by FFIWA. 

Complete docun~entagon of all analyses gerforlrned is eonufained in Volas~ne 
a, along with the su ary of the informa~on obtained from the susurey 
and intewiews that we conducted. 

Volume I cfantahs seven hapters m d  WO appendices. Chapter 2 is a 
brief chapter presen6ng several reco endahons r e l a~ng  to the collec~on 
m d  use sf short-dura~on &a%fic counts. Chapter 3 is a n~uch longer 
chapter discussing several topics relaelrag to &..e use of data from 

--.- 

' Federal Highway Ad~nfskafiion, T r ~ ~ f i c  Manifari~ig Guide, 
Waskagton, D.C., October 1992. 

' M S h T O  ~ g h w a y  Subco Hee on Traffic EnGeerhg, U S F R O  
Guidelinesfor T T W ~ ~ C  Data Programs, fiAmepk~m Associa~on of State Highway 
and ~raAs~ortation Officials, W a s h h @ ~ n ,  D.C.;, 1992. 

' Ca~~~bmdge  Systema~cs, B ~ c . ,  Gorsve/Saade Associates, h~., and 
Infgtrma~on System and SewSYi~es~ lnc., Trajfic Monilovbng Systems 
DeaeEopmertl Study, Task 2: Review and Evaluation of the Current TMS 

enda~ons %or an hprgsved W S ,  prepared for the Virgkia 
Deparhent of Transporta~on, May 1994. 

2 C ~ m h d g e  SystemSics, Inc. 



conkuomly aperated AT%+ The reca d a ~ o n s  presented in -&.is 
chapter are based p ~ a r u y  on the resu ur malysis of c o n ~ u o u s  
ATR data from four States (Colorado, W o i s ,  Nebraska, and Waskira@ort). 
The f o w ~  eIpapeer coneaks a discussion sf the use of growth kctors and 

enda~om far the d on of data eased for developing 
eshates;  md the fi eon tah  a brief discussion of the 

use of M D T  e s b a t e s  to produce es~mates of 

Chapter 6 covers several topics relakg to f ie  col8ecGtion and use of 
classifica~on counts. Of pa r~cdas  interest is %sfion 6.2, which discusses 
several altemaGve procedmes far e s h a k g  M D T  by vehicle class &at 
are capable of produchg beeer es~mates of truck volmes thm the 
groeedwes that are in cs  on use. Also, Secfion 6.3 reco 
altema~ves for e s ~ m ~ a a g  67W/IT by vehicle class &at are likely to reduce 

ate the overes~mates of truck W T  produced by current 
procedures. 

The final chapter contains severd reco wda~ons relating to the 
colles~on and use of weigh-h-moGon data. 

This volume also contains two appendices. Appendix A describes some 
of the factoP-ing procedures evaluated in Chapter 3; and Appendix B 
discusses some pracedwes that may be usehl in developing improved 
factor goups. 
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2.0 Shor 

Tiis chapter contabs several reco nda~ons  r e l a ~ l g  to 'the c~llechon 
and interprehtion of short-duratron c o w  (short counts) of total traffic 
volme. 

We have several obsemaGans and FWO daGons re lahg  to i3.E 
dura~on  sf short counts: 

e Although A grefms that short-duraGsra comts be 
taken for a m i ~ m u m  of 48 hours, the differences in qualiQ 
bemeen 24 md 48-hour weekday counts is small. O n  a 
statewide basis, the mean absolute errors in individual 
es~mates of M D T  derived from 24-how weekday counts 
are only 0.1 to 0.8 percentage pobfs geater than the errors 
derived from 48-hour weekday counts, with the differences 
in percentage error rnawmdes varyhang inversely with 
volume. Some advantages of 48-hour counts are that data 
for ~ V O  24-hour periods can be used to check the consisten- 
cy oh results, a d  hourly data horn one of these periods can 
be used to replqce f9iisshg hourly data horn the other 
period. If unusual euents ( incleme~t weather OT iacidents) 



ib~flecf travel volume dllgi~ng any 24-h~ar  pt&odg data for 
the afleckd pmhd shoald no8 be ased amif Vnec~ssary~  the 
caaktws should be Ief3 in place for apr exera 24 haars. 

e All shod-daration vslasmc counts ~o EPMS sample 
scdians should be taken for pm'ads thgt are rnaEf+les of 
24 hsurs. The facto~2g of short c o m b  of total volume to 
represent 24-hour cg3mts h k ~ d u c e s  an tlmecessaP7jr source 
sf error and should be used o d y  with great caution. 

o There is ~o w e d  go take counts on a rnid~ight-to-midnight 
basis. The facucto~ng procedures presented in Chapter 3 
and Appendix A work at &east as weU using counts started 
h the r ~ d d l e  of the day as they do on esmts taken from 
~ d m g h t  to m i d ~ g h t *  

All shod-duration volume counts s h ~ u l d  be checked $bar reasoaable 
consiste~cy wit11 p r ~ ~ i o ~ d s  counts obtained fat the same section and with 
eumenf counts obtained for nearby s e e ~ o n s  of the same road. These 
checks may be conducted ushg either raw comts or M D T  esfs;rnates# but 
AADT es~mates are prefemed when csmpafing counts taken at different 
times sf gee year. Msa, the scree~ng procedures discussed h SeC~on 3.3 
should be applied to all comters that record howly data. We recom~end 
that all ques~cmnable cssmts be retaken. 

We ~eccmme~d avoiding the use of ~ ~ ~ t r a c f ~ r s  for the roatia'ne colilection 
of vk~l~me a ~ d  vehicle-elassific~tiot~ counts. Pemanent highv~ay -agency 
peasomel rts~aahiy me able to obtain these can t s  more efficiently and 
more reliably. If sontraetasrs are used, they shauld be required to use 
c~umte ts  titat record k~ourly data, their count8 should be subjected to 
consistency checks by highway-agency persomel, and their contrasts 
shod$ require theat rejected counts be repeated until acceptable counts are 
produced. Mso, all csmts should be hfisbed to &ghway agencies in 
elsckoaa~calfy readable formats that can be converted easily to the domats 
specified in the TMG. 



2.3 

Wi& the possible excep~on of c o m b  t&en on mral or collectors and 
fme~ondly  Bmal roads, m e y  count taken ~ t h  w single road b b e  should 
be aadjuskd using an axle-cowection factor. mese may be road-spesFc 
factors 01 ystem jactors- 

Road-specific factors are recammended for any mainliae axle counts 
obtained u s i ~ g  road tgbes on the 1.5 a ~ l d  oaa otkm mS roads. mese 
factors can be developed in the souse of p e r f o r ~ n g  classifica~on 
cotmhg on these roads (as required under ISmA). We reco 
axle factors be obtained routinely whenever eqdpment that can $so%& 
classib veKsles and come aAes is used to perform shod-dura~ow 
clasifica~on s o u k g  s n  these roads. M e  factors obtained by dividing 
the resul~ng vehicle c a n t  by the r e s u l ~ g  ade cowt should be used for 
factoring axle comts obtahed at newby sites on the same road @ut not 
at entry and exit r a ~ ~ p s ) .  'ro the extent feasible, the axle factors m d  the 
axle comes to be factored s obtained concurrently or w i t h  a few 
weeks of each other. We end that road-specific ade-correc~ow 
factors be expressed with two or thee deciml places of acsuraq Qe.g., in 
the form 2 . n  or 2 . ~ ~ 4 .  

For use on othw roadsI we recommend the developmmt of axle-cowecfion 
factors that vary by finctional system and perhaps by ~"ewon. Factors 
generdly will decline as one moves horn Egher h z c ~ o n a l  system to 
lower farnc~onal system, m d  those in reerea~onal areas generally will be 
appreciably lower than those h rural na~baral-resource producing areas. 
For each hnc~ona l  system m d  region to be dis~nguished, we reco 
that a single "system" factor be developed as an mweigkted average af 
axBePvehicle ratios obtained for several sites in the system. mese r a ~ o s  
may be obtained from'': 

1. unts of axles and vehicles silstaiwed &om Skategic 
Researdl Program (SHW) weigh-h-mo~on 

s and horn other con~nuotasly operated automat- 
ic vekcle classifica~on QAVC) sites capable of producing 
both axle and vehicle comts; and 

" Odeally, if the factors are to be app%ied to weekday axle countsj the 
ratios should be derived horn a m u d  weeMay courmts (when the ratios 
come kom the first type sJF source) or from annual average weeMay traffic 
(AAWBT) by vehicle class (when the ratios come from the second type of 
source). The procedures presented in Chapter 6 can be modified to 
produce estimtes of AAWDT by vehicle class for this applica~on. 
However, the ex&a effort that would be r e q ~ r e d  m y  not be warrmted. 



2. Bshates  of MDl' by vekde class developed horn short- 
duraGon dassifiea~on comts ushg procedures presented 
h Chapter 6. 

The devebiopraent of ade/veEsle r a ~ o s  horn the second type sf sowce 
requires L~fio~rna~on on the average aaumber of axles per ve&aiic%e far each 
vehic%e class. Par vehclie dasses %or wEch this number i s  not u ~ q u e l y  
detemhed, it cam be set by judgement (e.g., m average of 3.5 axies per 
vehicle for thee and fom-axle single-bailer csmbina~ons); however, 
slightly improved es~mates sf average axles per vehicle for these ve&c%e 
classes c m  be desi~red ushg data horn similar W M  md AVC sites 
( d i a ~ n w s b g ,  at Jeasb; urban m d  rural sites). For rural  nor C O ~ ~ ~ C ~ Q R B  

m d  hictionaUy local roads, an axle/ve&de ratis of 2.0 may be assumed. 

d that systemwide ade-correc~on factors be expressed with 
t-ws decimal places of aecuraq (e.g,, in the form of 2.x~). kVhen they are 
expressed as veMcle/axle ratios (i.e., using 0.5 to represent ~v&-axle 
veEdes), a third decimal place may be desirable (i.e., in the $om 0 , k x ) .  
Systemwide axle-csmccfio~ $astors should be recaleulaled af Beast once 
s n e q  three years* 



Use of Data fPom Confi~uom 

ATR Ba 

Par road see$ions on which conkuous AT& are located, 'T should be 
d e ~ a e d  from ttsafic colsb~ts that are collected f ~ s  e a e y  day of %he year- 
If reliable comts are not a~~agable for a smaBB number of days, Pssaffic 
comb for these days m y  be imput4 irnplicidy easing the M S m O  
procedwe for s b t a i h g  AADT @resented in Sec~ow ?.I). 

UnforMately, it is not prac~cal to operate AT& can more than a ha~-adhB 
of road sections. FOP sectisms that do not contah an ATR, M D T  must be 
es~mated from shofi-dura~on eounk (short comts) taken for some 
mukGple of 24 horns by appl@g fa&ors that adjust Bas seasonal and day- 
of-week variation in kaffic volume. These factors are derived from data 
collected by con~nuoys ATRs. For breviv, we shall refer to the factoring 
procedures that are used to adjust for both seasonal m d  day-of-week 
varia~ans in draffie vo lme  as seasonakfacfwing prsced~sm. 

We define an ATR station as consis~ng of one or more AT& used for 
sollec~ng conhusus traffic data at a WO-way site or at a pair of one-way 
sites. Osae-way datw nomally should not be used for dewelapingfsacEors 
khaf are used OE m y  roads other thgn the road o9n which the A223 is 
located. However, if owe of a pair sf AT& is temporarily atnt s f  service 
and it is knowsz that daily somts taken by the two A T h  rarely differ by 
more than 1 or 2 percent, then it is better $0 infer a Wo-way csmt by 
doubling the count obtahed from the in-sewiee ATR khan $0 discard this 
data altoge&er. 



Good faaslPrlwg procedures can produce M D T  esha tes  &at are 
subskm~a%By better than those produced by using nfactored C C P ~ ~ S ;  while 
paor procedwes e m  produce I i ~ l e  or no improvement in the es~mates, 
and they can also hkpduce biases that adversely affect aggegate results 

es for different sites. Ow most impostant 
the use of data horn ATR sta~orts are: 

All M B T  estimates submifted t o  WPMS should be dcp.s"saed 
aklgi~g factors developed only from actual sr imputed 
"cug.$ent=--yew~" data; i.s, from data fop a con8i~uons ' 12- 
month (or 52-week) k e ~ w d  that includes the dates of the 
counts t o  be factored; 

Nonfinetiwni~g or malfineMoni~g A m s  should be restored 
to sewice as quickly as possible; 

All Am dekfa sksald be subjected fo w systemafiar'c rerk~ie'w 
t o  eliminate uareliable or misleadd~g data; 

The qualify of T estimates can be improved by 
iplmeasi~g the numbm and homogsndfy offactor goaps; 

Although factor F O S B ~ S  shoaEd reflect aC least some 
findionnl-system distinctions, geopaphical distinctions 
usually wre more valuable; 

The use of separate "arban J~terstate'' and "grban o%herP' 
f ~c to r  FOMPS is unzecessaq; and 

'These ad ather reco enda~ons are discussed below. 

II 3.1 Averaeg  A m  Dab md tlhe Use of imputed Data 

The L U S H T O  Guidelines (page 52) presents the followkg procedure for 
deriving es~n~a tes  of AADT and monthly average daily %TQ$%C (MADT) from 
daily traffic volumes obtained horn an ATR s ta~an:  

a. For each month of &e year, develop seven monthly average 
days of the week ( m D W )  values by avera6ng available 
volumes obtained in that month for each sf the seven days 
of the week; 



2. Obtah seven avwage anlam1 days of the week (MDW) values 
by avera@g the Welve conespcsndhg M D W  values; 

3. Obt& M D T  as the average af the seven M D W  values; 
and 

4. For each momfi, obtain MADT as the average of the seven 
U D W  values for &at m m f 8 a .  

'This rela~vely complex a v e r a e g  pocedwe has %wo interes~ng proper- 
ties: 

1. The influence of each day of the w e k  on N%4,Dr for a 
given mon& is hdependent of whefier the day occurs four 
or five ~ m e s  ira a even man&. This propew can be of 
some valeee when factors det-lved using data for one year 
are applied to traffic comts o b t ~ n e d  in a subsequent year. 

2. M D T  e m  be e s ~ m a t d  even when somts for some days 
of the maw& are fissing. hdeed, all h a t  is reqataired is a. 

of one c smt  for each day of the week. 

The second proper9 is a s i e f i cmt  one. For any ATR s b ~ p n ,  reliable 
can t s  may be mavailable for a v x i e v  sf reasons, hcluding baRery 
failure, equipment a n a l h c ~ o s  or the loss of a m a p e ~ c  loop detector, 
When reliable counts are uaraavailable for, -,say, one OF more Wednesdays 
in a given month, the AASEflO procedure es~mates M D W  and MDRr 
byI in effect, assu g that B%affic volums on the ~ s s i n g  Wedmsdays are 
the same as the average of the traffic volums on the remairPlng Wednes- 
days of the month. This is a simple way of handlhg the ~ s s i n g  data 
probBem. The M S m O  greeedure implidtly imputes the traffic volume for 
the ~ssimag Wehesdzys by using an madjusted average of the volumes 
for the remaifig Wednesdays. 

Although the MSm8 impli&f imputa~on procedure is simple, it is not 
as reliable as it ~ g h t  be. During the Spring and Fall, daily traffic 
volumes on many roads tend to increase or decrease appreciably in the 
course of a months Ascsrdhgly, if a day is dssing during the first or last 
week of a month, a moderate error in the imp1jiciQy imputed value is 
likely. Indeed, our test of this procedure indicates that there i s  a 50 
percent probabiIiQ that the error h the imp&citliliy imputed volume for a 
single fissing day will exceed 3.5 percent and a 20 percent puolsabiliq 
that it will exceed 8.5 percent. 

We were msuccessh8 in om aBempt to develop a reasonably simplie 
explicit imputaeicn procedure that would produce better resdts. 
However, a simple e ~ l i c i t  prmedure that is quite s ihlar  to the M S m O  
implicit procedue (but which we did not test) involves impu~ng a value 
for a given day by averagkg the values for the same day in the preceding 



week md the same day in XLe fouowing week.' This h p u t a ~ o n  
procedure i s  li&ly to produce results that are similar to those produced 
by the M S K O  procedure md it can be used with factofig procedures 
&at require explicit irnpua~on. 

A1~ougH.e the M S m O  kplidt imputation procedure appears to  be the 
best procdum for hmdHhg data for ~s s ikag  days, when data i s  umeliabie 
or snissb-rg for ordy afe'ki,? hours, use 0% the MSm0 procedure in&g.e)duces 
more enor than rs neeessav.  me^ only a few hours of data are 
aareliable or rn iss i~g~ we recommend that data for those hours &be imputed 
e q l i c i f l y .  The imputa~on proeedu~e desc~bed in &&e preceding 
paragaph is rn appropriately simple procedure for impu~ng r ~ s s m g  
houriiy counts. Mhouglan this pmcedure can be expected to produce some 
small errors in the hourly counts, the overall enor far the entire day's 
comt can be expected ts be smaller &$ban if the M S H T 8  implicit 
imputa~ark prscedwe is used. We reca nd that hourr%y camts be 
imputed whenever reEab%e counts exist for at least twelve hours in a day. 

The R&ODRB results underscore the impodaace of resf o d ~ g  n6slaf~ncMsni~g 
and malfi~ctioniag A m s  to semice as quickly as practical. One state has 
a goal of restorkg service within five days. Nso, all imputation 
procedures ~ s e $  includhg the M S W O  hplieit procedure, shaald be 
docgcrmenfed and all imputed AT22 data should be ide~kified as such. 

In order to evaluate the effec~veness of alternative factoring procedures, 
we used actual and imputed2 1992 &$kidific counts from 1183 ATR sta~d~sns 
in lour states (Colorado, l[l%inois, Nebraska, and Wasbngton) to simulate 
approximately 15,000 48-hour weekday coeashts. Each s f  these counts was 
used as an w~~lfactored estimate of AADT and compared to actual AADT 
at the ATR station. Nso, for each ATR sta~on,  data from all sther ATE 
sta~ons in the factor g o u p  were used 60 factor the individual counts 
using several different facto~ng procedures, md the resulGng AADT 
eshmates were compared to actual AADT at the sits. This process 
provided extensive s t a ~ s ~ c a l  klfrmrma~ona. an the reliabiliiv of AADT 
es~mates produced using the various factoring procedures with $%I@ factor 
groups currently in use in these four states. The process used is described 
in more detail in Volume PI sf this report. 

Possible improvements to this procedata& bclude not using data for 
holidays (or holiday weekends) when impu~ng values for non-holidays. 

* TO the extent feasible, daily 1992 traffic counts that were missing 
were replaced by chaunts that were imputed horn 1993. and 1990 data. 



We prewnt below some of She most siwficmt resdts of o w  mdyses 
along with reeo nda~ons  &at are based on these results. Addi~onal 
results md a more complete des&p~on of our malyses are conhhed in 
VCJlme n. 

Efibi t  3.1 compares the results of applgkng two altemalive factoring 
prscedmes to simuHated 48-hour counts for 1992 with the results of using 
no factors. The first procedwre uses a version of "mment-year" factorhg, 
in which factors are dedved en~rely horn actual m d  imprrted 1992 ATR 
data; wMe the second procedure uses a conespondhg version of 
"%.&to.srbc" factring, h va;kich factors are derived en~rely horn achal and 
imputed 18990 ATR data. The second prmedure is a vafiant on one, used 
by mast states, in wK& all flctars are derived dram a recent three or f ive  
year period prior to the cumen% year. The analysis used data from only 
b w 0  statesI Ulinois and Nebrash, because we did HI'ot have complete $990 
data for the other two states. 

The E&bit 3.1 results show that current-year faetaring produces 
substm~al%y better MHaT e s h a t e s  than are obtahed when mfactsred 
48-hour comts are used. The first co lum of the e%hibit shows the 
percentage mean absolute emor Q ) -- the average of the absolute 
value oh the errors in each of the individual es~mates of M D T  e ~ r e s s e d  
as a percentage of MDT.  Cusmrent-year factors produce m MAE of 6.8 
percent, appreciably be@er &m the 10.1 percent MAE restrl~ng when no 
factofing is used, Salarly,  the last column shows that the percerafage of 
all errors that exceed 20 percent (i.e., the probabiliw that an individual 
AADT es~mate i s  off by more than 20 percent) deslhes horn 11.4 to 4.1 
percent. 

?fie ~ d d l e  cslaem af E ~ b i t  3.1 shows that, in the first two cases, the 
average error is a small percentage of M D T :  -10.5 percent without 
factoring and -0.2 percent with ceaanent-year dactorbg --- sugges8ing that 
posi~ve and nega~ve errors tend to balance. The average error is an 
indicator of positive s r  nega~ve bias that will exist in W% es$imates 
derived from a large sample of M D T  es~mates. 

Exhibit 3.1 also shows that historic factors do not work as well as current- 
year factors. %BUE declines o d y  to 8.2 percent and %he percentage of 
M D T  eshmates wjth errors exceeding 28 percent declines only to 5.8 
percent. More sigfaificantly, tihe average error increases to 4.5 percent, 
implyhg that the tested procedure tends to produce W T  estiimates with 
a relatively s iwf icant  upward bias. This result irpdisates that, bemeen 
1990 and 1992, weekday kaffic grew appreciably faster thm weekend 
traffic. The uneven growh rates bemeen weekday and weekend baffis 



Exhibit 3 J  Effect of "Hists~c" and ""Current-Year" Factors on AADT 
Estimates for T-wa States 

nt-Yea Factor 

Based on apgEsa~on of "Combbed MontH.1 and Day-sf-Week Procedure" to 48-hour short 
co~mts. 

were probably also the prhcipal reason why the historic factors did not 
improl~e the ather error s t a ~ s ~ c s  as much as the current-year factors. 

the basis af the above discussion we conclude: 

Cuwent-year factors produw appreciably b e ~ e r  estimates of 
hisbagc factors' 

T estimates for any year submiwed 
88 HBBMS should be prodaced u s i ~ g  ea~mt-year factorsS 

Current-year factors for any calendar year c be developed until after 
ithe calendar year is over. Far htemal p g a d  desip purposes, 
many states will not want to wait for current calendar-year factors to be 
available. Aceordhgly, most states will want to produce preli%-9.panap-y 
es~mates of AABT, For this puqJsse, we suggest either of two alterna- 
tives: 

1. Use current-year factors $elreloped from actual and 
imputed data for any Welve-month period that includes 
the dates on which the count to be factored was taken; or 

2. Use historic factors developed h m  actual and imputed 
data for the qrecedhg caleradar year. 

The seeertd altemaa-ilie, use of "preceding-yeas" factors, is likely to produce 
A,$DT ss~mates  with errors &at are in bemeen those produced by 
current-yeas factors and the Wo-year-old historic factors evaluaterl in 
Exhibit 3.1. h such, they would appear to be reasonable for use on an 
interim basis. 



The first altemia~ve will produce b e ~ e r  M D T  esGmates. It is computa- 
tional m ~ r e  htemive, but if probably is a prac~eall alternative for m y  state 
that has a completellyr computerked procedue for proceshg ha7eR data. 
This diltem~ve hvoIves compukg a nexr set of factors a&er each 
mntEr% KGdTR data has been reviewed, accepted, and entered into the 
system. The M D T  es~mates it prodfaees are achally good e s h a t e s  of 
M D T  for the 12-raronfi period repsented by the factors, and these 
es~mates could be csmidered acceptable to WMS. However, in areas 
where M B T  is gowhg,  these es~mates will tend to mderes~mate 
calendar-year AADT. States with completely csmputerked procedures 
probably will h d  it desirable to recompute each year's new AADT 
es~mates at the be@ g of alme following year ushg calendar-year 
fadhprs in order to iaacrease h e  consbtency of Bkte es~mates obtahed for 
various short-eesmt: sites and to produce befB.er es%ima&es of calendar-year 
vm. 

A second issue in speci-g factoring procedures is how to group the 
days sf the year to produce a mmageable set of factors. f i e  W G  

ends developing seven day-of-week factors for each man* of eke 
a total of 84 factors, a process that we call "Codifled MontEP mci 

Day-of-Wek" facforhg. Howve; &ere are at least two other temporal 
grouping procedures currently in. use. 

Ef ib i t  3.2 prewntohe results of applwg several different temporal 
pouping procedures with current-year factors to simulated I992 c o w t s  
for four states? All the procedtrres ineo~orate  some fsm of seasonal 
and weekday/weekeP.bd adjusment. The procedwes are listed roughly in 
order sf imgruvhg perfarmnce and increasing complexiQ (as measured 
by the total nmber  of factors required). Procedaares 2, 4, and 5 are used 
crmently by one ar more states (Bough aasurifly in combina~sra with some 
form of historic factors). edure 4 is the "Combhed Month and Day- 
of-Week" procedme reco nded in the TMG. Procedures 1, 2, and 4 
can be used in canjunsfisn with the AASHTO implieit imputa~on 

The results for both the wafactored m d  (Procedure 4) factored 
esbmates presented ia Efibi t  3.2 are slightly poorer than tlae correspond- 
ing results in Efibi t  3.1 because E f i b i t  3.2 includes data from b v e p  

additional states, Colorado and Waskngton, with relatively high volumes 
of resreaicional travel --- a t ype  of travel &fiat is iAerently difficult to 
factor. 
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procedwe, wMe the o&er procedwes require some % o m  of expEcit 
imputa~on in order to hmdle ~ s s i n g  data. 

Our evalata~on of the seven temporal gotgghg procedures Heads us to 
csncHude that nlk the tested prosedasaes are apgarp4.irate for usey though 
Procedure 4 appears t o  provide the best bade-ofis between complexiq and 
pe$omastce, Procedures 5-7 produce %Pe%f.er results, but &]key reqGre gke 
use of an expHi&t factarhg procedwe (such as the one desaibed in Sec~on 
3-11. 

Prseehre 4 is desc~bed below md the rremai~g temporal gouping 
prscedmes are described in Appendix A. 

Combined Mon& and Day-of-Week (CMDW) facfodang (Procedure 4) 
r e q ~ r e s  the development of separate day of the week factors for each . 
mon%h of the year --- a total sf 60 weekday factors md ano&er 24 factors 
for SaMrdays and Smdays. 

The CMDbT factor for man& i i d  day j at ATR s ta~on  k, MDWH;,, is 
obtahed as 

where MADW,,, eke manfhly average day sf the week traffic for month i and 
day-of-week j at  AT^ kk, is derived as the average of ATR counts for all "j- 
daysQ"(e.g., mursdays) h monh ib To avoid cessaq biases in the 
resul~ng factors, we wsommend that weekday holidays (sash as 
natrks@uing %upsday and F ~ d a y )  be excludedfiom the computation of 

W (but net from the computation of AADT). 

The use of Equa~on 3.16 to derive estimates for the CMDW factors requires 
a nkirnum of one 24l1oeas csmt for each day 0% the week in each month 
sf the year. Thus, even if reliable ATR somts are not available for several 
comecar~ve days, this procedure can be used without explicitly impu~ng: 
counts for the dssikag days. 

P i  wcekend or seven-day ccamts are collected, there are Ws alternatives 
for &earnerair of data for holiday weekends: 

Equa~sst  3.1 is equivalent to the c ~ m p u % a ~ o n  procedure presented 
on pages 3-2-9 and 3-3-12 of the 'F%%IG. 
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1. Do not develop M D T  es~mates fxsm short-dwation 
eaunts taken over these weekeacads, and exdxade AT13 data 
for these weekends and for the day preeedhg ~e start of 
the weekend (usuahy Friday) Aom the cornputa~on of 
hurlw; or 

2. Develop UDT es~mates from short cotmts taken saver 
these weekends md hclude the co~cspondiwg ATR data 
in the cornputa~m of RUDW, 

Bstk dtema~ves avoid biasing the AADT es~mates. Mowever, because 
sf the ekaraeter;istic differences beween haffic volumes on holiday 
weekerads m d  those on other weekends, holiday-weekend AADT 
es~mates produced by the second aItema~ve will be somewhat less 
precise than those produced by the first altema~ve. (It m y  be obsemed 
that the first altema~ve, no sl~ort C O ~ ~ S  and no ATR data in M D W ,  
ca~.k.esponds to the procedwe reeo nded above far weekday short- 
dura~on counts.) 

The appfica~oxs of factors produced by Procedure 4 40 a $8-hour ssmt 
that is started in the fiddle of the dayf say a Tuesday, requires that the 
e o n %  be decomposed into the components: a Tuesday component a 
Wednesday comp~nent~ and a nursday component, %parate Tuesday, 
IVednescPay, and n ~ ~ r s d a y  factors are then applied to these components, 
the results me added (to produce an es~mate of ua% average 48hour 
traffic), md the sum is divided by two to produce es~mated M&T." 

Prscedure 4 hctors can also be applied to somts &at are started at 
r ~ d ~ g h t .  Factorhg of counts Ghat are %&en &pa a E-nrjid~ght-.-to-~ni~jight 
bask appears to be aesfie~cdkgr preferable to f a e t o ~ g  camts ihat start 
in the ~ . d d l e  09 the day. 130wever, ~ d ~ g k r t - . t s - d d ~ g h . t  counts require 
extra eqtmipment resources fiecause of &e pedods when counters are in 
place but their counts are not being used) and they usualby require a small 
incresfse in persome1 resources. hbre  important1.gr, QUF si19ulaeon tests 
ind~cate that $hey apparently produce s~ghdy  poorer es~mates of U D T a 6  
Accordingly, we recommend that all sho~&duration counts be s taded in 
the middle of the dayf rather Phaa waiting until midnight. 

A variant of this procedure that some~mes is used irwolves 
averawg the Tuesday and Thursday factors and agpl@ng the result to 
the sum of the Tuesday and Thursday counts. This variant should 
produce results that closely approximate those of the procedure desc~bed 
in the text. 

' The MAE is about 0.2 percentage points higher and the frequesaq 
of errors exceeding 20 percent increase by about 0.13 percentage points. 



weeMay trafic ( M W T )  or 
be of mare interest &an 

A.A.DT* 

A A W T  can be es~mated kom weekday coveragge counts using analogues 
of the procedures presented above (i.e., by s u b s ~ w ~ g  AdBWT for 
AADT i n  Equa~on 3.2). Because es~matjsn sf M W T  does not r e q ~ r e  
consid6ra~sn of the differewe bemeen weekday and weken$ baffic 
volume, M W T  generally can be estimated with somewhat rn0f.e 
precisio~~ thm M D T .  This can be seem by campasing factored and 
unfactored e s ~ m t e s  of M W T ,  which are shorn in ExkPibit 3.3, to the 
correspormdhg es~mates of M D T  shown in Ef ib i t  3.2. 

Sidlarly, AASDT can be esfinaated &ow school day coverage eomks using 
analogues sf the above procedures. We wodd expect that AASDT e m  be 
es~amted with somewhat more predsion &an MWDT,  thougki we have 
not tested AASDr, 

The qualid9 of .MDF esGmtes produced using factors horn one or more 
ATR s ta~ons  depends upon the qud iq  of Bkae comts obtained fropya these 
sta&ions m d  the general degree to which these counts replicate traffic- 
volume paeems at short-count sites in the factor group. To assme &at 
ody  reliable c ~ m t s  are used, all Am counts should be subjected t o  a 
s e ~ e s  of computerized s c ~ e n i n g  c~tedwe sa "edit checks ". Comas that fail 
these checks should be subjwted to aaddi~onal review to deterdrre the 
reasan far their failure. 

Counts that are afkcted3by any iden~fiable form of equipment malfuns- 
tion should be rejected. Counts that appear to have been affected by 
musual Hocal candihms (e.g., incidents, severe weather, etc.) &at are 
uadikely to have a similar effect on counts being collected coneurrent8y at 
short-samt sites should be rejected, or they should be adjusted to 
m i r ~ i ~ z e  the effect of these csmdi~ons. the puTsse sf developing 
seasonal factors, it is likely that adjusments that reduce the effect of 
unusual condi~ons on a given day's traffic to less than 3.5 percent wi.11 
work at least as we81 as ipsring the day's traffic altsge&er? 

Although such adjus-ents are desirable for the purpose of 
estima~ng seasonal factors fe-g., using E q a ~ o e a  3.1), they may introduce 

ecessargr emor in the value of AADT recorded for the 

- --- - - - - - -- 
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Exhibit 3.3 Effects of Fastaring on AAWDT Estimates 

All adjusted or imputed counts should be identified as such and all daily 
counts iinsorporatiag adjusted Bat@ sshea%d be idmts'fied ns such, Alsor aF1 
adjustment and imputation procedures used should be docamented in 
u ~ ~ t i ~ g <  

Counts that are accepted as reliable without any need for adjusment are 
referred to as edit-ckr~ckd, 

The U S f l 4 3  Guidelines (pages presents several rees 
screeE%ing criteria, and a report by Baloffet and AssociatesB contahs a 
aa~amber sf some-hat more s ~ n g e n t  criteria &at appear to have substm-. 
tial promise, Two addi~onal criteria that we have found to be usefitli ram 

e x a m i ~ ~ e  the data whenever: 

B FOH any 8trhg of C~SI%S&CU~V~ hours eth9~011t m y  traffic, the 
total volume durhg the two hours precedhg the sbisag 
plus the two hours Sollt3wing the string exceeds 60; m d  

~ FOP any pair of consecuhve hours with nomero volumes, 
the ratio of the total voluraae in one hour to that in the 
sther hour exceeds 15 end the difference exceeds 30111. 

It may be desirable to make the numerical thresholds in these criteria a 
function of itistoris M D T  ar to use different thesholds on high and low- 
volume roads. 

-- -- 
section coneaihg the ATW sfa~on. Ii desired, this error csn be avoided 
by calculating AADT for the section horn madjusted counts (but the 
resulting value for M D T  should not be used in Equ3~0n 3.1). 

' BaPoffet and Associates, Traflc Analysis Experf System: Oarewiew, 
Denver, Colorado, July 1994, Appendix A. 
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We a b o  teccammmd that the accuracy of all ehsnt i~~nus  Ams be checked 
0% a replap. basis (e.g., mually) by compaap'~g their counts to rnlgaansal 
counts takm for shad pg%t*ogfS o f ' ~ m e  (e.g,, 15 minutes) OP to coznts 
obtained r rs i~g  podable defectors. 

3.4 me F o m a ~ a m  of Factor Groups 

f i e  use sf seasonal factors for factoring short coldhats requires a procedure 
for associakg short-count sites (or road sec~rpns) with ATR stagigsim. This 
is usually accomp%ished by gpouping the short-esmt sites an the basis of 
h c ~ o n a l  system and/or loca~on, and assoeiathg each of the resdting 
j ac f~ r  ~ o t k p s  with one err m r e  ATE sfa~gsim. Most states develop a few 
relat4veTy large factor goups, and they associate with each group several 
ATR staeons estabEished at sites ~ t k i n  the goup. A few states develop 
a mu& larger number of factor groups and associate with each paup a 
single ATR station, again established at some site in the group. The 
process sf devehophg these asaocia~ons Prequendy is described as 
potkpilag ATR stations sough, more properly, it consists of grouping the 
short-comt sites and ass~ckting ATR sfations with the groups sf short- 
count sites. 

To the extent that seasonal and dayaf-week baffic-volume patterns for a%B 
ATW and short-corn% sites in a goup are s i~ la .p l  good es~mates of M D T  
will be produced; to the extent that these paRems differ, some poor U D T  
es2llmates will result. In concept, large goups (especially ngsn-urban 
goups) are rela~vely likely to contain a number a% short-count sites that 
have Waffic-xrollume paEems that are moderately different kom the 
"tpkd" (or average) paBern far the group, and %he p a ~ e m s  for some of 
the sites may be anarkedly different. 0.a the other hand, while it is 
possible to increase the homsgeneiy of the kaBfic-vrpI~me paRerns by 
reduckg the size sf the goup, accomplishing %%Pis goal requires a 
considerable amomt sf judgement.  SO, our procedure for evaltsa~ng the 
quativ of AADT es~mates can only be applied reliably to factor goups 
that contain several ATR sta~ons, and it carnot be applied at all to factor 
groups that casntcllln a single ATR sta~on.  

The first subsec~asn below discusses some ideds for increasing the 
homsgeneiv of factor paups c sn ta ihg  muBGple ATE sta~ons; the 
second smbsee~on discusses the alternaGve 08 using seasonal factors only 
from hdividual ATR sta$iosrs; and the tkrd subsec~on discusses three 
hybrid approaches. These subsections contain a variety of ideas for 
develophg better factor groups than those that are Current8y in use. 
However, they present o d y  thee clear reco 

"e quality of T estimates can be improved by 
increasing the ngmber offactor g o u p s  a ~ d  fhe homogene- 
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@ Although factor poups. should reflect at  leasf some 
fi~ncNonal-systm distinctionq geogaphical distiactians 
asually are more valuable; and 

a Using separate $fietar goups  for ~ r b u n  IS sites and for 
other ~ r b m t  sites is  unnecessa9, 

The first sf the above reco enda~ohs deeewes pargcular emphasis. The 
e@eeti%~eness of seasonal and day-of-meek f a c t s ~ n g  i s  dqendent on the 
i o r n ~ ~ e n e i t ~ ,  ufthr. traffic-volume panems ofthe short-count sites ili each 
facfot group- 

The TMG re ends the f muF~pIe ATR stations for each factor 
paup. The also rec nds (pp. 3-2-7 - 3-2-8) that except for 
reerea~onal groups, the number of ATR stahsns selected for any group be 
sufficient to e s h a t e  the factors for the group with 10 percent precision 
with 95 permnt mnfidence (95-10)- It should be emphasized that this 
criterion is a statement about h m  well tkfacf~rs h u e  been. estimated; ii.e., how 
well they represent the average of h e  seasonal m d  day-of-week ppaHems 
of all ATR and skort<omt sites in the group. This aiiterion is not a 
statement about how well the factors work. 

If a fastar g~:lg"~up contabs short-corn% sites with sl@ficmtly dissidliar 
panenas of kaffic, no ma%er how well the factors are es~nated ,  there will 
con$lnue to be am appreciable number of short-count site " ~ ~ ~ t l i e r s ' '  for 
which the factors will not work well. For such a poxp?  reother than 
inm~asing the number qf Am stations t o  produce bsHer estimates of %he 
factors# ,we recommend aeemp t i~g  fo split the p s u p  into smaller p o ~ p r i  
with less dissdmie"w~-P'fy. We see little value in using more tkan five t o  
eight ATE stations per factor g o u p .  

arizes, by -type of factor group, the quali$r of AADT 
es~mates produced by Proeedwe 5 (Combined Week and Average 
Weekday factors) using the factor groups currenkly in. use m the folen: 
states (CoEosads, Iliingais, Nebraska, and Waski~~gasn). Three P J P ~ S  of , 

factor groups are diskguished: urban, rural m d  recrea~onall. For all 
thee  types of group, facto~ng usually produces a 30 to 40 percent 
reduction in MAE and an even greater redus~on -k the freq~aency of large 
errors in M D T .  Faetorimmg also substan~aIly reduces or e l i ~ n a t e s  an 





upward bias in the das tored  M D T  es~mates fox urban goups md 
dswnwarcH biases the es~mates for rurd md remeaGo]ilal  ups. 

Ef ib i t  3.4 kdlcates that the best resu1b @o& with and wi&ouka factorhg) 
are obtained for the mbm goups md h a t  the poorest results are 
obtahed for the recrea~onal goups. Of the 25 factor gh~aps  M S E ~  by 
these states, only t w o  poups @oth of which are a ~ b a n )  produce M D T  
estimates: with 30 percent precisboz with 9% pmcent co~fidence. Slight 
improvements in the Ef ib i t  3.4 results are ~bta~inable by using Factoring 
Procedures 6 or 7 8% by improvhg upon the imputa~on procedure used. 
However, the BhEbit 3.4 results come close to being the best results 
erbtahable with the current factor grotlps. 

The bottom of Exhibit 3.4 compares the effee~veness of factgarhg using the 
factor goups currently being used liPh the four states with factoring using - 
factor groups based more purely on h c ~ s n a E  system. The latter results 
are appreciably worse. Errors increase in each sf the three states that 
currently use same geog~aphicauyr defhed factor groups (=d especially 
in CoHorado, which uses three different r9eereaGsaali groups). h the fo~ar& 
state, Nebraska, whi& does not dis~ngGsh factor groups geogaphrcally,-, 
an increase in the number sf he~onal-system-based factor groups from 
five to seven had s d y  d x e d  effects 0x1 the qualiv of the M D T  es~mates 
produced, We condude h a t  generally it is more usefil f.0 disMfzpdish 
factor ~ o ~ p s  on ithe basis afgeogrgphd~ vasables than OBR fhe basis of 
fif~c%gFonal system. 

If AADT es~mates for hdividual short-comt sites &at are mare reliable 
than those discussed absve are desired, it will be necessaq tto kcrease the 
homogeneiv of the factor goups. For those that are interested in achieving 
this god, the remainder sf this S U ~ S ~ C ~ Q ~  presents some general guidelines 
and Appendix B presents same quantita~ve tools that ~ g h t  be heEpBa~l. 
We observe that ~ncreashg the homogeneiv of factor groups iarsvogves a 
substantial moun t  sf judgement and may require herease h the 
number of ATE stations operated. The TMG suggests h a t  there normally 
should be five to eight h=Tl1;: stations per factor group. This sugges~han 
aappearmagprkspriate for all factor grlaqs that c6ntiai1-1 siwifiearz8 numbers 
af short-count sites (though, as discussed subsequently, fewer ATR 
stations may be appropriate for factor groups that contain rela~wely small 
numbers of homagenous short-csmt sites). ' 

We start by making the foilowing sbsema~sns abcsu"kow patterns of 
traffic tend to vary across different types of section: 

1. Urban sections tend to have rela~vely similar patterns and 
these usually are different than those s f  aaaral sections. 

2. Rural secl-icam with low percentages of Hocaal traffic (e.g., 
rural hterstaQes) tend to have relatively s i ~ l a r  seasonal 



paHerras, though their dayof-week paRem may v a v  k t h  
the percentage of tn-pkck kaffic they carry. 

3. Rural s e c ~ o m  with figher percentages of local kaf61s: (e.g., 
OP arterials) have paeems ,&at differ horn &ose of rural 

hterstates and &at also may vary geogaphically across the 
state. 

4. See~om with Kgh values of recrea~onal traffic have 
pi t~ems &at are very different horn other sec~ons. The 

g sf the seasonal peaks on thes 
geoeaphicalb (especially bemeen 
recrea~onal areas) and h e  peaks vary in iintensiv with the 
percentage of traBic carried &at is recrea~onal. 

These obsewations lead us to conclude that, when forhng factor goups, 
there should be: 

2 .  h urban factor group; 

2. One (or possibly more &an one) factor group for mxal 
see~ons low percentages of local kaffie; 

3. In most states, at Beast one reaeaGonal factor group; and 

4. One or more other'mral factor goups. 

To the extent'that this last sategeegr contains more than one factor group, 
geogaphical dis&inc~caars are likely to be more useful than functional- 
system d i she~ons .  However, a d i s ~ n c ~ o n  betnveen fanc~onal system 
that c a w  moderate volumes of nodocar kaffie (other prhcipal arterials 

nd system &at carry lower volumes of 

The appropriate number of recreaaional factor groups depends upon the 
degree to which recre&ional seaoars in different parts of the state vary. 

end creating separate groups for each set of recreational areas 
with dis~nct seasonal pattern. Mso, considera~on should be given to the 
c rea~on  of separate "recreational" goups (csnsisaing of roads that 
primarily serve reereaficanal areas and ehibit strong peaking paeerm ) 
and "'sed-recrea~snalp' goups (eonsis~ng of roads %&tat carry a mix of 
traffic and exhibihg more modest recreationall peaks). In states where it 
appears appropriate to diskguish more than two or thee recreational 
groups, cowsidera~sn may be given to using data from ody  a single ATR 
station for develophg factors to be applied to small groups. This Bast 
possibiliv is addressed hrd~eu: mder "Hybrcad Procedures," below. 

We do plot recommend creahg  separate factor groups for urbm Interstates 
and other urban roads (in cantrast to the Th4G reco nda~on).  The 
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seasonal and day-of-week patterns of mssf urban arte~aBs m d  c ~ l ~ e c t ~ r s  
are sufficiently similar for a single factor g o u p  to work relagvely well, 
hdeed, we have Eomd h a t  comb the wbm hterstate (IS) and 
urban ATR s t a ~ o ~ x  inreto a single factor gmup usually produces a very 
slight improsl~men~ in the AADT esgmates for individual urban I$ sections. 
(This irnprevemenb- probably is due to the hcreese in the number of ATR 
sta~ons used 60 provide the data .horn which the factors are derived,) 

6Ne recammend eombdniag mast or all urban sections info s singlefaefor 
p o ~ p  and red~~cing somewhat 8hc number of AT23 stations located on 
these seefions. Reducing the number of ATR s ta~ons  by one-tkrd to one- 
hid$ is likely to have no more than a irnaliby adverse effect on the 
generally high quab$gr of the MDP esGmates developed f o n r b a n  
sections while freeing resources for develrsphg nmproved M D T  es~mates 
for other pzats 06 the Kghway system. The most effective use sf these 
resoaarcces i s  likely to be in improving data for the rural md recrea~onal 
groups. However, i t is possible to use these resources to dis~nguish some 
d n o s  groups of urban sections that have paRems ~f baffic that differ 
somewhat from most urban sec~ons. Two such groups afe: 

c Quasi-urban IS ssefions with rush-hour peakhg paeems that 
am more muted than the more wisal urban IS secBisns. 
T7%eee sec~ons are likely to be located in small urban places 
and some of the smaller Grbar~zed areas, but they may also 
include some radial and beltway segmegnics (such as 1-255 
East of St. Louis) 'on %he peAghev of larger urbafiaed 
areas. 

e Suburhn retcnil-nraented sections which have weekend (and, 
in parficulaa, Sahrday) traffic volumes &at rivd 0% exceed 
their weekday vsBumes. These sections are invariable non- 
IS sections with d i s ~ n c ~ v e  ~ m e - ~ f - d a y  p a ~ e m s  that make 
tlsem readily idenhfied horn short somts. T ~ i c a l B y ~  they 
have relatively BLQA baffic volumes horn Hate mornireg u n ~ l  
early evening wi& a lower peak occurrhg dtlring the 
normal msfing rush-hour . 

Separa~ng one or both of these minor groups from the main group of 
urban secRons should produce I~ettep. AADT estimates for sections in these 
group" Fwthermsre, if these groups contain any ATR slagom that 
su~~en t ly  are providing data used in developing factors 80 be applied to 
the main IS or nan-IS groups of urban sections, $%-Ben removal s f  these ATE 
stations k sm the mairk groups will improve both the qualiq of both the 
factors es~mated for the resul~mg main ~ r b a n  group and the resukdng 
AADT estimates. 

F~nally, we gwn to the handling sf rural sec~ons with low percentages of 
local traffic. The TMG reco nds using a single factor group, "rural IS," 
far these sections, m d  exduding horn &is group any ncn-IS sections. 



If trucks aceomt for s i d a r  percentages of total baffic on all mral 
hterstates in a state, a single "mral 19' ~ o u p  will work well. Howeverl 
if these percentages vary s ief icmdy,  a siBsgHe goup  may work less well. 
Truck kalfis hequently declhes on weekends while automobile baffic 
tends ta inaease. Accsrhgly, the ratio of AADT to w i s a l  weekday 
kaffic csmts tends to vary hversely with the percentage of total kaffic 
accounted for by %r%ach. Hence, on roads dfi high truck percentages, 
AADT is likely to be overestimated; while on roads with 3ew truck 
percentages, it is likely to be underesbated. 

h order to aekieve the stated TMG goal of at8emp~ng 'to produce 
parGeularly goad M D T  es~mates for ]IS sec~sns, we rec 
states give some comideraG~w ta dividhg the rural IS syste 
three factor goups, difkren~ated by the percentage of total eaffic 
accomted for by trucks. Each of these goups may be of a size that 
warrmts the use 04 several ATR sBaBisns for facto*g, or there ~ g h t  be 
one large goup  and one or two smaller groups. In the latter case, 
judgment may be used in deae g Mae agprop~ate number sf ATR 
sta.i-ions for the smaller goups. A "kgh-mck IS' group sonsis~ng 0% a 
single route may be factored very well using a shgle ATR staeon on that 
route; and separakg the route horn the main IS g s u g  is likely to 
improve the M D T  esglmates for all IS sec~ows. Low-truck ]IS routes m y  
be hmdled s i ~ l a r l y ,  or % ay be effecGve%y combined with ather 
Nagonal Highway System sec~sns  with s i ~ l a r  kuck percentages. 

Far any short-count site, there usually are one or two ATR s t a~ons  that 
will produce factors that win work beBer than those produced by any 
group sf sta6ons. mese ATR s ta~ons  are at sites that have seasonal and 
day-of-week kaffic-volume pa&ems that resemble the pat&em at the short- 
cotmt site, and kequendy they ~ s e m b l e  that pattern quite slose%y. A 
factoring procedure &at is capable of associa~ng such an APR station with 
every short-count site wodd work eexkemely well. Unformately, for 
many short-count sites, iden~fication of the '%bgstr' ATR s t a ~ o n  may be 
quite difficdt. 

One approach that is ssmegimes used for associa~g individual ATR 
sta~ons with short-csmt sites is to divide an entire state into small areas, 
such as courp~es or groups of coun~es, m d  to operate two to four ATR 
sta~ons in each of these areas; e.g., one in an urban location, one on a 
rural hterstate, m d  one on another mral road. 6alll short-count sites in 
each area are then associated with Bkhs approp~ate ATR stafion on the 
basis of k n e ~ o n a l  system. If the seasonal irmflueaaes on traffic volume are 
reasonably constant across the area, such a procedure slaou1d work 
reasonably wel. However, egedve use of such an approach requires 
both the division of the state into areas with reasonably homogknesus 
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seasonal hfluences on traffic, and the selec~sw sf A m  sta~gsns that have 
voBme paEems that redly are wical  of the paeerns at the associated 
short-eomt sites. BYe recommend a miaimurn of three AT22 stations for 
each small areaP comespondin $0 the ~ r b a n  system mral Intm~tafes~ and 
other ~ & % ~ g e l  soads. 

A major f i ~ t a ~ o n  of usbg individual ATR s t a ~ o m  is &at these s t a ~ o m  
do not produce data that e m  be used to evaluate how well the factoring 
is performed. When a factor goup contah~s md~ple :  ATR sia~ons, 
seasonal a d  day-of-week p a R e m  at the different sta~ons  can^ be 
compared to pro~ride m indisa~on Qpf tlhe howogeneiiv of the entire goup  
of sho&-cow$ sites;, Without such data to evaluate the qualiv of the h%$R 

nts, ex&eme care is ~nceded in  dioidi~g the state into homage- 
acous areas and in selecting A m  stations for each of &cse areas. h 
par~eu laF  selection of an ATR s t a ~ o n  with an unusually high (or low) 
ratio of weekend/weekday traffic will resdt in chswsiskenz~oveu (or under) 
esGma~on of AADT at aB shortqowit sites associated with the ATR 
s t a ~ o n  and in relaGvely si@fiiemt over (or under) e s k a ~ o n  of W?' for 
the area. 

The precedhg subsecG~ns discussed Bkae use of rela~velgr large g~oups of 
shsrt+omt sites with severd ATR s t a ~ ~ n s  per goup and the use of 
smaller groups with a single ATR station per group. We discuss below 
three alte~ma~ves for combi~ng these two types of approa&. 

1, Individual ATR Stations for Special Cases 

In developing reasonaMy homogenesus factor groups, it is quite likely 
that some sela~vely small factor groups will be identified. Such factor 
g o u p m a y  be too small $0 justify the opera~on of severd ATE stat~ons 
for each one, but combihg these groups with each other or with any sf 
the larger groups may result in aePa~ve1y poor M D T  es~mates felp the 
short-sotmi- sites in the small goups and some deteriosa~on i i  the 
es~mates for short-count sites in any larger groups with which the small 
groups are cermbrcapked. W e n  suck small factor paups  are i dea tv ie4  we 
recommend thaf they be maintained as sqa~ate fac torgoups  wifh one or 
two ATR stwfiaabis for each facPo~. poup. 

One example of such small factor goups occurs when there is a recre- 
aGsnal area with ddifkrent seasanal peaks than the other recrea~ona1 areas 
of the state. For such an area, only factors derived from local ATR 
stations will be able to capture &e area's seasonal p a k t e ~ s  Fur~er~more,  
the seasanal paHems may be reliatkelpg sgrsng on those roads in the area 
that carry relatively little non-reerea~sk-ad traffic, xnd weaker on other 
roads that c a w  a wider n i x  of kaffic. The creation of one or two 
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separate fador poups consiskg sf the road seehorn in this area would 
appear to be appropriate, but the cost of operakg several ATR ataeons 
for each sf these goups may not be justified, Use of only one or two 
ATR sta~ons far each sf these factor poups m y  not produce fighliy 
reliable U D T  esemles for dl. shert-eomt sites in these goups; however, 
the M D T  es~mates are likely to be better than those that wodd be 
produced ushg faerbors horn AP1R sta~ons with seasonal paHehs that 
differ horn those in &e area in question. 

A rather different example oscus when one rural hterstate has a haffic- 
vo lme  paBern &at is diskstly different than the paaems on sther rural 
hterstates. kt the absence of interchanges with o&er bterstates, such a 
disket p a ~ e r n  is likely to r en~ah  relatively cs~~stant over an extended 
shetch of h i s  1%. Fatrl-ors d e ~ v e d  horn data horn a single ATR s t a ~ o n  
that is located anyhere  on this stretch s f  road are likely to produce 
re%ativeIy good as~mates of AADT when applied to short counts obtained 
anpvhere on this sketch, m d  these AADT es~mates are likely %a be better 
than those prodt~ced using factors derived horn a larger poup of "rural 
IS" A'iTR sb~ons .  Also, excluding am ATR s t a ~ o n  located on su& a stretch , 

of awisd road from the "rurd IS" ~ o u p  is likely to result in some 
improvement in the M D T  eska tes  obtahed for sho&<omt sites in the 
larger goup. 

2. Individual ATR Stations for Extended Segments of- &e IS 

The second h y b ~ d  procedwe may be viewed as a generalized version of 
the second applica~on of the first procedbre. 

Except at major interchanges, seasonal a d  day-of-week traffic-volume 
patterns on the IS change relativelgp slowly over the length of art hterstate 
highway. Accsrdkgl%-, the IS can be divided at major imterdanges into 
a series of "extended sepenrts"' each of wlhich has a rela~vely earnifosm 
tn.affic volume paEem, If an ATR staeon is located on any extended 
sepent ,  factors d e ~ v e d  horn data for that sta~oarn alone are likely tto 
prod~~ce AADT es~mates for short-eout sites QPP this s e p e n t  that are 
better than the M D T  es~mates produced using factors derived from data 
for that station along with data for other more distar~t s ta~sns.  'There are 
two alterna~ves for taking advmtage of this obsessra~om: 

I. For all short counts obtained at sites on any extended 
s e p e n t  sf the IS contai~ng an ATR station, use factors 
sbtahed from that station alone, md for short counts 

Our defi~Gona sf "extended sepen t "  differs slightly horn the 
ISTEA defini~on of "major system segment." "Major system segments" are 
broken at all hterhanges (and Katessec~sns) with otkaer NEfS highways. 
'Txtended sepents" are broken only at "majsr" hterhanges at which a 
siwficant change in the character of kaffic is considered likely. 
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obtahed at m y  other IS site, use factors obtairraed horn tihe 
appropriate ~ o u p  of ATR sta~ons; or 

2. Increase the $amber sf ATR staGons sa that here is one on 
evev extended s e p ~ e n t  04 the IS (or just the mrd 61, m d  
%astar all short counts obtahed at sites on each extended 
s e p ~ e n t  using factors obtained horn the ATR stastion on the 
segmeiat. 

h both cases, there are likely to be some extended sepents that are 
classified as being partly urban and partly rural. If any of these sepen t s  
c o n h k  ai PLTR stationp the ruri%I/urba~ ~ ~ S ~ C ~ O B I  shod$ be ignored 

" when applying factors kern h a t  station to short counts obtained on the 
sepent ;  i.e., in this case, it is en~re ly  appropriate to apply factors 
obtahed from a rural ATR s t a ~ a n  to short counts obtahed at nearby 
urban sites, and vice versa. 

'The above altemafives also e m  be extended to cover some non-$5 short- 
cow~b. sites: 

e Nsn-IS short ccsmts abtahed at sites that are relacjPveEy 
close ts an ATR sta$ian be%on@ng to the factor group that 
normally would be used far facto~ng m y  be factored 
instead sf using factors obtained from that ATR s t a ~ o n  
alone; and 

@ Hf desired, Mtema~ve 2 can be extended to cover addition- 
al roads belongng to the N2~areak Highway System { m S )  
and/or the Principal ArterEd System (PAS). 

This last externion codd be an a&ac&%re s p ~ o n  for p~oducing rela~velgr 
higlqqkzabv es~wates of total M B T  80% the NHS (and, as discussed in 
Sectisw 6-2, es~wa tes  of AADT by vehicle dass as well). Howeve& since 
traffic-volume pafterns sn non-IS porgons sf the NHS tend to change 
somewhat faster than those on the IS, the appropriate length for extended 
sepents  of the non-IS poa~o9.e of the NH5 is shorter than it is for the IS, 
so &at a rela~vely high density of ATR sta~ons may be required. 

3, Mreighbed Averages 

A variant of the precedh% procedure asssciafes neariy every short-comt 
site on the IS, and, opCionalIy, on some addi~onal NHS or PAS roads, 
with a pair isof ATR sta~ons - one in either direc~sn from the short-comt 
site. Comts obtained at any skaort-count site are factored using a 
weighted average of the factors obtained at the Wep associated ATR 
stations. For any short-coaaa-t site, the weights aspiped to the two ATR 
statasms would reflect the percep~ons about the relative simlariq of the 
short-eomt site to the two ATR sites, taking into account relative distmces 

--- 
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m d  the wmbers and importance of rintewenhg htesdmges m d  
htersec~ons. 

Use of weighted averages shsdd p e r ~ t  the use of somewhat fewer A m  
s t a~am md/or some modest hprovement h the M B T  es~mtes ,  with 
the g~eatest benefits oecrarwg off h e  E. HoweverJ edfec~ve use of 
weighted averages r eq~ re s  a substawgisl amomt of judgement in 
deveBophg a pair of weights for each short<smt site to whish the 
procedwe is to be applied. 

3-5 Loca~on of A m  StaGam 

m e n  factors derived rasing data from a shgle ATIi s t a~on  are to be used 
for factorkg counts horn my ~ o u p  of shola-comt sites, the ATR should 
be located at a site that is Bikdy to have a haffic-vdume pattern that, to 
the extent prac~cral, *ifies the, paHerras at the iemahhg sites in the 
vo"P- 

k%~en factors derived w h g  data horn multiple ATR stations are to be 
used far factorj9Pg can t s  kom a goup sf short-comt sites, s o m  diversifgr 
in h e  ATR Isca~ons is desirable. However, sites that are likely to  have 
atypical trafie-volume paHems should nof be used as Am sites. 
Exmples of such sites are tho= near a fairgromds or a mjor sports 
com.plex. Such sites are likely to ehibit idiosperaaic seasonal and day-of- 
week haffic-volume paEem that will tend to produce factors that are 
rela~vely inappropriate for applbca~on to data for other roads in the 
V0"P. 

Sites with low values sf M D T  (say, less than 400) are also relahvely 
undesirable sites far ATRs. Traffic-volume pa%tems at these sites are 
subject to @eater random varia~on (e.g,, as a result of a. Barge parky) &an 
pattern at figher volume sites. 

Except as noted above, the siks sf Am sfaPa'oas usedfoufacfoping counts 
from w grstbp of s ~ % B & - c o u ~ ~  sites should be chosen to be broadly 
representative c$ the ~ W B *  of shod-count sites in the ~ o i l z p .  
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4.0 0 her Topics 
o AADT 

This chapter coratah reca n d a ~ ~ m  re lakg  to the 0% growth 
factors to adjust prwious-year AADT estimates for growth in haffic 
v01ume, md for d o c m e n t a ~ ~ n  of the aormna~on used in eshaGng 

The TMG req~ses  &at baffic be comted an a14 WMS sample sed0~p.s a 
~ n i m u m  of once wery thee years. For ;any such site, in years that trahfis 
is counted, AADT is estimated by applying seasonal and day-sf-week 
factors %a the %roI.ume counts obtained at the site. h other years, AADT 
i s  es~mated by applying a growth factor to the preceding year's estimate. 

Growth factors can be developed horn AADT es~matesqor  any set sf" 
sites Eor which bath cunent year and precedhg-year AADT es~mates 
exist. The quality sf ;an M B T  estimate developed with the use of a 

P 

Qrowth factors should not be developed from uxrfaetored eokarmts. 
Such csukts are too weliable t~ provide meanhghl eshmates of gowth 
in traffic. 
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gswth PaeG.gsr degmds upon bs&: the qualii$P of &e M D T  es~mates 
used in the derivaeon of the gowth factor; m d  the extmt to w&& kaffic 
gowth at the site in quesGon resembles traffic grow& at the sites that 
provide the ,MDT e s ~ m t e s  used in developing the g r h ~ w ~  factor. * 

Most C Q ~ I O ~ ~ ~  the es tion of g o d l  factors is desiped to reflwt 
"t-ypi~d' oar "average" th in &a%c volume. Use of these gowth 
factors produces overes~mates of M D T  at sites where haffie is growing 
slowly m d  mderes~mates at sites where it is grow idy. E3gbweve; 
when all AADT es~mates me used to e s h a t e  the over and 
undereskates tend to cancel, gra;?du&g rela~vely reliable es~mates of 
W T .  

There are two potenGa% sources 09 U B T  esgmtes tar use in growth 
factors: 

Q AADT e s ~ m t e s  for  ATR sta~ons obtained direc~y from 
ATR data for hs& the current year and the preceding year; 
and 

B Cument-year M D T  es~mates for short-eomt sites ssmted 
in the c~~rrenk year along with psecding-year M D T  
esG~iates for the sane sites, with the Batter es~mates 
usudv developed using gowth factors. 

ATR sta~ons clearly provide better esGmates of AADT. However, the 
tstak number of SUG! s ta~ons  is small. In most states, AT%% stafissns may 
be used to produce a reaeonably good es~mtei of average gowth %or the 
e n ~ r e  state, but there probabl~~ are not enough ATE sha~ons to provide 
reliable iwiorma~on about how ~0wlH-r rates vary across B-hc state. 

Short<omt sites produce poorer esknates of AADT. However, in each 
year, there are large numbers of SU& sites that e m  be used in estirna~ng 
growth factors. The large numbers mean that separate grow& factors can 
be developed for every region of interest# and also that there are likely %O 

be enough sites to allow a degree of cmcellatioh 0 4  errors. Faart~ae~rnore, 
to the extent that errors occur, they will tend to be self-correcting over 
time.' 

Region-specific growth factors are of value in producing improved VMT 
estimates ior regions of par~mlar  interest. Such regions inelude the VM'T' 
Trackng Areas csrrespondlnag to Na~onal  hnbieng Air Quality Standards ' 
(NMQS) nonaeaiment areas &at contain a n  urbanked area. ual 

@erestirnates sf U D T  in one year tend to reduce the size 06 the 
followhg year's gowth factors, thus reducing the M D T  es~xnates for 
that year, resulhg in a tendency to mderes5mate U D T  in the second 
year (but to a smaller extent than M D T  is sveres~mated in the first year). 
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tes for each swh Trading Area are reglarir the Environ- 
tion Agency. bilss, some slates rerq~re eslimates by 

c a m ~ r  or by s&state d i s ~ c t  der.use in formdas for diskibukg state 
highway h d s .  

C h  the basis of the above dismssion, we recommegd thatf in each yeac all 
steetes that have a need for re@on-specific goaoth f m t ~ r s :  

@ Obteai~ q o w t h  rates for each Am station, and also for 
ewck shod-comt sik cognted mu~aeelly in fiat year for 
which wr reasonably reliable preceding-year M D T  estimate 
also e ~ s t s ;  and 

PB DmeHop powth factors for each r e g ' ~ n  Bay taka'ag w simple 
average o f ~ o w t h  rates ~ b t g i ~ e d  $03. the Am st@ tions and 
shod-counf sites in the re@on. 

To avoid biasing the goiwth factors upward, all special esmts shodd be 
excluded as well as any other extra short eoarsaes &at may be taken at sites 
where high powth rates are meisipated. 

States with N M Q S  tto~aHaBnment amas thaf contwila urbanized areas 
should develop separate g o w t h  factrarsjor each W T  Tracking Area. All 
states may develop rep'on-specific gowth facfops for sthm s9abstwte 
re@onr that are ofpwMcular interest or that am believed to haae atypical 
W T p o w t h  rates. Area-specific  ow^ factors need not be dis~nguished 
by hctiogtal system, especially in the ease 0% small areas; however, for 
large areas, a ~ e e - w a y  &sh&on bemeen urbafl, rural IS, and rural non- 
IS could be useful. We believe &at powt2n. factors dis~npished by area 
(and, opgiaanally, by hnc~owal-system grouphg) will provide beger 
estimates sf area-specific varia~ons in W T  gowth than gowth factors 
d ishpished  by seasonal factor goup. 

d that eveT $rowth factor be developed as an %anweighted 
average of the obsewed AADT g o w h  rates at all appropriate sites in the 
relevant area. 

T h e  procedures used for estimatiag M D T  should be documented in  
~Pd'f i~g- We prefer that all fzstofing be performed by State agencies; 
however, if some AADT es~mates s u b ~ n e d  ta A are developed by 

ents, the fastorhg pr6sced~res used by these gove 
also should be docmented, 



D e s c ~ p ~ o n s  of all AT$. sta~ons should be recorded in the Nmlber 1 
record domat specified in the ThdG (Figure 3-2-I), m d  hourky data 
cogkwted at &ese sta~am shodd be 1-ecorded h the Number 3 format 
( W G  Figure 3-2-2). In addiiion, for each shortsount site. fhe following 
i d o m a ~ s n  sksdd be avadable: 

$4 Site iden~f isa~on (location and sed0.a number); 

Q Date, day sf the week, and 'hour the count was started; 

4 Traffic~c~wter iden~f ica~on number; 

c The mhaetored count, by how md lane if available; 

o Codes %den~*g the factom: groups or individual AT& 
used as sources for the seasonal and day-of-week, growth, 
and (if req&red) adecorrec~on factors used; 

@ Es~rlmated M D T  for the most recent year for which HPMS 
data has been seabn%Eed to A; and 

B (%~onaP%y) es~mated AADT for one or more earlier years 
in which the secGon was cornfed. 

Mre suggest that most or all of this h f o m a ~ o n  be available hterac~vely 
horn a corn-puter system that is used both to store TIGS%W data and to 
perform aII the required coxnputa~ons. 
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HPMS requires M D T  esGmtes and sec~on lengh for every see~on  of the 
PrinrcipaB Arterial System (PAS) and the Naeonal Highway SysPgm (mS) .  
For other arterids, rural major collectors, and urbm collectors, HPMS 
reqdses M B T  e s h a t e s  m d  raec~on length for a sample 04 sec~ons, 
sbip~fied by fmc~onal  system and volume goup, along -with es 
total road rniles in each h c ~ o m l  system and volume group. The g~aabv 
of the es~mates of total W T  produced by W M S  far these Bkanc~onaB 
system depends upon both file M D T  es~mates (diserassed in Chapters 
3 md 4) and the esgimates of read ~ l e s  by vo%ume paup, discussed 
bellow. 

For each of the b c ~ o n a l  Vstersras in ques~on, M D T  esdimakes exist for 
shame or all highway sec~ons (hcleadhg all HPMS sample sections), 
though the qualiv of these esBimates varies. VariaGon in qualia-$r results 
k.sm. 

@i Mether or not the esGmtes incorporate seasonal and day- 
sf-week factoring and the quali$r of the factoring; 

b mether ar not they have been factored for grawh; 

mether  -they are based on counts for the section in ques- 
tion or on counts for nearby see~ons of the same road; and 

gr Possible vwiations in procedures used for collechg counts 
on different bghway system. 
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We recsmmmd that ihe estimates of road tniles byf in~f iona l  system and 
vola@~e poup submieed ko T estimatesfor all sadions 
fop. a49hich such estimates exist. These esGmates should hdude M D T  
es~wates derived hqm spedal counts collected for project-related 
p u ~ o s e s  and kom co"mts eslleded by local governments, and %hey also 
&odd mftect AADT es~mates dedvgd by h t e ~ p o l a ~ o n  horn es~makes 
obtaked for other sec~ons of the same road. Volume data horn lscd 

ents may be obtahed for individual sec~ons or in aggregated 

W~ally, the AADI es~mtegss used for diskibu~ng road miles to volume 
groups need not k~corporate seasonal, day-of-week, or powth factors. 
However, we recammeid t b a t f a c t o ~ ~ g f o r  F B W ~ ~  S ~ O E B P ~ A  be p e f ~ m e d  
annually aper the firsf year in which M B T  estimates are used for 
disffibufiag toad miles across sssslkgme ~ o ~ p s  (and such faefo~gg shoald 
be requiredt asf lewst?for W T  Track i~g  Areas G W W ~ S P C P ~ ~ ~ B ~  PO EPA air 
quaEdty non-ka~ainme~t areas), AZs& we recornmead th-%aaf sumeat-year 
seasonal and day-of-weekfacto~s be applied fo all newly collected c o a ~ t s  
as s s o ~  as ihe procedures discussed in Chapter 3 are impkmenfed, We 

nd the use of computerized procedwes for p e s f a r ~ n g  all 
factorkg m d  for assig&g see~ons or miles oh road to volume groups. 

For each h c ~ o n a l  s y s t e ~ ~  in qques~onr all s e s~om for which M?r 
estimates exist should be assiped to volume gosa~js on the basis of these 
es~mates. (If it is believed that old M B T  es~mates far some secfions are 
gsssly nGsleadhg, it m y  be reasonable to modify the assi 
these secGsns provided h a t  the modifica~ons md the reasons for the 
nrodificaGons are fdly docu3ei~ted.) The result is an esGmated dishibu- 
tion of road miles across volume groups for those sections fob- which 
AADT esfimates exist. 

For m y  other roads and road segments in the Imc~onaZ systemI a second 
dishibu~on of road miles across volume goups should be developed. 
This d i s ~ b u ~ ~ n  should be developed judgmentally horn the first 
dishibu~on taking into account differences bemeen the kinds of roads for 
which AADT estimates exist and those for which they do not exist. This 
diskibukion should be updated amaaalkgr to reflect the effects of growth in 
traffic volume. The updating should use changes in the first diswibution 
as a gu~de; e.g., if AADT es~wnates for the first set of roads result in 
moving 5 p=.rceat of the n-iilrrs of these roads "8. o higher volume goup, 
then 5 percent of the miles of road in the second set also should be rnovid 
to a B-ssgher voBozsne group. 

TwiealHy, M D T  es~mates may edst for roads in one adn~isbaf ive  
system (e.g., state Kghways) and generally be Backing for roads in a lower 
adfinistra~ve system, Fog. this case, one way of hawdElrrag the second set 
of roads is to deriwe the second disbiban~orm systema~eally from the first 
diskibba~csn; e.g., by shid~ng the entire disbibu~on down one volume 



goup m d  scdhg to produce the somect totd road d I e s . 3 ~  
. two d i s ~ b u ~ o m  produces an overall d i s ~ b u ~ a n  of road lie%riles for the 

b & o n a l  system across .solwe goups. 

If there are roads for which no Phl%DT es~mates exist, the procedure used 
$or ddisbibuhg fie d e a g e  sf these roads across volume groups should 
be dosmented. 

As an example, assme there are 2,000 rides sf road for which 
AADT es8imates exist and 3,000 miles for which they do not exist, and 
that the 1,000 miles are disbibuted across Volume Groups 1-3 with 100 
fi les in Group 1, 500 in Group 2, and 4011 in Group 3* S M h g  this 
diskibuhon down one group and multiplymg by 3 indicates &at the 
second disbibu~on consists of 1,800 miles in Group 1 and 1,200 miles in 

ng the two distribroal~ons produces m overall diskibutiona 
for dl 4,000 miles of 1,900, 1,7063, and 400 hies in Groups I, 2, m d  3, 
respectively. 
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Use of Data fmm  continuo^ Mmitwing Sites 
VoIume I: &commm&ti~m 

Data on M D T  and by vekcle dass are required for pavement 
desig11 md pwement management, for e s ~ m a k g  road-capaciw require- 
ments, for derivhg axle~~;imecon factors, for e s ~ m ~ n g  accident rates by 
ve&eTe class, and fog malyzing ;lad ~ t i g a h g  road noise. Unfsmnaitely, 
s f i s k g  procedures for e s ~ m a ~ n g  M D T  and W T  by vehicle class tend 
the overes~mate M D T  by bucks. 

glae first section of this hapter can lair^ severd reeo nda~ons  relating 
to the collec~on of ckassificafion comts. This is followed by a rela~ve1y 
long section discussing sevaal procedures for e s k a ~ n g  IhADT by vehicle 
class. The discussion presents altema~ves for reducing or eliltneina~ng the 
tendency to ooveres~mate truck M D T .  However, we have not developed 
any specific recormendati~ns as to how besf to acpeieve this goal. 

Section 6.3 is a brief sec~on presen~wg four altema~ves for eslimaling . 
W T  by vehicle class that should produce b e ~ e r  esairnates of truck W T  
than procedmes that are currently iin use. We recommend that all 
estimates of W T  by vehicle class be developed t r s i~g  one of the proce- 
dures pmseated iar Seetion 6.3. We ohsene that  dis&iben%ing rlassifica~on 
c~km~aes throughput the year is not sufficient to el ate the overes~iirrraa~epn 
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01 truck d e s s  classifica~on c o m k ~ g  is perfomled on weekends as 
well as on weekdays. 

The final se&on of ~~8 Aapter presents recomnenda~om for docurnenta- 
tion of ve&dee%assifica~4pna prsced'bgges and data that are si~lilllarr to those 
presented in Sec~on 4.2 for MDT-related paocedures and data. 

The 13 stmdard m W A  vehicle dasses are defhed in E f i b i t  6,$. 'fie 
foUo~w&g s~~~bsec~ons  contain several reco endaGons relakg to the 
collection m d  hte~retaejion of c%assifica~on C O ~ ~ S .  

mabiHity provides State persomel wit41 direct control 
algorithm used and p e h t s  h e  ng of this alg~irith~n 80 reflect changes 
in the axle spacing md axle weights of hdividiraal classes of vehicles 
opera~ng in the State. Progra abili$r also allows the division of some 
of the stmdard classes into subclasses of hterestt to the state (e.g., the 
division of Class 8 into hree-ade combha~ons and four-axlie combiaa- 
!,ions). Howeverf same care is required when modiektg the classifica~ai~~ 
a l g o r i h ~  to make sure h a t  no tended consequences result. 

We recommend that all vehicles be wssiped t o  one of the standard classes 
even when there is same ambiguiv as two which is the cernect class. 
Ambigui~es usudlgr are bekween two rekagiveJy sifilau classes (e-g., 
autornobiles and four- re bucks). By assiwwg an ambiguous wekkle 
only to an "mdefined" or "mclassifiable"' class, valuable inforrna~an 
(whether the vehicle is light or heavy) is lost. However, ambiguous 
vehicles may be assiped ko a nonstandard class in n d d i t a " ~ ~ ~  to  a standard 
class; such nonstandard classes may be used as a diapostic tool in 
iden~fygring weahesses in the classificafion a%gorithm. 

We also recamrne~11d t ka f  the elassficafion a l g o ~ t h m  used by each Stads 
be ksted pe&odicalby aaiod masdqied if a p g r o p ~ a t e .  Modificahons may be 
re~uired to handle new vel~icle configurations (e.g., ar~suhated buses). 
A G ~ ,  i f  tests indicate that h e  algorithm is overes~maQing the number of 
four-tire kfseks and mderesGmaa$Sng the number sf six-tire trucks, the 



Use qf Dafa from. COntinmm Mmitoring Sites 
Velum I: &comrnm&L1&iom 

Exhibit 6.1 FHWA Vehicle Classes 

Passenger Cars 

O&er Two-Me, Fow-Tire Shgle Unit VeKcles 

Buses (wi& Six or More Tires) 

Two-AAe, Six-Tire, SBbgle Unit Tmrk 

%ee-Me, Shgle  kt Trucks 

four or More Axle ShgBe XMt T m c h  

Four or Less Axles Single Trailer Trucks 

Five M e  Trailer Tmcks 

16. Six or More Axle Shgle TriaiHer Ru&s 

1%. Five or Less Axle M~B~-~Jrailer Trucks 

12. Six or Less M e  Md~-Tr~Bes Tmcks 

13, Seven or More M e  Mul~-Traaer Tmsks 

N.B. Four-fire vekeles pullhg light u ~ l i v  bailers are classified 
as if they are not pdlhslg trailers. 

weight or axle-spacing theshold used for d ishgdshhg four- re $rucks 
from six-tire Meks should be reduced slightly. 

Count Duration 

Shod-duration clwssqicatie'on C ~ P M ~ ~ S  obtained with wuPomwtic vehicle 
classviers (AVCs) should be colleckd over pekods that wse a multiple of 
24 hours aad are at least $8 hours long* Daily comes for individual 
vehicle classes frequently are quite small and so they can be affected 
si@Gcantly by random fiuce%aations in PPaBfic volumes. hcreasbg the 
duraGon of counts reduces the sieficmce of these random f luc&a~sws 
and increases the qualiv (sf the resul~ng estrimates of ABDT by vehicle 
class. Sr~sn-day  counts are prefmabZeg skce  they eli ate the need for 
day-of-week factoring (discussed subsequently), and they seduce the 
effects of rmdom fluctbla~oms on the counts obtahed for buses and o&er 
relahvely small dasses of vekcles. 



Use of Data bd+om Co~finuom Mrnitm'fig Sites 
VoIuwe 1: &commc&tioa~ 

MmaaJ Classi6caGan Comb 

AVCs reqeGre reasonably constant speeds to work well, a d  they usually 
cease classi+g when speeds drop below smne thresh$li%d, *icaHBy 20 or 
25 mpk. Ascordhgly, mmaaal dassif1:aeaGon comts may be preferred at 

y sites on urbm surface si~eets. Because sf cost and safety consider- 
aGoa%, such maaual counts usuaUy are collected dwbg o d y  part of &e 
day. 

If pa;r~$ial-day classification counts asw t o  be used to derive es~mates of 
daily baffic volunie by vehicle class, Pime-of-day factors must be used. 
~ecause &me-of-day usage paBern differ sipific.aret1-y by vehicle class, we 
reconmend the de~relopmenf and use of separate sets of factors for: 

1. fmar-tire vehides and buses; 

2.  other s ingle-r~t  trucks; and 

These 9dnme-of-day factors c m  be developed either from a h ~ t e d  nu~nber 
of manual 24hsur eomts or &$om AVC data collected at carehlly selected 
urban sites. 

Fatew~al approa&es for e s ~ r n a k g  AADT by vehicle elass (AADWC) for 
a given site h~clude: 

1. CsIlec~ng ckassifiea~on counts a$ that site for an entire 
year; 

2. Collee~ng classifica~on counts at the site SOP a short period 
of ~ r n e  (e.g., 48 hours) and using annual data hasam a 
neahy~ permanent AVC ~ ; p n  the same road to factor these 
counts to produce es~mated AADTVC; 

3. Counkg total badfie volume at the site for a short period 
of time, lasing factors to produce estimated total AADT for 
the site, m d  using data horn a nearby perrnaner~t AVC on 
the same road l o  disbibute total AADT across vehicle 
classes; 

--- ~~- --- - -7-- 
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Use of D ~ f s  from Gmlr'nww Mmitm'n; Sites 
'Velume I: &commdta 'ons  

4. CslHe&ng classifica~on cowts at h e  site for a short period 
of  me, dividhnag by the dtasa~on of the comt (in days), 
md ushg these resdts wihout bwfier adjusberat; 

5.  CollecGwg dassificatisn counts at the site for a short period 
of time and uskg these comts to distrbute es~mated 
AADT across vePGde classes; 

4. CoBldng elassifica~on comts at the site for a short period 
of time and using al data from cane or m r e  AVCs om 
other roads $0 factor these csmts; and 

7. Collechng classificaficsna counts at the site for several 
weekday and weekend periods md averaging the results. 

The k s t  approach is clearly capable of producing excellent es%lmakes of 
AABWC (Bidted only by aBag accuracy of the classifica~on procedure 
used). The second m d  tkrd approahes are also capable of producing 
good esfimtes of MBWC, ~ o u g h  the quali$v of these es~mates 
depends on the s i d a r i v  of kaffic at the AVC to the baffic at the site in 
q u s ~ o n .  The third approah usually will work best if the seasond and 
day-of-week fadors used to es~mate total M B T  are obtained from the 
rpeaby AVC. 

Unforhateby, the first approad can be used ody at a rela~vely E ~ t e d  
number of sites served by permnent AVCsl and the second and third 
approaches can o d y  be used at sites that are rela~vely- near hese AVCs. 
ik990, the last approad is reBa.aajively eqensive, Approades 4 - 6 earnot 
produce e sha te s  of M D W C  that are as good as those produced by the 
first thee approaaes, m d  the versions sf Approaches 4 and 5 that 
frequently are used tend to produce sieficant sveres~mates af truck 
AADT an many roads. 

Approach 6 is analogous to the factoring procedures discussed in Chapter 
3 for es~mit~gtg total AADT. However, for several reasons, this approach 
is Bikeky to perfom l e s ~  well &an the procedures used for total AADT: 

@ Seasonal and day-of-~~eek volume pa&esns for trucks are 
different thaw they are for autonnobiles; 

'S Seasonal volmne patterns for h c k s  tend to vary geogaph- 
ieally as a result of local factors such as time sf hawest; 

@ Localkzed influences on seasonal volume paHems vary in 
sPpengtXP with. the percentage of Waffic that is locally 
generated; and 
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Use of Data from COLS~~~RPBIEOUS Mmit~ng S e t s  
Volume 1: R e c o m m d t i m  

0 'rraffic volumes for hdividuall vehicle dasses and gro~~ps 
of related classes are smder than total traffic volume and 
so they are more subject to random duenees.  

Volme patterns for single-kt b c k s  with three or more axles (Classes 
6 m d  7 in E ~ b i t  6.1) can be p a ~ c d a r l y  idiasspcraGs, vaw-ng hdepe~l- 
dent@ of season as a result of nearby c o m b c ~ o w  projects. The same is I 

also t ~ u e  for Class LO vehicles in states where double-boBom dump trucks 
are cornnow, Mss, volume p a e e m  of Ve&~1e Class 4 @uses with six or 
more tires) c m  be idueneed or even do ted by recaea~onal vehicles 
(RVs)' which have seasonal md day-of-wak volume paRems that are 
very different from those of buses and trucks. 

kasonal and day-of-week .eralame paEerns also may vary by vehicle dass. 
However, to f i ~ a e  the effect of random vmia~cpm in daily traffic, AVC 
data should be combbed across vehicle classes before being used to derive 
factors. The r e s d h g  factors will be bether suited to producing AADT 
estimates for goups of veBdc%e classes than for kdividual vehicle dasses. 

The above obsewa~ons imply that, for sites at wK& Appr~ack~es 1 - 3 
can1106 be used, the development sf good es~mates of M D W C  will be 
costly, difficdt or imprac~sal. Nonetheless, es~mates of AADWC 
kequenbly are neded for pP ng md kghway projects, and ISTEA 
r e q ~ r e s  such estimates for the entire NHS. Q ~ o n s  available for the 
development of such esGmates ir~cliude: 

a) Using available data (e.g., for o&ex sites in the same 
fmc~onal  system) esn the disbibria~on of M D T  across 
vehicle classes as the hasis for distribukg a site-specific 
e s ~ m t e  of AADT across vehicle dasses; 

b) Using site-specific cliassifica~on data f ~ o m  a sltort-duraGsn 
count for this p u ~ o s e ;  

c) Extendhg the site-specific cotmt to sever1 days (thus 
e l i~naGng the effect of day-sf-week varfa~oar) and/or 
taking muI~iipEe counts over the course of a year (ik~us 
reducing seasonal effects); or 

d) Applying seasonal and. day-of-week factors $0 site-speciiic 
short-duration classi6ca~on counts. 

Some states assigx RVs with six or more tires 90 Class 4 (buses), 
tl~oengh the W G  specifies that they should be assiped to Classes 5 and 
above. Following the TMG recs eadaGon shifts the problem discussed 
in the text to Classes 5 and 6 and reduces its si@$Lcmce. 



Use of Data from Con~nraow Monitoring Sites 
Vohme 1: ~ c o m m e n ~ t i o m  

Tixis last option c~rresponds to Approach 6 on our earlier Esf, and O p ~ o n s  
&I) m d  (6) come~pond to Approaches 5 a d  7, respec~vely. Op~oaa (d) 
can be expected to produce beBes es~irmates of M D W C  &m @Gem (a) 
or @), m d  it is less e v a s i v e  &art W ~ s s n  (c). However, Approaches 
pwsented earlierI clearly should be wed whenever prac8icaI. MSO, 
al&&~ugh 9 6 o n  (d) can be expect& to produce kseBer resdts than 
%~e%m (a) or @), the drc tmces when the hprovemenf is suxficient 
to wammt: the extra complexiv are not clear. 

The io%lawhg subsecGons provide brief descdpeom of Papproash I, a 
prosedwe based m Approa& 3, Approaches 4 m d  5, so= sugges%ions 
for in~plemenkg Approach 6 (also refemed to above as @hion (ti)), and 
Appreraa 7. A procedure based gm Approa& 2 is presented in Appendix 
F of VsPu~ne E' 

For any s e c ~ s n  of road t%at contahs a permanent AVC, data cdlected by 
that permanent AVC eoughout  the year should be used to provide 
values of M D W C .  The accuracy of these es~mates will be l m t e d  only 
by the accmacy sf &e AVC's classificaficsn a lgor i th  and the possible loss 
of some data should the AVC be temporarily out of s e ~ c e .  3's 91-8j;idze 
the effect of n~ssing data we reco d that, for each vehicle class, 
AADWC be derived by appl+g &;he AASmO ~ree-step avera&ng 
procedure (presented in Sec~on 3.1) to daily somts for &a$ vehcle class. 

Approad 3 yields a rela~vely simple procedure for estlma~ng M D W C  
that is approp~ate for sites that are on the same road as a permnent 
AVC and rela~xrely "near" the AVC (as discussed below). This procedure 
consists of: 

1. Obtainkg a short-dwa~on count of total traffic vo lum for 
the site; 

2.  Factoring this count to produce an esBJmate s f  total AA$>'F 
(using one of the procedures discussed in Chapter 3); and 

3. Diskibtrhg total M D T  across vehicle classes in propor- 
tion to the amual d i s ~ b u e o n  observed at the AVC. 

This procedure presumes that, on an annual basis, the distribution of 
vehicles across vehicle classes at the site in question is very s i ~ l a r  to the' 
dlshibuhsn at the AVC. 'Fhae quality of the esfimaates will deterisrate as 



U X  af Data porn Gon~~tuom MmiBm'ng Sites 
Volume I: Resomm&lim 

ahis s i ~ h d t y  deches. Good es~mates are likely if there is no major 
change 61 the "&aaacterw of the traffic bebeen the AVC and the site iligt 
qa1esGof.r. Such a &ange in "chaacterl' may be presumed if there is: 

s a mjor  &mge in the a m u d  average volume of any class 
of %-bwcks; (as will O C C ~  at an interchmge or htersecGon 
that generates sifificmtly kgher volumes of trucks in one 
diree~on than in. the other); or 

o a s tamg area at wh& mdGple-trailer truck configuraGsns 
are assembled and disassembled. 

This procedwe is recom~ended for use at my site that is on a road with 
a permanent AVC and suificientjy near the AVC so that there HS n0 major 
change in the character of the kaffic bewear the two Bacagonsr The 
procedure may also be used when the two % Q C ~ ~ O ~ S  are more widely 
separated, hut the estimates produced are likely to be of somewhat pour& 
qualiv. 

Procedures based on Approach 2 are approp~ate for use as an alterna~ve 
to the above procedure, However, prgicedues based on Approach 2 are 
wore complicated and more e ~ e n s i v e  than the above pr~cedure, and the 
slrnplem~~es are likely to perform less well. A sophis~cated procedure 
based on Approach 2 is presented in Appendix P of Volume II. 

Approaches 1-3 c 
that are not near a permnent AllC OBP. the same road. For these sites, 
Approackted4, 5, 6, or 7 XBBLIS~ be used, 

Approach 6 is likely to produce better es~mates sf MDTVC than 
Approaches 4 or 5. However, we have only developed a set of sxrgges- 
tiom for implemenMg this approach rather &an a fully specified 
pmo'edure, and we have no il?PomaGon on h e  qenaliv of the esfimates 
that i h  i s  capable of produdng. Even if fully specified, this approach i s  
aelakively comp8-icated and it requires mare computer resources than %he 
other approaches. 

Of the remakGng approa&e" Approach 4 (which uses no factoring) i s  
simpler, especially if es~mates are only required for truck and bus elasses; 
while Approach 5 Es aesthebcal'igr more pleasing, because it produces a 
complete set of M D T V C  es~mates that are consistent with AADT 
estimates for the site @xtt are not necessarily more accurate than those 
prodr~ced by Approach 4). 



Use sf Data from Conkdnuous Mmif&ng Sites 
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Approach 7 rnqy be warranted for pavement-desiw p q o s e s  for some 
Mgh<ost projects. For other p q o s e s ,  we axe hclhed to recs 
states with sdfisient resources to develop and test Approad 6 do so, md 
that other states use Approaches 4 or 5, 

Approach 4 -- Using Unfactored Short-Duration Classifica- 
Gon Counts 

Foe sites that are not near a permnent AVC sn the s a m  road, the 
development of m e a h g f d  eseimates of M D W C  requires the colles~om 
of a short-dwation classifica~on eomt at or~near the site in quesGon. 

The simplest use of shoe-dwa~on slassificaeion comes is to use thew in 
ktdactored $om to provide es~mates s f  M D W C  (e.g., by dividing values 
obtahed horn a 48-horns count by two), In genesdL%, such dae to red  
c ~ m f s  do not provide very good esGmtes of MDTVC: 

63 Truck usage generalgy is appreciably kgher on weekdays 
than on weekends, so undactsred weekday truck somts 
nomalIy tend to overes~mate M D T  by trucks. 

e Truck usage is subject to seasonal flushaa~ons that vary by 
road in thek ~fifeg (as a result of hawests, nearby con- 
skuc~on  projects, ete.) m d  in .tlhQr ma@hde (due to the 

, mix of local. and ~ s u g h  &adfic). 

These seasonal and day-of-week Muences usually are sbonger for Racks 
khan they are for total kaffic. Accordingly, wmfactored short-dura~can 
~Iassificaitisn eomts generally wiU not provide good e s ~ m t e s  sf 
AADWC for individual sites. However, on at least some roads, 
apprsp~ately ~ m e d  unafactsred comts m y  be capable of producknag 
adeqaaate es~mates of MDRTC %car truck sliasses. 

The roads on which miactored 48-hour counts are likely to work best are 
those with a known seasonal peak in truck traffic and relaGvely constant 
truck usage the remahder of the year. On such roads, we reeo 
that classificafion counts be collected on weekdays during the off-season, 
thus avoiding the relatively high counts &at would be obtained in season 
and the relatively how ones that would be obtained on weekends. If the 
exka in-season traffic provides an appropriate balance to the reduced 
traffic an weekends, the r e s d k g  counts will produce reasonable es~mates 
sf AAT)TSVC for truck dasses. However, strong seasonal peaks will tend 
to produce undeses6mtes of M D W C ,  while weak seasonal peaks will 
tend to have the opposite effect. 

h o t h d r  aktema~ve is to Base seven-day classificaQic%n counts or a pair of 
weekday and weekend dassifica~on eomts. (A pair of $$-hour weekend 
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m d  weekday counts, OH a shg%e 96hour wwkday/weekend count, can be 
adjusted to apprs~imate a single seven-day count as discussed ~mder 
Approah 7,) Unfactored seven-day counts will not have any weekday/ 
weekend bias, but they are likely to have some seasonal bias.. 

U D W C  es~mates obtahedi from unfactored sow~ts  ~rormdlp will not be 
consistent with U D ' F  es~mates for the same site, since the latter es~mates 
inco~orate  seasonal m d  day-of-week factors. Accordjr~gBy, unfackored 
counts should be used o d y  for the bus md tmck classes 4-13). 
1% separate counts for the other classes are desired, they can be o b t ~ n e d  
by subkadiwg the comts fort. Classes 4-13 from M D T  and scdaling the 
comts for the rema g classes to be consistent with %%his resdi. 

Approad1 5 -- Using SAo&-Duration Classification Counts &as 
Distibute AADT Across Vehicle Classes 

Approad1 5 is similar ts Approach 3, but it can be applied to sites that are 
not near a permanent AVC on the same road. The Approach 5 procedure 
esnsisdrs a$: 

1. Obtahing a set of short-duraeon sltassifica~on comks at the 
site in ques~on; 

2. Esiima~ng total M D T  at this site (using one of the 
Chapter 3 procedures); and 

3. Diskibu~ng total M D T  across vehicle classes in propor- 
tion to the diskbbu~on &sewed during the period when 
the ~1zss i f i~a~on counts were obtained. 

Most csrnn~~~naly, the Step 2 es~mate of total M D T  is de~ved  from a totaH 
volume count obtaheb for the same period as used for the classification 
count. lV.hen this is the case, t3aBs procedure is equivalent to agplyhg the 
seasonal and day-of-week factors used for total volume to the cicassifica- 
tion counts as well -- a procedure that is mow being used by several states. 

Two factors reduce the qualiw of Approach 5 esba tes  of AADWC: 

@ Truck voilurnes usually cons~tute an appreciably higher 
pe~entage  sf total traffic on weekdays (whew. the counts 
usually are taken) than on weekends; and 

te Seasonal volume panems for trucks usually are different 
than they are for automobiles. 

The second problem tends to cause both overes~mates in the values 
obtahed for husk AADT when classificakihsn counts are obtained during 



a period 04: high truck travel and more moderate automobile &aver, and 
eeeadereskates when the reverse is the case, However, the first problem 
produces a cornistent tendency toward overes~mates of truck MDT. 
Possible ways of eli a h g  this bias are aHs@ use of .~venn-day dassifica- 
tion comts or the h&oducGon of day-of-week factors ((as discussed under 
Approach 6).  The bias c m  also be reduced or parhauy reversed by 

g 48hour weekday comts d the off-season, as discussed 
mder Approach 4. We recommmd that Approach 5 not be used anless 
steps are taketa to limit this bias. 

Appmaekg 6 $- Factodng Wi& Data From AVCs saa Other 
Roads 

Approad1 6 consists sf sellec~rag short-dusa~on classifica~on counts at 
individual sites and m u l ~ p l w g  these counts by seasonal and day-of-week 
factors derived for ~ o u p s  of vehicle classes using current-year data &om 
AVCs on other roads. We have not developed a fully specified procedure 
for implemenkg this approah. However, recs ndaaions and 
saagges~om %or implemenhg it are prewnted below* 

As in the case of toe91 volume comts, we reco d that all factodng of 
classifica~an counts be perfomed using "cbxme%11 year" factors; ie., %he 
factors applied to my sho&-dura~sa count should be derived horn AVC 
data %or a 12-month or 52-week period that includm the pe"i"d when the 
count was being colleded. h order to perform such facactorhg on a timely 
basis, it will be necessaagr to have automated procedures for recsmpu~ng 
dl classification-cum factors weeHy or monthly as new data becomes 
available. fikhough %he altema~ve of using factors derived from Mstsricl 
data is csmputa~owd less demmding, our % i ~ k e d  analysis of the use of 
historic factors for e s h a ~ n g  total M D T  hdieates that historic factors are 
less e8fecGve thm cwrent-year factors. We do not h o w  how well 
Approach 6 will work if historic factors are used. 

For any group of veficle dasses, the average number of vehic1es counted 
during any period of time will be much smaller than for counts of total 
traffic vdume, md so c%assifiication comts will be more readily affect4 
by random varia~on in traffic volu~me. For this season, the factoring 
procedures &at make use of re%aGvely aggegate tea~poral goupings (e.g., 
Combined Month and Average Weekday factsrhg) may work as well as 
the m r e  desegegate procedures. 

The ~re&c%e-class factors may represent seasora~al and day-of-week pattern 
at a single AVC or they may be an uxaweighted or weighted average of 
factors for a group 06' AVCs. One simple altema~ve would be to develop 
separate sets of factors for all AVCs in the s%ate, take an mweighted 
average 6f all sets sf factors, and apply h e  resrol~wg set of average factors 
to all short-dwation classifisa&m counts. h o ~ e r  simple al%emaGve 



would be to combine AVC data &om all AVCs and to use the comb~aed 
data to prsdisce a shg%e statewide set 0% factors. The latter alternative 
produces factors that are, strongly ~ u e r a c e d  by r;li%~ancteri.6j~cs of the 
kghesi v s l m e  AVC sites md may not be p a ~ s d a r l y  appropriate for 
app%im~os~ at medim-vo1me sites. O n  the sfher hand, the fomer 
altema~ve may produce factors &at do not adequately discount data from 
law-volume AVCs &at are ti duly hfluenced by rmdom events. 

BeBer resdts probably cam be aRahed ifp for each short-duraGon corn$ 
site, factors fmrn a shgle AVC (or a small set of AVCs) are selected for 
use The selected AVCCs) should Rave seassnali$y. characteris~cs (e.g., 
harvest seasom) that are ssidlar to those of the sh~rt-co~n$. site and a 
reasowably sinGiar mix of RocaIBy generated md though traffic. If 
mul~ple AVC sites are beEeved to have characteris~es that make data 
from these AVCs appropriate for factorkg short-dura~on counts horn a . 
given sitef rn average 01 the factors from the AVCs would be approp~ate  
for use. Suck an average may be mweighted or 1% may be weighted an 
floe basis of perceived si~lari$i .  of @ae AVC sites to the short-dura~on 
classiEca~on<ou~tt site. 

There is some I&eE&ood of imperfwt matches bemeen h e  seaso~~al peala 
(and valleys) at AVC m d  short-count sites. Accordingly, we suspect that 
AAB'TVC eeshates derived from s h o ~ - d m a ~ o n  eesmts taken durhg 
seasonal peaks (or vaily's) at either the shs~xount  site OP the AVCS used 
for factorkg will be somewhat less reliable than estimates derived from 
ehamlts taken when h-uek volumes are more normd, Par this reason, we 
suggest that, to the extent prae~cal, short-dura~on classi~ica~on counts ~aot 
be collected during peak periods or duffng periods when truck volume is 
unusualp depressed. 

The remainder of this subsec~on addresses the qkaesG011 af how vehicle 
classes should be grouped for h e  purpose of deriving factors. 

end that one group casntah Class 9 vekcles (five-ade single- 
$-nailer combinations) and probably all other classes OP c o m b i n a ~ ~ m  
(Classes 8-13). The v01umes of the other dassei of sombinatiasm usually 
will not support the development of a separate factor group, 'and 
corn-binhg them with Class 9 appears to be a fairly reasonable way of 
hmd%ing them. 

Treament of thc r ema i~ng  classes of vehicles is less clear. Buses (Class 
4) have relatively unique usage paBernsf but their volumes may not be ' 
sufficient to support a separate set of detailed factors. h e  ~ p t i o r ~  would 

' 

be to combine aBE AVG data for buses and to derive a single set of factors 
&om the combined data. 1P the cornbigled data does not appear adequate 
to support a eompkete set of factors for buses, a more % i ~ t e d  set nGght be 
appropriate (perhaps just weekdayiweekewd factors, or a combhcnaGsn CP% 
weekdayp'weekend factors with kEhee-u10nth seasonal factors). Anotkaer 
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possibdliq is to heal Class 4 in the same way as Classes 1-3, as discussed 
subsequenay. 

Classes 6 and 7 present a somewhat differe%8t problem. h some areas, use 
of these vehicles to haul e products produces seasonal paBems that 
are reIa8i%rely cornistent across a substcm~al number of roads. However, 
elsewhere, use of &ese veKcles is domhated by the localked m d  
rela~velgr t e q o r a ~ y  requkeme~tts of nearby constpb%cfion projects, m a h g  
"seasonal" factoring very difficult. Our h c l k a ~ o n  would be to develop 
both day-sf-week (or weesday/week@nd) and seasonal faders ham local 
AVC data far use in the former areas md just day-of-week (or week- 
day/weekend) factors far use in the TaRer areas. The es~mates produced 
for the latter areas will be free sf any weekdayiweekewd bias, but they 
will nal provide reliable es~mates sf ackual Class 6 and 7 M D T  a& a site, 

The r e m a ~ n g  class of co ercial vehicles, Class 5 (mo-axle, six-tire 
vehcles other &am buses), does not clearly warrmt a group by itself, but 
there appear to be no sa.Bt;sfactoq classes with wwMsh to es!nbine it. One 
o p i i o ~ ~  would be to treat it separately and to develop factors for this class 
using combined data horn a%% mral AVCs artd separately combined data 
fkom aBf: urban AVCs. The combined data should support the develop- 
ment of rural and urban day-~f~wwk weekdayiweekend factors and 
perhaps seasonal factors as well. 

M B T  e s ~ m t e s  far the r ema i~ng  veficle C % ~ B B ~ S ,  1 - 3 (and possibly 41, 
probably should be derived as ;a rksidual; i.e., by subbac~ng the es~mates 
for the other classes horn the e s ~ m t e  for tot21 M D T  and allocating this 
result across vehicle classes 1 - 3 (or 1 - 4) in propor~m to any available 
count data for these three (or four) dasses. 

Approach 7 --- Uging Multiple Sho&-Duration Classification 
Counts 

The %ha% approach comists of ccdllec~ng several shoe-dura~on classiGca- 
tion counts at a parkicular site over the course of a year and averaging 
these counts (without factorfng) to produce es~mates of MDWC.  This 
is a rela~vely expensive procedure, but it may be wananted for pavement- 
design puvoses for some high-volume sites. Because of the time period 
required for data collesGon, use of this approach for pavement-design 
puToses requires that a decision to use the approach be made a year or 
more before a project is begun. 

Each short-durahsn count should be collected over a period of b u r  to 
seven days and should include a weekend. The shplest procedure is to 
use a full seven-day period far each count. A slightly less expensive 
altema~ve is to use a four or five-day period that hcBudes both Sabrday 
and Smday and to approimate the counts that would be obtahed over 
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a seven-day period by assmhg that hourly comts for the wcomted 
weekdays are the same as the average of the conesponding hourly comts 
for the saw~ted weekdays (perhaps excludkg Manday Ah4 and F ~ d a y  

urn of four short-dwa~on c o a t s  shodd be colEected, 
ly h f o d y  over a one-year period (e.g., four counts at 

ee-month btewals). To the extent feasible, these comb 
should not be obkahed for periods with musuaUy Mgh or low truck 
volumes (such as C k i s m s  week). 

For each h~nctionaB system, the percentage of conkibuted by each 
vehicle dass i s  esGrnated by obtai~ng the r a ~ s s  of M B W C / M D T  at 
all classifieatjon sites in the sysfern for each vehicle class and taking an 

erage of these raatios across all the sites. For each Bmc~ona! 
$ 7  vehicle class (W then es~mated by appkfing 

these percentages to es~mates of total for the system. 

of biasing the e s ~ m t e s  of W W C  in ei&er 
ends that c!assifica~sn rom~ts be diskibuted 

dation is htended to result in ;a mix 
ely figh and %ow kuck usage that 

will tend to bala~ace each other, produekg rela~erely mbiased estimates 
o$ W T V C ,  though it is likely that periods of very low truck usage (e.g., 
CkP~Ge-ku~as week) wdl. con~nue to be under represented. Prcartheaermare, in 
states that perfom all dassifisation c o r n k g  on weekdays, this recorn- 
menda~on does not address the effect of systema~c dikferences between 
the weekday and weekend diskibu~ons of kaffic across vehicle classes. 
Pot fhese states, appreciable overestimates of fmck W T  are Sikefy to 
result. 9 t i sns  for reduchg or eli sting this bias are: 

I. Perform aHli short-dura~on classification c o m ~ n g  for a 
period of seven days. 

Use a rnix of weekday and weekend classification com&ng 
so that aanderes~maies of truck AADT from weekewd 
c o r n k g  will balance the overestimates due to weekday 
C O U F , ~ ~ ~ .  (If this option is used, we reso 
appmenaately thee out of seven short-duration counts be 
collected for periods that rwb $omL midday Friday to 
midday Monday, and that the remahhg short counts be 
collected on weekdays.) 

3. Avoid eokliec~ng short-dura~on weekday csux~ts during 
seasonal peaks in truck traffic (e.g., during harvest season) 



sol as to 
" ' 

' e -he upward bias (as discussed h % ~ s n  
6.2 mder "Approach 4"). 

4. Use only es~mates of MD'FBre that are defived hem 
ua% data or factored (ushg ."Apprm& 6" of %&an 6 2 )  

PO avoid weekday/wekend biases* 

We recomme~d that all states adopt one ofthe above optionsfor reducing 
or elimdraati~g upward bbfases in estimates of h c k  For many states, 
the second o p ~ o n  is likely to be the most cost-effective. We do mot recbm- 
mmd the use of the W G  procedure by btseya 

Procedures used for estimating should be dscu- 
mmted i~ ' w ~ ~ ~ s E P ~ .  Par each section for which AADWC is es~mated, in 
a d d i ~ s n  to the AADT-rdated infoma&on discussed in Section 4.2, the 
fo11Iowhg hforma~sn should be available, using codes where appropriate: 

e3 The procedure used for e s ~ m a ~ n g  AADWC; and 

D ffden~fica~on of the AVC goups and/or sites used for data 
for diskibuhg M D T  across v e ~ c l e  classes, or of e&pe AVC 
,goups and/or sites used as sources for seasonal and day- 
sf-week factors applied to shod-dma~on classificaGon 
counts obtained on the secGon. 

h addi~on, for each s t a ~ a n  art wktich classifica~sn counhg is perfomed, 
desedp~ons of the station should be recorded in the Number 2 record 
format specified in the TPdG (pp. 5-43 to 5-45), md hourly data should 
be r ~ o r d e d  in the Nmbes 4 fomat ( m G  pp. 54-5 to 5-4-6). 

We suggest that this 'infoma~on be available interac~vely horn a 
co~np"t"rsgr%em that is used both to store all W S / K  data and to 
perfom aE% the required csmguta~ons. 





Volume I: &commm8sfiom 

'The ~ a o s t  important use of wei&-in-mo~on ( data i s  in the andysis 
of expected damage to bghways caused by h e a ~  vehicles and in the 
selection of pavements desiped to witbtand the sbesses imposed by 
these mhicles. Weight data are also used in f a ~ g u e  analysis of bridges 
and as m indicator of the wsnofic value of bridges for use by bridge 
management system. W M  systems also may be used for screening 
vekicles at static scales. W M  data may also provide hforma~on on the 
efke~vemss of weight-limrit enforcement efforts, and system can be 
used to provide information for use in devel!~sping improved enforcement 
strategies. However, to avoid biasing results, BYW data behg collected 
for s t a ~ s ~ c a l  puqoses welated to weight enforeemex~t should never be 
collected in the vicinity sf ongoing weightenfnrcement opera~ons. 

This chapter contains several reco 
and use of data;ia. 

The TMG requires the amual subnraanssion of data from ten W M  sites on 
the IS and ~ o m t  another 20 sites on other roads. States with extensive 
highway system are encouraged to establish 38 sites on the IS and 60 on : 

other roads, and to s u k r ~ t  data  om one-third of the sites each year on 



-- 
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a thw-year rotation. States with smaller Gghwap system may establish 
Iewer sites and use data from these sites more than once every three 
years. 

rids &.sat the sites be distB.lib~mked across urban and  rura1 
fm&esnaff  system^ and, w i f i ~  each h c ~ s n a l  systekar, across specified 
goupinrgs by U D T .  The distribu~on is to be in propor~on to the 
BisMbu~on of W T  across these fmseonal system md VDIWIC groups. 

We believe that, instead of disidbufigag W M  sites across finctih'eanal 
systems and arolurnego~ps~ $kc site$ should be dbst~buted across regions. 
Regional differences in the e c o n o ~ e  base are likely to have a @cater 
hfluence on truck %reEght &mac%eris~es &an are hnsGonail systems and 
AADT, par~culmly on roads with significmt amounts of locally generated 
traffic- &lor this reason, we consi&r regional dis~bution 68 be more 
valuable, paficularljr for non-IS sites. Reeons to be used for this puTose 
may be State Highwyay Agenq dis&icts, taken hdividually or aggregated. 
AltemaGvely (and perhaps beBer) they may be gaupings of cornties that 
correspond to differer3t types of d o ~ n a n t  e c o n s ~ c  a c ~ v i v .  

h o t h e r  poten~allgr importmt iduence ow. vehicle weight in some states 
is the varia~on in weight limits across system of roads. Stafes witk 
sipificanf systems of roads with d i f l e r e ~ t  weight limits should considm 
distribeeti~g W M  sites both across ~eesens and across systems of roads 
with diflerertf weight limits* 

To the extent feasible, tlre disbibu~on of W M  sites across regions should 
be in proportion to h e  diskibtlfipsn of -Vh!LT across regions, Non-IS sites 
in regions -with more than one such site should be diskibuted across 
fui7siional systems. IS sites in regions with more one such site 
probably should be assiped to difkrent IS routes (if multiple routes 
exist). 

States with regionally dispersed sites may wish to consider how 
average weight and average equivalent single-axle loads (ESs$&s) per 
veKcle varies by region (and, possibly, by fmc~ona l  system) when 
deterrining the weight and ESALs factors to be used in their S"aveh.ent 
Management System. Because of ambiguiq about the appropriate ESALs 
factors to use for individual roads, states also may wish ts use portable 
W M  equipme~~t to obtain road and airec~on-specific es~mates sf ESALs 
prior to resurfacing or resoraskuc~ng these roads. 
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72 WLM Installations and interp~etation of WIM Data 

Usens of data should be aware that these data are likely to produce 
Kgher e s ~ m t e s  of average ESALs thm would weighirpg of the same 
veKcHes QPP sta%ionasy scales. The latter scales measure the weightI or 
downward force, (sf each axle when at rest, while MQd sensors measure 
this force when the veKcle is m o h g .  Because road s~xfaces impart a 
degee of up-and-dam movement to a%% axles, the domward force of 
each axle varies as it travels. The degree sf this variaeon is affected by 
t$re quality oh the road swfaee, h e  wspension characteris~cs of passing 
trucks, the loads carried by those trucks, and, to a l i ~ t e d  extent, the 
semor d e s i p  and sensor casnfipra~on of the W%P\/I device. 

To reduce the effect of va~a%iom in force (feee, in measured weight), we  
recommeud khwf pavegne~t in the vieiaify ofpemanent W M  instalbations 
be maintained t o  high@ stwsdards fhoapa those ~ s e d f o r  other paaemenll,' 
sad that podable equipment only be used at lcaelatiosfs whme 
pancment is in good corseii~on. Abo, when piezo-elecw'e s~~s t s r s  are ased, 
at Seast two  should be used in each baneO2 By weighing each axle more 
&an once and averaging fie resdts, axle weights can be obtained that are 
closer to those &at wodd be obtained by s%aGonav scales. 

equipant  is properly cahbrated, the a~rerage of all weights 
wikE be close to that obtahed using stationaq scales. However, 

for hdividual there will be some differences beb-ween the weights 
obtahed wifh equipment (even when averaged bemeen mu%~ple  
readings) m d  aose obtahed wish s t a ~ o n q  scales. Because ESALs rise 
rougHy with the fowth-power of axle weight, the overes~mates produced 
by vehicle d p a ~ c s  will have a greater effect on average ESALs than will 

"e ASTM Standard E 1318 sets stmdards for the paveant  
sondi~ons needed for accurate e s ~ m a ~ o w  cad static loads from 
equipment. W%le it may not be possible to mainstah pavement e sn ta i~ng  
W N  equipment to this level roufinely, it- is necessary for accurate 
replica~ow of stahc loads. 

One recent s k d y  has fomd that even more accurate results can be 
obtaked by using five sensors in each lane (Wchael S. Madouk and B. 
Saikendra, "Design of Md~ple-Sensor Weigh-in-Motion Device," Arizona 
State BJfLiversiVpl, presented at the Transportation Rsearch Board 
Mee~ng ,  January 1994). Fo ds on which normal truck speeds are 50 
to 60 mph, thik study aec pads spacing the sensors about ten feet 
apart. 



the mderes~mates, so that M M  squipmmt will produce highw eeoimstes 
of a.;emage ESALs t h m  wsrdld sfaf ic  weighi~g of the same vehiclesn3 

' ' 

Because the magsnlbde of this effect on BSALs is influenced by pavement 
candi~ow, prajed-related data collected at sites whose pavemexat is 
in poo~ondi~orx  produce ESALs es~mates &gnat are not o d y  &gH~er 
than those that would be produced by static weig&ng of the s m e  vekcBe, 
but are &so kigP%er than the ESALs es~mates Lha& wodd be obtained once 
&e pavement i sved. For this reason, me do not recommend the U S B  

of site-specgic data fog. project-desip ~ U V O S ~ S .  

A sig~~ficant: problem with data from permanent MTM sites is the BOSS s f  
ascuraq reskal~ng horn equipment ccalibra~osia drift. Shdies have shorn 
&at o&ewgi~e correct1y f rnceo~ng  scales can'suffer horn ealibra~on 
drift as h g h  as 10 percent." Because sf the four&-power reka~onsKp 
bemeen weight and ESALs, a 10 percent sveresgmate sf ade  weight can 
produce as much as a 45 percent overeshate in ESAks. 

Calibra~oar drift can be caused by a nmber of factors, kicludhg changes 
in temperahre, danges in pavement rsughess and pavement skengtb, 
semi~vi$i of sensors to va@ng load and tire codigura~ons, aging of 
electroec consponents, degrada6on of sensor instalEa$kons, and poor 

des ip  by manufacbrers. To iwdze calibra~on 
equipment vendors aBempt to adjust calbration 

coefficients directly for those factors that tests have shown affect their 
specific harQx47are design. For example, many system measure ambient 
tempemkre and adjust calibra~on factors based on those temperatures. 

I$ may be noted &at data are a better representaGon 0% the 
forces imposed on highway pavement (at Beast at the W M  site) than are 
static weight data. However, the A A S m Q  equa~ons represen~ng the 
effects sf axle weight on pavement are based on static weights. Accord- 
ingly, far  he puvsse sf applying the MSHTO equa~ons) i t  is preferable 
to derive ESALs from static weights and not from the d p a ~ e  weights 
measured by Wm equipment. ]It is expected that procedures for 
analyzing the pavement damage caused by d p a f i c  forces measured by 
IWIM equipment will be developed from data now being collected under i 

the Strategic I%ghway Research Program Long-Term Pavement Project. 

* Curtis D&lin and Mark Novak, Mmesota Deparmen.8 of 
Trmsporka~sn, "Comparksc~re sf Weigltt Data Collected at Weigh-in-Mshsn 
Systems Located on the Same Route," presented at the ual ~ e e ~ h g  of 
the Transporfa~sn Research Board, Washhgton, D.C., January 1994. 
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To accomt for other factors that are not direc&-By *l%aded in the eqdp- 
mepit design (such as the temperahre example aabsve), mmy vendors 
adjust h e  cdibratiow coefficient based on a rsllfpag average sf the kont 
axle weight of loaded 3S2 (five ade, tractor senai-*ader) tmeks. This 
caEbxra~srr adjusment f-eabre is based on research that indicates that this 
s t a ~ s ~ c  r e m h s  fahEy constat aver tiggp1.e. 

The success of these and other auto-cafiabra.gion techques has received 
 xed reviews. Not enough is h o w n  at t h i s   me to make a defifitive 
statement on for ealibcara~ng or mainta 
caliksra~on of study J-39(2) was recently 
look into these issues. Until the completion of hhe NCHW study and 
other efforts mdeway both nwaonally and w i t h  vaHious states, the ody  
csmp%etely reliable method for ensmhg the validiv of W M  scale 
calibragiora factors is periodic on-site t e s h g  m d  edjusbertt of the scales. . 

a h g  BSALs from WIM Data 

For vehicles with a specific axle c o d p a ~ o n  (e.g., five-axle combina- 
tions), average ESALs per vehcIe may vary seasonally as a result of 
chmges h %he m.ix of co odities carpied. Fsr more broadly defined 
classes of vehicles (e.g., single-trailer csmbha~ons), average ESALs per 
ve&ele may also vary seasonaHly and/or by day of week as a result sf 
changes in he m i x  sf axle eodigura8ions being operated. h fo rhna te l s  
at the present time, only l i ~ t e d  informa~on exists absalt the amomt sf 
this va~a6on  and the extent to which it is m i f o m  fkom site to site. On 
the other hand, the difficuP9 of calibrakg W M  eqaaipmed m d  mahfah- 
ing accurate ccalibrg~sn of this equipment over extended periods of time 
is reasonably well h o r n .  

For these reasons, we are inclined to believe that, at the present  me, 
procedures for e s ~ m a h g  average BSALs per veEcle focus primarily on 
calibra~on issues rathkr than on seasonal and day-of-week variagion in 
ESALs per vehicle. More specifically, we recommend that ESALs 
estimates be developed only porn W M  data collected over time p e ~ o d s  
d u f f ~ g  which the calibration equipment caB be mai~tained with 
w high degree ofaccuta~y,  TB merrdation applies to all sites b e i ~ g  
mha~itsared under the Strwteec Mighwgy Research Propam 
as t o  all other sites usedfor collectai~g data submitted to  

W e  further reco end that, if necessayr the number of sites at which 
W M  data is collected be reduced to a paumber that can be used wikhouf 
compramisi~g the qual iq  of the W M  calibration. In areas where 
mauttenance of calibration is difficult, the time periods over which I N M  
data is collected probably should be no more &an one week long. 
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e8e by vehicle-class gesuping, we rec 
session last at least 96 bows m d  ins1 

sessism lasting less than seven days, average weekly ESALs 'per 
vehicle sk~ould be e s ~ m t e d  by a s s u ~ n g  that the average on the 
%$peekdays for which data is colleeied represents, the average for all 
weekdays. 

We outline below a suggeskd procedure for colleckg and using V'EDA 
data, 1Es procedure i s  ebr~ i s tmt  with the above p*ciples. However, 
it has not been subject to a earehE review, 

I. D i s h w i s h  a small n~~rnber of' road types based on the 
perceived weight haracteksfics of the heavy trucks using 
the road, considerkg at least the percentage of trucks 
carving na$aura% resources. 

2 For each road type, idenefy Osee or more loca~ons a t  which 
data is to be ~~Uected, and mahtah the road surface at 
these loca~eans at a high standard. (Do not somprofise 
pavement or calibraGon standards in order to increase the 
nun~ber of losa~ons.) 

3. At each selected Boca~on, collect data far one or more 
four-to-seven day periods in each year [or every third 
year). At losaGons with seasonal wahral-resauces kaffic, 
collect data for two or more p e ~ o d s  -- an in-season period 
md an out-of-season period. 

4. Fox the durafion of each WIhh session, m a h t a h  the 
ealibra~on of the equipment for the full range of medium 
and heavy axle loadings. (The goal probably sheauld be 22 
percextt, c o r r e ~ o n d h g  to ESALs errors of up to 8 percent.) 

5 .  For each session, derive es~mates of weekly average ESALs 
per vehicle (by vehicle-class grouping), adjus~ng t11e 
es~mates for under representa~on of weekday data i d  data 
is collected for less than a seven-day period. For each 
ve&-kliele-class grouping, at least two es~mates of average 
ESAEs should be developed: one for flexible pavement, 
using a sbuctural number (SN) sf 5.0; and a secorld for 
rigid pavement using a slab thickness (D) of nine inches. ' 

4. For each site, estimafe ual average ESALs per vehicle 
(by vehicleclass group1 d pavement characteristics) by 
taking a subje weighted average of the values 
obtained for aB% sessions at the site. (Far a site with. 
one "in-season" session and one "out-of-season" sessior~, far 
each vehicle-class5 pouping, the weights should represent 



es~mates of the total numbers of vehcles in the gouphg 
&at @averse the site in season and out sf seasm.) 

7. For each road me, es~mate average ESALs per 
veKc%e (by v e k d  exlass poup eramg the values 
obtaked %or the cotrespondhg Etes. These averages 
n o m d y  would be mweighted (but they may be weighted 
if some sites are somidered to be more regresenta~ve of 
the road type than ofiers). 
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dix A. A 
ng Procedures 

Exhibit 3.2 in Chapter 3, presents the results of simula.eion tests performed 
on seven temporal goupkg  procedures for seasonal m d  day-of-vveek 
factors. The procedure &at appears to provide the best trade-offs bemeen 
compllexiq m d  gerbrmmce is Combined Mon& and Day-of-Week 
fadokng (Procedure 4). T k s  procedure is described in Section 3.2. 'Fhe 
other six tempora1 gouging procedures are described in this appendix. 
Oh these, we believe the procedwes sf most interest are Combined Week 
and Average Weekday factoring, described in Section A.4, and Speeific- 
Day factorhg, described in Secaion A.5. 

A.1 Separate Month and Day-offweek Fa* 

Separate Month and Day-ahweek factorhg (Procedure 1) requires the 
development of one set of 12 montMy factors and a second set of seven 
day-sf-week factors. 

The msrafkz/y f ~ c f o r  for month i at ATE statim k, is obtained as 
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v~here A.A.DFk and WADTik are derived uskg the procedure presented in 
Section 3.1; 

'The day-ofweekfacfor for day j at 'ATR s t a ~ o n  k, BWFj, is obtained as 

where U D l f l k r  annual saiverEage dskys of fhe week for day j and ATR station 
kp is derived using the SecGcsn 3.1 procedure or a minor variant of it. 
Factoring of short-dugahon comts is hadled the same way as when 
Combmed Month and Day-of-Week factoring (Procedure 4 )  is used, except 
that pairs of: separate msnfMy a d  day-of-week factors are used kstead 
of combined msn&Iy day-of-week factors. 

Of the seven temporal gouping procedures tested, Procedure 1 produces 
the beast precise e s h a t e s  of M D T  (i.e., it has the kghest ptobabiliv of 
produehg rrela~vely large errors in the es~mates of MDT) .  The psimaq 
weahess of this procedure is that it is unabHe to reflect seasonal varia~sn 
in the relative volume of baffijib: on differliker~t days of the week - a 
par~cular weakness in areas in which the seasonal variafion in weekend 
k a f f ~ c  is appreciably greater than the seasonal varia~on in weekday traffic. 
Procedure I. requires the cornputahon and use of a sl@ficmtIy smaller 
nu~reber of factors than the similar Combined Month and Bay-of-Week 
pmcscedure (Procedure 4). However, we do not believe that this minor 
advantage j u s ~ f i e s  the reduced effes~veness of the procedure. 

Combined Month and Average Weekday factoring (Procedure 2) requires 
the development of an average weeldajr factor m d  an average weekend- 
day factor for every month of the year -- 12 weekday factors and mother 
12 weekend factors. 

The monfhly weekday jackor for month % at ATE station k,  PdV4DFlk, is 
obtained as 
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&ere HaIfPbWDT,, is the nronfhly asuerage weeMay frafic for mona-$r i at ATR 
stra~on k. We reco end that e$/LaWT be derived from ATR comts for 
weekday periods &at rougHy correspond to the periods when weekday 
coverage CQUH~S are being cslle&ed (e.g., the periods used in the 
deriva~oaa asnight run from noon on Monday to noon on Friday). 

Sifilasrlgr, the monthly weekndfactou for men& i, at Pa$R station k, MWEF,, 
is obtaked as 

where M D W E T t ,  is the monthly average &iIy weekmcl trafic for m n t k  i at 
ATE s t a ~ o n  k. We reco wd that W D M T ,  be derived horn ATR 
counts for aBH periods of month i that are not used dw the deriva~sn of 
MAWDT,,, 

Our tests hdicate that, when applied to 48heur counts, Procedure 2 
perfonm slighkEy less well than Procedure 4. We did not test the 
appUca~on of Procedwe 2 factors to 72-hour comts ((to w&& these factors 

o d y  applied); however, the increase in short-esmt duration to 
72 hours is likely to produce a small improvement a8 the quali$r sf the 
M D T  es~mates. 

A3 Separate Week and Day-of-Week Faet 

Separate Week and Day-of-Week factorhg (Procedure 3) requires the 
deve%opment of one set of 52 weeHy factors and a second set of seven 
day-of-week factors. 

The day-of-week factors used'by this procedure are iden%ical 60 the ones 
used by Procedslre I, as givema in Equation A.2; and the weekly factor for 
week i at ATR station k, WF,, is obtained as 

where wAD'F,, is weekly average daily traffic for week f at ATR s t a ~ o n  k. 
For the p q o s e  of this factoring procedure, all weeks may be treated as 



startkg on a Sunday, as i s  the normal eornven~on, or, if more convenientp 
a different first day of the wee4 may be used. Short-duraGon counts are 
factored using pairs of factors irn the same way as when Procedure 3 is 
eased. 

Like the Combbed Week and Average Weekday procedure (Procedure 51, 
Procedure 3 works best if used in canjuncGon with an explicit imputation 
procedure. However, d & e  Prscedme 5, Procedure 3 produces AADT 
es~mates that are slightly less precise than those produced by Procedure 
4 (Combh-sed M s n ~  m d  Day-oEaWeek factorhg). Accordhgky, w e  see 
littje reason far using Procedure 3 ' 

% AA Cambk~ed Week a d  Average Weekday Pact0 

C ~ m b h e d  Week and A-vexage Weekday fastoring (Procedure 53 requires 
the developnxent of an average weekday factor for every week of the year 
-- a tot31 of 52 factors, IT% eeun~ng i s  also performed on weekends, 
ansther 52 factors are required for eat31 0% the weekends sf the year. 

The weeMay faclo~ for week i at ATR station kf WF,,, is obtained as 

where A%VDTkr average weeMay Brafic for week i at ATR station k, is 
derived frown ATR colrnt-s for the period m d n g  from noon on the first 
day of week. i on which weekday coverage-comt comters are laid down 
until noon on the last day on which they are rekkeved. This period 
usually runs from Monday noon m?il Friday noon, but it starts on 
Tuesdays on weeks with a Monday holiday and it ends on Wednesday on 
Thadsgivirtg week. We recommend th t  weekday ,shod counts nnqh be 
collected d u ~ n g  weeks w ~ H  a midweek (e.g*, Wednesday) holiday or that 
special f a c f ~ ~ n g  p r ~ c e d ~ r e s  be developed for tkese co~nts ." 

Durhg noss~aal weeks, the weekday factors are derived horn %k$R counts 
for the period from Monday noon through Friday noon - a period of 
time that reugldy corresponds to the period when weekday coverage 

Hobday-period cs~mts may be factored using analopes of the 
weeker~d factors discussed saabsequenaEg (e.g., Monday-noon to nursday- 
noon factors for Monday-to-Thursday counts). However, factors derived 
far periods t ha i  include a holiday should not be applied to counts taken 
for shorter periods that exclude the holidays. 



Use of Data Porn Contirn8csw Maraifarii~lg Sites 
k9odume I: hccrmmmhislbiom 

c ~ m t s  are behg taken (Monday mornring *ough F ~ d a y  afiemosn). This 
is also a "period when day-to-day variation in traffic v~%umes is rela~vely 
small - the increase in volume &at occms on Friday is appreciably 
smaller in the momkg than it is later in the day.' 

If weekend or seven-day short counts are collected, weekend factors will 
be reqdred. These are defined anaBogorrsEy to the weekday daetbrs; i.e., 
the week& factor for weekend i at ATR sa;i~on ds, WF, ,  is obtained as 

where ADWET,,, average d~s' ly  weeknd %rafic for weekend i at ATR s ta~on  
k, is derived from ATR comts for the period from noon of the day 
precedir~g weekend i (raomally a Friday) to noon sf the day after weekend 
i (normaEly a Monday). This period correspon.nds rougMy to the period 
when weekend counts usually are collected, and so these factors should 
work well for factorhg weekend counts (though we have not tested 
&em). 

Svera-day csmts  can be factored by decomposing each full seven-day 
corn$ into colmts obtahed dwing ei& of three pelrr;ods (a weekday 
period, a weekend, and a second we&day period), using the apprspmate 
factors for each of these thee pekibds, adding the results, m d  dividing by 
seven. m e n  decomposing seven-day samts, we reco 
weekend period run from noon to noon in order to match the period used 
in deriving the weekend factor that will be used in factoring this portion 
of the seven-day count. 

The use of Equaho~ 8 . 6  to derive wwkday factors for m ATR staGow 
requires a ~ ~ r n u r n  of one actual or imputed 24how count betaveen 
Monday noon and Friday noon for each week. h concept, Equation A.7 
can be used to derive weekend factors for an ATR s t a ~ o n  if a ~ n i m u m  
of one such 24-hour c smt  exists for every weekend period, but the 
weekend factors will be somewhat meliable udess data for the entire 
weekend period is used. Because of these rela~vely skhgent require- 

Derivhg weekday factors from ATR eomts for Monday to 
mursdayi ( ~ d ~ g h t - t o - d d n i g h t )  produces a slighay Bower MAE (7.4 
percent) but increases the average error (upward bias) to 1.0 percent. We 
have rejected this alterna~ve because of the relatively large bias. This bias 
occurs because traffic volumes are higher ern Friday mornings (when short 
counts are being taken but ATR data is not being used) than on Monday 
msmhgs (when very little short comt data is being collected but all ATR 
data is being used). 

- - -- 
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rnents, w e  rec~rametzd that Procedure 5 ozly be used ia conjunction with 
an eq l i c i t  impufatieaw procedures' such as the one descgbed in Section 3.2. 

Ef ib i t  3.2 hdicates &at the applieaGon of Procedure 5 to weekday comts 
produces samewhat better es~mates of U D T  does the applicaGon 
of Pascedwe 4 --- there is  a slight reduchon in M-AE and a more apprecia- 
ble reduntion in the probability that the error will exseed 20 percent. The 
primary reason for the better performance is that, for the M(~n$ay-noon 
to Friday-noart% period, traffic vsliumes vary mare from week to week than 
they do from day eo day. The advantages of Procedure 5 are greatest in 
areas, such as recrea~onal areas* where these is siwficant week-to-week 
variation in t-raffic volumes. 

Although we have not Bested Procedure 5 on weekend csmts, we believe 
kt also will handle these csmts better than Procedure 4 provided &at it is 
applied only to counts takes. for the full weekend period (i.e., from the 
rniddke sf the day preceding the weekend to the ~ d d % e  of the day 
BoUowkkg the iveekendj. Becatsse kaffic volumes vary appreciably over 
the course of a weekend, the Procedare 5 weekend faclori should not be 
applied fo counts ohk'ai~ed for ozly a part of a weekend peeod. This 
lirntita~on becomes  an issue only whew incomplete weekend counts are 
obtamed fe.g., when a road tube becomes dislodged). Thee  options exist 
fag. hand1hg this sCmwr.a~on: 

B Do not use my insompjete weekend counts; 

6 Use other informa~on about the day-to-day (and hour-to- 
hour) variation in weekend counts ta esf=iwabe the full 
weekend scl~mt &a% wnrould have been obtairaed if the 
equipment laad not failed); or 

@ Develop a set sf cambhed month and day-of-week factors 
for use in this case or for all factoring of weekend counts 
--- these factors may comespond to the ordinary days of the 
week (Friday, Sabrday, Sunday, and Monday), or: they 
may be defmed on a raapon-to-noon basis in the same way 
as the normal Procedure 5 weekday and weekend factors 
are defined. 

The choice as to which of these thee options shouId be used will depend 
upon the uses made of weekend and seven-day counts and the frequency 
with whisk incomplete weekend counts occur. 

Eh computer resources pern+%, states h a t  use Pr~eedrare 5 and that 
recompute current-year ~ X B Q ~ S  seg~blar%iy during the course of a year nnay 
choose to reco~npute these factors weekly or biwee'dy (rather than 
monthiy, as suggested earlier). For this purpose, we suggest deriving 
AADT by appiying the AASWO procedure for deriving AADT to 13 
four-week "months" of data. 
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B A 5  Specific-Day Fac 

Specific-Day dacto~ng (Procedure 6)  r e q ~ r e s  the development of separate 
factors for every day of the year. 

The spec$c-dbtyfacto~ for day i at ATR staGon Jc, SDFi,  is obtained as 

where Ct, is the actual 0% Imputed count for day i at ATR station k. 
Factorkg with specific-day factors is performed in the same way as 
fa&oring with the combined man& md day-of-week factors of Pmce- 
duke 4. 

The development sf specific-day factors requires the availabiliv of actual 
or imputed csmts for every day of the yea. AccordinglyI this prmedure 
requires the use of an expEdt imputa~on piocedure su& as the one 
described in % c ~ o $ ~  3.1. However, Specific-Day factoring is ohewise 
quite skaightfsward, and it produces M D T  es~mates that are somewhat 
more precise than those produced by Prordures 4 or 5. We believe the 
use of Speeific-Day factoring warnants hbarther h v e s ~ g a ~ o n .  

A.6 Specifis-Day Fact ~ f i  Noon-twNasn Facts= 

The last temporal grouping procedure tested, Specific-Day Factoring with 
Noon-to-Noon Factors (Procedure 7), reqt~kes the development sf 365 
daily factors. However, instead of being derived using counts for calendar 
days (as is the case with Procedure 61, the Procedure 7 factors are derived 
using actual m d  imputed couks for 24-hour periods starting lat noon on 
each day of the year. 

Applying Procedure 7 factors to a 24-hsanr cam% s tarhg  at any time on 
day i is accomplished by applykg a single factor developed easing ATR 
counts sfor the 24hoter period s ta r~ng at noon of that day. S i ~ l a r l y ,  a 48- 
hour count s t a r ~ n g  ow day d is factored by decomposing the count into 
two 24-hour counts, applying a pair of factors, and averaging the results; 
the factors used are fhose developed ushg ATR counts for the 24-haus 
gerleds starting at noon on days i and i+I. 
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Procedure 7 'is somewhat more dlffimlt to describe and to amdesstand 
than Procedure 6.  However, it provides a very good match i~emeeuu the 
time period used in developing the factors m d  those that are used in 
obtafing the short-duraeow c o k t s  to be hetored. 

The a d ~ ~ a ~ t a g e  of this ten~poral match may be best understood i S  one 
considers the case of short-dura~on counts solkected for periods ending 
Friday msrsrfing or Friday aftexmoon. Using Procedure Yr the Has% 24 hours 
of any such count; is factored using AT%& comts for a 2Qhoue. period 
e w d h g  a t  nasn on Friday. This factor wiBI reflect F ~ d a y  m o r ~ n g  baffic 
vsTumes (which usually are slightly higher %him volur~~es on other 
weekday mornings) but not Friday e v e ~ n g  vo~umes (which usually are 
appreciably hlghes than vs~umes on other weekday evefings). 'The 
sharacterlsecs sf Friday traffic will thus have an effect on the factor that 
is relatively similar $13; the effect it has on the short-dura~on count being 
factored. 

On the other hand, using Procedure 6, the Friday pcsr~on sf the count is 
factored using ATE counts for all of Friday. This factor will reflect both 
the (slightly elevated) Friday ano g vo1umes and the (sipifijicantly 
elevated) Friday eve~rng volumes. The result is a tlimdensy to over adjust 
the Friday portion of short-dura~on counts. 

The good Procedure 7 temporal match results in AADT es~mates that are 
slightly precise than those produced by Procedure 6 ( m d  better than 
those produced by any of the sther temporal grouping procedures that 
were tested).' Like Procedure 6, Procedure 7 requires the use of an 
explicit i k ~ u t a ~ o n  procedure. 

I For the purpose of e w a l u a ~ ~ a g  Procedure 7, all si~nulated short- 
durahow counts were assumed to start at either 10 AM or 2 PM (represent- 
ing typical rnoraiing and afternoon stark times for these counts). 
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endix B. Eva 
or Groups 

This appendix discusses thee altemakives for devdoping data that can 
provide some hsight into spli&g factor groups for the purpose of 
improvhg the Komogeneify 0% the groups and the quality of the resul~ng 
AADT estimates. 

B.1 Cluster halys is  

Cluster malysis is a co nly used tool fpr providing infosma~on for 
grouping road secGons. The TMG (Sec~osa 3, Appendix A) presents a 
procedure for using cluster malysis to idexs~$r clusters of ATR stations 
that are potentially useful for groupkg road sections. 

The 734G procedure rreco ends applgring cluster analysjs to twelve 
mon&hlyfie&ors, computed as the ratio of MADT to AADT. This procedure 
produces clusters that reflect similari~es in seasonal patterns of traffic 
volume, but they do not take into account s i ~ l a r i ~ e s  and differences in 
weekday/weekenct patterns, In order to hcovorate both seasonal and 
weekday/weeken patterns Into the analysis, we recommend that cluster 
ranalysis b nthly average weekdayfactors, computed as the 
ration of ;6, where UMTDT is rrso~thly average weeMay 
traffic. We suggest that MAWDT be computed for each month by 

-- 
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sonsiderh~g a d y  Monday though n w s d a y  baffic B P O % ~ ~ ~ S ,  excludhg all 
Roiiday~;, and applpng the MSMTO procedure presented in Sec~on 3.k.' 

Cluster analysis is solnewhat better suxted as a tool for grouping obsema- 
tiam about wkch kittle i s  h o w  than as a 600% %or s p f i h g  or reorganiz- 
h g  ewsthg goups. For the latter puFose, we suggest that the results of 
the cluster andysis be viewed as a 7~a-y of pgrBifioni12g ATR sites, A 
review should be conducted of ATR sites &at cumently fall into the same 
factor group but whish the cluster analysis suggests.s%aauld be p a r ~ ~ s n e d  
into separate clusters. This review should d e t e r ~ n e  whether there are 
any readily iden~fiable and generalikable criteria that caw be applied to all 
shoat-eomt sites that will result jBs, dishnguishg bemeen the ATR sites 
in one cluster m d  those in anoher, Possible criteria may include: 

8 Degree 4 ~rbanizatio~n. aaddi~on to urban and rural 
groups, there may be a role for in-bemeen groups conslst- 
bng of sites in small urban areas and/or the hinge of 
urbanked areas. Such short-somt sites could exist in both 
'brban" m d  "rural'hageas m d  they may be dishguishable 
on the basis of hourly ~ a f f i c  vsPumes that indicate relative- 
ly muted rush-hour peaks. 

o Seasonality of recreationa6 areas. Short-count sites En recre- 
ational areas should be placed in the same group only if 
they serve areas with ssirnilar neerea~onal seasons, AADT 
es%mates for sites in reerea~onal areas can be improved by 
develophg separate posxps for reerea~onal areas having 
major or d n o r  peaks in the su er, winter, 11m~ng-sea- 
son, foliage season, Spring break, etc. 

a Degree of recreation~l inpuence. Roads that primarily serve 
recrea~snal t ~ a i f i e  exhibit relatively exhsreme p e a h g ,  while 
arterials that cassy a f i x  of: kaffic may have sirni%ar 
seasonal paHems but with more muted peaks. 

o Other geographic influences on seasoaaabify, such as the harsh- 
ness of winter. 

e Retail orientation. Small numbers sf retail-oriented sections 
in numerous, predo antly suburbm, loca~iions are likely 
to have relatively unique day-of-week volume patterns 
(with a relatively high percentage of traffic occurrkg on 
Saturdays). These Boca~ons may be iden~fiable horn their 

" 

A slightly more sophis~jacated psosedeaage for MWI uses 24-hour 
volsrmes for pernods s tar~ng at noon on Monday, Tuesday, Wednesday, 
and nursday, excluding all 24-laow periods that begin or e r ~ d  om a 
holiday. 
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horrrjy traffic pafiems (high volumes from late mwon~hg 
until early evefing with a lower weekday mczfiwg rush- 
how peak). 

A second approab to evaluakg the homogeneiv of a factor goup  
c o n t a i ~ l ~ g  several A"P s t a~sns  is to compare the factors obtahed for each 
of the sta~ons. mssifilxigies are m hdieatian that it may be alppropriate 
to divide the factor group. Some d i s s i ~ l a r i ~ e s  &at may be fairly easy to 
obseme are: 

a) Consistent differences in the size of weekday factors - 
hd icakg  h a t  some sites carry a larger share of total traffic 
on weekdays than other sites; 

b) Differences in &emdegree of seasonal variation in the factors; 
and 

c) Differences in the timing of seasmal peaks and valleys in 
the factors. (These peaks and valleys correspsmd, respec- 
tively, to seasonal tr-ougks and peak in traffic volume.) 

Plots of each s'ka~on" weekday factors (if Coxnbined Week and Average 
Weekday factors are being used) or Wednesday factors (if Combined 
Month and Day-of-Week factors are being used) can be heBphl in 
iden~Qgring d i s s i d a ~ ~ e s .  

Warmate ly ,  the iden~fieation of dissidlari~es does not necessarilly 
provide the basis for s p l i ~ n g  a factor group. Addi~saal  infwma~on is 
needed to deterrmine how to split the road secGons that correspond to the 
ATR stations. Some possibili~es are: 

a) Consistently kgh  weekday factors may indicate rela~vely 
low truck volumes or the existence of nearby weekend 
traffic generators. The former cause may be handled with 
some sort of kkuck-route/non-.truck-route iden~fier, such as 
func~onal system; while weekend baffic generators (such 
as retail complexes) may be idm~fiable at individual short- 
count sites by the peculiar weekday hourly haffic-count 
pae(ems that they create. 

b) aie degree of seasonal variation frequently varies geo- 
graphjcally (en$., as a result of differences in: urbadza~sn,  
the harshess of winter, or the influence of recrea~csnal 
travel). 



s) Differences in the ~ d n g  of seasonal peaks and valleys are 
most likely to occur as the res"dt differences in seasonal 
patterns sf resreaGonal travel. Such differences are likely to 
be geeegaphical in nahre, 

A third approah to evalua~ning the homogeneiv of a facior group 
contaifaiprg several ATR stai5sns is to evaluate how well factors developed 
from data for some 0% the stations work when they are applied to 
sj-mulate8 short-dmahom counts obtained for other s t a~ons  in the group. 
This approach may be opera~ona%ized: 

1. Choose one ATR sta60r~ in the Pactor group. 

2. Using thee AASHTO procedure prese~ated in S~ecGw 3.1, 
deri&e M D T  for the s ta~on.  

3. From ATE data for &at station, systema&eally generate 48- 
hour weekday cowts corresponding to the 'irarisus Mon- 
day-MTednesda y, Tuesday-n~arsday~ and Wednesday- , 

Friday periods used durhg the yeas for collecting cavesage 
counts. (The start times for the counts may be assumed 
always to be noon or they may be assumed to be randody 
distributed over the workday.) 

4. Develop a set of seasonal. %actors from data for the remain- 
ing ATR stations in the group (or, op~onalliy, from some 
subset of these staGons$. 

5 .  Apply these factors to each of %he 48-hour cbmts to 
produce a set oh M D T  estimates developed horn short 
counts. 

6. Develop sta~stical measures .of how the Step 5 M D T  
estimates differ from the Step 2 AABT valsae. We suggest 
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focushg on the percentage root-memsquare (MS)  ern09 
and the farem percentage emor? 

Repeat Steps 1 - 6, &omhg, in BarnI each 06 the ofier ATR 
sta~ons in the factor goup. 

At the end of th s  process, a set sf statis~cs will be generated iden~dlying 
how well short counts at each ATR s t a ~ o n  can be factored using data 
horn the other s t a ~ o m  in the goup. Sta~ons far wk& rela~vely large 
error sta$is~cs &st we sGdidates for being moved into a different factor 
group. i V e  suggest that WvIS errors in the 10 to 20 percent range are 
hordedine and larger errors are a clear indica~on that a s t a ~ o n  fits poorly 
in its current group. Some hrther informa~on about how the factor 
p o ~ r p  may be redefined can be obtahed by exa g the mean 
percentage errors -- stations with sskrongly pssi$ive numbers (e,g., greater - 
than 10 percent) probably shodd be separated from those with s'&rsngIy 
negative errors -- and also by e x a ~ ~ m g  the seasonal paRems of the 
hdividual factors. Mowwer, s usual, revising the grougs requires the 
abibiv to id en^@ appropriate indicators for dis~nghaishkg goups. As 
discussed in Section B.1, such hdiiea%ors may be based snt Iasa~on, 
roadway system, or hourly count paRems. 

For ra estimates of: U D T ,  denoted X,,X,, ...,&, the percentage M S  
error i s  defined as: . 

L d 

This error statistic is somewhat less intuitive than MAE (used in the body" 
of this report), but it is a better comparison tool because it weights large 
errors more heavily than small ones. 

3 The mean percentage error provides a masure sf how well the 
factors adjust far differences bemeen weekday md weekend volumes. 
Posihve values indicate the factors are derived from data from ATR 
stations that have a figher percentage sf their traffic on weekends than 
does ' he  station chosen in Step 1. Negatlve values indicate the opposite. 
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