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The Traffic Counting Program In Cincinnati 

GEORGE W . H O W I E , and 

T H O M A S E . Y O U N G , Department of Public Utilities, Cincinnati, Ohio 

The traff ic count ing p rog ram i n C inc inna t i is the result of an e f f o r t to 
develop a comprehensive p rogram f o r ob ta in ing i n f o r m a t i o n on t raf f ic vol 
umes on the c i ty 's street system. 

Th is i n f o r m a t i o n is used f o r three purposes: 1. i n the p lann ing and de
s ign of t raff ic control and t raf f ic operations on ex i s t ing f a c i l i t i e s ; 2. i n 
the p lanning and design of new h ighway f a c i l i t i e s ; and 3. i n the study of 
t ra f f ic pat terns and trends. 

The basic element of th is p rog ram is the use of portable 15-minute re
cord ing counters, w h i c h provide short t ime t raf f ic volume i n f o r m a t i o n sui t 
able f o r use i n t raff ic control and operations work , and also provide an effi
cient method of ob ta in ing t raf f ic volumes f o r 24 hours and longer periods. 
The portable counters are supplemented by manual counts, made mostly 
d u r i n g peak hours, and by six permanently located hour ly recording counters, 
w h i c h are mainta ined by the Ohio State H i g h w a y Department . 

I n the field o f t ra f f ic operations, t raf f ic volume studies are used i n deter
m i n i n g war ran t s f o r and designing t raff ic s ignals; i n de te rmin ing war 
rants f o r p a r k i n g res t r ic t ions , stop signs, and street m a r k i n g s ; and i n the 
p lann ing and operation of reversible lanes and one-way streets. 

The t raff ic count ing p rogram i n C inc inna t i also provides basic data f o r 
use i n p lann ing and designing h ighway improvements and new h ighway 
fac i l i t i e s . 

The equipment and procedures used i n th i s p rog ram and some of the 
studies wh ich have been and are being made of t ra f f ic pat terns and trends 
are described. These include studies of hou r ly var ia t ions at key s ta t ions; 
comparative studies o f hour ly , dai ly, and seasonal t raff ic pat terns on a 
c i t y street, a state h ighway w i t h t rucks prohib i ted , and a state h ighway 
w i t h mixed t r a f f i c ; and development of c i ty-wide t ra f f ic flow maps and 
vehicle mileage figures. 

• T R A F F I C C O U N T S and volume Supplementing the mechanical counts, 
studies have been an in tegra l pa r t of many manual counts are made at various 
Cincinnat i ' s t raf f ic engineering p rog ram locations, p r i m a r i l y d u r i n g peak hours, 
since 1949. P r i o r to tha t year, the count- These studies obtain other i n f o r m a t i o n , 
i n g was done manually, since i t was not such as t u r n i n g movements, vehicle 
possible to develop a comprehensive classification, and vehicular delays. F u r -
count ing p rog ram because the Div i s ion thermore, the policy is to h i re ext ra help 
of Traf f ic Eng inee r ing was f u n c t i o n i n g d u r i n g the summer season each year, 
w i t h o u t adequate manpower. and a considerable por t ion o f th i s ex t ra 

I n 1949, 11 Streeter-Amet 15-minute help has been used on special manual 
recording counters were purchased and counts and volume studies, 
th is number had been increased to seven- A n impor t an t addi t ional source o f 
teen by the end of 1955. These counters t raff ic volume i n f o r m a t i o n became avai l -
have f o r m e d the basis of the t ra f f ic able i n 1954 w i t h the ins ta l la t ion of 6 
count ing program. B y the end of 1956, permanent hour ly recording t raf f ic 
a to ta l o f more than 7,000 ind iv idua l counters at various locations i n the c i ty , 
counters had been placed at various lo~ These counters operate f r o m the vehicle 
cations i n Cinc inna t i . detectors at volume-density controlled 
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t raf f ic signals, and are p rov id ing valu
able continuous volume i n f o r m a t i o n . The 
instal lat ions were made, i n connection 
w i t h c i t y owned signals, by the Plan
n i n g Survey Div i s ion , Ohio Department 
of Highways , w i t h 50 percent par t ic ipa
t i o n of Federal funds . 

Traff ic volume i n f o r m a t i o n has three 
m a j o r areas of usage: operations, plan
n i n g and classification, and studies of 
t raff ic volume patterns and characteris
t ics. The uses o f t ra f f ic volume i n f o r m a 
t ion i n operations w o r k include: 

1. De te rmina t ion of war ran t s f o r , and 
p lann ing and design of t ra f f ic control de
vices. 

2. De te rmina t ion of war ran t s f o r , and 
p lann ing and design o f channelization 
and localized street improvements. 

3. Enforcement studies. 
4. P l ann ing of maintenance operations. 
5. Speed zoning of thoroughfares . 
6. Before and a f t e r studies of t raff ic 

improvements. 

Traf f ic volumes are used f o r classif ication 
and p lann ing w o r k i n many ways i n 
c luding : 

1. Developing p r io r i t i e s and p lann ing 
f o r m a j o r h ighway and expressway i m 
provements. 

2. Establ ishment o f standards of con
s t ruc t ion on m a j o r h ighway and express
way improvements. 

3. Street system classification and de
velopment o f m a j o r t h r o u g h street plan. 

4. I n conjunc t ion w i t h m a j o r t raff ic 
surveys such as pa rk ing , or igin-dest ina
t ion , speed-delay and economic studies, 
and mass t r a n s i t studies. 

5. Capacity-volume studies. 
6. U t i l i z a t i o n o f data by commercial 

interests i n connection w i t h development 
of a b u t t i n g lands. 

Another area o f usage of t ra f f ic volume 
studies is i n s tudy and analysis of t r a f 
fic volume patterns, trends, var ia t ions 
and characteristics. One impor t an t phase 
of th is w o r k in Cinc inna t i has been the 
use of var ious volume study techniques 
and s ta t i s t ica l methods i n de te rmin ing 

count-frequency levels sufficient to pro
duce adequate results. 

Much of the data used i n these studies 
was obtained f r o m the quar te r ly count 
p rogram (s tar ted in January, 1952), i n 
wh ich t raff ic is counted f o u r t imes per 
year, approximately three months apart, 
at key locations th roughout the c i ty . The 
p r o g r a m or ig ina l ly included 18 locations, 
but has been expanded to include 26 lo
cations, w i t h a to ta l of 92 ind iv idua l sta
t ions or street sections ( F i g u r e 1 ) . 

Because the analysis of t raff ic volume 
data on a research basis is re la t ive ly new 
i n C inc inna t i , these studies are not de
finitive, bu t are samples of the types of 
invest igat ions and analyses wh ich can be 
made, and which may w a r r a n t f u r t h e r 
study. 

Studies of S-^-Hour Sampling Procedures 

Since the great m a j o r i t y of t ra f f ic vol 
ume counts i n Cinc inna t i are 24-hour 
mechanical counts, studies would be de
sirable to determine the r e l i a b i l i t y o f 
single, randomly selected, 24-hour me
chanical counts, and to determine how 
such counts may d i f f e r f r o m the Average 
D a i l y Traf f ic ( A D T ) volume, and f r o m 
the average weekday volume. 

As a p re l imina ry , a b r i e f s tudy was 
made to compare t raf f ic volumes obtained 
t h rough two available methods s imul 
taneously. I n th is study, the 24-hr vo l 
umes obtained f r o m the quar te r ly counts, 
made w i t h the portable 15-min record
ing counters, were compared w i t h vo l 
umes f o r the ident ical periods obtained 
f r o m the permanent hour ly record ing 
counters i n 1955. 

The results of th i s study d id not show 
as close an agreement between the vo l 
umes obtained by the two methods as 
was desired, even consider ing the f a c t 
tha t i t was not always possible to coordi
nate the count ing periods closer than % 
hr . The differences between the t w o were 
converted to percentages and studied. I t 
was found , us ing the permanent count 
volumes as a base, tha t the portable count 
volumes i n the 14 comparable s i tuat ions 
had an average deviat ion o f 5.26 percent, 
and a standard deviat ion of 6.05 percent. 
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^ rttmiriTT MCoaoHte couaTfH* 

Fiitrure 1. Counting stations, Cincinnati . 

The m a x i m u m deviat ion vt'as 9.75 percent. 
A l t h o u g h such a range of deviations is 

suff ic ient ly small to be sa t i s fac tory f o r 
t ra f f ic operations and t ra f f ic control work , 
i t was d isappoint ing when f o u n d i n 
counts taken of the same t raff ic at the 
same t ime and location. Th i s apparently 
indicates the need f o r much closer check
i n g o f count records, counter mainte
nance, and counter placement and tabu
l a t i n g procedures, i n an e f fo r t to reduce 
these deviations. I n spite o f the problem, 
i t was f e l t tha t both the portable and 
permanent counts could be used prof i tab ly 
i n m a k i n g f u r t h e r studies and analyses. 

Since the A D T volume is the "common 
denominator" f o r t ra f f ic volume studies. 

A D T volumes and average weekday t r a f 
fic volumes were figured by various meth
ods us ing the data f r o m both the perma
nent and the quar te r ly counts obtained 
i n 1956. 

Table 1 shows tha t A D T volume ob
tained by averaging al l o f the good days 
f r o m each of the permanent count sta
tions ( f i r s t co lumn) . Since some days 
were missed due to mechanical or elec
t r i c a l defects i n the counters and such 
missed days were not necessarily evenly 
d i s t r ibu ted t h rough the week, the fig
ures i n the second column were computed 
using a weighted average, based on the 
year ly average volume f o r each day i n 
the week. Th i s figure is the most accu-
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rate available f o r the t rue A D T volume. 
For operational purposes i n an urban 

area, the average weekday t raff ic volume 
may actually be a more sa t i s fac tory fig
ure than the t rue A D T volume f o r two 
reasons: (a) where the Sunday and h o l i 
day volumes are great ly d i f f e ren t f r o m 
the weekday volumes, the A D T may be 
substant ial ly d i f fe ren t f r o m the volumes 
occur r ing more than 300 days out of the 
year; and (b) since weekend and holiday 
counts are more d i f f icu l t to obtain be
cause of personnel and equipment l i m i t a 
t ions and are usually of l i t t l e value i n 
themselves f o r operational purposes, an 
urban count ing p rogram w i l l usually be 
based on weekday counts. The average 
weekday volumes are shown i n the t h i r d 
column o f Table 1. The f o u r t h column 
shows the average of the f o u r Quarterly 
seasonal counts at each of the compar
able locations, and the fifth and s i x t h 
columns show the deviations f r o m the 
t rue A D T and f r o m the t rue average 
weekday volumes, respectively. Since the 
quar te r ly counts are actually weekday 
samples, i t is not su rp r i s i ng tha t the de
viat ions f r o m the average weekday vol
umes are much smaller (average devia
t i on 3.95 percent) than the deviations 
f r o m the t rue A D T (average deviat ion 
6.64 percent ) . The difference between the 
two deviations w i l l depend on the char
acteristics of the roadway w i t h respect to 
traff ic volumes on Sundays and holidays. 

A l t h o u g h this s tudy involves too f e w 
samples to be s ta t i s t ica l ly s ignif icant , i t 
indicates t ha t the average o f the f o u r 
seasonal counts does give an accurate es
t imate of the average weekday t raff ic 
volume. 

The last column shows the figure wh ich 
would be obtained i f the w i n t e r count a t 
each location were omi t ted and the three 
other seasonal counts averaged. Th i s 
figure, i n general, may be expected to be 
h igher than the t rue annual average 
weekday volumes, since the w i n t e r vo l 
umes are generally the lowest of the 
year. Th i s figure would be p r i m a r i l y 
useful i n reducing the number o f counts 
needed to measure year ly trends. I t does 
not appear sa t i s fac tory as a method of 
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es t imat ing the average weekday traff ic 
volume. 

U s i n g data obtained f r o m the perma
nent count records, a s tudy was made of 
the var ia t ions i n t raff ic volumes on d i f 
f e r en t days of the week. F i g u r e 2 shows 
the results of th is study, w i t h the dai ly 
volume at each s ta t ion converted to a 
percentage o f the A D T volume. 

The character of the urban street and 
the type of t ra f f ic i t carries has a very 
s t rong influence on the various t raff ic 
pat terns. Th i s is cer ta in ly the case i n the 
dai ly va r i a t i on pa t t e rn as shown i n th is 
i l l u s t r a t ion . The streets w i t h commercial 
and /o r state h ighway t raff ic show a much 
more stable dai ly pa t t e rn than do the 
streets w i t h parkway and non-commercial 
t raff ic , on wh ich the Saturday and Sun
day volumes drop off very sharply. I n 
th i s connection, the t e r m " p a r k w a y " has 
a somewhat d i f f e ren t meaning i n C in 

c inna t i than i n some areas, r e f e r r i n g 
merely to a roadway on w h i c h commer
cial t raf f ic is p rohib i ted . Thus, Columbia 
Pa rkway and Torrence Pa rkway f o r m a 
pa r t of the a r t e r i a l street pa t tern , serv
i n g a large amount of commuter t raf f ic , 
ra ther than being express fac i l i t i e s , or 
serving recreational t raff ic . 

Generally speaking, i f Sundays and 
holidays were disregarded en t i re ly , the 
deviat ion of any one day f r o m the aver
age weekday volume becomes qui te small . 
The m a x i m u m deviat ion of any week
day except Saturday shown at any o f the 
six stations was 7.98 percent. F r o m th is , 
i t appears tha t no serious e r ror w i l l be 
introduced in to t ra f f ic volume studies 
due to the day of the week on w h i c h the 
counts are made. 

The m a j o r pa r t of the t raff ic count ing 
in C inc inna t i is based on the use of 
single mechanical counts, made on a r an -

3 

> 

ISO 

110 

C 100 
u. 
< 

< o 
III e < c 111 > < 

I d u 
Ul 

a. 

9 0 

8 0 

7 0 

6 0 

SO 

^N.B Re iding Rd 

r-N.B. Torrence =kwy 
\ 

' I Y E.B. 

* ^ — * ^ ? 
yiaditon R 
—K.^ 

1 

/ £ 
. . > W . B 

" ^ . B . R 

:aluinb<a f 

coding Rc 

\ 
\ 

\ 
S B. Torr ence Rd. 

II 
1 

1 1 
>- > >- >- >- >- >-
4 < < < < < < a a a a o a o z z n <n (A CE 

S
U

 ON ru
E

 

DN
E 

HU
R 11. 

AT
U 

Ul 1- CO 
* 

CO 
DAY O F W E E K 

Fiffure 2. Average traffic volume by day of week, permanent count 
stations. 



H O W I E A N D Y O U N G : C I N C I N N A T I T R A F F I C C O U N T I N G PROGRAM 659 

domly selected 24-hour weekday period. 
I t was impor tan t , therefore , to deter
mine the r e l i a b i l i t y of such counts; tha t 
is, the difference o f single 24-hour week
day volumes f r o m the annual average 
weekday volume. I n analyzing these d i f 
ferences, a s ta t i s t ica l method suggested 
by Bor is B . Pe t rof f , Secretary, H R B 
Committee on U r b a n Volume Character
istics, was used. Pet rof f also par t ic ipa ted 
i n the computat ional w o r k of the anal
ysis. 

Except f o r the six permanent stations, 
there were no data available as to the 
t rue annual average weekday t raff ic vol 
ume. However, an approximat ion was 
possible, us ing the quar te r ly count data. 
A t 26 key locations, compr is ing 92 street 
sections or stations, f o u r 24-hour week
day counts were made each year, three 
months apart . A t each o f the 92 stations 
the average o f the f o u r counts d u r i n g the 
year represents the estimate of the an
nual average weekday t raff ic volume. 
Pe t rof f reported tha t th is procedure has 
been f o u n d i n other studies to give ac
curate estimates o f the annual average 
weekday t raff ic volume, and these studies 
are i n agreement w i t h t h i s pr inc ip le . 
Comparisons could be made between the 
ind iv idua l 24-hour counts and the cor
responding estimates of average weekday 
t raf f ic volumes based on f o u r seasonally 
spaced 24-hour weekday counts. 

Testmg Procedure 

1. F o r the first l is ted street section at 
each of the 24 quar te r ly count locations 
(these include f o u r br idges) the esti
mate of annual average weekday t raff ic 
was obtained by adding the f o u r seasonal 
counts and d i v i d i n g by f o u r . 

2. The differences between each i n d i 
v idual seasonal count were computed and 
expressed as percentages o f the annual 
averages. These percentages are the 
errors of estimates. 

3. The standard deviations of er rors 
were computed, and comparisons were 
made between the theoret ical normal 
d i s t r i b u t i o n and the actual d i s t r i b u t i o n 
o f er rors f o r one or t w o standard devia
tions. I n accordance w i t h the normal 

curve of d i s t r i bu t ion , 68 percent of al l 
uni ts i n the sample should have e r ro r s 
equal to or smaller than plus or minus 
one standard deviat ion, and 95 percent 
of al l uni ts should have er rors equal or 
smaller than plus or minus two standard 
deviations. 

The comparisons showed standard de
viat ions f r o m the four-season average 
as f o l l o w s : w in t e r , 12.0 percent; spr ing , 
7.7 percent; summer, 8.2 percent; au
t u m n , 12.3 percent. The actual d i s t r i b u 
t i on of the deviations conformed closely 
to the theoret ical normal d i s t r i b u t i o n , 
i nd i ca t ing the r e l i a b i l i t y of the studies. 
These figures indicate tha t more than 
two- th i rds of the ind iv idua l 24-hour 
count volumes i n each season deviated 
f r o m the four-season average by less 
than the figure g iven. 

These figures indicated t h a t the 1955 
sp r ing and summer counts deviated con
siderably less and can be considered 
more dependable than the f a l l and w i n t e r 
counts. However, the counts f r o m al l 
seasons could be considered accurate 
enough f o r most pract ical purposes, 
therefore , the randomly selected i n d i 
v idua l 24-hour count does give a reason
ably reliable representation of the an
nual average weekday t raff ic volume f o r 
most purposes. 

A l t h o u g h the above conclusion is o f 
importance, a h igher level of accuracy 
f r o m the count ing p rogram can be ob
tained ( w i t h o u t expanding the p rogram) 
by a closer control and check of the 
counter placement and tabula t ion to pre
vent the inclusion o f counts w h i c h are 
abnormal, incorrect , or not representa
t ive — due to defects i n the counter, i t s 
placement or tabula t ion, or due to un
usual t ra f f ic condit ions. Th i s type of con
t r o l is impor t an t because the acceptance 
of such unrepresentative counts may un
dermine the dependabil i ty o f the ent i re 
count ing p rogram and may inval idate 
any s ta t i s t ica l analysis of the data. 

Traffic Flow Maps 

A n elementary but valuable and prac
t ica l use o f t raff ic volume data is i n the 
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preparat ion of flow maps. A graphical 
presentat ion has many uses i n c l u d i n g : 

1. S impl i f ied computations f o r vehicle-
mileage and accident rate studies. 

2. Development of t h rough street sys
tem and classifications. 

3. P lann ing o f h ighway r o u t i n g and 
off-street pa rk ing . 

4. P l ann ing and scheduling mainte
nance. 

5. P l ann ing selective t raff ic enforce
ment. 

6. P l ann ing t raff ic control devices, i n 
c luding development of p r io r i t i e s . 

F i g u r e 8 shows a block by block flow 
i n the central business d i s t r i c t , and F i g 
ure 4 shows the c i ty -wide t ra f f ic flow, 
w i t h volumes shown in each homogeneous 
segment on the m a j o r t h rough street sys

tem. Homogeneous segments r e f e r to 
segments t h rough which the physical 
characterist ics are more or less constant, 
and i n which there are no m a j o r t u r n i n g 
movements onto or off o f the main street. 

The c i ty-wide flow map i l lustrates 
v i v i d l y the essentially radial , bu t badly 
cut up pa t te rn of Cincinnat i ' s street sys
tem, and also some of the t raff ic t rouble 
spots which result i n a c i ty wh ich " j u s t 
g r ew" — and grew w i t h i n an area of 
rugged topography. Also shown is the 
lack of good continuous cross-town or 
c i r cumfe ren t i a l routes and the resu l t ing 
overloads placed on cer ta in spots on the 
radia l system by inadequacy of cross-
town routes. 

Vehicle Mileage Computations 

Vehicle mileage figures f o r ind iv idua l 

I 
ITWBJTH I ! 

3 

4̂  

r 
Figure 3. Traffic flow chart, central business district, 1956. 
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Figure 4. Traffic flow diaeram, 1956. 

streets or roadways are used i n many 
ways, i n c l u d i n g : 

1. P r io r i t i e s f o r w o r k programs or 
street improvements. 

2. P r io r i t i e s f o r snow and ice removal. 
3. Computations of vehicle delay rates. 
4. Computa t ion of accident rates. 

Area-wide or c i ty-wide vehicle-mileage 
i n f o r m a t i o n is used i n several ways i n 
c l u d i n g : 

1. Computat ion o f area-wide or c i t y -
wide accident ra tes; and development of 
standards f o r such rates. 

2. A d m i n i s t r a t i v e purposes, such as 
al lotment of funds by states to cit ies, or 

assignment of police manpower to dis
t r i c t s or area. 

3. Study of t raff ic trends, since over
all vehicle mileage is cer ta in ly the u l t i 
mate measure of t raff ic changes and 
trends. 

Ob ta in ing a reasonably accurate ve
hicle mileage figure f o r an ind iv idua l 
street or h ighway is not d i f f icu l t , be
cause a re la t ive ly small number of counts 
w i l l give an adequate p ic ture o f the t r a f 
fic volumes on a l l sections of the street, 
and the distance is known. However, ex
tending such coverage to obtain i n f o r 
mat ion over an en t i re c i ty of one-half 
m i l l i o n residents, serving a populat ion of 
nearly a m i l l i o n , becomes a much greater 
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problem because of l im i t a t i ons o f man
power and equipment. 

The computat ion of accident rates was 
an impor t an t pa r t o f a c i ty-wide speed 
zoning p rog ram launched i n C inc inna t i 
i n 1954. Th i s also required a c i ty -wide 
accident rate to use as a standard, w h i c h 
i n t u r n required some sor t o f a c i ty -wide 
vehicle-mileage figure. The figure w h i c h 
was used of necessity was l i t t l e more 
than an i n f o r m e d guess. Su rp r i s ing ly , 
the figure o f 8,125,000 vehicle-miles per 
average weekday gave sa t i s fac tory re
sults and reasonable answers f r o m an 
operational s tandpoint i n the accident-
rate computat ion. I t was f o u n d tha t ac
cident rates i n excess o f 20 accidents per 
m i l l i o n vehicle-miles, or below 15 acci
dents per m i l l i o n vehicle-miles were 
w o r t h y o f special a t t en t ion i n the speed 
zoning work . 

W i t h the completion o f the c i ty-wide 
and downtown flow maps, a method was 
available f o r a much more accurate ve
hicle-mileage estimate. The downtown 
flow map showed a t r a f f i c volume i n each 
block. I n the o u t l y i n g areas the flow map 
was based on the t h rough street system 
w h i c h is subdivided in to five classifica
tions as f o l l o w s : 

Class A A A , Expressways and l i m i t e d 
access roads; 

Class A A , A r t e r i a l State and Federal 
Routes; 

Class A , A r t e r i a l T h r o u g h Streets; 
Class B , Thoroughfa res ; and 
Class C, Local Service Streets. 

I n p repar ing the flow map, volumes 
were obtained on each m a j o r segment of 
al l streets o f Class B or h igher classifi
cation. A m a j o r segment was defined as 
a section of road between t w o successive 
intersections of other streets of Class B 
or h igher classification. 

T o obta in a vehicle-mileage figure f o r 
al l of the t h rough streets o f Class B or 
higher , the volume i n each m a j o r seg
ment was m u l t i p l i e d by the length of 
tha t segment. Th i s d id not account f o r 
approximate ly 90 miles o f Class C 
t h r o u g h streets, and approximate ly 630 
miles o f non- through streets. 

Class C t h rough streets generally f a l l 
in to one of three groups : (a) a collector 
or feeder street, wh ich is an in tegra l 
par t o f the t h r o u g h street pa t te rn i n 
feed ing local t raff ic to a more i m p o r t a n t 
street f r o m a residential business, or 
i ndus t r i a l area, or connecting two more 
impor t an t routes ; (b ) streets w h i c h are 
legally so classified because of ex i s t ing 
(and f requen t ly obsolete) stop s ign con
t r o l ; (c) streets wh ich are legally so 
classified by Ohio law because of the 
presence of a scheduled bus route. Th i s 
classification thus includes a wide var ie ty 
of streets w i t h a wide va r i a t i on in t r a f 
fic volumes. However, on the basis o f 
many t raff ic counts wh ich have been made 
on such streets, the average volume es
t ima te of 3,600 vehicles per day is a rea
sonable one. 

Residential and other s t r i c t l y local 
non- through streets are even more of an 
unknown quant i ty . I n an e f f o r t to obtain 
volumes on them, a p rog ram of ob ta in ing 
24-hour volumes on a systematically se
lected sample of block segments has been 
started. A l t h o u g h this s tudy is f a r f r o m 
complete, indicat ions are tha t the average 
volumes on such streets are approximate
ly 570 vehicles per day. I t is possible 
tha t th is figure may be somewhat lower 
than tha t wh ich would be obtained i n a 
s imi la r study i n other cities, because the 
topography of many par ts o f Cinc inna t i 
creates many isolated residential streets, 
and many streets wh ich are actual ly 
dead-end or no-outlet. 

Table 2 is a summary o f the computa
t ions used to develop the cu r ren t est i
mated vehicle-mileage i n Cinc inna t i . The 
final to ta l was 3,752,000 vehicle-miles per 
average weekday. 

Seasonal and Yearly Traffic Trends 

I t is d i f f i cu l t to develop a l i m i t e d sys
tem of count ing stations w h i c h gives a 
per fec t representation of c i ty -wide t r a f 
fic volume trends. Therefore , the studies 
based on these locations are studies of 
apparent t rends ; however, these loca
tions were selected as being representa
t ive of a l l sections i n the c i ty . 

The use o f such a system of representa-
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T A B L E 2 
1956 V E H I C L E - M I L E A G E C O M P U T A T I O N , C I T Y O F C I N C I N N A T I 

Street Classification 
Miles of 

Street 

Downtown grid 
Class A A A 
Class AA 
Class A 
Class B 
Class C 
Unclassified 
Total 

14.4 
0.25 

86.4 
90.7 
81.5 
90.0 

630.0 
992.0 

Average Volume, 
Vehicles per day 

11,600 
24,000 
16,200 
10,900 
6,460 
3,606 

670 
3,780 

Vehicle-
Mileage 

167,000 
6,000 

1,380,000 
989,000 
526,000 
326,000 
360,000 

3,762,000* 

• Vehicle-miles per average weekday. 

tive counting stations at various locations 
is subject to one serious limitation — 
when the possible capacity of one or 
more approaches to any of the intersec
tions is reached, the volumes at that in
tersection (at least for the periods in 
which the capacity is reached) no longer 
reflect the true traffic volume increase in 
the area. This defect can be overcome to 
a degree by the use of a "screen-line" 
system of counting stations, in which all 
traffic passing an arbitrary line would 
be counted, regardless of the street being 
used. However, to have done this in Cin
cinnati would have required a large in
crease in the number of quarterly counts, 
at the expense of the remainder of the 
counting program. This was not justi
fiable, inasmuch as none of the inter
sections operate at maximum capacity 
continuously or for extended periods of 
time, although certain approaches to 

many of the intersections reach this 
point almost daily. 

Studies were made of the change in 
the total volumes at the 26 locations 
which include 92 count stations to obtain 
information as to the seasonal and year
ly trends in city-wide traffic volume 
trends. The quarterly count data have 
been available since 1952, and Figure 5 
is a chart showing the results of this 
study. It is apparent that the general 
traffic volume trend has been up. The 
yearly averages have shown an increase 
of 24.6 percent between 1952 and 1956, 
an annual increase of 6.15 percent per 
year, assuming a straight line increase. 
The shape of the curve indicates that the 
increase is at an increasing rate. Assum
ing that the increase is occurring at a 
fixed rate compounded, the rate of in
crease has been 5.66 percent per year 
compounded. To the traffic control engi-

a 
• 8 0 0 

(O 
O 

600^ 

>-< a 
cc 
ui 
Q. 
M 
UI 
- I 
U 
X 
bi 
> 

4 0 0 -

LOOATipWS 

YEARLY 
L O C A T I O N S 

2 0 0 
QUARTERLY COUNT LOCATIONS 

2 4 HOUR MECHANICAL COUNTS 

1 8; 3 
1952 

I S> 3 

(9 S 
!̂  i i 
i £ i ^ 
S u) u) u. 

^ i 1 
Z IT Z 

» 85 3 
/95J /954 1955 

Figure 5. Traffic volumes by seasons. 

o: o 5 " 1 1 
E » 35 3 

1956 



664 T R A F F I C A N D O P E R A T I O N S 

neer and to the highway designer the 
trend indicated here is significant, as it 
indicates a need for generous application 
of expansion factors in predicting future 
traffic volumes. Figure 5 also indicates a 
seasonal pattern: the winter season gen
erally has been the low point of the 
curve each year, and the summer and 
fall have generally been the high points. 
Figure 6 shows the daily, weekly and 
monthly variations in volumes recorded 
at the six permanent stations. 

Hourly Variations in Traffic Volumes 

The hourly variations in traffic volumes 
over a considerable area are of interest 
in many ways, because studies of these 
variations provide valuable information 
concerning the driving habits of the 
public, and the traffic characteristics they 
create. The hourly variation pattern at 
any one location is too sensitive to traf
fic generators in the immediate vicinity 
to be representative of the city as a 
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Fiffure 6. Permanent automatic counter records. 
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whole. Therefore, the hourly volumes 
from each of the 92 count stations were 
totaled for each of the four seasons, and 
the hourly totals plotted for each season 
(Figure 7). The chart shows the daily 
peak hours of traffic activity. The fall 
season showed the highest total volume 
during 1955, and this is reflected by the 
generally highest curve through the day
light hours. The winter season showed 
the lowest total volume during 1955, and 
the curve is generally the lowest. 

The hourly volumes were converted to 
percentages of the 24-hour volume (Fig
ure 8). With the exceptions of the early 
evening hours, these percentage curves 
follow each other more closely than do 
the actual volume curves. One noticeable 
characteristic shown on this graph is the 
lower morning peak percentages, and the 
higher early evening and night hour 
(8:00 p.m.-l .-00 a.m.) volume percentages 
shown on the curve for the summer sea
son. A possible explanation for the lower 
morning peak might be the absence of 
school traffic during the summer season, 
and the higher evening curve may rep
resent an increase in recreational driv
ing during the summer and hot weather. 

o 100 

O 

in 

111 
> 

Ul 
ffi 

Both charts indicate the increasing 
importance of the hour from 3:00 p.m. to 
4:00 p.m. as a peak traffic hour. On two 
of the curves this hour shows a higher 
total volume than the hour from 8:00 
to 9:00 a.m. In traffic control work in 
Cincinnati this pattern has been found on 
many streets, where the conventional 
7:00 a.m. to 9:00 a.m., and 4:00 p.m. to 
6:00 p.m. restrictions and control are no 
longer adequate. Special controls such 
as peak hour parking restrictions, re
strictions on turning movements, and 
peak hour signal timing are needed 
starting at 3:00 p.m. at many locations. 

Peak Hourly Characteristics and Design 
Hour Volumes 

There has been considerable discussion 
in recent years over the characteristics 
and relative merits of the various ranked 
hourly volumes as a design factor. Ac
cordingly, an investigation was made of 
characteristics of peak hourly flows and 
their relationship to the ADT volume, 
using the data obtained from the six 
permanent recording counters. 

The six stations cover four different 

WINTER 

SPRING 

SUMMER 

F A L L 

A.M 
10 12 

NOON 
10 12 

Fienre 7. Hourly variation in traffic volumes at 25 quarterly traffic count locations. 
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Figure 8. Hourly variation in traffic volumes at 25 quarterly traffic count locations. 

roadways, each with somewhat different 
traffic characteristics. Torrence Park
way is a city street, forming a section 
of a radial arterial route, but with com
mercial traffic prohibited. Columbia 
Parkway is one of the radial arteries 
from downtown Cincinnati, and also 
carries passenger traffic on US 50. Mad
ison Road is a radial artery, with no 
state routes, but carrying heavy volumes 
of mixed traffic. Reading Road (US 25 
and US 42) is a major radial artery 
serving a large industrial area and car
ries heavy volumes of mixed traffic. The 
percentages of the ADT volume repre
sented by the 200 highest hourly volumes 
during 1955 at each of these stations 
were plotted (Figure 9). 

With the exception of Torrence Park
way, continuous counts were available in 
only one direction on the roadways under 
discussion (the two Reading Road counts 
were on opposite approaches to an inter
section where heavy turning movements 
take place). Since most design hour vol
umes (except on expressways) are fig
ured on the basis of two-directional traf
fic, the one-directional volume curves 
may not be entirely applicable for this 

purpose. Although these studies are not 
available in sufficient quantity to draw 
definite conclusions, a number of inter
esting characteristics of the curves can 
be noted. 

Visual inspection of the curves in gen
eral shows the conventional patterns of 
a few very high hours leveling off into 
a more or less straight line curve. The 
leveling off point, however, occurs at 
somewhat different points, depending on 
the characteristics of the roadway. On 
relatively stable Reading Road, this 
takes place at the 5th highest hour, but 
on the highly peaked Torrence Parkway 
flow, the leveling did not occur until the 
60th highest hour. 

The fact that on three of the six one-
directional curves, the 30th highest hour 
is still on the steeper part of the curve, 
might at first impression be taken as an 
indication that using the 50th highest 
hour as a design criterion could lead to 
underdesign of a highway facility. Ac
tually, however, the maximum difference 
between the 30th and the 50th highest 
hours on any of the count stations was 
0.35 percent of the ADT and the great
est percentage "underestimate" of the 
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Figure 9. Peak hourly flows vs average daily traffic volume. 

design hour volume by using the 50th 
highest hour instead of the 30th would 
be 2.17 percent. Even if it occurred on a 
roadway with an ADT of 20,000 vehicles 
in one direction the 0.35 percent would 
amount to only 70 vehicles during the 
peak hour. It is doubtful if any design 
engineer, in predicting future traffic on a 
roadway, would expect his estimate to be 
accurate to within 2.17 percent, or would 
design a roadway to such close tolerance 
that an error of this magnitude would be 
critical. This is not to be construed as a 
recommendation or suggestion that the 
50th highest hourly volume should be 
used as a design criterion; it is merely 
a statement that on the particular road
ways studied, choosing either the 30th or 
the 50th highest hour would have made 
little practical difference. 

By far the highest peak hour volume 
percentages in one direction occurred on 
Torrence Parkway; which has high com
muter volumes, but no commercial or 
state highway traffic to sustain the vol
umes during off-peak hours, hence the 

high peak hour volume percentages. As
suming, for the sake of comparison, that 
the curves are in the form of a straight 
line from the 80th highest hour to the 
200th, the curves for Torrence also 
show the steepest diminishing slopes, 
and, in general, the greatest decrease 
between the 10th and 3T)th highest hour. 

Conversely, the lowest peak hour per
centages occurred on Reading Road, 
where heavy commercial traffic and state 
highway traffic maintain high volume 
rates throughout the day and most of 
the night. These two curves also show in 
general the flattest decreasing slopes 
from the 30th to the 200th highest hour, 
the smallest decrease from the 10th to 
the 30th highest hour, and the smallest 
percentage for the highest hour. An ad
ditional factor which probably tends to 
reduce the volume differentials and flat
ten these two curves is the fact that 
both movements are apparently working 
close to their possible capacity. 

It was not possible to calculate inter-
sectional capacities for any of the six 



668 T R A F F I C A N D O P E R A T I O N S 

movements studies at the three intersec
tions, since all three intersections are 
equipped with volume-density controlled 
traffic signals, in which the timing for 
any movement varies, and is controlled 
not only by traffic on that movement, but 
also by traffic volumes on all other move
ments at the intersection. 

Lying in between the high and low 
curves are the curves for Columbia Park
way, which carries intercity passenger 
car traffic from the state highway, but 
no commercial traffic, and Madison 
Road, which carries commercial but no 
state highway traffic. The lower place
ment of the Madison Road curve and its 
slope characteristics seem to indicate, at 
least in this instance, the greater influ
ence of the mixed and commercial traffic 
as compared with intercity passenger 
traffic in creating a more evenly dis
tributed traffic pattern. 

The curve for the two-directional flow 
on Torrence Parkway (the only street 
section for which two-directional flow 
was available) is placed considerably 
lower and has a considerably flatter slope 
than do the one-directional curves for 
the same street section. However, the 
curve is still placed higher than the one-
directional curves for Madison Road or 
Reading Road. The two-directional curve 
also showed fewer extremely high peaks 
than the comparable one-directional 
curves, and seemed to level off sooner. 

C O N C L U S I O N S 

There are several general conclusions 
which may be drawn from the data and 
studies which have been described in 
this paper. 

It is apparent that there is still much 
to be learned about urban traffic volumes 
and urban volume characteristics, and 
that these studies have only scratched 
the surface of the field. This is partic
ularly true with respect to the relation
ships between volume characteristics and 

the type of roadway, type of area served, 
type of community, and the various 
chronological relationships. 

The studies indicate that urban traf
fic volumes are still increasing, and in
creasing rapidly. This implies the need 
for adequate expansion factors in pre
dicting future traffic volumes, and also 
the need for continuing studies and re
search in the field of long time traffic 
volume trends. 

It can be concluded that for operational 
purposes in urban traffic control a care
fully controlled program of single 24-
hour mechanical counts on weekdays will 
give satisfactory results. 

The studies indicate that statistical 
methods, particularly with respect to the 
analyses of errors and deviations, can be 
of great value in measuring the reli
ability of traffic counts and traffic count
ing programs. 
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