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• T H I S P A P E R gives an account of the methods o f s t a t i s t i c a l ana lys i s f r o m w h i c h c o n -
c l u s l m s of s a t i s f a c t o r y accuracy r e l a t i n g t o the annual average of d a i l y t r a f f i c ( A D T ) , 
and the d u r a t i o n and peak values of " c r i t i c a l h o u r s , " can be d r a w n . 

The pa t t e rn o f t r a f f i c f l u c t u a t i o n s f o r m s the bas i s of t h i s method, the f l u c t u a t i o n s 
be ing d e t e r m i n e d by means o f the p r o b a b i l i t y t h e o r y u s ing the l a tes t methods o f ma the 
m a t i c a l s t a t i s t i c s . 

F o r a thorough knowledge of the t r a f f i c f l o w t o be i n v e s t ^ t e d i t i s necessary to de 
s c r i b e the app l i ca t ion of the t r a f f i c count ing method . F r o m data d e r i v e d f r o m su rveys 
c a r r i e d on throughout 5 y e a r s i n Swi tze r l and , and f r o m the analyses of the r e s u l t s , the 
method of how t o apply s a m p l i n g to counts o v e r the e n t i r e highway s y s t e m of a c o u n t r y , 
cou ld be es tab l i shed . I n ana lys i s of the r e s u l t s of these counts i t was poss ib le t o es tab
l i s h the f a c t tha t the d a i l y , week ly and mon th ly f l u c t u a t i o n s i n t r a f f i c f l o w a r e i n a c c o r d 
ance w i t h m a t h e m a t i c a l l y de te rminab le l a w s . 

W i t h the knowle (^e—I t se l f obtained by s a m p l i n g methods—of the f a c t o r s b y w h i c h 
the p e r i o d i c a l f l u c t u a t i o n s i n the t r a f f i c f l o w a r e de t e rmined ( k - o r p - c u r v e s ) the A D T 
can be e s t ima ted e c o n o m i c a l l y and w i t h s u f f i c i e n t accuracy f r o m a " s h o r t c o u n t . " 

No t on ly can one ob ta in the A D T b y means of the i n d i v i d u a l f a c t o r s but , converse ly , 
d e r i v e the amount of t r a f f i c of a r a n d o m d a i l y p e r i o d on a r a n d o m day of the yea r by 
means o f the A D T w i t h the a i d of f a c t o r s a, b , c . F u r t h e r m o r e , the f r e q u e n c y of 
heavy t r a f f i c hours d u r i n g the yea r can be d e r i v e d f r o m theS f a c t o r s ( F i g . 11 and 12), 
w h i c h indica te together w i t h d a i l y and mon th ly f a c t o r s , the r a t i o of heavy t r a f f i c p e r i o d s 
i n d a i l y t r a f f i c . I t i s these values then w h i c h make poss ib le the s t i pu l a t i on of c r i t i c a l 
t r a f f i c . T h i s i s to say tha t the t r a f f i c v o l u m e of the t h i r t i e t h t o f i f t i e t h highest hour 
d u r i n g the yea r , f o r w h i c h highway capac i ty should be designed, can a lso be e s t ima ted 
v e r y w e l l on v a r i o u s types of rou tes , by sys temat ic counts r e q u i r i n g on ly a f e w hou r s , 
p r o v i d e d these a r e taken at the appropr i a t e t i m e s . 

N O M E N C L A T U R E A N D SYMBOLS 

The symbols used throughout t h i s paper a re de f ined he re f o r convenience of the 
r eade r as f o l l o w s : 
„ ( x ) 

= number of t r a f f i c counts (sample coxmts) t aken by sys temat ic s amp l ing f o r the 
du ra t i on of x hours ; f o r example , n = 2 means tha t on the s t r e t c h of r o a d i n 
quest ion t w o co imts , each l a s t i n g f o u r hour s , w e r e taken; 

t x = number of veh ic l e s pass ing a c o n t r o l po in t d u r i n g x hours ; f o r example , t u ^ ' ' ' ^ 
means the number of veh ic l e s p roceed ing i n e i t he r d i r e c t i o n w h i c h w e r e i n c l u d 
ed i n the count between 7 a. m . and 9 p . m . ; 

t24 = f u l l days t r a f f i c ; 
T j ^ = A D T , the a imual average of the d a i l y t r a f f i c vo lume on the sec t ion of r o a d vmder 

inves t iga t ion ; 
f = f r equency (number of i d e n t i c a l occu r r ences , i d e n t i c a l t r a f f i c count va lues , 

e t c . ) ; 
< f q = s tandard dev ia t ion i n the d i s t r i b u t i o n of d i f f e r e n c e s between means; 
8_ = s tandard e r r o r of the a r i t h m e t i c mean; t t s - g ives the t w o values (confidence 

l i m i t s ) between w h i c h the t r u e sample a r i t h m e t i c mean w i l l f a l l ; 
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v = c o e f f i c i e n t of v a r i a t i o n ( r e l a t i o n of s t andard e r r o r to the a r i t h m e t i c mean ex 
p ressed as a percentage) ; 

P = p r o b a b i l i t y f a c t o r o f the e r r o r of e s t i m a t i o n ; 

c = m a r g i n s of e r r o r of the sample , ca lcu la ted b y app ly ing the t h e o r y of p r o b a b i l i t y 
(a p r i o r i e r r o r ) ; 

e = e m p i r i c a l l y d e t e r m i n e d dev ia t ions of the sample averages f r o m the r e s u l t s o f 
ac tua l counts (a p o s t e r i o r i e r r o r ^ 

ax = h o u r l y f a c t o r ; f o r example , a/^" means the quot ient of the v o l u m e of t r a f f i c 
i n bo th d i r e c t i o n s i n 24 hours and the v o l u m e of t r a f f i c i n bo th d i r e c t i o n s i n the 
e l ^ t hours between 7 a. m . and 3 p . m . ; 

b j = d a l l y f a c t o r (where 1=1, b i = f a c t o r f o r Jfonday; whe re 1=6, b8= f a c t o r f o r Saturday); 
tha t i s , the r e l a t i o n of d a i l y t r a f f i c on a r a n d o m weekday, 1, and the average 
d a i l y t r a f f i c r e l a t i n g to the week, T ^ ; 

bw = the a r i t h m e t i c mean of the d a i l y f a c t o r f o r the f i v e w o r k i n g days , Monday 
t h rough F r i d a y ; 

Ty, = average d a l l y t r a f f i c r e l a t i n g to a week; 
d i = w e e k l y f a c t o r ; t h a t i s , the r e l a t i o n o f average d a i l y t r a f f i c based on (me week , 

Tv , , t o the A D T , T ^ ; 
r i = r e l a t i o n between the separate values o f the week ly f a c t o r s f o r the f i r s t , second, 

t h i r d and f o u r t h weeks and the c o r r e s p o n d i n g mon th ly f a c t o r ^ (where 1 = 

1, the f i r s t week of the month i s ind ica ted ; whe re 1=4, the f o u r t h week of the 
mon th i s ind ica ted) ; 

c i = mon th ly f a c t o r ; tha t i s , the r e l a t i o n o f average d a i l y t r a f f i c based on a month , 
to the A D T ; 

5p = the p r o p o r t i o n of peak-hour t r a f f i c d u r i n g the 24 -h r span of d a i l y t r a f f i c ; 
Kx = kappa f a c t o r ; tha t i s , the r e l a t i o n between an x - h o u r l y t r a f f i c amount on a r a n 

d o m w o r k i n g day, and the A D T ; 
z i = p e r i o d i c f a c t o r (where i = l , the appl icable p e r i o d of the yea r , one month ; 1=3, 

3 -mon th p e r i o d ) ; the p e r i o d i c f a c t o r shows the r e l a t i o n between the p e r i o d i c a l 
and annual averages ; 

= r h o f a c t o r ; tha t i s , the r e l a t i o n between d a i l y t r a f f i c amounts of a c e r t a i n number 
of days w i t h i n a d e f i n i t e count ing p e r i o d , to the A D T ; 

<o = a f a c t o r exp re s s ing the peak h o u r l y t r a f f i c v o l u m e as a percentage of the A D T ; 
R = r e l a t i o n between peak h o u r l y f l o w s and A D T ; 
t m a x ' ^^^y t r a f f i c , i n veh ic les pe r hour ; 
iy^ = index, the peak t r a f f i c f o r w o r k days expressed i n percentage of A D T ; 
16 = index, the peak t r a f f i c f o r Saturdays expressed i n percentage of A D T ; and 
I t = index, f o r ca l cu l a t i on of Sunday t r a f f i c . 

D E T E R M I N A T I O N O F T H E A D T OF A R U R A L H I G H W A Y S Y S T E M 

B y us ing the f o l l o w i n g t y p i c a l c h a r a c t e r i s t i c s of t r a f f i c f l u c t u a t i o n s , an accura te 
f i g u r e f o r the annual average can be deduced. 

T r a f f i c F luc tua t ions D u r i n g the 24 H o u r s of a Day 

P r a c t i c a l execut ion of c o i m t r y - w l d e t r a f f i c su rveys does not p e r m i t , however , a 
comprehens ive s tudy of the quest ion as to what extent counts of v a r y i n g d u r a t i o n p e r m i t 
of i n fe rences r e g a r d i n g the vo lume of t r a f f i c d u r i n g the 24 hour s , and what m a r g i n s of 
e r r o r m u s t be reckoned w i t h i n m a k i n g such in f e r ences ; o r , i n o the r w o r d s , to what 
extent the p a r t i a l t r a f f i c cove red d u r i n g the p e r i o d of the count may be r e g a r d e d as 
a constant (stable) phase of d a l l y t r a f f i c . The f o l l o w i n g data ( indices of t r a f f i c f l u c t u a 
t ions ) a re based on numerous t r a f f i c analyses and may t h e r e f o r e be r ega rded as c h a r 
a c t e r i s t i c f o r the va r i ances of the d i f f e r e n t f a c t o r s . 

Tab le 1 g ives the va r i ance of the h o u r l y f a c t o r s . The f i g u r e s i n the f i r s t l i n e g ive 
the vo lume of t r a f f i c counted d u r i n g v a r y i i ^ pe r iods of t i m e as percentages of the d a i l y 
t o t a l . I n the second l i n e , the a r i t h m e t i c means and the m a x i m u m e x t r e m e values of 
the h o u r l y f a c t o r s to be expected a re g i v e n . The f i g u r e s i n the t h i r d l ine indica te the 
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m a x i m u m sys t ema t i c e r r o r of the f a c t o r s e ^ r e s s e d as a percentage of the f a c t o r i n 
ques t ion . The r e g u l a r p a t t e r n of r e l a t i o n s between the daUy t o t a l and the a f o r e m e n t i o n 
ed s table s t r a t a i n the d a i l y f l o w of t r a f f i c enabled d e t e r m i n a t i o n ( w i t h i n m a r g i n of 
e r r o r of 3 pe rcen t ) of the v o l u m e of t r a f f i c d u r i n g the 24 h o u r s . 

T A B L E 1 

V A L U E S O F T H E H O U R L Y FACTORS A N D T H E M A X I M U M V A R I A N C E S T O 
B E E X P E C T E D ^ ( P R O B A B I L I T Y L E V E L 5%) 

Row 

Leng th 
T i m e 

Sample Counts 

Row 

Leng th 
T i m e 14 Hour s 8 H o u r s 4 H o u r s 

Row 

Leng th 
T i m e 

7 a. m . - 9 p . m . 7 a. m . - 3 p . m . 7 - 1 1 a . m . 2 - 6 p . m . 

(1) (2) (3) (4) (5) (6) 

1 t i 
8 7 . 2 % ' 45 .0%* 23 .8%* 28.4%* 

4 . 

2» ax 1 2 s_ 1.15 t 0 .02 2 .22 t 0 .06 4 . 2 0 + 0 . 2 4 3 .52 - 0 .19 

3 ^ m a x i 1.7% 1 3 . 0 % + 5 . 7 % 1 5 . 4 % 

4 t 3 . 0 % i : 5 . o % + 1 2 . 0 % t 1 0 . 0 % 

^Swiss rural highways, 1953-1957. 
^Percent of 2Ji-hr volume. 
*ajj = reciprocal of row 1. 

The m a x i m u m e r r o r t o be expec t ed—empi r i ca l ly ca lcu la ted f o r Swiss m a i n h i g h 
ways—amovmts to 1 5 pe rcen t i n the case of 8-hr co imts , and i n the case of 4 - to 8 -h r 
counts i t amounts to + 12 pe rcen t (the f i g u r e s i n the l a s t l i n e ) . 

A t ho rough ana lys i s o f the f l o w o f t r a f f i c i n t i m e shows tha t the v a r i a b l e values o f 
the h o u r l y f a c t o r s at d i f f e r e n t t i m e s of the y e a r s , a r e s i m i l a r bu t no t I d e n t i c a l . 
M a t h e m a t i c a l l y expressed , t h i s means, tha t t r a f f i c and i t s v a r i o u s occu r rences c o n 
s t i tu te a t i m e - c o n d i t i o n e d f u n c t i o n . One r e s u l t of the inves t iga t ions of t h i s f u n c t i o n i s 
shown i n F i g u r e 1 . 

F r o m the m a r k e d c h a r a c t e r i s t i c o f t r a f f i c as a " t i m e - f u n c t i o n , " i t f o l l o w s tha t the 
annual average values of the v a r i o u s f a c t o r s cannot be used f o r exact s t a t i s t i c a l e s t i 
mates of t r a f f i c . On the c o n t r a r y , t r a f f i c occu r rences m u s t a lways be r e g a r d e d as 
t i m e func t ions f o r the purpose of the d e t e r m i n a t i o n and p r a c t i c a l app l i ca t ion of i n d i v i d u a l 
f a c t o r s . F r o m c u r v e 1 i n F i g u r e 1 i t can be seen tha t d u r i n g the peak t r a f f i c of the 
s u m m e r months , n i g h t t r a f f i c a l s o exceeds the annual average . The r e l a t i o n s between 
the v o l u m e s of t r a f f i c d u r i n g 8 o r 4 and the 24 hours of the day d i sc lose a s i m i l a r pa t 
t e r n of behav io r . The f a c t o r f o r the v o l u m e of t r a f f i c o c c u r i n g d u r i n g 8 hours o f the 
day v a r i e s f r o m month to month and a lso f r o m day t o day (curves 2 and 3 ) . 

T r a f f i c F luc tua t ions D u r i n g the 7 Days of a Week 

The v o l u m e of t r a f f i c i s by no means evenly d i s t r i b u t e d ove r the days of the week . 
I t i s m a i n l y the needs of t r a f f i c on an average w o r k i n g day tha t i s of impor t ance i n the 
so lu t i on of p r o b l e m s i n u r b a n a reas . Y e t many m a i n r u r a l rou tes a r e i n cons ide rab ly 
heav ie r use on Sundays d u r i n g the 6 s u m m e r months than they a re on w o r k i n g days . 
T h i s phenomenon i s demons t r a t ed i n F i g u r e 2 . On the o the r hand, counts f o r the de 
t e r m i n a t i o n of A D T a re su i table on ly on w o r k i n g days . F o r t h i s r eason , i t i s d e s i r a b l e 
to know the d i s t r i b u t i o n of t r a f f i c as t o i n d i v i d u a l weekdays . 

The d a i l y f l u c t u a t i o n of t r a f f i c exh ib i t s a h igh degree of r e g u l a r i t y . Not on ly does 
the same p r o p o r t i o n of week ly t r a f f i c occu r r e g u l a r l y on the i n d i v i d u a l w o r k i n g days 
(Monday to F r i d a y ) on the same sect ions of the r o a d n e t w o r k ins ide a c losed a rea , but 
the " synchronous" pu l sa t ion i s a l so recognizab le I n the weekend t r a f f i c . 

The cu rves i n F i g u r e 3 show the changes i n the s o - c a l l e d d a i l y f a c t o r i n the course 
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Seasonal fluctuations of hourly factors (Swiss rural highways, 1953-1955). 

of the y e a r . The graphs r ep resen t the smoothed cu rves of the f a c t o r s . The f l o w of 
t r a f f i c does not exh ib i t the same degree of evenness on the d i f f e r e n t days of the week . 
F luc tua t ions a re leas t m a r k e d i n the midd le of the week. The mos t f avo rab l e months of 
the yea r f o r t r a f f i c counts a re indica ted by the ca lcu la ted m a r g i n s of e r r o r f o r the 
d a l l y f a c t o r s . 

A thorough ana lys i s of the f l o w of t r a f f i c on the highway s y s t e m i n extensive areas 
(Swi tzer land and the F e d e r a l Republic o f Germany) shows tha t the values of the d a i l y 
f a c t o r s a re v e r y s table; tha t i s , tha t the v a l i d i t y (scope) o f these f a c t o r s , w h i c h r e f l e c t 



20 

O 

I t 

u. 

It 

UJ 
UJ 

o 

o 

U] 
o 
QC 
UJ 
Q. 

Ul 
X 

• J 
o 

Ui 

Ul 
Q: 

24 

22 

20 

18 

16 

14 

12 

10 

8 

18 

18 

14 

12 

10 

18 

18 

14 

12 

10 

CURVES 1-4 SUNDAY 

/ 
V 

S 

AVERASe DAY 
^ •' 

* * * * 

J F M A M J J A S O N D 

CURVES 5-8 SATURDAY 

tVEMjU^ DAY _ _ 

sr."*"" 

MONTH 
OF YEAR 

F M A 

CURVES 9-12 

J J A S O N D 

MONDAY - FRIDAY 

MONTH 
OF YEAR 

— — — — -

" S I R 

A^l I 0A\ r 

— ^ . — J —— 

F M A M O N 

MONTH 
OF YEAR 

RECREATIONAL ROUTE IN SWITZERLAND 
RECREATIONAL ROUTE IN WESTERN-OERMANY 

MAIN RURAL ROUTE IN SWITZERLAND 

_ MAIN RURAL ROUTE 
AND ^AUTOBAHN' IN WESTERN-GERMANY 

Figure 2. Weekly time patterns of t r a f f i c flow (Swiss rural highway system I955 and 
rural highways In the Federal Republic of Germany, I955-I958). 
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the f luc tua t ions i n r o a d t r a f f i c , i s c h a r a c t e r i s t i c f o r l a rge areas of the c o u n t r y . 
F o r the s u m m e r ha l f of the year , the average s tandard e r r o r of the d a i l y f a c t o r f o r 

the midd l e of the week i s + 3 percen t . T h i s means tha t on any Tuesday, Wednesday o r 
Thursday d u r i n g the months o f May to October , a l l the Swiss m a i n roads c a r r y the 
same p r o p o r t i o n of t h e i r week ly vo lume of t r a f f i c . 

The d a i l y f a c t o r s of the f i v e w o r k i n g days, Monday th rough F r i d a y , a r e i n themselves 
so s i m i l a r tha t the app l ica t ion of the a r i t h m e t i c mean of the 5 d a i l y f a c t o r s ( ^ y ) i s su f 
f i c i e n t l y accura te f o r an es t imate of the A D T d u r i n g the week ( T » ) . On the o ther hand, 
the f a c t o r s of d i f f e r e n t r o a d types deviate f r o m one another . T h i s i s the r e s u l t of r e l a 
t i v e l y heavy Sunday t r a f f i c on a r e c r e a t i o n a l r o u t e . T h i s phenomenon i s expla ined i n 
the curves of F i g u r e 2 where the c h a r a c t e r i s t i c week ly t i m e pa t te rns of t r a f f i c f l o w on 
the Swiss m a i n highways and on the f e d e r a l a r t e r i a l highways of W e s t e r n Germany 
(Bundesautobahnen) a re represen ted . 

P r o v i d e d the week ly a v e r s e i s accu ra t e ly ascer ta ined , these curves may eas i ly be 
app l i ed . B y means of the cu rves ( F i g u r e s 1 and 3) the appropr ia te week ly average can 
be ca lcu la ted f r o m the r e s u l t s of the counts d u r i n g x hours of the day, as f o l l o w s : 

Ty, = axb i t x (veh/24 hours ) (1) 

^ ax = the h o u r l y f a c t o r ; 
b i = the d a i l y f a c t o r ; and 

t j j = the observed number of veh ic les on the covmting day. 

T r a f f i c F luc tua t ions D u r i n g the 52 Weeks of the Y e a r 
The week ly f luc tua t ions i n t r a f f i c w e r e , as a t h i r d point of r e f e r e n c e , o f f e r i n g the 

mos t appropr ia te basis f o r the ca l cu l a t i on of the A D T . A c a r e f u l t r a f f i c ana lys i s show
ed tha t the week ly f luc tua t ions i n r o a d t r a f f i c a r e a lso s t r i c t l y i n accordance w i t h as 
ce r ta inab le pa t te rns of behav io r . 

The indices of these f l uc tua t ions , the s o - c a l l e d week ly f a c t o r s , d , show the r e l a t i ons 
between the week ly , T^y, and annual average, T „ , (see cu rve 5, F i g . 4 ) . The r e l a t i ons 
between the m o n t l y and annual averages of d a i l y i r a f f i c a r e g iven f o r each week of the 
months . Curves 1 - 4 i n F i g u r e 4 show that the vo lume of t r a f f i c v a r i e s f r o m week to 
week w i t h i n the mon th . D u r i n g the months of October to Jvme p a r t i c u l a r l y , the f l u c t u a 
t i ons f r o m week to week a r e so grea t that d u r i n g th i s p e r i o d they a re out of p r o p o r t i o n 
to t h e i r a r i t h m e t i c mean, o r , i n o ther w o r d s , to the s o - c a l l e d month ly f a c t o r (curve 6, 
F i g . 4 ) . Because, however , the mon th ly f a c t o r s r ep resen t the average f luc tua t ions of 
t r a f f i c f r o m month to month , the A D T w o r k e d out f r o m r a n d o m counts d u r i n g th i s p e r 
i o d contains subs tant ia l e r r o r s . 

A be t t e r es t imate of the f l o w of t r a f f i c can be obtained by ca l cu l a t i ng the r e l a t i o n , 
Ti, between the separate values of the curves f o r the f i r s t , second, t h i r d and f o u r t h 
weeks (see curves 1 - 4 , F i g . 4) and the co r respond ing month ly f a c t o r s , ci. F o r the 
s i x s u m m e r months , f o r example , the average s tandard e r r o r of the week ly f a c t o r s 
( d i = r i C j ) i s i : 2 .6 pe rcen t . 

P r a c t i c a l A p p l i c a t i o n of the Sampl ing Method 

F r o m the fo r ego ing d e s c r i p t i o n i t can be seen tha t the f o l l o w i n g c o r r e l a t i o n s mus t 
be taken in to account i n ca l cu la t ing the annual averages f o r a l l sect ions i n a g iven 
r e g i o n : 

•^a = (2) 

B y means of ax the 24 -h r value f o r the d a i l y vo lume of t r a f f i c f r o m the r e s u l t s of count-
i i ^ d u r i n g x hours of the day i s obta ined. The week ly average i s ca lcu la ted f r o m the 
d a i l y f a c t o r , b i . The co r re spond ing month ly t r a f f i c vo lume can be obtained f r o m f a c t o r , 
r i , f r o m w h i c h , by apply ing the month ly f a c t o r , Ci , the annual average, T ^ , can be 
computed . 

The seasonal f luc tua t ions i n t r a f f i c a r e sens i t ive to l o c a l cond i t ions . Examples i n 
Swi tze r l and and i n the F e d e r a l Republ ic of Germany prove tha t d i f f e r e n c e s i n t r a f f i c 
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f l o w a re p r i m a r i l y condi t ioned by the v a r i a b l e c h a r a c t e r i s t i c s o f r u r a l h ighways . T o 
make poss ib le an a p r i o r i d e f i n i t i o n o f d e v i a t i o n a l r o a d sec t ions , the A D T va lues d e r i v 
ed f r o m E q . 2 and s o r t e d out a c c o r d i n g t o sec t ions w e r e examined and c a r e f u l l y ana
l y z e d , w h i l e the i n d i v i d u a l months of co imt w e r e t r e a t e d sepa ra t e ly . T h i s ana ly s i s of 
d i s t r i b u t i o n of e r r o r shows tha t i n Europe , f o r ins tance , the peak t r a f f i c o f s u m m e r 
r e c r e a t i o n a l a c t i v i t i e s does not sp read i t s e l f p r o p o r t i o n a t e l y o v e r the e n t i r e r o a d n e t 
w o r k ; tha t i s , the l aws o f t r a f f i c f l o w a re d i s t u r b e d d u r i n g these months ( Ju ly-September] 
T i m e , r e l a t i v e s ize and d u r a t i o n o f s u m m e r r e c r e a t i o n a l t r a f f i c i s h i g h l y dependent on 
l o c a l e . 

F i g u r e 5 shows t w o t y p i c a l k i n d s o f Swiss r e c r e a t i o n a l r o u t e s . The roads of the 
Engadin have a r e l a t i v e l y s h o r t (mid- June t o m i d - S e p t e m b e r ) but v e r y d i s t i n c t t r a f f i c 
peak, w h i l e the roads a long the L a k e o f Geneva c a r r y o v e r 150 p e r c e n t o f the t r a f f i c 
l oad d u r i n g the Sundays f r o m m i d - M a r c h t o m i d - N o v e m b e r . The cu rves of F i g u r e 5 
show the d i s t i n c t t i m e pa t t e rns of t r a f f i c f l o w as t o Simdays and t y p i c a l w o r k i n g days . 

T o be able t o e s t ab l i sh the in f luences of t i m e and place i n s u m m e r peak t r a f f i c , the 
l aws of t r a f f i c f l o w on secondary r u r a l rou tes w e r e examined sepa ra t e ly and the v a r i 
able f l uc tua t ions i n r e c r e a t i o n a l and business t r a f f i c w e r e found as w e U . I n t h i s way 
the re developed g e n e r a l l y f o u r types of r u r a l r o a d s : (a) h i g h l y r e c r e a t i o n a l r o u t e , (b) 
p a r t i a l l y r e c r e a t i o n a l r o u t e , (c) m a i n r u r a l r ou t e , and (d) secondary r u r a l r o u t e . (These 
t e r m s a re used i n accordance w i t h T . M . Matson , W . S. S m i t h , F . W . H u r d : T r a f f i c 
E n g i n e e r i n g 1955, i n the i n t e r e s t of m o r e u n i v e r s a l unde r s t and ing . ) 

I n dea l ing w i t h European r o a d cond i t ions , i t became necessa ry , a d d i t i o n a l l y , t o 
e s t ab l i sh f o r some of the a fo remen t ioned r o a d types , d i s t i n c t l aws as t o t w o - and 
t h r ee - l ane highways and m u l t i - l a n e a r t e r i a l h ighways w i t h f u l l c o n t r o l o f access . A s 
a r e s u l t of the s p e c i a l t o p o g r a p h i c a l and se t t l emen t cond i t ions o f S w i t z e r l a n d , the e n t i r e 
h ighway n e t w o r k of a c lo sed a r ea i s made up of one of the a f o r e m e n t i o n e d types. C o r 
respond ing ly , the t h r ee types o f m a i n roads r ep resen t—in Swi tzer land—three t r a f f i c 
r e g i o n s : 

1 . H i g h l y r e c r e a t i o n a l rou tes = approaches t o the A l p s ; 
2. P a r t i a l l y r e c r e a t i o n a l rou tes = roads a long the Lake o f Geneva; and 
3. M a i n r u r a l rou tes = roads i n the Mid lands and J u r a - M o u n t a i n s . 

A s the A l p i n e M a s s i f of Southern S w i t z e r l a n d i s c o m p l e t e l y shut o f f f r o m the n o r t h d u r 
i n g some months of the y e a r , t r a f f i c condi t ions of t h i s r e g i o n , roads i n the T e s s i n and 
the r o a d n e t w o r k i n the Engaxlin, devia te f r o m the r o a d t y p e : h i g h l y r e c r e a t i o n a l r o u t e . 

W i t h i n these r eg ions a l l the f a c t o r s , i n c l u d i n g the mon th ly f a c t o r necessa ry f o r 
c a l c u l a t i i ^ the annual average , a r e constant . 

I n E q . 2 some of the fac to rs—ax, r^ and C £ — a r e constant w i t h i n the ca lendar week . 
The changes w i t h i n the week a re i nd i ca t ed by the d a i l y f a c t o r , b i . I f the p roduc t s o f 
the f o r e g o i n g f a c t o r s a re designated b y k , and b i k = K I , the equat ion f o r d e t e r m i n l i ^ 
the annual d a i l y average takes the f o l l o w i n g f o r m : 

T a = t x (veh/24 hou r s ) (3) 

i n w h i c h 

i = 1, k b i = K i f o r Mondays; and 
1 = 5, kbs = Ks f o r F r i d a y s . 

I n p r a c t i c e , the KI - Ks -cu rves f o r 5 d i f f e r e n t days (I ifonday t o F r i d a y ) a r e w o r k e d out 
and expressed i n the f o r m of g raphs . A s the values of d a i l y f a c t o r s b i - bs do not d i f f e r 
m u c h , an app l i ca t ion o f the Average va lue o f the d a l l y f a c t o r o f w o r k i n g days , b^^, n iay 
be made i n mos t cases . 

F i g u r e 6 shows the average values of t h r ee K - c u r v e s f o r w o r k i n g days . The graphs 
c o r r e s p o n d t o the a r e a n o r t h o f the A l p s . B y means o f these K - c u r v e s , the A D T o n any 
sec t ion of t h i s m a i n highway s y s t e m can be ca lcu la ted d i r e c t l y f r o m the count taken on 
any p a r t i c u l a r w o r k i n g day. Curve 3 g ives the c o r r e c t i o n s f o r the 14 -h r counts between 
the hours o f 7 a. m . - 9 p . m . , w h i l e cu rves 1 and 2 g ive the K - f a c t o r s f o r 8 -h r counts 
(7 a. m . - 3 p . m . ) and f o r 4 - h r counts (2 - 6 p . m . ) . Append ix A shows the method of 
these ca l cu l a t i ons . 
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The Cons tan t -Pe r iods Method (the p - c u r v e s ) 

A s has been expla ined, i t i s necessary f o r a thorough knowledge of the phenomenon 
of t r a f f i c to e s t ab l i sh a number of K - c u r v e s w i t h i n the census y e a r . However , even i n 
h i g h l y developed c o i m t r i e s those adequate t r a f f i c analyses of r u r a l h ighway t r a f f i c a r e 
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generally lacking which are essential to a determination of K-factors. The method to 
be explained eliminates these deficiencies through a statement of relationships which 
enable a definition of ADT by means of universally valid factors. 

The traffic analysis shows that in all the countries there exist one or more "neutral 
periods, " which must be established during the period when the network presents the 
same relative traffic load of the yearly volume. The time and duration of these periods 
and also the magnitude of the factors for these periods are primarily dependent on the 
movements of the population in connection with their daily work and other occasions, 
and only to a lesser degree on the size and other local characteristics of an area. So 
long as these conditions do not change, all the characteristics of the "neutral periods" 
also remain constant. The marked regional and other differences in traffic fluctuation 
are evened out. During the neutral periods, moimtain roads, roads running along val
leys, roads with heavy commercial traffic, roads with local traffic and roads with 
highly recreational traffic carry the same relative proportion of the ADT. 

The Three-Month Period. - During this period the proportion of traffic is constant, 
not being subject to the familiar periodic fluctuations. Consequently, the ps factor of 
this period .is valid for every section of the highway network, and therefore an accurate 
determination of the daily average traffic volume by means of samples during this 
period could be very simple. 

fii Switzerland and in the Federal Republic of Germany as well, the three-month 
period lasts from May to July. During these three months approximately 30 percent 
of the total annual volume of traffic occurrences is observable throughout the rural 
highway system (see Col. 1, Table 2). This ratio of yearly traffic is the same in dif
ferent years (1953-1957). 

Table 2 gives the results of the permanent coimts which were made by means of 
automatic machines during the 5 years, 1953-1957, in the neighborhood of Geneva, 
Lausanne, Berne, Basle, Zurich and St. Mbritz, and which served to determine the 
factor governing these periodic fluctuations. 

Col. 1 of Table 2 gives the values of T^; that is, the volume of traffic occurring 
during the months of May to July, inclusive, expressed as a percentage of the annual 
total. Col. 2 gives 100/12; thatis, the monthlyvalues of the perlodicfactors. Col. 3 
gives the frequencies for the class intervals at the 29 control stations and Col. 4 re
quires no further explanation. From this result the periodic factor can be calculated 
to be 

z , = ^ = 0.278 (4) 

Further simplification is possible if the values of 3-month factors lie approximately 
in a straight line. If the avers^e value of the monthly factor for May is cs, for June 

TABLE 2 
ANALYSIS OF THE Zs-PERIODIC FACTOR' 

Ti(7o) 100 1 
^ 12 T i f (z,)f 

(1) (2) (3) (4) 
33.3 
32.0 
30.8 
29.7 
28.8 
27.8 

0.250 
0.260 
0.270 
0.280 
0.290 
0.300 

2 
6 
4 
8 
3 
6 

0.500 
1.560 
1.080 
2.240 
0.870 
1.800 

30.0 no = (f) = 29 8.050 
'Swiss rural highways. 1953-1957. 
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is St, and for July is c?, 

23 T T T T T 
C S C 6 C T 

(5) 

For Western Germany the values of these monthly factors are as follows: 
(a) for partially recreational routes: cs=l. 02; C6=0.84; and c?=0.81, 

resulting in 

^»'= T S T w o g r o i = 3 ^ = 0-294 

(b) for rural main roads: cs=l. 04; ce=0.85 and C7=0.89, and the 
periodic factor 

0.96+1.18+1.12 0.306 

(6) 

(7) 

Factors of Eqs. 6 and 7 show only a.t 2 percent deviation, which confirms the univer
sal validity of the factor 

Zs = 0.300 (8) 
When this method is used, a counting day must be selected in every month of the 

period. The results of these three counts must then be corrected by means of the ap
propriate aforementioned daily factor (see Fig. 3). The final form of the periodic fact
or is indicated by 

Ps = zsbi (9) 
If the material available for determining the annual average consists of the results of 
counts taken for only x hours of the day, the factor must be calculated by 

Ps('')= a^ ps=axbiz. (10) 

The different ps values according to Eqs. 9 and 10 must be worked out beforehand as 
appropriate for individual coimtii^ days. 

Figure 7 shows the average values of the ps-curves for working days, Monday to 
Friday. Curve 1 gives the corrections for the 24-hr counts (Ps-curves), whereas 
curve 2 gives the factors for 14-hr counts (ps-curves), etc. 

The method of calculating the annual average is illustrated by means of a numerical 
example from Table 3. 

TABLE 3 
COMPUTATION OF AVERAGE ANNUAL DAILY TRAFFIC OBTAINED BY 

MEANS OF Ps-CURVES 
Day of Count t24 Ps«^^ t24P3"=* 

(1) (2) (3) (4) 
Tuesday, May 10 
Tuesday, June 7 
Thursday, July 14 

1, 585 veh/24 hr 
1, 515 veh/24 hr 
1,973 veh/24 hr 

0.345 
0.335 
0.325 

547 
507 
641 

(ADT) Ta=St24Ps = 1,695 
veh/24 hr 

Note: Peimanent counting station: Carrouge, Route No. 1, Beme-Lausanne Counts made 
Ijy the Union Suisse des Professionnels de l a Route, 195?. 

In Table 3, Col. 1 shows the exact date^ of the individual counting day; Col. 2 gives 
the results of the counts; Col. 3 gives the ps'̂ '̂-values taken from Figure 7; and the 
values in Col. 4 represents the product of Columns 2 and 3. 

The ps-values for the network of the Federal Republic of Germany were arrived at 
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according to Eq. 5. In this process, only the average of daily factors of the working 
days, bw> were applied instead of bi . As can be gathered f rom curves 9-12 of Figure 
2, the value of bw during the 3 months (May-July) remains constant. The average 
value of ps, arrived at f rom Eq. 6 for partially recreational routes, represents 

pa' = 0.304 
and for rural main roads 

~fa" =0.295 
In the calculations for the entire road sections of the Federal Republic of Germany 
only a single factor ps = 0.3 was applied, with the computation of the AOT following the 
simplified Eq. 11 

Ta = ps (qs + qe + q») = 0.3 (qs + qe + q?) (11) 

in which 
qs = traffic volume of a working day in May (v/24 h), 
qe = traffic volume of a working day in June (v/24 h), and 
q7 = traffic volume of a working day in July (v/24 h) 

The reliability of the average, obtained by p-curves, was checked empirically. The 
results obtained during the United Nations Traffic Census in 1955, were used as a bas
is for testing the validity of the method. 

Figure 8 shows the tested road sections of the Federal Republic of Germany. ADT 
values of 462 different control periods were computed. Average deviation of these 
calculated values f rom the census value, To, amounted to ^ 6.2 percent. As is seen 
from the chart, the error did not exceed the value of ± 10 percent in 90 percent of the 
control points. Results of research in Switzerland were st i l l better where bi daily 
factors were considered with regard to day of coimt instead of using the average b „ 
values. 

For a counting time of 3 x 14 = 42 hours, the average error was t 4.9 percent (see 
curve 1, Fig. 9). Some of the results of this empirical test are given in Appendix B. 
The results of a 3 x 8 = 24-hr count displayed an average error of not more than ± 5.9 
percent (see curve 2, Fig. 9) and by use of ps**-curves ( 3 x 4 = 12-hr count) the value 
of the error does not exceed t 15 percent (curve 3). 

The "Neutral" Month. —This procedure is based on a shorter period of the year 
containing a constant proportion of the total annual traffic flow. This "synchronous" 
pulsation is particularly noticeable during June. During this one month, it is observ
able throughout the rural highway system of Switzerland and in Western Germany that 
approximately the same percentage of the total annual volume of traffic occurs. 

TABLE 4 
VALUES OF THE WEEKLY FACTORS IN JUNE AND THE MAXIMUM 

VARIANCES TO BE EXPECTED^ 
Time of Weekly Factors Standard 

Row 

(1) 

Counts 

(2) 

Mean, 
^(i) 
(3) 

Limits, 
^ i ) ^ 

(4) 

Deviation, 
P D 

(5) 
1 1st week of June 0.842 0. 81 - 0.87 0.055 
2 2nd week of June 0.974 0.95 - 1.00 0.045 
3 3rd week of June 0.906 0.88 - 0.93 0.045 
4 4th week of June 0.879 0.86 - 0.90 0.032 
5 The monthly 

factor c« = 0.882 _ _ 

^Level of significance 0.05. Swiss Rural Highways, 1955. 
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Table 4 provides an example of the method used to examine the distribution pattern 
of this traffic phenomenon. In Table 4 the numerical values in Cols. 1, 2 and 5 re
quire no explanation; Col. 3 gives the factors showing the relations between the weekly 
(for the f irs t , second, third and fourth weeks) and annual averages. Col. 4 gives the 
maximum margins of error of the individual factors, as calculated from the results 
obtained from 15 continuous-count stations, indicating the degree of accuracy of the 
arithmetic means. The maximum error of these factors, calculated for Swiss rural 
highways, and expressed as a percentile of the di factor (with a probability of P = 95 
percent), amounts to only i 2.6 percent. These margins of error mean that the vari
ances of these dj weekly factors exceed the maximum deviation o f t 2.6 percent in 
only 5 out of every 100 repeated counts. 

In dealing with the daily factor, it was also discovered that samples taken during 
the middle of the week provide the most reliable data for statistical estimates. When 
such data are used, the process of statistical induction is attended by the smallest 
margin of error. The average value of the daily factor in the month of June, for 
counting days Tuesday-Thursday, calculated for Swiss rural highways, is 

bw = 1.137 = constant (12) 

The final factor indicated by the Greek letter pi, must be calculated according to 

p i ^ = 1.137 (13) 

The method of calculating the annual daily average is similar, as in the case of the 
K-curves (Eq. 2). Substituting the value of pi, derived from Eq. 13 into Eq. 2: 

Ta (veh/24 h) = ax Pî ^̂ t̂ ^ (veh/x hours) (14) 

The different pi-curves were worked out in the years from 1953 to 1957. From 
these data i t was also possible to determine the average value of the curves. In Swit
zerland the values of the various pi-curves remained practically unchanged between 
1953 and 1957. 

Figure 10 shows the values of these pi^ -curves for counting days Tuesday to Thurs
day in the month of June. Curve 4 relates to 24-hr counts and their annual averages. 
Provided the duration of the count, x, and the number of counting days, n, are judici
ously selected, very advantageous margins of error can also be achieved for "short 
counts" (see curves 1-3). Even though a reduction of the duration of the individual 
counts results in an increase in the systematic error of the pi-curves, the decisive 
random errors can be reduced by making a greater number of coimts (n = 3), so that 
in the final analysis the relative margins of error turn out to be very favorable. 

For a counting time of 2 x 4 = 8 hours (pi'**-curves), the average error was 16.2 
percent, the maximum error of the results was i 15 percent. Curve 4 in Figure 9 
shows the distribution of error of the annual averages of daily traffic as calculated 
from 4-hr counts (n = 2). 

By means of the data (see figures in the last line of Appendix C) i t is possible to 
determine the number of counts which are required in order to remain within the mar
gins of error prescribed for such surveys. 

The applicability of the pi method was tested for the main European international 
arteries in the Federal Republic of Germany as well. The average value of the monthly 
factor amounts to ce = 0. 84 (average value of the years 1955-1958); here a strong sim
ilarity to Swiss conditions is foimd. In Switzerland C 6 = 0.88 (see col. 3, Table 4). 
The expected error amounted to ± 7.6 percent. The distribution of error in the road 
network of Figure 8 is as follows when applying a single pi factor: 47 percent of the 
control points tested show an error of e<5 percent; 33 percent of the control points 
tested show an error of e = 5-10 percent; 13 percent of the control points tested show 
an error of e = 10-15 percent; and 7 percent of the control points tested show an error 
of e>15 percent. 
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DETERMINATION OF THE PEAK ANNUAL HOURLY TRAFFIC VOLUME 
The significance of traffic peaks is so decisive for the dimensioning of roads that the 

laws governing changes in peak traffic must be examined separately along with a ration
al explanation of these phenomena. Even though some very broad investigations in this 
field have already been made in the United States, a new method for the determination 
of critical volumes during peak periods in Europe has become essential because there 
are not a sufficient number of permanent continuous-count stations which in the States 
serve as a basis for study. 

The following demonstrates how it is possible without the aid of automatic perma
nent covints to determine reliably the relation between peak-hour flows and the ADT on 
the various road types of rural highways by means of the factors discussed in the f i rs t 
part of this paper. 

Traffic During the Highest Hours of the Day 
The factors (a,b, c) served primarily to obtain ADT with more rationality and great

er reliability than heretofore. As an additional important criterion of traffic, that por
tion represented by peak-hour traffic was examined. To obtain a uniform picture, all 
data are shown in percentages of the 24-hr traffic on the day of count. The ratio of 
peak-hour traffic (tmax in veh/h) to 24-hr traffic (t24 in veh/24 h), expressed in per
centages, is 

5 = 100 ^mas. (15) 
P t24 

In addition to peak-hour traffic, the ratios of 2nd, 3rd 12th highest hours of 24-hr 
traffic on all of the road categories of rural highways were examined as well. The 
analysis of traffic counts for the criteria of hourly traffic flow occurred for both di
rections. Examinations were carried out separately for each month to test the valid
ity of the data arrived at. Figure 11 contains the results of research as to peak-hour 
traffic on the rural highways of Switzerland. 

Curves 1-3 show the 5-values derived from sample counts and their frequency. The 
most important results of these tests are as follows: 

1. The values of daily peaks are relatively higher on Sundays and holidays than on 
other days of the week (see curve 1, Fig. 11). Even though the distribution of these 
relative peaks is greater on Sundays than on other weekdays, their maximum value ex
ceeds 

''max = percent (16) 

only 5 times out of 100. 
2. Peak-hour traffic on Saturdays (see curve 2, Fig. 11) is somewhat more marked 

than on working days. 
3. 8n is generally not subject to seasonal fluctuations. This relative value of daily 

peak trafffic is neither smaller during winter nor larger during height-of-season sum
mer traffic than is its average value. 

4. On varying roads (recreational routes, main rural routes, etc.), 8p merely in
dicates random changes. This proves that the 8p factor of working days as well as 
that of Sundays and holidays may be regarded as a constant factor for the entire road 
network 

8p = constant (17) 

5. Similar regularity may also be observed for second-third, etc,, highest hourly 
volumes of the day. 

Curves in Figure 12 show the ratios of the second to 12th highest hours of the day 
expressed in percentages of peak traffic. Curve 1 represents two- and three-lane 
rural main roads in Switzerland. The traffic flow on the same type of road is quite 
similar in the Federal Republic of Germany. The Bundesautobahnen of Germany are 
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daily t r a f f i c (Swiss rural highways, 1953-1955). 

especially attractive to weekend traffic. This is expressed by a near constant load 
during the 12 daylight hours (see curve 2, Fig. 12). From the fact that 8p remains 
constant in spite of sizeable seasonal fluctuations in daily traffic in the course of a 
year, i t may be concluded that the absolute volume of daily peak traffic is subject to 
the same weekly and monthly fluctuations as is the 24-hr day traffic. 

Traffic During the Highest Hours of the Year 
The determination of laws in the flow of traffic in terms of time made possible a 

statement of the direct relationship between daily peak traffic and the ADT. Eq. 3 
demonstrates the relation between daily traffic (t24) and the ADT (Ta). Eq. 15 ex
presses the relation between daily traffic (t24) and its peak (tmax). Therefore, from 
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Eqs. 3 and 15 the relation between peak-hour traffic and the ADT may be derived, as 
follows: 

K T = a 0.01 Sp max 

or 
0.01 5„ 

max 

(17a) 

(17b) 

If (0 is introduced into Eq. 17, 
0.01 8. 

( 0 = (18) 

The final form of the relation between the peak-hour traffic of a random day and the 
ADT is 

t = (i>T max a (19) 

As already mentioned, the numerator of Eq. 18 remains constant. This implies that 
changes of u are dependent only on the K-factor of the denominator. The values of the 
K-factor according to Eq. 2 are functions of daily factors, b, and weekly factors, d = 
rc, because the value of the hourly factor in 24-hr traffic amounts to a24 = 1. It follows 
that changes in value of co are primarily influenced by b- and d-factors: symbolically, 

(20) 

Because in Eq. 19 the daily peak-hour traffic fluctuates with co, its maximum value is 
determined by K ^ i n ; that is, max l/(bidi). 

The fact that the same b- and d-factors are necessary for computation of peak-hour 



38 

traffic for the year, R, as well as for the determination of the ADT, K , adds a great 
practical advantage as well. The various types of road, as explained, demanded var
ious K-factors. The same classifications must therefore be applied to the critical 
traffic load. This means that each individual road type has a K-line to find the ADT, 
and an R-curve to determine the traffic of the peak hours of the year. 

Estimate of Traffic for Peak Hours of the Year by Means of 6 p, b and d Factors 
Finding the ordinate of an R-curve (that is, the relative size of peak-hour traffic 

during the course of a year) can be done quite simply. Curve 1 in Figure 5, for ex
ample, shows the peak traffic for Sundays expressed in percentages of ADT as follows: 

i 7 = ^ percent (21) 

Similarly, calculation of Saturday traffic (curve 2) 
101 

bac U=i^ percent (22) 
1 

and that of working days (Monday-Friday, curve 3) 

percent (23) b e . w 1 

The b7, be and bw factors are similar for the two road types represented by Figure 5, 
because the distribution of traffic during the individual days of the week is the same for 
highly recreational routes as i t is for partially recreational routes. Sizeable differ
ences in traffic flow are a result of the greatly different c-monthly factors of these 
roads. H the values of curve 3 (Fig. 5) derived from Eq. 23 are multiplied by 0.01 
8p-factor, the peak traffic of working days in percentages of ADT is 

i ^ 0 . 0 1 8 p = ^ = | 4 - (24) 
w 1 w 1 

Calculation of the values of Saturday's peak traffic rims a similar course: 

i ' ' 0 - 0 1 8 p = ^ (25) 

and that of Sundays and holidays 

i 7 0 . 0 1 6 p = J ^ (26) 

An example of manipulation according to Eq. 24 is given in Table 5. 
In Table 5, Col. 1 lists those months which are likely to carry peak loads of traf

fic; Col. 9, the number of working days of these months (that is, the frequency of peak-
hour traffic on these days). Cols. 2-4 require no further explanation; Col. 5 gives the 
maximum hourly traffic load on working days; Col. 6 gives the second highest hourly 
traffic load on working days; and Cols. 7-8 contain the third and fourth highest hourly 
traffic load on working days expressed in percentage of the ADT. The multiplication 
factor (8p = 9.1 percent) of Col. 5 is obtained from curve 3, Fig. 11. The multiplica
tion factor (6j2) =8.4 percent = 0.92 8p) is obtained from curve 1, Fig. 12, etc. 

The peak values to be expected for Saturdays and Sundays may be computed accord
ing to Eqs. 25 and 26 and are analogous to the example in Table 5. The values of the 
peak hours of the year thus arrived at may be calculated from the peak values of all 
the weekdays of the critical months, while bearing in mind the corresponding frequen
cies (for example, working days, Col. 9, Table 5). 



R 
fEK CENT 

SOr 
\ 
\ 
\ 
\ 
\ 
\ 

CURVE 1 

CURVE 2 

CURVE 3 

HIGHLY RECREATION. 
APPROACHES TO THE / 

PARTIALLY RECREAl 
REGION OF THE LAKE 

MAIN RURAL ROUTi 
MIDLANDS AND JURA 

AL ROUTE 
LPS, TESSIN AND ENGt 

lONAL ROUTE 
OF GENEVA 

MOUNTAINS 

WIN 

\ 
\ 
\ 

\ 
\ S 

CURVE 1 

CURVE 2 

CURVE 3 

HIGHLY RECREATION. 
APPROACHES TO THE / 

PARTIALLY RECREAl 
REGION OF THE LAKE 

MAIN RURAL ROUTi 
MIDLANDS AND JURA 

AL ROUTE 
LPS, TESSIN AND ENGt 

lONAL ROUTE 
OF GENEVA 

MOUNTAINS 

WIN 

\ 

\ 
\ 

CURVE 1 

CURVE 2 

CURVE 3 

HIGHLY RECREATION. 
APPROACHES TO THE / 

PARTIALLY RECREAl 
REGION OF THE LAKE 

MAIN RURAL ROUTi 
MIDLANDS AND JURA 

AL ROUTE 
LPS, TESSIN AND ENGt 

lONAL ROUTE 
OF GENEVA 

MOUNTAINS 

WIN 

N 1 

AL ROUTE 
LPS, TESSIN AND ENGt 

lONAL ROUTE 
OF GENEVA 

MOUNTAINS 

WIN 

CURVE 2 

WIN 

r*tiD i / i r 3 -* CC/nrC J 

i 
* 

o 
t 
2 

UJ (0 

lu 

5 
I 
o 

2 
o 
Q: 
0. 

40 

30 

20 
IB 
16 
14 
12 
10 

10 20 30 SO 100 ISO 
HIGHEST HOUR OF THE YEAR 

200 

Figure 13. 

WEEK-END TRAFFIC 

WORKING- DAY TRAFFIC 

Relation between peak hourly flows and annuel average daily t r a f f i c on two-
lane rural highways (Swiss rural highways, 1955)-

w 
ta 



40 

TABLE 5 
COMPUTATION OF RELATIVE VOLUME IN THE PEAK HOURS OF TRAFFIC 

DURING THE WORKING DAYS OF A YEAR* 

Month 
of 

Year 

Factors 100 
" w ' V i 

(%) 

1st - 4th Highest Hours of Day^ Frequency, f Month 
of 

Year 
Daily, 

b w 
Monthly, 

c. 
1 

100 
" w ' V i 

(%) 9.1 

O . O l x i xS. 
W 1 

8.4 7.7 7.3 

Frequency, f 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 
June 1.06 0.86 109.7 10.0 9.2 8.4 8.0 22 
July 1.07 0.65 143.8 13.1 12.1 11.1 10.5 21 
Aug. 1.07 0.39 239.6 21.8 20.1 18.4 17.5 21 
Sept. 1.06 0.86 109.7 10.0 9.2 8.4 8.0 22 
^Bighly recreational routes i n Switzerland (approaches to the Alps; roads i n the Tessinj 
the road network in the Engadin). 

^As percentage of ADT. 

The R-curves of Figure 13 have been drawn according to this method. The separate 
calculations of Simday and Saturday and working day peaks make possible a further 
analysis of these curves. Curve 1 in Figure 13, for instance, demonstrates that the 80 
highest peak hours of the year on approaches to the Alps occur as a result of weekend 
traffic. The highest working day peaks of Table 5 then are exceeded 80 times in a year. 

Weekend traffic on the roads along the Lake of Geneva is so intense and constant (see 
curves 1 and 2, Fig. 5) as opposed to that of working days (curve 3), that even the high
est hourly peaks of working days are exceeded 180 times in the course of a year. The 
considerable differences in the relative volume of the critical peak traffic loads of var
ious road types (see curves 1 and 2, Fig. 13) demonstrate the importance of such anal
yses beyond doubt. 

The presented factors a, b, c and 8 characterize the laws of traffic in terms of time 
clearly and sufficiently. From data yielded by these short counts, a sufficient basis is 
provided for a large number of technical traffic investigations to be made once fu l l 
knowledge of the true values of these factors is known. 

The coimting method itself is not enough to insure the success of a traffic survey 
intended to cover the road network in an extensive area. In the course of the introduc
tion, reference is made to the fact that a certain knowledge of the traffic flows to be 
included in the survey is an essential prerequisite for a systematic choice of samples. 
The numerical values given to describe the flow of traffic represent indices of con
formity with certain patterns of behavior which may be observed on the sections of 
road included in the survey. These numerical values for particular factors can properly 
be applied, however, only within a limited area and only on roads displaying the same 
traffic characteristics. Consequently, when the method to be described is to be applied 
to other countries, the particular features due to local conditions must f i r s t be ascer
tained. In all cases, the actual counts must be preceded by findings provided by ex
perimental control points established on a number of typical road sections. 

If every precaution is taken in evaluating the experimental data, and if the special 
traffic conditions, which to some extent vary from coimtry to country, have been suffi
ciently taken into account in devising the system of control points and in choosing the 
counting stations, this new method may be expected to yield results which can be re
garded as technically and economically satisfactory. 
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Appendix A 

APPLICATION OF SYSTEMATIC SAMPLING TO SPECIFIC PROBLEMS 
The following examples applied to specific conditions illustrate how to apply correct

ly the data outlined in this paper. 

Example 1 
Problem: 
What is the annual average of daily traffic on a section of road in the approaches to 
the Alps, when on Monday, September 12, 1955, a count of motor vehicles between 
the hours of 7 a. m. - 3 p. m. resulted in a total of ts = 1,325 (in both directions)? 
Solution: 

The annual average of daily traffic at this control point is, as follows: 

T^ = K<8; ts = 2.11 X 1, 325 = 2, 800 veh/24 h 

(Factor obtained from curve 2, Fig. 6.) 

Example 2 
Problem: 
(1) What is the ADT on a section of road in the neighborhood of Geneva? Type of 
intersection: two-lane rural road, with partially recreational route. 
(2) What is the expected total traffic volume during the highest hour of the year 
(vehicles per hour in both directions)? 
Results of the Counts: 
(1) May 10. Between the hours of 2 p. m. and 6 p. m. in both directions t* = 2,084 
veh/4 hr. (Maximum hourly volume observed in both directions, tmax = 684 veh/ 
hr.) 
(2) June 21. Between the hours of 7 a. m. and 9 p. m. in one direction ti4 = 3,209 
veh/14 hr (tmax = 360 veh/hr). 
(3) July 20. Between the hours of 7 a. m. and 3 p. m. in one direction ts = 1, 973 
veh/8 hr (tmax = 418 veh/hr). 
Solution: 
Computation of average annual daily traffic. 

The three-month method: the pj-curves (c-factors obtained from curves 2-4, 

p , « = 1.165; p,'^* = 0. 382; f.^' = 0. 716 
T^ = (ps'** t4 + Pa'^ 2ti4 + Ps** 2t8)* = 1.165 x 2, 084 + 0.382 x 6,418 + 0. 716 x 3, 964 
= 2,428 + 2,452 + 2, 825 = 7, 705 veh/24 hr in both directions. 

The K-curves check (average values of K-curves obtained from Fig. 6): 
K U ) = 3. 75; K , i ^ = 1.12; K,a, = 1 77 
T^ = K « t 4 = 3.75 X 2,084 = 7,820 veh/24 hr 
T^ = K M 2ti4* = 1.12 X 6,418 = 7, 200 veh/24 hr 
T^='<w2ts* = 1.77 X 3.964 = 6, 990 veh/24 hr 
Average T^ = 7, 350 veh/24 hr 

Assuming 50 percent distribution of t r a f f i c by directions. 
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(T^) = '^5. = ^.^05 + 7,350 ^ 528 veh/24 hr 

• ^ a - ^ 177 ^27) 
AT^ = 100 Ajr-^ = 100 = 2.4 percent 

The Pi-curve check (values of pi obtained from Fig. 10): 
Pi*"** = 1.17 T^ = Pi"*' 2tf4 = 1.17 X 6,418 = 7, 500 veh/24 hr 
Computations of the highest traffic load of the year. 

The 24-hr traffic on the day of count: 
t24 = a4t4 = 3. 52 X 2, 084 = 7, 340 veh/24 hr in both directions 
t24 = ai4ti4 = 1.176 X 3,209 = 3, 780 veh/24 hr in one direction 
t24 = asta = 2.20 X 1,973 = 4,440 veh/24 hr in one direction 
(hourly factor obtained from Fig. 1) 

Maximum hourly traffic (tmax) observed in relation to fu l l day's traffic (expressed 
as a percentage of the 24-hr traffic) 

8p = 100 ̂ p̂- = 10.6 percent 

(Bp-factor obtained from curve 1, Fig. 11) 
The standard expression of the relation between the 24-hr traffic and the ADT is 

as follows: 

T^ = b. d. t24 (28) 

Equating Eq. 28 to the maximum value of the yearly traffic to be expected: 

mm mm mm mm 

On the basis of Figures 3 and 4 the factors of the traffic volume fluctuations are 
calculable as follows: 
b^ .^ = b T * " = 0.61 (see Sunday values in August, Fig. 3) 

*^min ^ ^ ° ' ^̂ ^̂ ^̂  ^ August, curve 1, Fig. 4) 
Substitution of the values of b?*" and di'" in Eq. 29 gives 

^^ (̂max) ^ ^ 7,̂ 528 ^ ^^^^24 hr and (30) 

*max " t"^™^^ = 0.106 x 18, 700 = 1, 982 veh/hr (31) 

The absolute peak of hourly volume during the year expressed as a percentage of 
the annual average daily traffic derived from Eqs. 27 and 31 is as follows: 

100 = 100 = 26.4 percent (32) 
3. 

The Highway Research Board made extensive traffic analyses to throw light on this 
problem, the result of which was that in the United States the ratio between the 
highest hour of the year and the average daily traffic varied between 18 and 34 per
cent, averaging 24.9 percent (Bureau of Public Roads, Highway Capacity Manual, 
Table 22 and Figure 50). 
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Appendix B 

EMPIRICAL CHECKING OF ERRORS IN ADT ESTIMATES O F THE SWISS RURAL HIGHWAY SYSTEM 
BY MEANS OF SAMPLES TAKEN DURING "NEUTRAL PERIODS" 

JADT (veh/24 hr) Calculated from "Short Count" 
and from Cen-

Pi-Curves | pi-Curves sus' 
Duration of Count (hr) 

Deviations in the ADT Between that Actually! 
Tested and that Derived from 

p3-Curves | pi-Curves 

42 a 12 28 16 IS 210 1 42 24 12 28 16 12 
Time of Count Between the Hours of 

High Sta
7a.m. 7a.m. 2-6 7a.m. 7a.m. 2-6 7a.m. 7a.m. 7a.m. 2-6 7a.m. 7a.m. 2-6 

High Sta -9p.m. -3p.m. p.m. -9p.m. -3p.m. p.m. -9p.m. -9p.m. -3p.m. p.m. -9p.m. -3p.m. p.m. 
way tion Number of Trafl ic Counts 
No. No. n = 3 n = 2 n = 15 n = 3 n - 2 n = 3 
(1) (2) (3) (4) (5) (6) (•7) (8) (fl) (10) (11) (12) (13) (14) (15) 
1 11 2,160 2,108 2,3S5 i,ii6 2,301 i,566 2,393 + 9.7 +11.9 + i.e + 2.4 + 3.8 - 8.1 
1 12 8,009 7,936 7,131 8,312 8,360 8,336 7,986 - 0.3 + 0.6 +10.7 - 4.1 - 4.7 - 4.4 
1 13 4,360 4,404 4,549 4, 540 4, 609 4,650 4,258 - 2.4 - 3.4 - 6.8 - 6.6 - 8.2 - 9.2 
1 14 3,152 3,215 3,173 3,188 3,270 3, 251 3,078 - 2.4 - 4.4 - 3.1 - 3.6 - 6.2 - 5.6 
1 15 2,594 2,748 2, 565 2, 566 2,686 2,637 2,602 + 0.3 - 5.6 + 1.4 + 1.4 - 3.2 + 1.3 
1 16 2, 887 3,008 2,908 3,104 3,088 2,898 2,975 + 3.0 - 1.1 + 2.2 - 4.3 - 3.8 + 2.6 
5 113 3,411 3,300 3,651 3,508 3,461 3,198 3,323 - 2.6 + 0.7 - 9.9 - 5.6 - 4.2 + 3.8 
6 125 638 625 564 631 644 578 647 + 1.3 + 3.4 +12.8 + 2.5 + 0.5 +10.7 
6 127 1,825 1,815 1,989 1,839 1,956 1,853 1,832 + 0.4 + 0.9 + 8.6 - 0.4 - 6.8 - 1.1 
6 128 1,927 1,795 1,900 1,823 1,815 1,908 1,926 0.0 + 6.8 + 1.3 + 5.3 + 5.8 + 0.9 
6 129 2,318 2, 373 2,275 2,466 2, 546 2,660 2,451 + 5.4 + 3.2 + 7.2 - 0.6 + 3.9 - 8 . 5 
6 130 2,114 2,050 2,086 2,132 2, 071 2,247 2,364 +10.6 +13.3 +11.8 + 9.8 +12.4 + 4.9 
6 131 2,404 2,265 2,420 2, 389 2,229 2, 597 2,472 + 2.8 + 8.4 + 2.1 + 3.4 + 9.8 - 5.0 
6 132 2,897 2,701 2, 869 2, 836 2, 619 2, 926 2, 968 + 2.4 + 9.0 + 3.3 + 4.1 +11.8 + 1.4 
6 133 3,954 3,753 4,143 3,943 3,744 4,311 4,012 + 1.4 + 6.4 - 3.3 + 1.7 + 6.7 - 7 . 4 
6 134 4,413 4,243 4,572 4,382 4,190 4,883 4,560 + 3.2 + 7.0 - 0.3 + 3.9 + 8.1 - 7 . 1 
6 135 4,146 4,095 4,342 4,179 3,996 4, 676 4,497 + 7.8 + 8.9 + 3.4 + 7.0 +11.1 - 4 . 0 
6 136 3,017 3,028 3,268 2,944 3,003 3,306 3,230 + 6.6 + 6.2 - 1.0 + 8.8 + 7.0 - 2.2 
6 137 1,526 1,624 1,777 1,549 1,702 1,846 1,604 + 4.9 - 1.2 -10.8 + 3.4 - 6.1 -15.1 
6 138 2,026 2, 222 2,217 2,082 2,350 2,365 1,988 - 1.9 -11.8 -11.5 - 4.7 -18.2 -19.0 
6 139 886 1,012 1,048 914 1,082 1,075 960 + 7.7 - 5.4 - 9.2 + 4.8 -12.7 -12.0 
6 140 892 1,046 1,071 944 1,118 1,081 1,014 +12.0 - 3.2 - 5.6 + 6.9 -10.2 - 6.6 

10 168 1,206 1,193 1,190 1,236 1,246 1,292 1,317 + 8.4 + 9.4 + 9.6 + 6.2 + 5.4 + 1.9 
10 187 1,918 1,803 2,010 2,012 1,884 2,167 1,856 - 3.3 + 2.8 - 8.3 - 8.4 - 1.5 -16.8 
10 188 1,013 986 1,075 1,065 1,020 1,136 1,043 + 2.9 + 5.5 - 3.1 - 2.1 + 2.2 - 8 . 9 
10 189 1,418 1,451 1,426 1,534 1,629 1,571 1,533 + 7.5 + 5.3 + 7.0 0.0 - 6.3 - 2 . 5 
12 200 1,829 1,722 2,025 1,871 1,786 1,995 1,870 + 2.2 + 7.9 - 8.3 0.0 + 4.5 - 6 . 7 
12 201 1,419 1,415 1,387 1,383 1,398 1,343 1,329 - 6 . 8 - 6.5 - 4.4 - 4.1 - 5.2 - 1.0 
18 239 1,671 1,746 1,390 1,446 1,551 1,450 1,697 + 1.5 - 2.9 +18.1 +14.8 + 8.6 +14.6 
18 240 1,760 1,816 1,615 1,771 1,861 1,670 1,956 +10.0 + 7.2 +17.4 + 9.4 + 4.8 +14.6 
20 253 577 635 617 594 708 597 624 + 7.5 - 1 . 8 + 4.3 + 4.8 -13.5 + 4.3 
20 254 946 1,016 1,006 935 1,073 937 947 0.0 -77.3 - 6.2 + 1.3 -13.3 + 1.0 
20 255 911 995 959 880 998 972 942 + 3.3 - 5.6 - 1.8 + 6.6 - 5 . 9 - 3.2 
20 256 899 902 951 865 886 940 998 + 9.9 + 9.6 + 4.7 +13.3 +11.2 + 5.8 
70 305 1,963 1,773 1,999 1,959 1,770 2,122 1,974 + 5.6 +10.2 - 1 . 3 + 0.8 +10.3 - 7.5 
70 306 824 768 942 821 793 968 895 + 7.9 +14.2 - 5 . 2 + 8.3 +11.3 - 8.2 
70 307 1,452 1,456 1,684 1,515 1,541 1,761 1,596 + 9.0 + 8.9 - 5 . 5 + 5.1 + 3.4 -10.3 
72 309 913 949 1,027 918 990 984 1,002 + 8.9 + 5.2 - 2 . 5 + 8.4 + 1.2 + 1.8 
91 320 1,193 1,142 1,164 1,204 1,237 1,237 1,257 + 5.1 + 9.1 + 7.4 + 4.2 + 1.6 + 1.6 
91 321 633 690 576 670 722 628 674 + 6.1 - 2 . 4 +14.5 + 0.6 + 7.2 + 6.8 
94 323 1,590 1,623 1,529 1,542 1,601 1,534 1,657 + 4.0 + 2.0 + 7.7 + 6.9 + 3.4 + 7.4 
94 324 669 670 644 698 746 674 702 + 4.7 + 4.6 + 8.3 + 0.6 + 6.3 + 4.0 
95 325 1,014 1,031 1,045 1,051 1,070 1,069 1,051 + 3.5 + 1.9 + 0.6 + 0.5 - 1 . 8 - 1 . 7 

Average deviation, e, of the sample group: + 4.9 + 6.0 + 5.8 + 4.9 + 6.9 + 6.2 
Based on data of the Sifiss Federal S t a t i s t i c s Office, Berne 1955. 
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Appendix C 

THE ACCURACY OF THE STATISTICAL ESTIMATES OBTAINED 
BY MEANS OF p'j*'-CURVES 

Control Count Results''' ADT Calculated from' Act. 
Tested 

Deviation 
from ADT 

Point May 12' June l ' July 11 ' May 12' Jvme l ' July U ' 2 Ps tl4 To" (veh) (%) 
(1) (2) (3) (4) (5) (6) (7) (8)* m (10) (11) 
2 7,736 7, 711 2,510 2,590 3,040 8,140 

4,486 
8,003 -137 - l."? 

3 4,245 4, 252 5,320 1,378 
1,403 

1,430 1,678 
8,140 
4,486 4, 721 +235 + 5.0 

4 4,318 4,567 5,404 
1,378 
1,403 1,535 1,702 4,640 

1,659 
4, 674 - 34 - 0.7 

6 1,577 1,691 1,843 511 568 580 
4,640 
1,659 1,656 - 3 - 0.2 

2 8,168 8, 865 8, 341 2,655 2,980 2,625 8,260 7, 732 -528 - 6.8 
30 7, 768 8, 785 8, 501 2, 525 2,950 2, 680 8,155 7, 987 -168 - 2.1 
31 2,841 3,084 3,141 922 1,038 990 2,950 2,877 - 73 - 2.5 
39 1,810 2,013 2,473 588 675 778 2,041 2,100 + 59 + 2.8 
42 1,988 2,005 2,578 645 671 812 2, 328 2,118 -210 - 9.9 
60 2,100 2,451 3,048 682 822 960 2,464 2,376 - 88 - 3.7 
63 3,773 3,998 5,867 1,225 1,344 1,850 4,419 4,695 +276 + 5.9 
67 4,069 4,450 4,542 1,320 1,497 1,430 4,247 4,550 

2, 352 
+303 + 6.6 

70 2,077 2,404 2,525 675 806 795 2,276 
4,550 
2, 352 + 76 + 3.2 

79 2,013 2,613 3,425 655 876 1,808 2,611 2, 777 +166 + 6.0 
86 373 535 905 121 180 285 586 609 + 23 + 3.8 
88 380 601 819 124 202 258 584 593 + 9 + 1.5 
98 593 1,018 1,493 193 342 470 1,005 986 - 19 - 1.9 
94 3,630 4,226 4,739 1,180 1,420 1,493 4,093 4,085 - 8 - 0.2 
95 2,861 3,135 3,439 873 1,054 1,085 2,976 3,023 + 47 + 1.6 

108 1,918 2,022 2,478 622 679 780 2,081 2,279 +198 + 8.7 
114 3,490 3,520 3,711 1,134 1,183 1,170 3,487 3,403 - 84 - 2.5 
156 3,596 4,316 3,854 1,170 1,450 1,214 3,834 3,674 -160 - 4.4 
158 835 1,179 1,012 272 396 319 987 950 - 37 - 3.9 
171 3,939 4,366 5,548 1,280 1,468 1,750 4,498 4,625 -127 + 2.8 
176 2,144 2,436 3,216 695 816 1,014 2,525 2,633 +108 + 4.1 
180 1,295 1,367 1,895 420 459 596 1,475 1,311 -164 -12.5 
195 3,203 3,193 2,750 1,040 1,072 856 2,477 2,677 -300 -11.2 
199 1,148 1,246 1,402 373 419 441 1,233 1,329 + 96 + 7.2 
221 4,562 4,464 4,819 1,482 1,500 1,520 4,502 4,218 -284 - 6.7 
223 1,634 1,665 1,939 531 559 610 1,700 1,778 - 78 - 4.4 
230 3,437 3,740 3,558 1,115 1,256 1,122 3,493 3,588 + 95 + 2.6 
250 1,639 2,003 1,974 532 672 621 1,825 1,717 -108 - 6.3 
275 317 504 783 103 170 246 519 489 - 30 - 6.1 
279 603 829 1,157 196 278 364 838 851 + 13 + 1.5 

' Counts made by Union Suisse des Professionnels de l a Route, 1955. 
2 t^^ = veh/lU hr. 

*Col. 8 = Col. 5 + Col. 6 + Col. 7. 
'Based on census data of Swiss Federal Statistics Office, Beme, 1955. 
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Discussion 
BORIS B, PETROFF, Head, Traffic Inventory Section, U. S. Bureau of Public Roads 
— In each state hundreds and in many states thousands of points along the roads are 
established for traffic counting. Lately traffic counting activities have been progres
sively extended into the cities. With the constantly increasing demands for traffic in
formation, the expenditures for obtaining these data have also been mounting. A few 
years ago the problem had reached the proportions where the scientific methods of ef
ficiency of traffic counting work had begun to force out the procedures which originally 
were instituted to satisfy the expediency in providing the much needed information. 

In the first part of this paper, the product under discussion is the estimate of annual 
average daily traffic volume (ADT) based on sampling. Using statistical measures the 
author evaluates the accuracy of the estimates. 

In this coimtry, since 1951, the accuracy of estimates of ADT obtained by various 
sampling procedures has been statistically measured in 31 states. These measures 
determine the efficiency of the procedures as they relate the cost of production of esti
mates of ADT to their accuracy (quality). 

The common expression of accuracy of an ADT estimate is the error of this esti
mate in percent of the ADT. The statistical measure of such error is the standard 
error of estimate or the standard deviation of the percent errors. Using the data in 
Appendix B, Col. 11, the standard deviation of the percent errors is t 5.39. This is 
based on three samples (May 12, June 1, and July 11). From this can be approximated 
the standard deviation for ADT estimates if they were based on single samples 5 = 
+ 5.39 X \l3 = + 9.3 percent. 

In this country the prevailing number of states base their ADT estimates on single 
samples. In 16 states so far, rural traffic counting procedures have built-in statis
tical controls. These procedures were designed to produce the ADT estimates with 
standard deviation 5 = i; 10 percent. Actually, after the "smoothing out" process where
by small adjustments are made in the ADT estimates when they are examined for rea
sonableness in relation to the data at the adjacent stations on the map and compared 
with the records of the previous years, the final resulting errors are probably smaller 
than those indicated by the "raw score" measure of 5 = + 10 percent. 

Thus it can be concluded that the basic measures of accuracy of ADT estimates pro
duced by the author and those used in this country are essentially the same. 

There are several differences in the procedures that merit attention because the 
understanding of them may lead to even greater efficiency. 

1. The manner of grouping of stations for computation of adjustment factors; 
2. The statistical and administrative implications of the "neutral periods"; and 
3. The use of weekly instead of monthly adjustment factors. 
The author suggests for computation of factors for the adjustment of sample counts 

to the estimates of ADT, the grouping of roads intuitively on the basis of descriptive 
correlations; for example, groups of roads by predominate service types. For in
stance, he names three traffic regions in Switzerland. 

Since 1951 when evaluations of efficiency of traffic covmtii^ programs was begun in 
this country on a large scale, it was observed that intuitive classification of roads 
either by route or by geographical areas, in the predominant number of states, caused 
the errors of estimates of ADT to be greater than when roads were grouped objectively 
("Experience in Application of Statistical Method of Traffic Counting," Public Roads, 
Dec. 1956). At best, and only in a few instances, the measures of errors induced by 
subjective groupings were the same as when they were based on statistical principles. 
In some cases the error of ADT estimates is increased by 10 percent on the 95 per
cent confidence limit when area or descriptive correlations are used in grouping. 

In the evaluation of the objective grouping, tests made in the Bureau of Public Roads 
indicate that when the monthly-group-mean adjustment factors differ by not more than 
+ 5 percent in any one month, such groups tend to be insignificantly different; varia
tions due to chance could account for the small differences. On the other hand, two 
groups having a maximum difference of + 15 percent in anyone month indicated sig-
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nificance of the differences which lead to the conclusion that two or more sub-popula
tions may be included in each such group. 

From these observations of significance of differences between group means it was 
concluded that t 10 percent range would appear to approach the limit of significance. 
Therefore, in the 15 states where traffic counting procedures are now based on statis
tical measures, objective grouping is used. The criterion is the same everywhere, al
lowing a maximum difference of i 10 percent between the group means in any particu
lar month for roads carrying about 500 vehicles per day or more. 

The objective grouping has these consequences on the procedure: The dispersion 
of monthly adjustment factors within the + 10 percent range of a group is small, about 
5 = t 4 or 5 percent. Thus with as few as four randomly placed continuous count sta
tions within a group, the standard error of the monthly mean factors is ^ 2 or 2.5 per
cent. This standard error is small as compared with the irreducible 5 = + 8 percent 
of the sampling error of single 48-hr counts on work days in a month, thus contributing 
only about t 2 percent in forming the final 5 = ̂  10 percent in the ADT estimates. As 
there are usually three or four groups within a state, the number of continuous count 
stations needed for the purpose of determining the adjustment factors is relatively 
small. 

In the actual grouping of roads in the various states the adoption of the Gestalt con
cept was found very helpful as it allows for the recognition of population characteris
tics by a relatively small number of observations. In grouping of hundreds or some
times thousands of miles of roads, seldom more than ten continuous count stations are 
available in a group. Sometimes only one such station shows the existence of a sig
nificantly different group. The allocating of road sections to the different groups, 
however, was later verified in detail by a large number of stations where traffic counts 
were made four, six, or twelve times durii^ the year, equally spaced. 

The record of observation of characteristics of traffic volumes in Europe more and 
more underscores the similarities that exist between the behavior of patterns of traffic 
there and in this country. If what has been found in this country about the continuity of 
subpopulations of characteristics of monthly traffic volume variations extending over 
great mileages of roads also applies in Europe, then further improvements (small as 
they may be) might be ê qpected in the author's results. 

In the 1930's and later years a number of studies were made in this country (many pub
lished in the HRB Proceedings)from which it was observed that there exist periods of min
imum dispersion of traffic volumes for various imits of time, such as hours, days, and 
months. Itwas also observed that the mean work-day traffic volume in certain months, 
usually April or May, and October, closely approximates the annual average. Further
more these months were also the months of minimum dispersion of work-day volumes 
about their monthly means and, therefore, of the annual averages. These characteris
tics were found to exist on the great majority of all rural roads regardless of their 
classifications. Thus, although there has been awareness of these months of minimum 
dispersion which the author calls "neutral periods," little use has been made of them, 
primarily for administrative reasons. 

Most of the traffic counting is done with machines which require careful attention 
for efficient performance. The state officials feel that men who are permanently em
ployed as traffic enumerators usually are more conscientious than temporary employees, 
thus preferring using men on traffic counting work the year around including the months 
of greater dispersion. The better mechanical quality of counts and the greater produc
tion rates per man more than offset the loss of accuracy because of the counts taken 
during the months other than "neutral periods." 

In 1955 the statistical analysis of adjustment factors in one of the northern states 
revealed that the application of the weekly factors reduced the error of estimate of 
ADT's by approximately one-third as compared with the monthly factors. One of the 
mid-Atlantic states uses weekly factors to adjust to the ADT estimates based on sam
ple counts made during the first and the last week of the month. On the other hand, the 
analysis of weekly factors in one of the southern states where the monthly and weekly 
variations are less pronounced did not show conclusively a significant improvement 
over the use of the monthly factors. Until now the principal obstacle to the study and 
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use of the weekly factors has been the considerably greater effort mecessary for the 
production of these factors. With the increasing use of mechanical and electronic 
equipment in the analysis of traffic data, it may be well to give greater attention in 
this country to the improvement of efficiency which may potentially lie in the use of 
weekly factors. 

This paper demonstrates the large area of agreement of human behavior as observed 
in the characteristics of automobile traffic volume measurements in Europe when com
pared with this country. Consequently new successful investigations on either continent 
should attract attention across the Atlantic. 
THOMAS MURANYI, Closure — A comparison of the acquired results and an investiga
tion of special conditions are the best means for judging the correctness of a research 
method and its practical application. It is to be appreciated that Mr. Petroff in his 
comments has taken this course. Some brief supplementary remarks may complete 
the picture. 

When determining the number of the coimting days, n, and the necessary duration 
of the coxmts, not the expected probable error, but the expected maximum error was 
taken as a standard. As a criterion for the accuracy of the computed ADT it was de
manded: that its value must not exceed an error of i 12-15 percent at any station of 
the examined network (on the 95 percent confidence limit). This condition was ful
filled in the most rational manner (under European circumstances) by counts made 
either in May, June and July, each lasting 4 hours (12-hr coimt, see curve 3, Fig. 9), 
or by counts made in June which lasted twice for 4 hours (8-hr count, see curve 4, 
Fig. 9). 

The universal validity of the American investigations—according to which an eval
uation of the objective grouping is the most adequate method—has been proved by the 
European traffic analyses. 

The classification of roads is also a result of objective grouping. In the determina
tion of the criteria for the classification according to this type of road, not only the 
monthly factors, C j , but also the Sunday-daily-factors, b?, were taken into account. 
Although the differing intensity of the weekend traffic is already expressed in the traf
fic volume of the respective months and thus also in the differing monthly factors, it 
is not unimportant for obtaining the annual peak-hour traffic volume (Eq. 21) to see 
how these monthly traffic volumes come about. This manner of grouping made it pos
sible to ascertain for every road section within the groups one adjustment factor for 
the estimation of ADT and one for the determination of the peak annual traffic volume. 

Contrary to American procedures, no continual traffic coimts extended over the en
tire network are performed in Europe. Traffic surveys of that kind are performed 
every 5 years only, chiefly manually and not by permanently employed traffic enum
erators. Thus the periods most convenient for counts can be taken into account. The 
special advantage of this method (as opposed to the k-lines more applicable to American 
conditions) is to be seen in the countries where data necessary for a correct grouping 
of road sections and stations are not available. According to the universal validity of 
the periodic factors, zs and zi, they can be satisfactorily ascertained by the count re
sults of only a few stations (Eq. 4, Table 2). 




