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Glossary of Terms 

VPD - ,(Vehicles per day) Number of vehicles that pass a particular 
point on the road durin.g .a.period of 24 consecutive hours. 

ATYr - (Annual average daily traffic) Annual average number of vehi­
cles during 24 consecutive hours that pass a particular point 
on the road over the period of 365 days. 

Annual average daily traffic is calculated by.averaging the 
average daily traffic for each of the 12 months. The average 
daily traffic for the month is calculated using the equation: 

Average day of month= 5 Av. Weekd& +Av.Saturday+ Av. Sunday 
1 

Where Av. weekday = average daily .volume for all weekdays of month 
Av. Saturday = average daily volume for all Saturdays of month 
Av. Sunday = average daily volume t:or all SuJidays of month 

This procedure is considered the simplest feasible method for 
providing comparable values when counts tor certain days are 
unusable. 

Vehicle miles - Normally obtained by multiplying the ADT by 365 and 
by multiplying the mileage of road to which the ADT is 
applicable. 

Error of estimate - The dit:ference between the estimated value and 
the true value. The true value is generally unknown. 

Estimate ot: ADT = y. • This is an estimate produced by any estimating 
procedure. 1 

True ADT = Y. This is known exactly at points where machine counts 
are made continuously all during the year. 

Best estimate of true ADT = Y'. This is the estimate that is obtained 
at points that are counted t:or repeated but intermittent periods 
of time during the year. 

Error of estimate= y - Y or y -Y'. This is the difference between 
i i 

the estimated value of ADT based upon one observation and the 
"true" value. The "true" value either is known or the best 
combination estimate based upon several periods of observation. 

' y - y 
Relative error= ( i )100 = x 

i y 
or 

Number of estimates of ADT = n 
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n 
t X 

Average relative error of estimates of Aitr = i = i=l i (Studies indicate 
.. . ·.. n . • 

that, in a large sample of relative differences, the value of x 
is sufficiently close to zero as to be treated as a negligible 
,quantity.) _______ · 

- 2 t (xi - x) 
standard deviation = o= i=l (This is the ordinary statis-

n - 1 
tical formula for the standard deviation applicable .to any random 
sample of observations. When the observations are relative errors 
of estimates of ADT and xis equated to zero the formula can be 
simplied as follows: ------2-

I (lt
1

) 
a = i=l -----n .. 1 

If a zero value is adopted, then .:!:, C1 is approximately equal to 2/3 
of the area under the normal distribution curve which is the famil­
. iar bell shaped curve. ) 

Standard error of estimate = SE = ...!L. ( Since x is a percent, both v and SE 
are in percent) ~ i 

I= the sum of the quantities within the expression. 

Continuous count station - A place along a road where a traffic counting 
machine is installed for the purpose of counting and recording 
by periods not longer than one hour, the number of vehicles pass­
ing this location for continuous long periods of tiae, usually 
several years. 

Seasonal control station - A place along a road where a traffic counting 
machine is installed for the purpose of counting and recording 
(usually by the hour) the number of vehicles passing this loca­
tion for repeated intermittent periods of time. These periods, 
usually of consecutive seven days duration, are repeated on a · 
predetermined schedule which divides the year into four, six or 
twelve equal periods. 

Coverage count station - A place along a road where a traffic counting 
machine is installed for the purpose of counting the number of 
vehicles passing this location usually during a period of con­
secutive 48 or 24 hours. Sometimes coverage counts are extended 
to 5 consecutive weekdays or 7 consecutive dBiYS on primary high­
ways under 2000 ADT. Manual counts are also used :for coverage 
count purposes. 

Random selection - Every- combination of samples of a given size from a 
population, no matter how small or how large, has an equal 
chance of being selected. 



68 percent confidence limit - In a non-technical sense, it is meant 
that the mean value of a particular sample has a chance of 
·being one of 68 in a hundred . of being different from the 
population mean by .not . more than the value of one standard 
deviation. _ A more te.cbnical description is. f¥1. follows: 

The purpose for sampling i~ to estimate some value, (parameter), 
of the population. A sample mean is an estimate of the mean 
of the population. As such, it differs from the population 
value by some unknown amount, which may be as small as zero 
or very large., Using the sample data, and on the basis of 
statistical theory, an interval can be calculated around the 
sample estimate, in which the unknown popula,tic;:,n .value lies. 
The truth or falsity of that statement for any given sample 
is unknown. However, theory indicates.tllat if this 'process 
is repeated many times, then a definite proportion of the 
interval statements will be t~ue. The confidence that we 
have in the statement for any one sample is the confidence 
we have in the proportion resulting from the process. An 
interval calculated by a process that would yield interval 
statements that were true 68 percent of the time is a·68 per­
cent confidence interval. The upper and lower bounds of a 
confidence interval are the confidence limits. The size of 
the interval is a function of the standard e~ror of estimate 
calculated from the sample data. ' 

Weekday traffic - The number of vehicles that passes a given point 
on the road during a consecutive 24-hour peri.od from Monday 
to Friday inclusive. 

Road or highway·section - A section of road or highway between two 
intersections or junctions with other roads or-highways. The 
section may include all lanes tor traffic in both directions 
or the lanes assigned to traffic going in only one direction. 
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GOD.I :,OR 'l'MITIC YOLUII t.'01Jlt.t1IG JMltlAL 

~er I. DfBOWC!IOB' 

'file pvJM>&e ot thi• pi.de .1• to provide efficient i,roce4urea 

tor ak1ng accura-te estimates ot 8IIPll&l average a&1ly traffic (Am) 

Wl\'llles ltaaecl on sa:,pl.e cCNBts. 

IJ1t. is a tunkaental traffic M&81INMJlt tor the cleter­

aination of vehicle-m.les of traYel on tile variO\UI categories 

of rm-al. aa4 ur'ba bi~ aysteu. J,1/f values tor · specific 

road sections proviu tJae hip.way eng:ta.-:r, planner, u.4 eafn-. 

:tatrator with eaN!l't;i&l. intol"llatioa neeie4 tor tae clet,emiD&tioa 

of 4es1p stanaaru, t1le s7ateaatic class1ticat1on of higb.W,J's, 

an.4 the developaellt of progrua for illproveaent aai •in'l.eauce. 

Yebicle...Ue 'Val•• are :I.IIK>rtant tor the a.velo,aent ot higla,,.,. 

fillaacing ud. tuat;icm sclle4ul.es, tlle appra1Nl of aatety :,rograu, 

an.4 as a measure et tlw senice prov14e4 by ld.gb.vay traaSJO:rt&t1oa. 
I 

~ realize the full benefits of the ettert■ iantlvecl 1a o'bta1aing 

uul anaJ¥ziq traffic data, "they aun be s..ar1se4 u.4 ~ 

aaae available tor widespread ue. ~ :Ill tlds ny can 1nforaecl 

4ec1s1ons be a4e 10 t-.t higb.vay traaeportation vUl aJte its 

-.xim coatrilnlt1• to the eeoaoa:le growth et tbe State aa4 

Jf&tion. 



Statistical aaalysia aai experience ill tke appllcaticm et 

statistically coatrolle4 procechares 1a oTer 30 States fora the 

fOUDdnioa llJOD vlaicllt. tlais guide baa beea de'V'eJ.oped.. Measure-
. . 

meuts of tlle error of estimate · -.de in these States have illiicatei 

tut ~he proceiur4,a they W been UASing, aa a nJ.e, res.:Ltecl 1D 

errors as greai; or greater tbu tb.ose 4etel'lline4 h7 tlae procedure 

set tortll 1n this pi.de. In the •Jority ot i;lleae states, the 

con of 01,taining traffic vel_.a by usiq the_ p:roceare 

presented ill taia p.iu was less tllaa by -tlae ue ot their e11.rlier 

traffic: c01111ting aetaoa,,, :,ar\iclllar.)y -.en the. olcl pnced:are 

illvo1vei t,lf.e ueot ¢•atve seuGDl,l whine: c01Dlts ter coatrol 

purp:,ses. 

!ftais · p.14e serts forth.. atbeds waich can be usu te proace 

traffic vol.lllle ieat~te:• ld.th the acc\ll'&Cy 1D4icated aecea&ar7 

for tesip JnU"PO••• ut ec<>llOllic aaalyaea at a ainiJINa of cost 

and effort •. 

ODly at contia.,.. eoa:t 8'tat1oaa u4 ucler perfect contitions 

cau true Am 'be 4etel'llille4 vita. absolute accuracy, assuming no 

meebaaic&l failures.- arut correct vehicle classification data are 

available when axle counts 11Ut 'be converted to vehicles. Any 

co'IDlt of less tltall one-year clu.ration m:u.st be regarded as a saple. 

!'he 8811Pl• 'then can be 1»:terpreted to bear a certaia relation to 

the AJ1.r or te scme other Reeled measure, aa4 adJustments cu. be 

maele acco~. 
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W1lea a auple ia adJus1;e4 to represent the Arif, it. becOlilea ··· 

an estiaate ot Arlt. !l1e ae&.S\U'e ot accuracy of the estmate S.s 

the ditteren~e 'between tile estiaat~ 11114 tlM true average volume 

of traffic, it bown. 2Jaia·iitterenee·1a the errer of eatilllt.te. 

At coverage stations the tnie JJ1f ii ae-rer Jmon. Jibvever 

by simulating saaple coverage cOUDts at ·eoat1D.1a.0us cO\Ul~ staticm.s 

wllere the true Arlt is kn0WJ1, the error of eatillate of A1lf at 

coverage station■ ca.a be approxima1:.ed. 'by the · applicatioa of •ta­
tistical methods. 0rcliDar1l.y ti.ere are no aeaa of k:D.ov1:Dg the 

aeelll'&C7 of u. 1».cli vid\l&l esti-.te. Bllt · 1Q' using certain 

statistical priDciples, the accuracy of a large nUllber of 

estimates can. 'be detel'lline4 in teJ."118 of probability et frequency 

of errors of specific aagnitucle. !aese __.1tuc1es of errors 

are attributable to tke aetho4 of NIIIJ)ling aacl estimatiag. 

Errors d'u to D1' iJl.perfectiona or -.UUU.ctioniDg of tra.ttic 

cOUDting eq\tipaent are not co:n.siclered 1a these guiielines. The 

effect of tilese el'l'Gr& remaiDs the same irrespective ef the 

aetho4s used in estillating. '!llUs, there are o'bJective mesas of 

establisb1.ag the superiority of o:n.e aetlloi of eatiaating over 

another aa far as accuraq- of sample .estillatea of traffic vola.e 

is concerned. 

Ev~r.r State has its ovn problems concerning traffic vol\1118 

inf'ormatio:n.. 'there is no s1Bgle procedure that wul.4 so1ve all 

tlaese problau. 'fhere is, however, a method ot attack which, 
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when proper~ a:,pliecl., will :,reduce appropriate munrera to 

1uen1oas u to tJae maber of stations, leagta aacl freqlUtllCY 

of eounta, BD4 the accura.cy of the results. A vorld:ag lmowledp 

et l>asic nat181;1caJ. priD.ciplea •4 fol'IIUlu is necessary to 

4eftlop the mat ett1c1et procea.res aa4 to extract the 

ax1Jma accvacy frOla the data. 

Oltaervationa ilulicate that tkere are aubataatial titter.aces 

1a the urban u.tl rural. 'Variationa of traffic YOl ... Vithia 

apeeitiei.. tiae periols. Therefore, it ia neceaeary to eonaicler 

aeparde3.1' co11Dtina -4 eatiaating of traffic. Wl111118s .oa rural 

reau an4 on vbaa roa4a ad. streets. 
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CJ:tapter n. ROAL. BICIIW.l?S, 

A. B:lp!!fs v1til A11t Volws Greater. Tllan. 280 

The traffic counting proceare establisb.ed aa a part of the 

eripnal statewicle_ :td.glrv&y' plmmiD& •llr'ffY•, u4 later -41f1e4 

ey the various States to a'ld:t incli:n.41:18.J. aeecla, iaw.riab~ have 

prodae-4 uehl. results. Ia tae aore than 30 state• vb.ere the 

errore of estimates of the ADI llave been --■urei, it •• towi4 -

tbat the nu.dari. Aen.atiou ot tlleee errors were uually ia th.a 

+12 te +17 percent raap fer roads carryillg approxillate~ 500 AE - - . 

or •re· As a reslllt of theoretical atuq;- research, and meative 

field. appl1cat1oaa, a basic procedure llaa 'been ·lleTelope4 whiu. 

geaerall1' reduces the staa-.rc1 4ev1ation ot the errors ot estillate 

to +10 perc•t tor tJaeae )11gher Tolae roais, alvqs at a reduced 

eoet u cea.pare4 with pren.ous ae\.boAa. !he proce4ure that is 

preaente4 :tor h1gb. YOluae roa4s caa H 4:1 Tided. into three -.Jor 

steps: 

l. Grouping ccmtimlous ecnmt atatio».a 1ato similar pattems 
of 1110Dtlaly trattic TOJ.uae variation, 

2. AsaipiJlg road. sections to groups of siailar patterns of 
JDOnt~ variation, and 

3. locating and operating traffic count:lng atatiou. 

ft.ese three steps in.auccesaia-are tiseusse4 in taia section. 
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1. Gro91Jli Continuous CoU'&n 8-tlons !.D'to Si111lar Pa"t-tems 
of Monthly Traf'fic Vol- Variation 

!he naJor pra1ae·et tile 8'1U98tecl proee4ve for ld.ga-vel\11119 

roacla is tllat it 1spoaa1ble to establiaJa a series of casecnive 

road aectiOu liav1ag ,-:1■:1 Jar pattems of ~ traffic YOlae 

'ftll'iatioa. Beat• Net.ions display1rJ,g •:1■:1 l •r patteru ■ay be· 

conceatratecl 1a a particvlar area of a State; otller patterna ·1119· 

1M tcnmcl staten4e. llN4 aecticma vhicJa are deteraiBe4 to JJaw 

s:1■:liar pattens ot amt~ traffic volae va:riat1oD prort4e 

the buia tor· ·tae dJustlleat ot coverage collll'ts _.. at po:blta 

vi'tllin these IQ1lt;es. 'fb.eae coverage covat• are · ac}Ju81;ecl to AJ1f 

· 'bJ' Jle8D8 of a group .... taator d.eteminecl tor all the roa4 

sectioaa vi'thia tile 1:rou.p. 

A suaple v.,- of aearclwlg for coatinoua tratt:l.c c~iag 

natiou vita &11111.ar ·~ et --~ traffic Nluae 'Y&l'ia't:l.oa 

u 'the "array Mthocl" a1Ml 1• iaaer11Mt4 Ul4 1lluatJ;"Ate4 aa fellow:}/ 

a. Ia Table 1, the mat~ aa,.....,. factors (t:bat ia, 
the ratio ot A11f to the average veek_. tratnc ot 
tlae math.), are sho1m as81111iag 12 perauat locniou 
of a--.t1c 'traffic recorclers tor natiou A througl:l 
L, ldd.Ch represent road aectioas carrying ADl' of 500 
Tehicles or ■ore. 'l'b.eae ,erauumt ceatilmou c0\1D'ting 
atatioas are not Uate4 1D any paniC\llar order. 

'b. Arrage tu factors b7 IIOlnha 1a aacead:I ng oraer, aa 
uown oa 'fa'ble 2. 

y I.a ttw··iJ.l.11Rrat1Ye 9DP1ple, coverage cOlllllfa are a4e ~ 
4ur1J118 ta :,er1N of April tbrwgh llofflllber. 'l'heretore, ad.Jut ant. 
factors tor coverage C0\1111;s are ·nee«e4 ~ tor taeae eight ■cmtu 
and only tor tllail period. '1'he f':f■:1Jarit7 of pattens of adJUAllellt 
factors tor a tull year 1• req'llire4 tor group:f.ag et roa4 sections 
if tactor• tor 12 a:mtha are uae4. 
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o. .Por each amtk 4eteraiae a group of atati0U .. 8\\CA tut 
tJae tiftereace 'between the -.Ueet ua4 tile la:l"ge,t 
--~ tac1.or a.ea ncn exceed t:tae range of 0.20 1a 
tlae VIP.1.11es of factors. '!81• is baaed. oa tlle critericm. 
of t.,0.10 y tr. tlle aaa\Ule4 ...._. ~re are several 
possible groupiBgs 1a eaca moath. Deteraiae tor each 
aontll tbat &rO'IIJI llavill& tlae largest a\lllber of stations 
vitJaia tllis o. ae l'8llge u4 4esipate t-. Npar&t!oa ot 
these atat1ou li,y horizontal Uaes, as u.owa OD lfa'ble 2. 
Por illstance, for April a group f'roa 1.GO 'tllreqh l..19 
1aclu4ea 10. stat10D.&; vherea1, if t.lle fftNpu.g were 
1l&4e from 1.1.9 tareush,1.38, Oll]1: tbre~ sta'tiona. VOIIJ.4 
have HG 1acludetl. (stations OlRBicle the. horizontal 
lines often tora inclependeat groups nta a aaller 
11U11Der of cClll)Onents). 

d,. · '!he t1Bal grouping aholllcl be BllCJl that all or aa 1MUQ' 
aa ,oasi'ble of tae saae stations volll.4 tall i.ai.o tile 
aaae group tor each of the IIOBths. With t~s prerequi­
site in ■ind, 1t is toad that although stations c, D, 

. ancl :I an within the e.20 range, between 1.00 aa4 1.19 
111. April, t)lq 4o mt tall into the group. clef'inecl tor 
so■e ot;Jaer a,:,,nths. !'er inataace, ~ticm I vita 0.93 
is onside tile lillits et the range 0.6,11...0.76 in Augut; 
also, it is olltaicle the range iD .l'llq •. (~l>l.e 3 
Ulutrates the 81'0'11'• t:lulJ7 detiD.ed). 

It should 'be noted that in Boflllber station L has a factor 
1.36 vll1ch i• outaiie of the range 1.10-1.30. Investigation 
cliscloaed tbat 1n. Boveaber tJaere vu coastractioa which oauae4 
a recluctioa of traffic veluae at station L. .Alao, it was found. 
tbat 111 the previou year the tactor w.s 1.19 vhicJa wolll.4 have 
kept station L well witllin the ran.ge ot this group. Por tJa••• 
reaaona atatioa L waa incl\ldei in group I. 

It is also noted tbn 1a group I tor· the aonth ot Juae the 
rage is o. 21 wh.ich 111ticates that . strict~ apeald.n.g, e1tller 
•tatioa a er station J is outside tae range. Bovever, iaves­
tigation of t1el4 recorcls au4 data tro■ previous years tit uot 

'J/ !l'hia
1 

±•10 ftl\18 sJaoul.4 not 'be confue4 with the 4esiga atu.4ar4 
c:1eviat1cm of +10 percent iD tile error of eatiaate ot Am. '.&e 
criteria of ~.10 is 4esiped. to pN4uce a part o:r tile atauclard 
4eYiatioa of ±10 percent. The reaaining part of this atu.clar4 
4eviat1on of ±10 percent is attributable to tile •aapliag error. 
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diacloae uy almol'll&l.ities of the counts ad; tJaese two atatiens. 
Since the excess over the 0.20 criterion is cmJ.y .81, o'bV1oualy 
it could aot bave 8DJ' s1pit1caat effect cm tae group mean fact•r• 
ifiaeretere, it •• decided to keep botla stations B and J in 
group I. 

•• :ror each group eoapd;e the average of 'tiae taetors tor 
· each amth to arrive at . the 111C>Dth group aeu factor 
as a:taon 1D Table lf..y . 

~· reasons why station L was 1nelu4ecl have been prenously 
41scussed. Bwever, because ot the higbly localizecl m.ture of 
the constracticm work which affected tae lov•Hr factor at 
station "L," tlae value ot 1.36 was aot incla4ed 11a tae coapu.­
tation of the aeu factor of 1.16 tor :hveuer tor goup I. 
For the month of .l\me all sevea values were ue4 computing 'the 
group mean factor o'f o.88. lfhe excluaicm of either station 
11 or atatie ~ wul.cl have attecte4 tlae value ot the aeu c,nlJ' 
be O.Ol wbich is neal1g1ble. 

Ia exceptional caaea aucla as notect iD stations a, .J, eaa 
L, of the exupl~, tile .20 ranee ray" sUglrtJ.y ieviateA troa 
it the condition warnmts. 

When a eOllpllter is availa'ble, groupiqs aay be done separateq 
for every •m:ta clllriag vldcll Tellicle coverage cO'IID't ll't&tiona are 
operated. ftis would aeaa that the maiber of gl'OllpS w1114 •st 
11ke.q va;q troa mJl'tla to .,.tb. ··· hr iaatanee, fra ~le 2 it 
can be seen tbat there weuld 'be oal7 one grcnap iA OC'tober; only 
two groups ill April, May, Jtme, Septeuer, and Woveuer; aacl 'by 
rearraiaging 'Ute grouping proce4ure, JIily anc1 August can al8o be 
place4 into two crov.ps. 

y · It should be noted that ~ tactora are 1a tel'll8 of 
average weekday traffic. Coverage coat• are us~_... on 
vee~•; vb.ea Bat11l"tlq ancl Slmday are inclwle4, Gilly tae 
weektlay coUDts 889\ll.4 be ~eel for estiaatillg Am. Aa a rule, 
tae ftriationa of Satu.raa.,,, aaa SucJay volues. within a llOJltb. 
are greater tban that of tb.e week.Mys, thu the >JR esti-.tea 
based OD coats vJ:11.cb. 1:aclwle weekends ten4 to l>e leas accurate 
tllan those 'basecl. on week_.. 
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2. Aas'-piy ·Bo&A··sectiona·to··~rov.pa ef·S11dlar ·Ntems 
ot MtOlt~ Yariatioa ·· · ·· · , , . : . . 

.bsip a eertaia color to e&ea Sl'.OUJ> &DA .. k a a •P tJae 
. ' . . 

l.ocation of each cont:1n11G11S CO'\Ult stats.on .vi:ta tJile appropriate 

eolor for ita gl"Qup. ala ia Uluatrated on P:l.gu.re l. statiou 

. ot tJae aue arouP. ll81J&1ly tall al.onS a coatin:aoua ... 1"01Re or 

ieaignatiDg taea 'by the color of tb.e etationa vhich tall. upon it. 

When groupua · 1• &.me aepa,ra1iel7 for ··eaca. aoatlt., tl:tere shoal.4 be 

a •P tor each matla • which the grou.ptap are t.tma cleaipated.. 

D.e a'llliber et.coatimu>US count recortera :1• aot.or41nari]J 

a.U:1.cient te uaip · to patten group• all 1'Qd aecttoaa 111 the 

state w1tll • J.'l1f ~111ae greater tbaa 5Qt. Ill tJae aa.,1ority o'f 

the States tllere are .eeaeonal· c•trol stat.ions. 9aeae .are 

atatiaa at wlaica t:ratt1c eoun.1;a are _.. at e..,:uy spaced. 

ill.tenala ot t111e iuriDg the· year. .·9-e .. :roa4. 1ectioa1 whieh 

ca:an.et be grouped by coatillllQUB coat recor4ers _. M claaaitie4 

by aeasouJ. control atatioaa. !Ju• 11 acC011>11•4 1a tae 

t0Uovilag.-.n11eri 

a. For each a.....:L control at&tion, co■.,ld;e tJae ratios 
ot tlle AJI! to the average veeMq of t1le ,..-ta, 
exclu4iag au llolidlQ'a 4v:r1ng which tJae couat vu 
.... (!'.tl:l.a is illutrate4 1D h'ble 5. llote that this 
is e:sactl.7 .• tlae Nll8 procedure Ulut:ratecl li !'abl.• 1 
tor contimlo1ul cGllJ1t •atatioaa ). ·. · • 

'b. If.be atniona are 1;ae arrayed u now 1a 1!ane 6. 
(ftia iJI the saae procel.ve 1Uuat:rate4 1a !'alu.e 2 tor 
continuou 001111.'t sta.tiou ). 
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c. e-.,.re each ot the reaultina ratiot1 with tb.e 
correapomting aerm ietendnecl tma ccmtiDIIOUf, 
count natiou. Va:lng tile criterion of +. l~ 
titterence tra the ..... ratio et· continw,us 
count atationa, allocate all •••oa&l. catrol 
stations to the grups d.etend.aet by the ua.l.ysis 
et contia118118 coat statics. !he resul:ti.D.g 
allocati• 1• allowa 1D Tabl.e 7. ka exeapte of 
aea1p1-g a ••BODal eoatrol atatioa to a grevp 
tell.ova: 

statiea 5 ia ••• iJl group 1 1a !'able 7. B7 
reference te !'able 5 tlle ratio tor tb.e aoath 
of April 1a .'I'(• As ROWB 1a 'l'allle 4 the aeaa 
April factor fer group I is 1.u. Thu the 
titterence 'betveea tbe tac:tcn•• 18 .14. !'Jlis 
aaae procelllre vu tollovei tor the raaiaing 
maths u.cl the tittereace 'betvee.a the·factors 
for natia 5 aa4 the .... factors tor tbe 
correspmcl1q matu for ll'O\lP I were DH area,ter 
taan .1.5. 'l'Jaeretore, nation 5 coul.4 belong to 
group I. . 

A •re ebJectiYe aetW ot aJJ.ocatiag a aeuonal 
cemtrel atatioa w a gro11p aq 'be ue4. Thia 
aetao4 1• bue4 cm tlae prillciple of "l•at aqua.res. " 
(See !'al,le S, page ,1 ). 

a.. Iaclicate · on t.lae ap the J.ocatioa of each aeuoul. 
control sta1.1on., uing tlae col.Gr et tlle group to vltl.ea 
tae natioa beloags. lflml' of the seaaoaal. control. 
stations vUl fall · into patterns vaicll were · ilet;en.iae4 
by continw,u count nat1cms aua. tau verity the 
allocation of tllese road sectiou. otJaers aq pron.tie 
iatol"ll&tioa to aJ locat;e tJae roa4 aection• tor wllieh no 
iatol'll&tioa 1a available troa the cout:la'IIO\lB cOlDI'&; 
atat1ona. ·If.be :,a"eru tor aoae aeaaonal control at&ti•• 
JIIQ' mt tall :Lato aay preclete:miD.ecl group as noted. 1D 
~bl.e 7. 

y Siace ... Nll&l. coatn1 stations are Allpl.es ratlaer 'tllan 
cOIQl.ne IIDBUla, tlae group~ l,e aten4e4 to "89. raage of ±•15 
rather tllan ±•10 ue4 fer 'the coatin'IIOU collBt atationa. 
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e.. It tl'le state cloea Dot ave aea&Oll&l control stations 
to .Jlake aeceaear,y us1paata of roa4 aectioras to 
groups, it 1a illporturt to eatul.isla fea&OJlal control 
stations tor oae year to make taeae usipaenta. Best 
results Will be olJtaine4 b7 ccnmt1Dg HYea couecutive 
_,. 1D ~ moath. Statiaa counted. le•• treqwat~ 
tlula once each -..ta -,- be 41tticlllt to ua1p to 
gn>QB. ' 

The sealOllal control. natiaa tl:lat do BO't tall. in1;Q a,q pre­

d.nend.BN grov;p slacnll.tl l>e carehlll' exawfu--4. For exaapl.e, 11. 

aay ae touaA tlaat tae •Jor1ty ot tlae ~ acne Vita a prevlouq 

ctetel'llf.BN :patten.. ID aull cu• record.a tor aeTeral. :,rece41rag 

years allould l»e emf ne4 aa4 coa;paret. iD order to cleteriWle 1f the 

tiaagrellllBD't iJl w c,f tae IIORt.118 ta a •tter ot repetition 

ratll.er tau lteing pec\lltar to oae ,anicular y-.r. '!Ilia was illu­

trated 'by the st'IIC\Y ot the recorcla tor na1;1ea L ad L 

If records are aw.ilaitle, tile process ot groQ:lag cODtinlM>WI 

co11111; statioas . ut1, if neceasar;r, seasonal cmrel ataticm8 as 

41.eseribecl a'beve uo\ll.i l»e repeatei for two or three preced.:I.Dg 

years. Becaue of 1;he persistence of 1;he IIOBtbly ratioa over a 

period of years, it _,. be expectecl tut tlle great aaJority ot the 

roa4 aeetioaa will tall. i.Bte the •- IIOU:bq pattera groups year 

after year. Ia oae State, after &t\UV'inl fOIU' yearts couats, it 

was totmi that alMNt 911, percent of tae road sections retained. 

tlae:lr gn,11pina• and only about 6 percent neecle4 to be c.lumgetl. 

It is reCOlllleD.ie4 tbat gro11p1Dga of contiauous recerders ani 

aeasonal cOl>.'trol naticms be checke4 every year. 
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Ortinari]¥ t.lae caangea 1a tile &r<NP patterns cu 'be visual.11' 

4etenwaecl,vllea theeOll'tirol atatioas bavebeen plotte4 on a •P 

bf aeans of the· coJ.or..;.cocle4 .group s1119<>ls. ll>vever, there say 

be s1t•t1ou *• the uact peint ot cmmge ia not easi]J' 

aaeertaiaea. !hi• aq occur near urban area■• In such situation■ 

it is clesirable to enaolisb. a441.tioaal. control to 4et1ae t:td.s 
l 

point ot cllaaa•· All illutration of tlli• ccmdit1oa in a rural 

~rea is ebovn at the bottoa ot Pip.re 1. '1'llia rose vu aasipei 

to grov;p I, l:taae4. OD tb.e data froa contiauous c0\111.t atatiou B 

u.i G. lbveTer, there vaa • certaiDty t:bat allot the section■ 
,· " 

ot this roate ao assipei act\l&lly belong to that sroup. la the 

long-range progra of as•:fgRN'lt ot ~ sections to a gro11p, 
,;: ' . 

it ia uecesaary to verity the asauae4 roa4 section d.esignatioa 'by 

establ1sb.illg aece■sary seasonal coatrol ataticma. !bis vu 

accom:pliahecl ill tllia 1Jls1iu.ce b;J eatabllahillg •••onal oor:rtrol 

stations 32, 33, 34, 37, and. 39, which aubatutiated tbe origiDal 

aasumptioa that all. sections between uJor intersections on tiai.a 

route be.long to group I. 

Blq,erieace aunurtiatea tlle applicability of the theo17 of 

contiguratioaa which inticate tut 1Jl tlle -.1orit7 of cases the 

seasonal. control stations fall illto the gro-.,a previou]J' 

4eteraine4 'by tile coatinuou c01111t atatioa data. 
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Jfor the pur;pose of illustratin, uetker exaaple ot wllere a 

caange in groupilag is 1.Ddicated is saovn oa figure 1 fqr seaeoul. 

control nat.10DS 19 an4 21. There are two questions arising fraa 

thia aituatioa. One ia the aaaigmaea-t of the roa4 sections Ntveea 

Richarclsville and Prazer, and tlle otller is the aeeipaeat of the 

roai vest of B1caar4av1lle as illdieated by tlle pattera of statia 

19. 'lhe data tra atatin 31 iDticate tbat prniou aaaigmum.i 

of the roa4 betweea RicharUville and. Praser to gro11p I waa 

correct. 8a tJae o'ther ltaud., it is obHne4 troll tile daa obt&ille4 

at ata'tioas 16, 17, and. l8 tllat tlle road aecticma vest of 

Ric.barclaville l>elfm& to tae .._ grov.p aa atati• 19. 

After acc-.,l.iahillg ta allove describecil proced.urea, tu 

ugrouped road secti•s witll aa AJ1f excee41Dg 500 aa aotei Oil 

J'ipre 1, are roa4 aectiou vith UDU-.1. or extreae pattema of 

:aon~ Tariatioaa ot traffic TOlae. :lomal..1¥. taeae are roads 

'.' ee41 ng illto resort or recreat10Dal. areas. The roa4 aeniona 

exlaibiting aucll patterna uauallJ' are l1:a1te4 1D extent u.4 a 

•i•l• ccmtillueua or aid.table seaaoll&l. con:trol coat station :la 

ortiaarily autticieat to obtain tb.e neceaA17 a4Juataent factors 

tor each sllCl!l section. 

fte plan1ng el ,traffic volume wsu.reaent ia baaed on two 

tuaumental cll&raeteristics which bave 'be• eatabliabei by IIU7 

stu4:1es. Y fteae claaracteristica are: 

y Refer to b1'611o~ iteu 1 and 2. 

13 



(1) fte pattern of monthl:y variations of traffic voluae 

persists over long.· stretches of ·highway. 

(2) fte pattern ot B>Dthl1" variations of traffic voluae 

persists over long perio4s of''time. 

It can be expected that at intermediate points &long ·each 

ru.ral. route, the J110nthq variations will be sillilar to those ·• 

establi8hedbythe'continuou•count statioas along the route of 

its group. Therefore, each group aean · factor should be applied 

to the coverage count ·statioas which are located on road sections 

of this group. · For exaapJ.e, in· Figure i all coverage coun" • 

stat ions operated during May on road sections of group I would 

use a factor of o. 97 (see Table 4 )~ This aethod should result 

in estimates of AJ1l with a standard deviation o:r estiaates not 

exceeding ±,10 percent. 

3. •• locatine; and ·0perat:tng 'fraf'fie Countig Stations 

a. ContinuouS 'fraf't1c Counters 

• After all road sections • have. been allocated to greu.ps of 

~;1•1Jar ,aonthly patte:tns of traffic variation, it aay be possible 

to eliainate or relocate soae of the coatinuous count stations. 

This decision, however, should be wade only after .careful. deter­

ainaticm of all purposes served by.these stations. These 

considerations should· inelude.t 

(1) Continuous count stations, in a44ition to proViding 
a4Jutaent factors for expansion of coverage eomrts, 
111q be needed for long-range detenaination of'·traf'fic 
trends at a particular point. · 

(2) It aay be desirabl.e to deterlli.De accurate peak hour 
couats at a particular station. 

14 



(3) other local :l.Dfo:qration aq be used. 

(4) The road sections tor which records are not avail­
able should be studies. lither perunent or 
seasonal. control stations liShould be located on these 
sections in future years so as to enabl.e the proper 
classification ot these road sections by group■• 
If seasonal count stations are operated, each count 
should be for one-week duration. 

(5) It •Y be desirable to retain continuous count station 
locations to deteraine tbe rates of change ot travel. 

(6) In general, a miDillua ot six continuous counting 
stations should be·located. in each groll,P ot road 
sections with an independent set ot aon.thly factors. 

b. SeUODal Control Stations 

Atter all road sections have been grouped as described above, 

tbe number of seasonal control stations can be signiticautly reduced. 

When there is reason to believe that a seasonal pattern on a 

particular road section is changing or bas changed, seasonal control 

or continuous count stations should be used to detenaine this change. 

c. Coverage Count Stations 

(l}. !be. bulk of the JJ/l data coaes from. coverage. count 

stations since they are located wherever specific traffic 

volae 1.Df'ormation is desired. In a coaprehene1 ve traffic 

volae ·survey, information 18 needed for each section of 

road. between intersection.a. '?o achieve this it ia theoretically 

necessary to have traffic counts at everr other intersection. 

However, data collected at coverage count stations represent 

saaples in tiae. Bstimatea ot M1f based on these saaples are 

aubJect. to sufficient saapllng error ae to justify the 

followiDg rule: 
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"Locate coverage count stations at alternate inter­
sections. lfowever, it may not be necessary-to locate a 
coverage count station at a1ternate intersections providing 
the traffic vol\Dl.es do not vary by 110re than 10 percent 
between road sections under consideration. Also coverage 
stations may be omitted when changes of traffic volume are 
even.ly distributed over a series of cODsecutive road 
intersections. Traffic volmaes for the intervening 
sectiODs can be esti.Jlated by prorating the volumes at the 
end sections.ff 

(2) The following may be used as a guide to determine 

the coverage count stations that a.re needed: 

(a) Make coverage counts at every other intersection 
or as needed as described above. This coverage 
counting program maybe made in one year or in 
several year cycles up to f'i ve years. A u.xiaua 
cycle of three years is recoaaended. Assuaing a 
three-year cycle, one-third of the coverage counts 
would be made each year. 

(b} It only vehicle 1lileage information is needed then 
a ll\lch smaller coverage than described under (a) 
would be required. For example, the rural vehicle 
aileage by counties was needed within 5 percent 
standard error of the mean. This vas accOllpl.ished 
by locating coverage coun't stations at an average 
of 10 ■ilea apart. 

( c ) In general, approximately 25 coverage count stations 
will be required for each 100 miles of rural roads. 
Depending on the topograpl:J1 and the pattern of 
location of roads, variations from this coverage 
may be encountered in soae of the states. 

B. High!!9S . with Av.r Volumes Between 25 and 500 

Roads carrying less than 500 AJ1t must be treated differently 

than roads with higher traffic vol.um.es, since past studies have 

shown that the sta:o.dard. error ot estillate increases at a au.ch 

greater rate when the traffic volume is less than 500 ADT. Y 
This relation can be illustrated graphically 'by the following figure. 

y Refer to bibliography item JJo. 3. 
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ANNUAL AVERAGE WEEKDAY TRAFFIC VOLUMES 

1. Control St&'tioa. !l!!&tioDs 

It ma 'bea cl.eteniaecl troa put .experience that all Nl'&l. 
roa4 sections regarileaa of tlle &alliaiatrative ayna with 'YOl.ae& 
betvee 25 u.4 500 AJl'I can ga.ei-ally be repreaell'ted 'by one group, 
tor. tlle :,aJOSe ot .. g-.,u.tillg IIOllthlJ a&Jutaeat ·tactors w obtain 
eat:lateia t:4,AP.f. Y ea ·this ltaa:f.s, the following steps ahould 
De llllclertakea: • 

a. OontiDu.ous eomrt atat1on locations on lover vol1111e roa4s.., be chosen arbitraril.1' to provide atleqva"te 
pograpllicaJ. repreeerata'bien. Analyaia .of oae or 
two year' a aav. will help determine · it' .e.11.7 ot the 
locatiOBs U011.l4 ile caanp4, or :Lt aclditiODal 
st&tiou are reqld.red.. l'ive or six such stations 
will be &4equate ill mat states to COllpU'te the 
average MJustaeat taatora fir en:$llatblg tke 
.AllP! at the coverage c~ stat:lens. 

y Beter to Di'bliograp)q it• ll'o. ~. 

17 



b·., Sea80nal control stations 1IIQ' be uaed instead. of' 
contauo\18 counting stations. If continuous count 
stations are used, a lllU\ilnml ot 5 or 6 are required. 
It seasonal. control statior.us are used and a count 
is taken in every month,.5 or 6 seasonal control 
s-tations are also sufficient. If co\lllts ar• taken 
eveey other month at seasonal control stations, the». 
the number of stations should be doubled. Therefore, 
10 or 12 stations may be required. Moreover, the 
scheal.e shou.ld be so arranged that an equal number 
of coma.ts are taken in each month, statewicle. 
S1m:llarly, if counts are taken eveey third J110nth, 3 
tiaes the number of continuous counts. are required. 

Prortdi.Dg a State bas a sufficient number of existing continuous 

count stations on state highways carrying less than 500 Am or on 

J.ov-volae.roads on other aainietrative s7stema, these stations 

could.be \lsedto provide the necessary average a4Ju,stment factors 

for low-vol\lllll! roads. 

Continuous count stations and seasonal coatrol stations aormall,y 

should not be located on roe.is carr;ybg less than l.00 Am. The 

factors obtaille4 on sections baving 100 to 500 AIi! cu. 'be applied 

to all roads carrying AUf ot 25-500. 

2. Coverye Count statiODB 

Proce4Urea for 1.ocatiDg coverage cowrt atationa on road.a 

can-ying in excess of 500 AD! also apply to lov-volae roads. 

An exceptioa to this :policy ia tlaat coYerage count atatioaa are 

not uaual.ly . J.ocate4 on roa4s carrying aa Arif of 25 or less. locate 

coverage coUD1i natiODs at &lteru.te interaectiODa. lbwever, it 

nuv not be necessary to l.ocate a coverage courd; station at alternate 

intersections pro'Vid:1.Dg tile tra:t'fic vol.uaea clonot varr by 110re 
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than 25 percent between ·road sections lim4er consicleration. ·1ote 

the siJlilarity to tlle procedure for roads carrying an A'J1t ot 

500 or 110re.. (Chapter II, .A-3 (c) page 15. ) 

When the adJustaent factors obtained from these CODtrol 

stations are applied to coverage count stations on a lov-voluae 

system, it 11&7 be expected tbat 68 percent of the estimates of 

AJ1l will bave an error vithi.ll 20--25 percent. Jlore precise 

estiaates may be expected for tb.e laigber volume roads vitb.in 

thia traf'f'ic volae range. 

C. Roads vith Ju1f Vol.uaes Less Than 25 

other sources of intormation ehouJ.4 be used tor the esti­

J1Ation of traffic vol1aes on the extremely low-volume roads. 

Such sources may inclucle culture, previous ·records, and the 

application of the overall rate of cbange in traffic volume 

over a period of years. &wever., there may be roads vitbin a 

State or an area that have such ecODOllie illportan.cetlBat fewer 

than 25 vehicles my represent an appreciable aeasure of service 

and tbat service shou.ld be more accurately aeasure<l. In each 

cues, traffic counts of longer tban 48-bour duration are usual.ly 

necessary to achieve any practica1 degree of accuracy, an4 five­

or seven-day counts may be necessary. ~· control stations which 

were used tor the computation of the average adjustaent factors 

needed to eoapute A17! volumes for roads in t.he 25-500 Am group 

19 



can be utilized to detemine AM for roads with Am volwaes less 

than 25. When greater accuracy- is desired, a repeat coverage 

count may be Justified. In some cases a continuous count recorder 

may be necessary to produce the desired degree of accuracy. 

D. AdJustaent Factors 

1. The group mean ratio of the A11f to the average weekday 

traffic volumes. of the month is an adjustment factor that would 

be applicable to S811lples of 24-hour averages of 48-hour counts 

on weekdays, and 24-hour averages of five cOAsecutive weekdays. 

If coaputers are used th.en weekly adjustment factors way be 

applied. These factors are the group mean ratios of · AJH to the 

average weekday of the week dur1.ng which the coverage counts are 

made. Even factors for individual weekdays of the year can be 

used. Bovever, these individual. week.day factors in a few States 

where they .bave been used., do not produce a significant increase 

in the accuracy of Am' estimates. 

For all coverage counts taken on road sections that bave 

been assigned to groups of similar monthly variations, a group 

mean factor should be applied. These group mean adjustment 

factors are computed separately for each group froa continuous 

count or control count station data. This procedure has been 

discussed previously., (either monthly or weekly). For example., 

the use of a monthly factor would be as follows: 
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A coverag•. count. of 48-hour uuration Oif lNJt!~:s• ris 
llad4! <>n a road section of' ~.u~ I in Septeat,er, 1;~ . , 
e·ouat' shoWed 4,286 'vehicles •. :The 24-1:lour mean,; t.here-
fore, eqU$ls 2il43 vehicJ.es. Froa 'fable. 4 tbe 
84,Utment f'aciior 1.,0.89. '1'b.e eatuaat'e·'of' Am for 
this coverage station i«s 2,143 x o.89. • l,'}CT{. 

-t,Y_'.,,:· 

2 ~ When coyerage counts are 118.de tor a period ot aeven 

consecutive days a suitable adJv.stllent factor au.st b! appJ.ied. 

If hourly reeorcling counters are used, the factor shollld be ~- :-. '. . '- ... -" 

representative ot the average vee!!1!Z: ot tile J1191>,th or week. When 
"·-'-·' ·,"._,,-_ ':. ,,. ;.,._.-- ' ·.-·. ·- •",s 

c'UllU).ati ve coun"ters are used the factors uat be representative 
' . . . . ' . ·•-· " , ,· ;-~- '. ... ' '. ; {: 

of the average.~ of the month or week. A.aa~o'° qonsideratioll 

in selecting a coverage coUDt period is .the stromg possibility 
,_; __ :'. · ;.• •· ... ,.;~· .•• _.__ ,•,'.. . :-. .-c-_·"·,' , t.,,''"i,_{;:,·•· ,·c_·-, ,. , , • ,,' ! 

of lost data when rubber tul;)e detectorp are l~:fi? .in plJl,ce :tc)r 

extended.peripds. Litt.le, it 8111, .accuracy- Call b" gailled by 

inelwling Sa,tlll'0.&18 and. ¥d&TS ., iu .th. ~!·~•t~r:1,od~ y 
'fhei-e is a period of about tour weeks in the SpJ:':µtg and 

_\..-. - ·. ---... -._ .. "\. -:- .. -·:. ,,·----· ··; ""·--_ .· .. - . ·:·-- "-" --- "/;.·_ -

Ibwever, it :ta considered i.Jll,ractical t. o recru1 ..... t sufficient 
,'. . -. ·, :., ;_ 

help only for.these short perio4s of tiae. If' this procedure 

is used, cau~on should be exercised in the selection of these 

y .Refer to .. bibliograplQ' item Ko. 8 for the effect on AYf 
estimate accuracy of va.r,ying the coverage coUDt duration .. 
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4-week pe~iods as the represeJ:i,tative. tratfic vc;,luaes ·V&r3 some­

what f'~ year to y~ 812d from station to station. The .usual 

practice is to cond):lCt .trattie coverage counting for a pe,riod of 

seven or more consecutive J10nths and in some States the year-round. 

AdJustment factors 4eterained from control. statious in rural 

areas should be applied to all. rural roads. For the suburban 

sections., it 1s·clesirable to determine th~ adJustaent factors 

from. data obtained either from continuous count re.coriers or 

:from a few seaso~ comrt stations located 1n these areas. Until 

data are available from these record.era, it is usually adeflute 
! 

to average the factors obtained in the rural areas with those 
. . 

in the pa.rtie'ltlar city · aud apply' these average values to sub-

urban areas. Genere.l.ly; the monthly variations of' traffic 

. voluaes in suburban' areas approach those of tb.e cities. It bas 

also been observed that 1110Dthly traf'f'ic vol.uae f'l.uetuations in 
. . 

the cities are m.t.lch smaller than they are on the · rural road. 

sections, so that the urban :factors tent to approach unity for 

each aoilth~ '.rhis implies that the monthly Tariations in the 

suburbaa areas are uaually SJD&ll.er tban those observed in the 

rural. sections ef the same route. 

22 



E. ~.An!9:s1s . 

1. Ecli1'in§ 

a. Manual Editing 

Every1'1eld report must be carefully exaaitied in the office 
• . , '1-.•' 

and all noifatlons \'hereon must be caretu:ily read. This will 

eliminate all counts that are obviously un11atisfac:ry;qey. All 

counts for wb.icla there are indications that they were taken 

under abnontal. circwu1.ances should:not be used. "'Each count 

shoura:: be cOllpa?'eci with: the record of the saae ·sta~ion for the 

previous year. If the two differ by 30 percent ,or aore for 

roads carrying greater tllan 500· AD'f/ such counts shoUli ordinarily 

not be used Utiless justified by known changes in the area. Counts 

which dU'f'er by more than 20 but lest thaD. 30 percent may be used, 

but all sections in this range must be subject.eel to very careful 

scrutiDy. 

On roods carryin'g iess thu 500 AJ1f, the counts .. · q.iff'ering by 

60 percent or 110re from the previous year should ordinarily mot 

be used. lbwever, if the difference· 1s bet..,een 20 and 60 percent, 

such colmts 1ll(y beuel'vith caution~ eviderice·that they 

· may be satisfactory. 

'b.. Machine Eld:1:t ing 

In states where computers all4 qualified personnel trained 

in statisticaJ. m.ethods are avail.able, machine editing procedures 

can be used.!/ The principle of'this editing procedure is as 

f'ollows: 

y Refer to bibl.iograpby item lfo. 5. 
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(l.) 

(2) 

(3) 

Using available historical data·ot traffic counts 
a1; a particw.ar J.ocaticm, coapute a relaticm.saip 
between Arlt and the year by •ans of linear 
regression teclmiques. J'ive to ten years ot 
historical data are desirable tor the purpose. 

ExteJMlt1- 1'mctiOD to the year ot tae current 
CG\DR aud 'determine the clitterence betveea tl&e 
value yielded by the tunctioa aacl,the.c~t 
value. · · · · 

. . 

II this clitterence ia SJl&ller tlwl twice the stand­
ard. error of .. tiaa~t about the regresaionliae, 
the count can 1M accept;e4 witaout f'urther 1aveat1-
gation. It the clitterence is .. J..araer than twice the 
staaclari. error ot'-eatiaate about the regression 
11D.e, then,the cu.neat ccnmt is .eub3ect to iDYesti­
gatioa. Its tiDal acceptance or reJection will be 
ade .llJIOR tlle results of tllis investigation. 

~ f4'st two steps outl~ ,above caa be accaplishe4 by 

use· of ooapm.ers. 1'ae uJ.y phase ot tlle :,roce4ure outl1De4 un4er 

- (3) aboff that cuaot be accoaplllllel. 'by tile ue ~ a coapu.ter is 

the analysis of tile reJecte4 cO\lllt. !rbia ualyaia -.ay req,u1re 'both 

t1el4 ancl ottiee checld.llg, either a recouat or an inveatigaticm, 

to deteraille the cauae ot the excepioMJ. cbaage ia traffic 

2.. Meehanleal Data PrGcessing 

~• ue ot el.ectroaic data processing equipment is mat 

4es1rable tor further U&lysis subsequent to e.~ting. '!he selection 

ot the acl.1u.etaellt factor and tile fept,oriag ot tb.e field colllDt 

ca be •caapllahe4 bJ' uiJ:lg t~s eq\11~. COlll)uters. 119' also 

'be uecl to iaprove asaaevJlat the accuracy .. of the result• - a.stead 

ot using IIODthly a4Jutaent factors, weekq or clai~ aclJUBtllent 

factors eau be prodv.eecl without appreciable add1:t1onal. costs. 
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;t. .§!!otlp.y Out. 

Aftw aJJ. tu c:;overage counts have lteen c,aveJtec1:1nte" 

•~.~~•. ot' !Jlf, it lll&Y lie upcte4 ~~. •pov:t .68 perc~ of ;Jl• 

estimates vill ave errors 11Gt greater tban. 10 percent tor the 

h.ia)l-vol.111e r~ aacl ~t ~•r than 20 iaeroeat, tor tae J.ov ... 

fo1ae :roa48. 

Aftei- all ·.A.Df. yo:J;-.e• Jaave ........ en1-t•, a smoothing ou:t 

proeess'will Wl~ ~--••-.rf·tor a.«Jacentroad. seetiODB. ' .-, ,--,, ·, ,. .. " .· . ., 

ftia Pl'O<=••• call. be ,~e~•-4 as tGl.l.ow: 

a. Post all Ari! •~~11,ea oa . a, ~» 
b. la.ch n.cceaaive road sectioa ,iao~c\1. :aov:bt~tu.clid 

1D coapart80Jl v1t11. tae ad.Jaeat road aectias, 
. ~1111 1a a1n.i tile .µd'J.~e of tratfi.c ti-ea ;the 
location of tile eit1es·an4 mteneeting roa4a. 

' \ c. It tlle cliffe..-ce ·.•betweea trafl'ic vol'Wles on 
t~. succesai118 eecttQll&, of zoaci an,c- ~ be .. wo: 1arce t~),e J~it~~hl>1 ':th• c,trc-.a1-cea, 
the traffic volaea,,~ t'- .a4Juate4 to: ctve 
a•~ logical tiatribut:toa•basec1 on ta ev1-
•~•• .. '.!lli.,a :l,s .&f;~n.e4 lq iaoreas:l.llg Qr 
4ecre6"1.Dg•tll.tlt volae e.t oae or ~• •n&ttons. 

a.. '.&.111.~~~<p:roc•••.caa aleo.\e pi"4 
1t7 tile iraftic yolal!lt• Q1l .,oad . eectioa• 'be7oa4 

· tll": ••~lO# 1ae4dat~ . ~r nu4y. · 
1'h1.s smoothing precess -teau to iDcreaae tu accuracy of tae 

estimates of Ari!. Ill the fiDal evaiua:tioa of tie errors ill~lved., 

it :I.a b~Ueved b7 those caacerned. wi1.ll llighway traffic that. 2/3 

of the f:I.DIIJ.. eatillatea vm u,~ not be greater tiwa 5 percent 
.- - . , 

1D error tor Jdga-voluae roads anci not ·greater taau 10 percent 

ill errer for low•volae roa4a; an.4 taat 95 perceai of the 
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esti1Dates will not be more than 10 percent in error for high­

vol.ume roads.and not more than 20 percent in error for low-volume 

roads. Some of the reasoning which supports this opinion is as 

follows: 

4. 

(l) In the examination of successive road sections a 
sudden large vnexplainable change in traffic volume 
is easily observed and eliminated. 

(2) Comparison with historical data -my indicate an 
unexplainable large c)lange in t~:f'fie volume which 

·1s easily observed and eliminated. 

(3) 'l'he elimination of the obviously large errors of 
estimate will, by itself, re~uee the average error 
of the remaining estimate. 

Improvement ·in Aeeuraci 

A greater degree of accuracy in estimating ArJr can be 

accomplished as follows: 

a. Using weekly factors in•tead of monthly factors. 
'!'his procedure is presented on page 24, under 

11Meclmnieal »ata Processing. 11 

b. Use of repeat counts as noted on page 19, under 
"Roads with Am Volumes Less Than 25. 11 

e. Taking five- or seven-day coverage counts as 
noted on page 19, under."Roads with .AI1f Volumes 
of Less Than 25. 11 See also bibliography item 
No. 8. 

The above are procedures in which improvement in accuracy 

in the estimate of Am can be obtained. B:>wever, when considering 

methods to improve accuracy t.he cost should be kept in mind. A 

fairly accurate ru.J.e that can be used in attempting to improve 

precision by increasing the sam:p1e size is that "to reduce the 

error by one-hal.f' using the same sampling procedures would 

require increasing the effort and probably the cost by four times." 
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CB'AP1'$B III - .URBAN. RQA:00. ~ .. 8.1'~ 

A. Urban Planning Process Rel.ationships 

Prior to the formalization of the comprehensive urban planning 

pi-oces~' in 1962, most urban areas did not have adequate. traffic 

counting programs. As the empb&81s on urban comprehensive planning 

· increased, however, ~ understanding was gained concerning the use 

and value ! of good lri-ban traffiil &>unts and JDON fol'Dlal.ly structured 

pi-ogramt3 evolved. These program$ have 'been tailored to the needs 

of·• thet urb~ pl.arming ·process and are typically· coriside:red ·· 1n two 

frmaes of:re:ferences. 

Pirst; t:ratfic counts are nee~d in those'phases of the urban 

plJ!Lllning processwllichdeaJ. with.the veri:ti~ationand/or development 

ot tl'S'llSportation models. For this purpose., traffic counts are 

collected at the. same time the data input for model development are 

coilected 'to insure that t6.e origin-destination data are teuAJ 

representative of existing traffic conditions. • Because the tra:d-­

portation models •re crucial to the ~velopment and realization of 

a··tuture yeat transporte.tion}'plan, ·they must be calibrated. with 

base ·ye~ data and i-eevaluated at least once every t:i ve years to · 

·· · detel"lline 'their applicability for continued use. Traffic ·counts · 

which yield independent estimates ot travel patterns and. growth are 

used tci evaluate the ability ot the entire travel. forecasting 

process to simuJ.ate actual traJ.,e1. Because o:t the iD1,P0rtance of 
the reevaluation phase in the continuing urban transportation planning 

process, traffic estimates for all arterial. 1inks on the transportation 

network are required. 



The second frame of reference is with respect to those years 

between the model development and/or reeval.uation phases. In these 

intermediate years, there is a need to monitor change. The 

surveillance of traffic volumes allows one to identify changes in 

travel growth trends for the total as well as subareas. If the 

identified changes in travel patterns and growth differ significantly 

from the simuJ.ated travel developed by the transportation planning 

process, the reevaluation phase referred to earlier will begin before 

the maximum 5-year interval. Since a base of traffic estimates 

was developed under the first frame of reference, the number of 

counts needed for surveillance will be considerably fewer than for 

the modeling and reevaluation phases. A comprehensive counting 

program should be designed to satisfy the . needs of both frames of 

reference. 

In some urban areas, a large number of counts already exist 

which provide usefuJ. traffic information. These existing traf'fic 

estimates, however, shouJ.d be analyzed to determine their adequacy 

as a data base. An analysis of the existing counts may resuJ.t in 

the selection of new stations and continuation of old stations of 

the various types needed for producing the desired traffic estimates. 

Urban transportation planning studies are cooperative efforts 

invol"ting several Jurisdictions. State highway departments sholll.d 
/ 

insure that an adequate traffic counting program is . conducted. 
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B. Considerations for Urban Counting 

The need to develop the capability tor estimating annual average 

traffic on urban streets bas increased concurrently with the increased 

emphasis on urban transportation planning. This need is being 

satisfied by the establishment of traffic counting programs that 

can· be used to help identify the traffic growth as well as to verify 

the continued use of transportation models. For estimating annual 

average traffic, the urban tnf'fic counting prograa is usually designed 

with the following considerations: 

1. A sufficient nUDlber of' continuous, seasonal, and coverage 

counts shoul.d be taken to make necessary estimates of the 

average daily traffic (AD'.r) and vehicle-miles of travel 

(VMT ). The traffic counts should be located on a 

representative portion of each functional system by 

geographic area. Areas that exhibit rapid growth rates 

should receive a proportionally greater number of traffic 

counts than areas that have stabilized. The placement of 

count locations according to functional system will enable 

VMT to be tabulated by function.al. system both for the total 

area and subareas. An analysis of the counts on a subarea 

basis shoul.d provide the aeans for measuring the relative 

travel growth within and through the subareas. 

2. Estimates of the Af1t at each cordon line and screen1ine 

crossing shoul.d be provided by the prograa. Since the 

screen:Line and cordon count ·data were used to verify the 
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validity of the origine.l survey data, it is reasonable 

to maintain an annual surveill.ance of survey control lines. 

All screenline and cordon crossings should have as a •inimum 

one coverage count per year. Certain crossings may be 

considered tor seasonal control locations while others 

could be considered for continuous counter locations. 

3. In WIIDJ' urban areas, estimates of directional peak hour 

traffic ase ot considerable value. Peak hour traffic 

volumes can be used to help calibrate peak hour mode.ls 

and to aid the tra:f'fic analyst in determining the proper 

relationships between peak hour volumes, design volumes, 

and the Am'. Such counts., if supplemented with manual 

classification counts at selected points on the functional 

systems, will provide the necessary data for traffic 

engineering analyses at intersections under stu~. 

4. The counting program should result in traffic volume 

estillates on the arterial street network which reflect 

the criterion ot ±.5 percent error on the 68 percent 

confidence limit and VM'l' estimates of ±,5 percent at 

95 percent confidence limit. 

A traffic counting prograa which incorporates these considera­

tions should result in an adequate number of traffic vo1um.e estimates 

for transportation planning purposes. VMT and JJ1? estimates based on the 

more extensive counting schedule required for the devel.opm.ent and 

verification phases would become updated bases on which to build. 
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c. Am. Estimating Procedures 

. 'Traffic counting programs cover continuous, seasonal coverage, 

turning movement, and classification counts. Continuous and seasonal 

counts are taken to determine patterns of' seasonal, daily, and hourly 

variations in tratf'ic volumes which are typical of roads and streets 

in. the study area. AdJustment factors developed from these counts are 

then applied to short .. term counts to obtain estimates of average daily 

volumes. Coverage counts are taken to obtain information at sufficient 

locations to be representative of each section of city streets on the 

transportation study traffic assignment network. However, in order to 

provide an e~timate of total travel, it will also be necessary to 

collect traffic counts on a sample of those streets not on the traffic 

assignment network. When required in the planning process, classification 

and directional distribution data should be collected at a sufficient 

number of volume counting stations to be representative of all signif­

icant variations within the study area. When it is necessary to determine 

turning movements and classification of traffic 'by vehicle type during 

the peak hoar, 2- to 4-hour counts which include the peak period may be 

made. 

Before the planning process gained full impetus, the majority of 

cities were satisfied with Ar1r estimates having an error of about 

±.,10 percent at the 68 percent confidence lilllit. To test the need for 

control stations for adjustment, observations were made concerning 

24-hour coverage counts on high volume streets in 13 cities which are 

located in three States.!/ These counts were taken on weekdays spread 

y Refer to bibliography item No. 6. 
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throughout the year. A subsequent analysis which deleted those traffic 

counts taken in inclement weather or other days with extrem.el:y 

abnormal traf'fic conditions indicated that the normal traffic volumes 

on wee~s could be considered the same as the .AI1l without the 

app1ication of adJustaent factors. Since the accuracy of these counts 

were within the acceptable ±10 percent standard error of estimate, it 

was not essential to have control stations for :further adJustm.ent. 

It is possible, however, to reduce the error of estimate of 

Am' from a 10 percent to a 7 percent standard error of estimate by 

application of mont~ adjustment factors based upon the data obtained 

at control. stations. This det•rmination was based upon an analysis 

of traffic data gathered in 11 cities located in one State. From. a 

large number of continuous count stations distributed throughout the 

11 cities of this .... e, 9 stations were sel.ected at random. From 

the data obtained at these continuous count stations, the mont~ 

adjustment factors were computed and applied to all coverage counts 

made in these cities. Such a procedure is considered applicable to 

cities of ever 2,000 population and streets carrying over 500 Arll. 

Jfo refinements of accuracy are usuall,y required for lower vol.ume 

streets (streets with an .AI1l of less than 500. ) If no ad.Justment 

factors are applied to coverage counts, the percentage errors of 

esti.Jlate of .AI1l would be expected to be in excess of ±_].0 percent but 

less than ±20 percent. Ii' mean aontbly adjustment factors obtained 

f'rom. the continuous count stations located on high volume streets 

were applied to coverage counts on low volume streets, the standard 

deviation . may be expected to be about ±10 percent. 
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Regardless of the ArJl estimating procedures used, a few urban 

routes may- require special treat:raent' and investigation, particularly 

if a greater degree of' accuracy is required. Among these are streets 

serving resort and recreational. facilities or other areas of high 

seasonal. concentration of traffic. 

An urban traffic counting program. could utilize the grouping 

procedure described 1n chapter II. This procedure"should produce 

annual average traffic estimatas with standard deviation of ±.5 percent. 

However, it is quite likely that de.ta from a sufficient number of 

continuous recorders and seasonal. control stations will not be avail­

able to produce reliable group mean factors or to assign the roads a:nd 

streets to groups. Lacking previous control data, l.ocations for 

continuous recorders should be selected subjectively to be representative 

of geographical location., functional classification of streets., and 

Jurisdictional responsibility. Stations my be selected according to 

the following: 

1. Geographic lJ:)cation.--Central business district, fringe 

area, outlying business district, and residential area as 

defined on page 19 of the Highway capacity Manual. ,(1968). 

2. Functional. Classification.--Principal anerials, minor 

arterials, collectors, and locals as described 1n the 1968 

Rational Highway Functional Classification Stu(\y Manual.by 

the Bureau of Public Roads, April, 1969. 

3. JurisdiC'tional Responsibilii.y. --state highway or non-State 

highway. 
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station locations selected in this man:p.er should not be considered 

permanent. After one year I s operation, analysis of tb.e data and 

grouping of the stations will show which stations should be continued 

on a permanent baais and which should be moved. The analysis will 

al.so indicate where additional control data are necessary. 

It is difficult to provide a rule-of-thumb for determining the 

desirable number of continuous recorders and seasonal. control .stations 

to be operated in an urban area. lbwever, current experience indicates 

that a total of 8 to 12 locations or 4-6 locations per patteni group, 

. including seasonal. control stations should be sufficient. In beginning 

a new prograa, it might be wise to collect more seasonal counts during 

the first period; that is, at least until the final. count locations 

are determined. 

D. Types of Traf'f'ic Counts 

Since a continuous and seasonal counts were discussed in sufficient 

detail in the rural section, a detailed discussion of coverage counts 

only Will be presented in this section. 

For the development and verification ot the transportation models, 

the number of traffic count stations will vary according to the number 

of miles of all roads and streets that are included in the traffic 

assignment network. . When an urban stwzy makes VMT estimates for 

the entire street system., including collectors and locals, a larger 

number of coverage counts will have to be taken utilizing sampling 

techniques .on these remaining streets. 
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In the intermediate years or surveillance period, fewer counts 

will be necessary. In these intermediate years, estimates can be 

made using the broad group of traffic counts as a base. As the 

plarining process continues, this base of traffic· counts will be 

reestablished at the same interval the models are reevaluated. 

Variations from these guidelines may be :found in some cities ~depending 

on the general plan o:f the city street layouts, length of the city 

blocks, and topography. 

1. Machine Counts.--In an urban traffic counting program., 

Dia.chine counts Should be of' 24- to 48-hour duration on weekdays. 

If it is operationally convenient, traffic counting machines could 

be located on each leg of an intersection. It is not necessary 

to make counts on each leg at each and every intersection since the 

volume of each leg of an uncounted intersection can be determined 

from an adjacent intersection. Even counting traffic at every other 

intersection may not be necessary. 

For example, on long streets carrying'large volumes of' 

traffic, considerable savings can accrue by locating stations only 

at points where there is a significant break in traffic volume. 

Since the design of the traffic counting procedure for a transportation 

stu~ is based on the criterion of' ±5 percent error on the 68 percent 

confidence limit, stations may be omitted when the differences between 

the· traffic volumes at successive stations are expected to be ±5 

percent or even as much as ±_10 percent. In such cases, the traf'f'ic 

voiumes between counting stations can be interpolated to provide 
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estimates without actually counting traffic on all sections of streets. 

2. Manual Counts.--Often special conditions in cities make 

ma.chine counts impractical. For example, the mechanical efficiency 

of a machine may be seriously affected by the stop and go traffic 

of a congested intersection, by multiple lanes, by parking cars, or 

by tampering with the counters.Y Where such conditions exist, it is 

necessary to count traffic manually. 

In central business districts, traffic counts can often be 

conducted economically by taking very short manual counts at con­

secutive intersections.J/ These short counts should not be used on 

streets carrying less than 2,000 Am. Short counts should be a 

minillum of 6-minute duration and should be repeated ever:, hour for 

8 hours. At each short count station, traffic should be recorded for 

each leg of the intersection if possible. After the 6-minute count 

is completed, the enumerator should 1110ve to the next station along the 

street of the major traffic movement. 

If a man can move in four minutes from one station to another, 

he can count six stations in an hour which also mean six stations in a 

day. Assuming four streets intersecting at each station, it means that 

he can provide traffic data fo.r 24 street sections. It is advantageous 

to arrange the counting schedule so that the man can return to the first 

station upon finishing the count at the last station of the circuit of 

six. This cannot be done, of course, unless there are stations on 

adjacent streets running parallel to the major traffic movement. 
gJ Many tiaes children tamper with counters and spoil the count record. 
It is suggested that machine counts not be scheduled near school or 
other pJ.aces where children gather. 
~ Refer to bibliography item No. 7. 
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To estimate the total volume of traffic during the 8-hour 

period of count, the traffic volume for the eight·6-minute periods 

.should be added and the sum multiplied by 10. To estimate the 

24-hour volume of traffic, it is necessary to have one 24-hour machine 

countlocated along the route where 6-minute c:ounts are taken. 

Ratios of the 24-hour traffic voJ.ume to the 8-hour traffic voJ.ume 

during which the very short counts were taken are obtained from the 

24-hour control station counts. The appropriate ratio is applied 

to the 8-hour traffic volume and an estimate of the 24-hour traffic 

volume is calculated. 

Estimates of 24-hour AI1r volume obtained by this procedure 

can be expected to have an error of ±:12 percent on a 68 percent 

confidence J.evel. Since greater accuracy is usual.1.y required, 

montbJ¥ adJustment factors should be ~pplied. Additional accuracy 

may also be obtained by extending the period of count to more than 

6 minutes or by taking more than 8 hours for the period of count 

or both. 

E. Turning Movement and Classification Counts Combined with 
AJJr Estimates 

When it is necessary to determine tuming movement.and classi­

fication of traffic by vehicle type and at the same tim.e provide a 

sufficiently large sample of estimating AUr, 4-hour continuous 

manual traffic counts should be used. These 4-hour counts should 

be scheduled so that they include either the morning or afternoon 
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hour of peak volume. When such 4-hour manual counts are made, it 

is necessary to get a 24-hour machine count somewhere in the 

vicinity of the street sections so that the ratios of the 24-hour 

volume of traffic to the counted volumes can be obtained. 

The 24-hour estimates of the volume of traffic obtained by 

this procedure are not quite as accurate as those derived from 

short counts taken every hour for eight hours. This procedure 

can be expected on the basis of experience to produce estimates 

that will have an error of about 13 or 14 percent on the 68 percent 

confidence limit. 

F. Traffic Counting in Small Urban Areas 

In the Slllal.l.er urban areas, many of the foregoing procedures 

can be used. In many of these areas, considerations necessary for 

comprehensive urban planning, such as assignment networks and models, 

will not be a major factor in determining the magnitude of the 

traffic counting program. Consequently, the number of counts and 

degree of coverage will not be as great. It is likely that .AIJf 

estimates having a ±10 percent error on the 68 percent confidence 

limit will be satisfactory. Estimates of VJ,fl' with a ±5 percent 

error at the 95 percent confidence limit should still be obtainable. 
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G. Office Procedures 

It is a good practice to post all traffic volume estimates on 

a city •P reconciling the traffic volume estimates on ,adjacent 

sections along the same route. The "smoothing out" procedure 

which was discussed on page 25 will produce final estimates ot 

AT/l that can be expected to be more accurate than the original 

traffic estimates. 
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Chapi;er IV. GIDBAL WC1fB 

-t.&e greater the faaillarity vitb. local. centiticma the better 

Judgment can be exerciae4 in the tiD&l 4eciaions 1Jl · eatillatiag 

traffic voluaea. The probaltili"t7 principles built iJlto t• pre­

ceQUl'es auggeatei ill taia gu.14.e will el1•1nate •Jor errors ot 

Judpent aacl re4'1ce the errors to caaaee alone. Further researcll 

can scaevbat iaprove aui retiae tlae procedures. Jbvever, Heaue 

the 1Jlllereat properties ot cl:umce variation• bave al.reaq been 

accou.ted tor 1a thia guid.e OD]¥ llinor or priJlaril1' local 111prove­

•ea1i• can be expected.. 

Wllen Mk:1.Dg au eatillate of traffic YOlu■e• all availaltle il!ltor­

utioa akould. 'be lltilizea. iacl\ldi.Dg count• for special purposea. 

These lllq' iacl11d.e special eau.te for such purposes u: 

Na.Bll&l. claaaitication cOUDta 
Capacity coats 
Raap ancl turaillg •veaent co\lD'ta 
Special collllts tor coastructi•, etc. 
Screealille cOUJrts 

ft.ere are aeveral aetllod.8 a4er 1Dveatigation vlaereDJ' the data 

collected b7 the traffic counting aecaaniau are autoaatic&l.ly 

tranaterred into the central bead.q•rters. AJ.ao uad.er cons14eration 

is cOJQlete auto■ation of mat office &BIJ.¥aea, iacludiBg ecliting of 

field c1aa, pr8J'&l'&,tion ot arrays ( s11Cb. as shown in !ables 2 aacl 6) 

and. grouping Gt coatinuou coat ud. aeaNJt&l control aw.ticms (as 

abova ill 'fables 3 ucl 7 ); u well u atatistical tena of aipificaaee 

of dittereneea, &'11&17•1• ot variance, ehi square tests, aad others as 



nee4ec1. Colr_pnera _., 'be llt1llu4 tor a'ICll rov.tiae aua open.ti•• 

•• faetor1ag coverage ce,mt;a iJlte entaatea ot Aft and regrnping 

e.oatrol aw.ti.OU ae,a:rat~ for eaek .-a. Jroveffl', reprd.leaa 

o'f tae ano-.tioll taat ia ue4 a.,en Ju~ lllUlt aiv.,-a be 

appl.ie4. 
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Station 
number 

(A) 

(B) 

(c) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

(L) 

Table 1.-- ADT/.:\Average weekday traffic volume 
of the moht:k•~t continuous count stations --

April May June July August September October 

1.08 0.99 0.91 0.73 0.71 o.86 1.00 

1.19 1.03 .90 .66 .64 .90 1.09 

1.00 .93 .91 .83 .85 .99 1.05 

1.03 .92 .88 .86 .86 .89 .95 

1.07 .90 .79 .90 .93 1.00 1.o8 

1.05 .98 .91 .68 .67 .92 1.03 

1.16 .97 .83 .70 .74 .81 1.04 

1.09 .87 • 76 .69 .72 .85 .95 

1.44 1.15 .90 .57 .51 .75 1.15 

1.04 .95 .97 • 77 .75 .95 1.07 

1.38 1.14 .98 .70 .65 .82 .98 

1.19 .99 .85 .71 .. 76 .97 LOO 

November 

1.13 

1.15 

1.02 

1.10 

1.15 

1.10 

1.22 

1.18 

1.32 

1.16 

1.07 

1.36 



.i::-­
w 

April 

•.. 

' (c) LOO 

1 (D) 1.03 

r (J) 1.04 

(F) 1.05 

1 (E) 1.07 

: (A) 1.08 

(H) 1.09 

(G) 1.16 

(B) 1.19 

jL) 1.12 

i,r (K) 1.38 

(I) 1.44 

May 

' . 
(H) 0.87 

(E) .90 

(D) .92 

(c) .93 

(J) .95 

(G) .97 

(F) .98 

(A) .99 

(L) .99 

. (B) 1.03, 

(K) · l.14 

(I) 1.15 

/ 

I 
Table 2. -- The array of factors for !f--, 

continuous count stations 

June July August September October November 

(H) O. 76 (I) O.~ (I) o. 51··-t (I) O. 75 (H) 0.95 (c) 1.02 
\~ 

(E) .79 (B) .66--' (B) .64..:_ (G) .81 (D) .95 (K) LOT 

(G) .83 (F) .68 (K) .65 (K) .82 (K) .98 (D) 1.10 

(L) .85 (H) .69 (F) .67 (H) .85 (A) 1.00 · (F) 1.10. 
._ - ~ 

(D) .88 (K) .70 (A) .71 (A) .86 (L) 1.00 (A) 1.13 

(B) .90 (G) .70 (H) .72 , (D) .89 (F) '1.03 (B) L15 

(I) .90 (L) .71 (G) .74 (B) .90 (G) 1.04 (E) · l.15 

(C) .91 (A) .73 (J) .75 (F) .92 (c) 1.05 (J) 1.-16 

(A) .91 (J) ~7--• 7. {L) .76 (J) .95 (J) 1.07 (H) 1.18 
~"'"~.~~' ,,;~i" 

(F) .91 (c) ,6B- (c) .85 (L) .97 (E) 1.08 (G) 1.22 

(J) .97 (D) .86 (D) .86 (C) .99 (B) 1.09 (I) 1.32 

tK) ·28 (E) .90 (E) .93 (El l.00 (I) 1.15 (L) 1.36 



.i:-­
.i:--

April May 

t) 1.04 (H) 0.87 
F) 1.05 (J) .95 

(A) 1.08 (G) .97 
(H) 1.09 (F) .98 
(G) 1.16 (A) .99 

(B) 1.19 (L) .99 
(L) 1.19 (B) 1.03 

~K) 1.38 
I) 1.44 

~K) 1.14 
I) 1.15 

(c) 1.00 (E) .90 
(D) 1.03 (D) .92 
(E) 1.07 (c) .93 

·~ '.:....» --·,----,--··--- --·--

Table 3.-- Groups of stations within .20 range 

June July August September I October I November 

Group I - (A), (B), (F), (G), (L), (H), and (J) 

(H) 0.76 (B) 0.66 (B) 0.64 (G) 0.81 (H) 0.95 (F) 1.10 
(G) .83 (F) .68 (F) .67 ~!~ .85 ~A~ 1.00 ~A~ 1.13 
(L) .85 (H) .69 (A) .71 .86 L 1.00 B 1.15 
(B) .90 (G) .70 (H) .72 (B) .90 (F) 1.03 (J) 1.16 
(A) .91 (L) .71 (G) .74 (F) .92 (G) 1.04 (H) 1.18 

(F) .91 (A) . 73 (J) .75 (J) .95 (J) 1.07 (G) 1.22 
(J) .97 (J) .77 (L) .76 (L) .97 (B) 1.09 (L) 1.36 

Group II - (I) and (K) 

(I) .90 (I) .57 (I) .51 (I) .75 (K) .98 (K) 1.07 
(K) .98 (K) .70 (K) .65 (K) .82 (I) 1.15 (I) 1.32 

Group III - (c), (D), and (E) 

(E) .79 (c) .83 (c) .85 (D) .89 (D) .95 (c) 1.02 
(D) .88 (D) .86 (D) .86 (c) .99 (c) 1.05 (D) 1.10 
(c) .91 (E) .90 (E) .93 (E) LOO (E) 1.08 (E) 1.15 



Table 4.-- Monthly group tnee.n factors 

Group April May June July August September October November 

. Group I l.11 0.97 o.88 0.71 0.71 0.89 1.03 1.16 

~ Group II 1.41 1.14 .94 .64 .58 .78 1.o6 .1.20 

Group III 1.03 .92 .86 . .86 .88 .96 1.03 1.09 



Station 
number 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12. 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 

iabl.e 5.-- ATJr ! average weekday traf:f'ie volwne of the 
month•at seasonal control. stations 

April May June July August September October 

1.25 1.29 1.09 .78 .60 .. 67 1.00. 
1.19 1.o6 .90 .91 .83 .82 -99 
1.03 .96 .80 .80 .88 .. 92 1.02 
1.31 1.27 1.00 . 78 .. 65 .58 .88 

.97 .89 .88 .71 .69 .76 1.00 

1.o8 .91 .87 • 73 .69 .81 .99 
.99 .82 .80 .74 .70 .79 .98 

1.12 .93 .79 .80 • 73 1.00 1.10 
1.20 1.10 .76 .79 .78 .93 1.03 

.96 .88 .87 .69 .72 .83 1.05 

1.60 1.39 .47 .50 .36 .34 LOO 
1.13 1.11 .99 .68 .68 .76 1.11 
1.15 1.09 1.02 .69 .68 .86 1.16 
1,00 .82 .90 .67 .73 .90 .95 
1.20 1.08 1.00 .59 .79 1.01 1.07 

1.16 .87 .72 .75 .So 1.00 1.04 
.99 .78 .75 .76 .90 1.03 1.09 
.98 .80 .87 1.00 1.00 .90 .90 

1.03 1.03 .91 .82 1.00 .98 1.17 
1.25 1.02 .99 .69 .61 .81 1.05 

1.22 1.03 .98 .68 .63 .79 1.03 
1.07 1.00 1.01 . 70 .68 .92 1.09 
1.47 1.16 .95 .50 .55 .59 1.00 
1.13 .97 .75 .58 .61 ;91 1.02 
1.09 .85 • 78 .66 • 71 .89 1.01 

1.18 .97 1.00 .84 .69 .95 1.06 
1.05 .85 .87 .81 .72 • 'T9 1.00 
1.01 1.00 .92 .85 1.01 .89 .89 
3.07 3.07 .29 .38 .29 2.00 2.50 
1.12 1.00 .86 .84 .90 .95 .94 

1.19 .99 -9~ .68 .74 1.05 1.06 
1.04 .94 .89 .78 .64 1.01 1.09 
1.26 1.00 .75 .55 .55 1.05 1.10 
1.10 .98 .88 .67 .70 .98 1.02 
1.53 1.14 .93 .50 .49 .91 1.20 

1.49 1.02 .80 .63 .57 .92 1.10 
1.19 1.05 .90 .60 , T5 .90 1.09 
l.00 1.11 1.00 • 'rS .Bo .89 1.00 
1.26 .95 .74 .59 .65 1.03 1.11 

I 
46 

November 

1.20 
1.23 
1.18 
1.30 
1.12 

1.11 
1.15 
1.14 
1.21 
1.20 

1.63 
1.18 
1.16 
1.17 
1.09 

1.20 
1.09 
LOO 
1.00 
1.08 

1.05 
1.11 
1.33 
1.21 
1.09 

1.17 
1.23 

.89 
2.78 

.99 

1.20 
1.01 
1.30 
1.25 
1.09 

1.07 
l.24 
1.20 
2.30 

I 



Table 6.-- The array of factors for seasonal control stations 
Sheet 1 of 2 

April May June July August September October November 

Sta- Fae- Sta- Fae- Sta- Fae- Sta- Fae- Sta- Fae- Sta- Fae- Sta- Fae- Sta- Fae-
tion tor tion tor tion tor tion tor tion tor tion tor tion·· tor tion· tor 

10 .96 17 . 78 29 .29 29 .38 29 .29 11 .34 4 .88 28 .89 
5 .97 18 .80 11 .47 11 .50 11 .36 4 .58 28 .89 30 .99 

18 ,98 7 .82 16 .72 23 .50 35 .49 23 ,59 18 .90 18 LOO 
7 .99 14 .82 39 .74 35 .50 23 .55 1 .67 30 .94 19 LOO 

17 ,99 25 .85 17 .75 33 .55 33 .55 5 .76 14 .95 32 1.01 

14 LOO 27 .85 24 ,75 24 .58 36 .57 12 .76 7 .98 21 1.05 
38 LOO 16 .87 33 .75 15 .59 1 .60 7 .79 2 .99 36 1.07 
28 1.01 10 .88 9 .76 39 ,59 20 .61 21 .79 6 .99 20 1.08 
3 1.03 5 .89 25 .78 37 .60 24 .61 27 .79 1 1.00 15 1.09 

~ .19 1.03 6 .91 8 .79 36 .63 21 .63 6 .81 5 1.00 17 1.09 

32 1.04 8 .93 3 .Bo 25 .66 32 .64 20 .81 11 1.00 25 1.09 
27 1.05 32 .94 7 .80 14 .67 4 .65 2 .82 23 1.00 35 1.09 
22 1.07 39 .95 36 .80 34 .67 39 .65 10 .83 27 1.00 6 1.11 
6 1.08 3 .96 30 .86 12 .68 12 .68 13 .86 38 1.00 22 1.11 

25 1.09 24 .97 6 .87 21 .68 13 .68 25 . 89 25 1.01 5 1.12 

34 1.10 26 .97 10 .87 31 .68 22 .68 28 .89 3 1.02 8 1.14 
8 1.12 34 .98 18 .87 10 .69 5 .69 38 .89 24 1.02 7 1.15 

30 1.12 31 .99 27 .87 13 .69 6 .69 . 14 .90 34 1.02 13 1.16 
12 1.13 22 1.00 5 .88 20 .69 26 .69 18 1!90 9 1.03 . 14 .... 1~17 
24 1.13 28 1.00 34 .88 22 .70 '7 .70 37 .90 21 1.03 26 1.17 



Table 6.-- The array of factors for seasonal control stations (cont.) 
Sheet 2 of 2 

April May Jun.e July August September October November 

Sta- Fae- Sta- Fae- Sta- Fae- Sta- Fae- Sta- Fae- Sta- Fae- Sta- ·· Fae- Sta- Fae-
tior. tor tion tor tion tor tion tor tion tor tion tor tion tor tion tor 

13 1.15 30 1.00 32 .89 5 .71 34 .70 24 .91 16 1.04 3 1.18 
16 1.16 33 1.00 2 .90 6 . 73 25 .71 35 .91 10 1.05 l2 1.18 
26 1.18 20 1.02 14 .90 38 .73 10 .72 3 .92 20 1.05 1 1.20 
2 1.19 36 1.02 37 .90 1 .74 27 .72 22 .92 26 1.o6 10 1.20 

31 1.19 19 1.03 19 .91 16 .75 8 .73 36 .92 31 1.06 16 1.20 

37 1.19 21 1.03 28 .92 17 .76 14 .73 9 .93 15 1.07 31 1.20 
9 1.20 37 1.05 31 .92 l .78 31 .74 26 .95 17 1.09 38 1.20 

15 1.20 2 1.06 35 -93 4 .78 37 • 75 30 .95 22 1.09 9 1.21 
21 1.22 15 1.08 23 .95 32 .78 9 .78 19 .98 32 1.09 24 1.21 

~ 
1 1.25 13 1.09 21 .98 9 .79 15 -79 34 .98 37 1.09 2 1.23 

20 1.25 9 1.10 12 .99 3 .80 16 .Bo 8 1.00 8 1.10 27 1.23 
33 1.26 12 1.11 20 .99 8 .80 38 .80 16 1.00 33 1.10 34 . 1.25 
39 1.26 38 1.11 4 1;.00 27 .81 2 ~83 15 1.01 36 1.10 · 37 1.24 
4 1.31 35 1.14 15 1.00 19 .82 3 .88 32 1.01 l2 1.ll 4 1.30 

23 1.47 23 1.16 26 1.00 26 .84 17 .90 17 1.03 39 1.11 33 1.30 

36 1.49 4 1.27 38 1.00 30 .84 30 .90 39 1.03 13 1.16 39 1.30 
35 1.53 1 l.29 22 1.01 28 .85 18 1.00 31 1.05 19 1.17 23 1.33 
11 i.60 11 1.39 13 1.02 2 .91 19 1.00 33 1.05 35 1.20 11 1.63 
29 3.07 29 3.07 1 1.09 18 1.00 28 1.01 29 2.00 29 2.50 29 2.78 



April 

(10~ .96 
(5 .97 
(7) .99 

(14) 1.00 
(38) 1.00 

(32) 1.04 
(27) 1.05 
(22) 1.07 
(6~ 1.08 

(25 1.09 

(34) 1.10 
(8 ~ 1.12 

(12 1.13 
(24) 1.13 
(13) 1.15 

(26) 1.18 
?1) 1.19 
37) · 1.19 
(9) 1.20 

(15) 1.20 

!~~i 1.22 
1.25 

~33 1.26 
39 L26 

Table 7.-- Distribution of seasonal control stations. by groups of similar. 
monthly variations as determined from the mean factors in Table 4 

May 

(7) ?4) 
25) 

(27) 
(10) 

(5) 
(6) 
(8) 

(32) 
(39) 

(24) 

June July August September October 

Group I - Stations 5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 20, 21, 
22, 24, 25, 26, 27, 31, 32, 33, 34, 37, 38, and 39 

.82 ~39) .74 p3) . 55 (33) .55 (5) .76 (14)· 

.82 24) .75 24) .58 (20) .61 (12) .76 (7) 

.85 (33~ ,75 (15) .59 (24) .61 (7) .79 (6) 

.85 (9 .76 a~i .59 (21) .63 (21) .79 (5) 

.88 (25) .78 .60 (32) .64 (27) .79 (27) 

.89 (8) .79 (25) .66 (39) .65 (6) .81 (38) 

.91 (7) .80 (14) .67 (12) .68 (20) .81 (25) 

.93 (6) .87 (34) .67 (13) .68 (10) .83 (24) 

.94 (10) .87 (12) .68 (22) .68 (13) .86 (34) 

.95 (27) .87 (21) .68 (5) .69 (25) .89 (9) 

.97 (5) .88 (31) .68 (6) .69 (38) .89 (21) 

.95 

.98 

.99 
1.00 
1.00 

1.00 
1.01 
1.02 
1.02 
1.03 

1.03 

Sheet 1 of 2 

November 

f32) 1.01 
21) 1.05 

(20) 1.08 
(15) 1.09 
(25) 1.09 

(6) 1.11 
(22) 1.11 
(5) 1.12 
(8) 1.14 
(7) 1.15 

(13) 1.16 

mi~ .97 rn~~ .88 ?O) .69 (26) .69 (14) ~90 (10) L05 .• (14) 1.17 
.98 .89 13) .69 (7) . (37) .70 .90 (20) l.05 (26) 1.17 

(31) .99 (14) .90 (20) .69 (34) .70 (24) .91 (26) 1.06 (12) 1.18 
(22) 1.00 (37) .90 (22) .70 (25) .71 (22) .92 (31) 1.06 (10) 1.20 

!33) 1.00 (31) .92 (5) .71 (10) .72 (9) .93 (15) 1.07 (31) 1.20 
20) 1.02 (21) .98 (6) .73 (27) .72 (26) .95 (22) 1.09 (38) 1.20 
21) 1.03 (12) .99 (38) .73 (8) .73 (34) .98 . (32) L09 (9) 1.21 
37) 1.05 (20) .99 (7) ,74 (14) .73 (8) 1.00 (37) 1.09 (24) 1.21 

(15) 1.08 (15) 1.00 (32) .78 (31) .74 (15) 1.01 (8) LlO (27) 1.23 
(13) 1.09 (26) LOO (9) .79 (37) .75 (32) 1.01 (33) 1.10 . (37) 1.24 
(9~ LlO pa) LOO (8) .80 ('9) .78 p9) 1.03 (12) . 1.11 (34) 1.25 ?2 1.11 22) 1.01 (27) .81 (15) .79 31) 1.05 (39) 1.11 (33) 1.30 38) 1.11 (13) L02 (26) .84 (38) .Bo (33) L05 . (13) Ll6 (39) 1.30 



~ 

April 

(1) 1.25 
(4) 1.31 

?3~ 1.47 
36 1.49 

(35) 1. 53 

(18) .98 
(17) .99 
(28) 1.01 
(3) 1.03 

(19) 1.03 
~30) 1.12 
16) 1.16 
(2) 1.19 

Table 7.-- Distribution of seasonal control stations by groups of similar 
monthly variations as determined from the mean factors in Table 4 (cont.) 

May June July August September October 

Group II - Stations 1, 4, 23, 35, and 36 

(36) 1.02 (36) .80 (23) .50 (35) .49 (4) .58 (4) .88 
(35) 1.14 (35) .93 (35) .50 (23) .55 (23) ,59 (1) 1.00 
(23) 1.16 (23) .95 (36) .63 (36) .57 (1) .67 ~23) 1.00 
(4) 1.27 (4) 1.00 (1) .78 (1) .60 (35) .91 36) 1.10 
(1) 1.29 (1) 1.09 (4) .78 (4) .65 (36) .92 (35) 1.20 

Group III - Stations 2, 3, 16, 17, 18, 19, 28, and 30 

(17) .78 (16) .72 (16) .75 (16) .80 (2) .82 ?8) .89 
(18) .80 (17) .75 (l7) . 76 (2) .83 (28) .89 18) .90 
(16) .87 (3) .80 (3) .80 (3) .88 (18) .90 (30) .94 
(3) .96 (30) .86 (19) .82 (17) .90 (3) .92 (2) .99 

(28) 1.00 (18) .87 (30) .84 (30) .90 (30) .95 (3) 1.02 
(30) 1.00 (2) .90 (Z!8) .85 (18) 1.00 (19) .98 (16) 1.04 
(19) 1.03 (19) .91 (2) .91 (19) 1.00 (16) 1.00 (17) 1.69 
(2) 1.06 (28) .92 (18) 1.00 (28) 1.01 (17) 1.03 (19) 1.17 

Sheet 2 9_f_ 2 

November 

(36) 1.07 
(35) 1.09 
(1) 1.20 
(4) 1.30 

(23) 1.33 

~28) .89 
30) .99 

(18) 1.00 
(19) 1.00 
(17) 1.09 
(3) 1.18 

(16) 1.20 
(2) 1.23 

It is noted that in group II for the months of September and October; and in group III for the 
month of November the ranges are slightly over .30. The reasoning for the inclusion and treatment of 
stations which fell outside the .30 range is similar to that used in connection with grouping of con­
tinuous count stations within .20 range, as described on pages 5 and 6 in items (c) and (d). 

The seasonal control stations which did not fall into any of the groups predetermined by con­
tinuous count stations are numbers: 1~ and 29. The reasons why these stations did not fall into any 
of the predetermined groups is not always obvious. Some of them may indicate additional pattern groups. 
Others may reflect local and/or temporary situation such as resort areas, football games, or activities 
that will cause unique traffic movements. However, these types of movements are generally very limited 
in extent. The stations noted above which did not fall into any predetermined group were of strictly 
local significance and do not represeht any appreciable mileage. 



\J1 
I-' 

April 
May 
June 
July 
August 
September 
October 
November 

!f&Rle 8.~-Example illustrating the application of the principle of least squares for allocating 
.· . . a seasonal contrc:,1 . station to a group. . ( The data f'or station. No. 8 come _from table. 5. 

Facto~s 
Station 

No. 8·i 

1.12 
~93 
.79 
.80 
.73 

1.00 
1.10 
1.14 

Tl)e-"l!K>Ot-h;i.y,gx-oup mean factors come from table 4). . 
.''-:·-,:_: ~-.::-~~- ----~--:- :;.~:? !~-,~~~-~-t\:.-:·:·--~_,--,-:"-~ ,..::; 

Mean 
Factors.' 
Group I_' 

hll 
.97 
~88 

.. ,.71 
.11 
.89 

1.03 
1.19 

-·· ,· :, 

Difference 
between factors 
at Station No. 8: 
and Group I, dl 

.01 
.:..o4 
""'•09 

.09 

.02 

.11 

.01 
-.05 

_-; ''E 2 
dl 

.0001 1.03 {,' r 

.0016 .92 

.0081 .8~\···· 
•. ooar· 
• :0004 . 

:._{;;.· . .;,.86: 
. .88 .·· 

.0121 .96 
::_.OQ49 1.03 

.0025 1.09 

= .031'8 

.09 

.01 
~.01 

· . ..-.06· 
-.15 

.o4 

.01 

.05 

E 
2 

d3 

.0081 
.• 0001 
.0049 
.0036 
.0225 
·.0016 
.0049 
.0025 

= .0482 

It should be noted that in the S:bove eJtample in the c:olumns marked d and ~ the difference between the 
factors of station 8 and the group mean ,ractors of group land the gr¢up 1mea.Ii factors of group -~ !lt.e .:w.!:tp,~,·c- . 
in the criterion of periniss~ble var±,ation· of !,.15. Therefore, statio:i;i 8 could have been .~J,eret'titi~to'~1t,he,r'··•>'·'•,. 
group 1 or group 3. However, tlie summation of the squared values oi d . is ·equal to .,0-37:B:~wri:ereas the summation 
of squared values of d3 is· e51ual to .0482. Be~ause the summation of ._ 1the squareq values or d is less than the 
summation of. squared values ot'. <:1. -,~tation No. 8 is assigned to group ,1. This )llethod of allocating seasonal con­
trol stations to the y--igj.91,!s groa.ps ls' p~rticµlarly usef'ul when the c:u.1:t,a ~e::~i,rocessed on the computer. 

. , . - . . ---~ -.--:.:.-:.: . . . . . - . i.. .."'-· <- ~~c· 

H~e~~n~, the- ·ti,na.l decisi~n as to the all~~~tidfi· of l':~tiison~l -control station that could fall into more than 
one group should,,bemade after examining the location of the station on the map. The contiguity Qi' the road sections 
belonging to the same group determines the grouping of such a station. In such a situation, groupings of' similar 
road sections\ ·should be maintained a!ii much. as possible. 
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f!!!!!!I ROADS IN GROUP I -ROADS IN GROUP ill QCONTINUOUS COUNT STATION .COVERAGE COUNT STATION 

- ROADS IN GROUP ll -OTHER ROADS XSEASONAL CONTROL STATION 

FIGURE I - GROUPING OF ROAD SECTIONS FROM CONTINUOUS AND SEASONAL CONTROL STATIONS 
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