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•ESTIMATING the daily vehicle-miles of travel (DVMT) in a metropolitan area is an 
uncomplicated matter. One vehicle-mile of travel results from one vehicle traveling 
one mile, or from two vehicles each traveling one-half mile, or from other obvious 
combinations. Estimating the DVMT on any particular street requires simply extend
ing its length in miles by its average daily traffic count. Estimating the DVMT in any 
particular metropolitan area requires only that street lengths and traffic counts be 
available for the area. 

Work of this nature has now been done for at least two different sizes of metropolitan 
areas, in Chicago by the Chicago Area Transportation Study, and in Pittsburgh by the 
Pittsburgh Area Transportation Study. In Chicago, it was planned and executed as a 
minor accuracy check of tr ip survey data but was finished weU after the standard ac
curacy checks and final tr ip factoring, based on screen line comparisons, had been 
completed. In Pittsburgh, as a result of the encouraging results obtained in Chicago, 
it was planned from the start as the major accuracy check. 

This paper reports both the Chicago and the Pittsburgh experiences and makes a 
general comparison of the two, 

ESTIMATING DVMT IN CHICAGO METROPOLITAN AREA 
First Estimate 

Traffic Counts Program and Analysis. —During the summer of 1957 the Chicago Area 
Transportation Study (CATS) began planning a traffic counts program designed for esti
mating the DVMT in its local and arterial street systems. The designation of these 
systems was according to its own classification criteria and such systems did not, 
therefore, correspond to any others. CATS arterial system within the city of Chicago, 
for example, was closely patterned after the "Preferential Street System" designated 
by the Chicago Planning Commission, but with adaptations to satisfy CATS purposes of 
traffic assignment analysis. The extent of the CATS arterial street system, which in
cluded expressways, is shown in Figure 1. 

The program called for one 24-hr machine count on each of four local and two arterial 
street sections in a sample zone in each of 43 of the 44 districts of the study area. 
From the variable number of zones within each district, or ring and sector segment of 
the study area, one sample zone was chosen by a random draw. The district comprising 
the Chicago Central Business District (CBD) was omitted from the prc^ram. 

Inasmuch as the sample zones were of two basic sizes (that is, either 1 sq mi or 4 
sq mi), there were either four or sixteen % sq mi "grids" in each. Where there were 
four, i t was decided to locate the f i rs t local street count in one of the four northwest 
grids, the second in one of the four northeast, the third in one of the four southeast, 
and the fourth in one of the four southwest grids. The particular grid in each group of 
four was chosen randomly. 

The next step was to choose the actual local street count location in each grid. For 
purposes of the 1956 trip survey origin-and-destination coding, each block within each 
grid had been numbered sequentially in a set of "geographic" codii^ maps. It was only 
necessary, then, to draw one block from each chosen grid, randomly, according to its 



Figure 1. CATS a r t e r i a l street system and rings. 

trip-end coding number. K the block ended with an odd number, the north-south street 
bounding the eastern edge of the block was programmed for a count; if the block ended 
with an even number, the east-west street bounding the southern edge of the block 
was programmed. 



There were some exceptions to this technique. Where the programmed street was not a 
local street a substitution was necessary. Also, itwas decided that within a particular 
samplezone, the same local street would not be programmed twice. This, also, made a 
substitution necessary on several occasions. 

The programming of the arterial streets to be counted in each sample zone was quite 
arbitrary. It was decided that one north-south and one east-west arterial street would 
be taken. Al l the arterial streets in each sample zone were assigned sequential numb
ers left to right and top to bottom, and one of each grouping chosen by a random draw. 

The traffic counts program was started during September and completed during 
November 1957, by one coxmter setter using Streeter-Amet-type RC equipment. As the 
counts were taken, the tapes were edited for completeness and accuracy. If acceptable, 
they were transmitted to key punchers who prepared a punch card for each hour's count, 
showing the 15-min totals and the grand total. If unacceptable, recounts were taken. 
In general, there was no control over when the counts were taken, this being left to the 
counter setter, nor were the counts factored for daily or monthly variations. 

Along with each tape that was sent to the key punchers, went a code sheet containing 
40 columns of coded information concerning the street counted and the zone in which it 
was located. The latter Included the total mileage (scaled from aerial photographs) of 
the local and arterial streets, respectively, in each of the sample zones, and the total 
land area and street area (taken from land use survey records) in each of the sample 
zones and the districts represented by these zones. 

Following certain machine calculations (for example, the peak hour and peak 15-min 
percentages) punch card summary listings were made from which the DVMT in the local 
street system was found for each district as follows: the fovir local street counts in each 
sample zone were averaged and the average extended by the local street mileage in the 
represented district (X), as found through the ratio: local street mileage in the sample 
zone/X: street area in the sample zone/street area in the represented district. The 
ratio method was used because time limitations did not permit scaling the exact mileage 
throv^hout the study area. 

The DVMT in the arterial street system was found in a different way. For every route 
section in the system there was already on hand (as a result of the previously completed 
arterial street inventory) a punch card showing the route length in tenths of miles and 
the 1953 annual average daily traffic (among other items). These were extended for 
every route section and the resulting 1953 DVMT summarized by ring. The 1957 arterial 
street sample counts were totaled and compared, by ring, with the 1953 counts at identi
cal locations, to obtain 1953 to 1957 factors. These ring factors, given in Table 1, were 
used to convert the DVMT for 1953 to a 1957 basis. 

Findings. —There were 38.0 million DVMT traveled on a typical weekday during 
September-November 1957, in the study area. Of this total, 82.6percent, or 31.4 million 
DVMT were traveled over 2, 921 miles of arterial streets, representing 25.2 percent 
of the total of 11, 614 miles of streets in the study area. The remaining 17.4 percent, or 
6.6 million DVMT, were traveled on 8, 693 miles of local streets, or 74.8 percent of 
the total street mileage. The travel by system by ring is given in Table 1. 

The average local street count, as calculated from the sample of 167 count locations, 
was highest in ring 1. Except for ring 2, the average count fell off successively through 
ring 7. The average local street count for all rings, excluding ring 0 for which no 
counts were made, was 1, 046. 

The average arterial street count, as calculated from the sample of 86 count locations, 
was highest in ring 3 and fell off successively through adjoining rings, with an abrupt 
drop in ring 7. The average arterial street coimt for all rings, excluding ring 0, was 15,650. 

As expected, the proportion of travel occurring in the peak traffic hour decreased 
with increasing volume. The average peak hour percentage was comparatively constant 
for local streets throughout all rings, decreasing slightly toward the CBD as volume 
increased. The over-all weighted peak hour percentage on local streets was 13. 7 per
cent. The average peak hour percentage for arterial streets was almost equally con
stant. Note, however, that while the local peaks ranged from 11.3 to 14.8 percent, 
the arterial peaks ranged only from 7.5 to 9.7 percent. 



T A B L E 1 

D A I L Y V E H I C L E - M I L E S O F T R A V E L (IN T H O U S A N D S ) I N T H E S T U D Y A R E A O N A T Y P I C A L W E E K D A Y D U R I N G 
O C T O B E R - N O V E M B E R 1957, W I T H O T H E R P E R T I N E N T D A T A . B Y A N A L Y S I S R I N G 

Analysis Ring Total 

i a ^„ 
Item 0 1 2 3 4 5 6 ^ R"^a 

Local streets 
Number of local counts 0 4 26 28 26 27 28 28 167 
Average local count 5,000 ' 3,223 1,430 2,230 1,160 544 412 228 1,046 
Average peak hour percent 10.0' 11.3 12.2 14.0 14.2 14.2 14.8 14.0 13.7' 
Number of miles 

Local streets 2.0* 226.7 47Z. 6 719.4 1,338.0 1,754.5 1,868.8 2.310.7 8.692.7 
1957 vehicle-miles 10 ' 731 646 1,529 1,580 859 750 523 6,628 

in thousands 
Arterial streets 

Number of arterial courts 0 2 14 14 14 14 14 14 86 
Average arterial count 16,000 ' 14,340 16,236 23,068 19,271 17,232 12,507 5,731 15,650 ' 
Average peak hour percent 7.0* 7.5 8.3 7.6 8.1 9.4 8.9 9.7 8.7' 
Number of miles 

Arterial streets' 14.1* 92.5* 138.9 191.4 305.4 393.4 687.3 1,098.3 2,921.3 
1953 vehicle-miles 

m thousands 292 2,054 2,879 3,827 4,859 4,398 3,977 3,311 25,597 
1953 to 1957 count ratio l.OO' 0.92 1.10 1.09 1.05 1.19 1.58 1.58 1.16' 

1957 vehicle-miles 

m thousands 292 1,890 3,167 4,171 5,102 5,234 6,284 5,231 31,371 

All streeU 1957 
vehicle-miles m thousands 302 2,621 3,813 5,700 6,682 6,093 7,034 5,754 37,999 

'Excludmg ring 0. 
'Estimated. 
'Scaled from USGS maps. 
*Khown to be low because of combinmg route sections m codmg network. 
'From network punch cards. 

Based on the sample of 86 counts, the growth of travel on arterial streets between 
1953 and 1957 (the 1953 to 1957 count ratio) was most rapid in the outlying areas. The 
increase, while modest in r i i ^ s 2 through 5, was a resounding 58 percent in rings 6 
and 7. Somewhat surprisingly, there was an apparent decrease in ring 1. The over
all weighted increase of 16 percent for all rings represented an average annual increase 
of four percent. 

The growth of travel on local streets during a similar duration cannot be found for 
lack of comparable counts. It is interesting to speculate that, while arterial street 
counts were decreasing in ring 1 and increasing but little in rings 2 through 4, local 
counts may have increased considerably in the same rings. Thus, arterial streets in 
the highly built-up inner rings might be thought of as operating near capacity, so that 
additional traffic would be diverted to local streets for greater portions of trips. 

Although existing traffic counts were not a determining factor in CATS street classi
fication, the results of the traffic counts program, nevertheless, showed a rather con
sistent relationship between CATS street classification and existing traffic counts. The 
principal finding was that the streets in the CATS area might well have been classed as 
arterial or local, according to whether they carried more or less than 3,000 vehicles 
per day. 

Only 11 of the 167 local streets counted had traffic exceeding 3,000 vehicles during 
the 24-hr count period, six exceeding 5,000 vehicles, but none exceeding 10,000 ve
hicles. On the other hand, only nine of 86 arterials had less than 3, 000 vehicles, and 
seven of these were in rings 6 and 7 where arterial counts might be expected to be 
lower. 

The 11 local streets having counts greater than 3,000 were examined to find reasons 
for the high counts. Several emerged: the particular street was a short-cut path be
tween two arterial streets, often avoiding a turn prohibition or traffic signal or provid
ing a slightly shorter travel distance; i t was heavily enough traveled but of Insufficient 
length to be classed as arterial for CATS purposes; or i t was located in a manufacturing 
area near a large traffic generator such as Goose Island or the Union Stock Yards. 

The nine arterial streets having counts less than 3, 000 were similarly examined. 
Generally, these proved to be in the outer rings, linking small towns and villages, but 
of a low type, occasionally even metal-surfaced, and simply lacking a higher count. 



Second Estimate 
Traffic Counts Program and Analysis.—As a result of the considerable interest 

generated by the f i rs t estimate of the DVMT in the Chicago metropolitan area, a second 
traffic coimts program was planned and executed. To distinguish them, the former 
was called sample A and the latter, sample B. 

The two samples were drawn in the same manner, but involved entirely different 
count locations. Randomly located 24-hr weekday traffic counts were taken during 
Apri l through July 1958, in a randomly selected analysis zone in each of the 44 districts 
in the study area. The schedule called for four counts on local streets (except in the 
district constituting the Chicago CBD) and two counts on arterial streets in each sample 
zone. The same general method of finding the local and arterial street DVMT was used 
as for sample A, except that the counter tapes were not key punched as previously. 

Findings. —There were 36.5 million DVMT traveled on a typical weekday during 
April-July 1958, in the study area. Of this total, 30.0 million vehicle-miles, or 82.2 
percent, were traveled on 2,921 miles of arterial streets, representing 28.3 percent 
of the 10, 314 miles of streets estimated in the study area. The remaining 6.5 million 
vehicle-miles, or 17. 8 percent, were traveled on 7,393 miles of local streets, or 71.7 
percent of the total street mileage estimated in the study area. The travel by system 
by ring is given in Table 2. 

The results compared closely with those from Sample A. Calculation of the local 
street mileage by district, by the ratio described previously, yielded lower totals than 
before, but because the average local street counts were slightly h^her, the total 
DVMT in the local street system was almost the same (6.4 to 6.6 million). 

The sample A vs sample B comparison of the DVMT in the arterial street system 
was nearly as good (31.4 to 30.0 million). The variations in ring totals resulted from 
the calculation of new expansion factors by which the known 1953 totals were updated. 

The average local street count, as calculated from the sample of 167 count locations, 
was highest in ring 1 and decreased successively through ring 7. The average local 
street count for all rings, excluding ring 0 for which no local coimts were taken (there 
were only two miles of local streets in ring 0) was 1,166 vehicles. This compared 
closely with the average of 1, 046 vehicles derived from sample A. 

T A B L E 2 

DAILY VEHICLE-MILES OF T R A V E L (IN THOUSANDS) IN THE STUDY AREA ON A TYPICAL WEEKDAY DURING 
A P R I L - J U L Y 1958, WITH OTHER PERTINENT DATA, BY ANALYSIS RING 

Analysis Ring Total 
All 

Item 

Local streets 
Number of local counts 
Average local count 
Miles local streets (calc.) 
1958 vehicle-miles 

in thousands 

Arterial streets 
Number of arterial counts 

Average 
Arterial count 
Average peak hour percent 
Miles arterial streets' 
1953 vehicle-miles 

in thousands 

1958 vehicle-miles 
in thousands 

All streets 1958 
Vehicle-miles in thousands 

0 
5,000 ' 

2.0' 

10 

4 
2, 505 

201.6 

505 

27 
2,114 

322.6 

682 

27 
1,645 

566.5 

932 

28 
1,409 
1,229.7 

1,733 

28 
664 

1,327.1 

881 

26 
584 

1, 622.0 

947 

27 
370 

2,121.8 

785 

167 • 
1,166 ' 
7,393.3 

6,475 

2 14 14 14 13 14 13 13 97 

13,436 16, 507 15,533 14, 609 14, 723 10, 789 7,383 3,339 11,976 
8.1 8.4 8.7 8.4 8.8 9.3 9.6 9.7 8.8 

14.1* 92.5* 138.9 191.4 305.4 393.4 687.3 1,098.3 2,921.3 

292 2,054 2,879 3,827 4,859 4,398 3,977 3, 311 25, 597 

0.96 1.12 0.92 1.06 1.09 1.29 1.45 1.20 1.10 

280 2,300 2,649 4,057 5,296 5,673 5,767 3,973 29,995 

290 2,805 3,331 4,939 7,029 6,554 6,714 4,758 36,470 

^Excluding ring 0. 
^Estimated. 
'Scaled from network maps. 
*Known to be low 1x>cause of combmmg route sections in network codmg. 
'From network punch cards. 
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A similar pattern was disclosed for arterial streets; the highest average count, as 
calculated from the sample of 97 count locations, found in ring 1, and decreasing suc
cessively through ring 7. This contrasts with sample A where the highest count was 
found in ring 3, decreasing successively in both higher and lower adjacent rings. The 
average arterial street coimt for all rings was 11, 976 vehicles. Both the ring averages 
and the over-all average were lower for sample B than for sample A. This indicated 
only that different samples were taken. 

As a matter of curiosity, the average count on all arterial street sections was cal
culated from the arterial street inventory punch cards, by ring, as given in Table 3. 
Comparison of the averages shown in Tables 2 and 3 indicate that the arterial streets 
chosen for counts in sample B had lower counts, on the average, than did the viniverse 
of arterial streets, in rings 0 through 4. 

TABLE 3 
AVERAGE ARTERIAL STREET SECTION TRAFFIC COUNTS, BY RING, 

CALCULATED FROM THE ARTERIAL STREET 
INVENTORY PUNCH CARDS 

Ring 
Number of Sections 

Averaged 
Average Arterial 

Traffic Count 
0 112 20, 783 
1 248 23, 720 
2 401 18,629 
3 485 20, 000 
4 675 15, 977 
5 701 10,715 
6 954 6,120 
7 1,113 2,488 

Total al l rines 4,689 11.1S7 

The average peak hour percent for arterial streets increased from ring 0 outward, 
just as i t did for sample A, ranging from 8.1 to 9. 7 percent. The over-all weighted 
peak hour was 8.8 percent for 97 counts, while sample A was 8. 7 percent for 86 counts. 
No record of peak hour counts on local streets was obtained for sample B because of 
the type of equipment used. (Streeter-Amet "Junior" instead of "RC" counters were 
used for local counts, as a matter of convenience in handling and operation.) 

The growth of travel on arterial streets between 1953 and 1958 was most pronounced 
in the outer rings. Not all arterial street counts in sample B had a 1953 or 1955 counter
part. (The 1953 flow maps did not show every street on the CATS arterial street 
system, and thus no direct comparison was possible.) Only those that did were used to 
derive the 1953 to 1958 expansion factor used in Table 2. Based on this comparison, 
the factors ranged from 0.92 for ring 2 to 1.45 for ring 6. While there was rough 
correspondence of factors between samples A and B, those of sample B were lower 
generally, as reflected by the over-all weighted factors of 1.16 and 1.10, respectively. 
No attempt was made to correct the 1958 counts to 1958 ADT by the use of daily and 
monthly factors. 

Asa way of verifying the accuracy of such factors, a comparison was made between 
the 1953 and 1956 editions of the Chicago Metropolitan Area Traffic Map prepared by 
the Illinois Division of Highways. An expansion factor was calculated for each matching 
route section in rings 6 and 7. The unweighted average of 137 factors for r i i ^ 6 was 
1.37; of 266 factors for ring 7, 1.39. This indicated that the sample B factor of 1.45 
for ring 6 was approximately correct, but that the factor of 1.20 for ring 7 was possibly 
too low. Table 2 was prepared without regard to this additional evidence. 

Again it appeared that the classification of streets in the CATS area could have been 
accomplished, in large measure, by the use of traffic covint criteria. Only 15 of the 
167 local street counts analyzed exceeded 3, 000 vehicles during the 24-hr count period, 



two exceeding 5,000, but none exceeding 6,000 vehicles, and these, generally, for the 
reasons previously cited. Only 15 of the 97 arterial street counts analyzed were less 
than 3,000 vehicles, and 10 of these were in rings 6 and 7 where arterial street counts 
were expected to be lower. 
Comparison With Trip Survey Data 

Two estimates of the total DVMT in the study area were now available. The f i rs t 
for September-November 1957; the second for April-July 1958. The estimates were 
38.0 and 36.5 million vehicle-miles, respectively. These represented excellent sources 
of independent data with which to check with the total DVMT calculated from the CATS 
trip surveys of April-October 1956. While the data did not correspond time-wise, an 
approximate check was expected to be interesting, nevertheless. 

The screenline-factored results of the internal (or home-interview) tr ip survey were 
converted to vehicle-miles of travel by taking the ' L ' distance t r ip frequency distribution, 
multiplying by the average distance for each distance range, and totaling, as given in 
Table 4. The total was factored by 0.493 to reduce person-trips to automobile trips, 
and by 1.20 to account for truck, taxi, and external trips. The resulting total of ap
proximately 34.0 million vehicle-miles (57, 792,000 x 0.49 x 1.20) comes out close to, 
but under, estimates from samples A and B. 

ESTIMATING THE DAILY VEHICLE-MILES OF TRAVEL 
IN THE PITTSBURGH METROPOLITAN AREA 

Traffic Counts Program, Analysis, and Findings 
Arterial Street System DVMT. — From the beginning, the Pittsburgh Area Transpor-

tation Study (PATS) planned for a traffic counts pri^ram for estimating the DVMT in its 
local and arterial street systems. 

As in Chicago, the designation of these systems was determined by the purposes of 
traffic assignment analysis. The reasoning behind this might be explained as follows: 
Transportation planning for the future starts with a comparison of present total travel 
supply (streets) and future total travel demand (trips). If demand is expressed as 
trips between pairs of analysis zones (zonal interchange), then supply must be expressed 

TABLE 4 
ESTIMATED PERSON-MILES OF TRAVEL IN THE STUDY AREA DURING 

AN AVERAGE WEEKDAY IN APRIL-NOVEMBER, 1956, FROM 
RESULTS OF THE CATS TRIP SURVEYS 

R^ht-Angle 
Trip Distances 

(in miles) 

% Distribution 
of Auto Driver 

Trips 

Median Distance 
for Each 

Distance Range 

Person 
Miles of 
Travel 

0. 
1. 
2. 
4. 
6. 
8. 

10. 
12. 
14. 
16. 
18. 

- 0 . 9 

11.9 
13.9 
15.9 
17.9 
19.9 

20.0 + 

2.7 
23.6 
25.1 
15.8 
7.7 
7. 
4. 
4. 
3. 
1. 
1. 
2. 

.4 
,8 
,8 
,5 
.3 
,1 
.3 

0. 
1. 
3. 
5. 
7. 
9. 

11. 
13. 
15. 
17. 
19. 
24. 

Total 100 

162,000 
3, 550, 000 
7, 550, 000 
7,900,000 
5,400,000 
6, 650,000 
5,300, 000 
6,250,000 
5,250, 000 
2, 200,000 
2, 080,000 
5, 500, 000 

57, 792, 000 
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as streets connecting pairs of analysis zones. But how many streets ? The technique 
of comparison determines this. Assuming that traffic assignment, or allocation of 
trips to specific streets, is the technique chose, then the method of assignment used is 
the determining factor. At PATS the minimum travel time path "all or nothing" method 
of assignment wi l l be used. This means that all trips between a pair of zones are al
located to the minimum path connecting them. The path may consist of only one street 
(later referred to as a route section) if the zones are contiguous, or of many streets 
with turns at intersections if the zones are distant. Thus there need be only enough 
streets to interconnect all pairs of zones, but these must provide the minimum path 
leading from every zone center, preferably in at least four directions. Hence, the 
working definition of an arterial street as used at PATS: "An arterial street is a 
street having significant capacity for interzonal tr ip movement as a link in an anticipated 
minimum travel time path." Expressways are self-defining and local streets are the residua 

It should be added, however, lest the arterial street system seem too circumscribed, 
that experience has demonstrated this specialized method of street classification 
virtually assures inclusion of all streets which by the criteria of other methods 
would be included. On the other hand, a number of streets may be included which 
would not otherwise qualify as arterials. In outlying portions of the study area, for 
example, an unpaved road between adjoining zones may be designated as an "arterial" 
for lack of any other connecting link. 

As part of the arterial street inventory, but primarily in connection with the develop
ment of an area-wide traffic flow map, 1958 traffic counts" were obtained at the mid-points 
of most of the limited access and arterial street sections (Fig. 2). The type of counts 
obtained are given in Table 5. 

TABLE 5 
NUMBER OF TRAFFIC COUNTS OF DIFFERENT TYPES MADE FOR 

THE PATS ARTERIAL STREET INVENTORY 
Tj^pe of Count Number 

24-hr manual classification 95 
8-hr manual classification, expanded to 24 hr by an area factor 529 

24-hr machine 789 
24-hr machine, from a previous year factored to 1958 189 
Estimated 14 

Total 1 ,616 

Most of the manual counts were made during July through September 1958; most of 
the machine counts were made during A i ^ s t through November 1958. No attempt was 
made to factor the counts to the average annual daily traffic for 1958, or to the average 
daily traffic for the fal l quarter of 1958. 

These 24-hr counts, the peak hour percents, the light, medium, and heavy com
mercial vehicle percents, and the lengths in hundredths of miles, along with other in
ventory data, were punched into an inventory card for each street section. After check
ing for accuracy, the total DVMT for each section was machine-calculated, and the 
peak hour and commercial vehicle DVMT machine-calculated in turn. A machine sum
mary of the calculated values, by ring within type of street, produced the values in 
Table 6. 

Several interesting features emerge in Table 6. It can be seen that the average traf
fic count on arterial street sections decreases more or less regularly with increasing 
distance from the CBD, but that due to the increasing arterial street mileage of the 
outer rings, the total DVMT by r i i ^ increases rapidly. Ring 7, of course, is an incom
plete ring, accounting for the decrease in that r i i ^ . The percent of travel occurring 
in the peak hour increases from inner to outer rings, as i t did in Chicago. The per
cent of travel by light commercial vehicles (panel and pickup trucks and other 4-wheel 
tyi)es) likewise increases from inner to outer rings. This may be partly explained by 
the frequent substitution of pickup trucks for personal automobiles in the outlying and 



^ A N A L Y S I S R I N G S 

Figure 2. PATS a r t e r i a l street system and rings. 

rural areas. The percents of medium (straight body types with 6 or more wheels) and 
heavy commercial vehicles (all combination tmits plus buses) show no definite tendency. 

In many respects these facts correspond closely with the experience in Chicago. 
An interesting difference lies in the more narrow range of values found. For example, 
the peak hour percents ranged from 8.1 to 9. 7 in Chicago; the average arterial count 
ranged from about 16,507 to 3,339. This is probably a function of the type of study 
area. In Chicago, there was a rather regular thinning out of the concentration of popu> 
lation with increasing distance from the CBD. In Pittsburgh population concentrations 
exist along the river valleys as far out as the cordon line. The same narrowing of 
value ranges is reflected in the local street DVMT information described next. 

Local Street System DVMT. —By definition, all streets in the study area that were 
not included in the arterial street system were local streets. No detailed inventory of 
these was made, although in mileage the system of local streets was about four times 
as long as the arterial street system. To get a complete picture of the total DVMT with
in the study area, of course, the travel on this system was also measured. 

Inasmuch as i t was impractical to obtain a 24-hr count on every section, a random 
sample of local streets was chosen for counting. The purpose was to obtain an average 
count applicable to al l streets in an analysis ring. At the time these counts were 
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TABLE 6 
DAILY VEHICLE-MILES OF TRAVEL (IN THOUSANDS) IN THE ARTERIAL STREET SYSTEM IN THE STUDY 

AREA ON A TYPICAL WEEKDAY DURING JULY-NOVEMBER 1958, WITH OTHER PERTINENT DATA, 
BY ANALYSIS RING 

Item 

Analysis Ring Total 
AU 

Rmgs Item 0 1 2 3 4 5 6 7 
Total 
AU 

Rmgs 

Number of 
counts 178 a7 94 191 191 313 362 196 1,612 

Average count 10,693 13,208 12,263 10, 916 11, 003 8, 300 6,229 4,761 8,796 
Arterial mileage 17.39 31.83 56.18 96.50 113.22 233.29 344.88 196.16 1,089.45 
Total VMT 208.7 454.1 706.7 1,143.6 1, 133.6 1,777.7 1,814.8 790.4 8,029.6 
Peak hour VMT 16.8 37.9 57.3 93.6 95.7 158.7 167.2 73.4 700.6 
Percent 8.0 8.3 8.1 8.2 8.4 8.9 9.2 9.3 8.7 
Light Commercial 

VMT 11.0 27.5 45.4 76.7 77.5 124.3 126.4 55.8 544.6 
Percent 5.3 6.1 6.4 6.7 6.8 7.0 7.0 7.1 6.8 

Medium Commercial 
VMT 12.9 35.6 49.3 72.8 70.0 121.6 119.5 41.2 522.9 
Percent 6.2 7.8 7.0 6.4 6.2 6.8 6.6 5.2 6.5 

Heavy Commercial 
VMT 8.0 18.3 23.1 38.3 33.4 59.0 64.9 27.0 272.0 
Percent 3.8 4.0 3.3 3.3 2.9 3.3 3.6 3.4 3.4 

Passenger Car 
VMT 176.8 372.7 588.9 955.8 952.7 1,472.8 1,504.0 666.4 6,690.1 
Percent 84.7 82.0 83.3 83.6 84.1 82.9 82.8 84.4 93.3 

scheduled, PATS had not yet designated its analysis ring boundaries, so that a syste
matic sample by ring could not be drawn as i t was in Chicago. The sample was drawn 
instead by judgment. To compensate for lack of some more systematic method, a com
paratively large sample of 189 count locations was drawn. It was decided that 1 in 5 of 
these would be 8-hr manual classification counts, the rest, 24-hr machine counts. 

The counts were made during November and the f i rs t week of December 1958, or 
concurrent with the home-interview and truck-taxi trip surveys. As the coimts were 
made, they were checked for apparent accuracy, and if accepted, recorded on a work
sheet. At this time, counts at 6 locations were discarded as non-typical of local streets. 
Analysis was delayed until about May 1959, when analysis rir^s were established. The 
coimt information was then totaled by ring to obtain the summary given in Table 7. 

Table 7 shows some interesting results. Like arterial streets, local streets carry 
progressively lower volumes as distance from the CBD increases. The proportion of 
travel occurring during the peak hours rises gradually toward the outer rings, but not 
as markedly as i t does on arterial streets. The higher range in peak hour travel, of 
12.5 to 13.7 percent, excluding ring 0, indicates that the level of service during off-
peak hours is much better, and more nearly uniform, for local streets generally, as 
would be expected. The percents of commercial vehicle travel show no definite trends, 
and this may be a function of the relatively few classification counts taken in each ring. 
The percents for rings 6 and 7 in Table 7 are weighted averages of the percents in 
rings 2 through 5, since, inadvertently, no classification counts were made in rings 
6 and 7. 

While a progressive decrease in the average local street count, as the distance 
from the CBD increases, is probably not consistent with the usual concept of the local 
street, i t is the natural result of the method of street classification used. Thus, the 
designated "arterial" system in the inner rings of the study area generally omits a con
siderable mileage of streets that might otherwise be considered "arterial", as, for ex
ample, by the criteria established by the National Committee on Urban Transportation. 
This would tend to result in relatively high counts for "local" streets therein. The 
average "local" street counts both in Chicago and Pittsburgh were higher, in fact, than 
the averages found in Cincinnati, as reported by Howie and Yoimg in their report, 
"The Traffic Counting Program in Cincinnati" (HRB Proceedings, 1957). It must again 
be emphasized that the criteria of street classification used in Chicago and Pittsburgh 
does not correspond to more usual criteria, and that the terms "arterial" and "local" 
as used in this paper have a special connotation for analysis purposes only. 

A comparison shows that the 1,089.5- mile arterial street system (including express-
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TABLE 7 
DAILY VEHICLE-MILES OF TRAVEL (IN THOUSANDS) IN THE LOCAL STREET SYSTEM IN THE STUDY 

AREA ON A TYPICAL WEEKDAY DURING NOVEMBER 1958, WITH OTHER PERTINENT DATA 
BY ANALYSIS RING 

Aiialysis Ring Total 

Item 0 1 2 3 4 5 6 7 All 
Rings 

Number of counts 
Machine - 6 24 23 16 28 31 24 152 
Manual 8 4 4 8 4 1 29 
Weighted average 

29 

count 1,997 1,749 1,188 1,140 996 718 515 466 939 
Local street 

1,188 1,140 515 466 939 

mileage 3.3 88.6 181.7 263.3 350.5 607.3 699.4 372.9 2, 567.0 
1, 996.8 Total VMT 6.6 155.0 215.9 300.2 349.1 436.0 360.2 173.8 
2, 567.0 
1, 996.8 

Peak hour 
360.2 173.8 

2, 567.0 
1, 996.8 

VMT 0.5 20.8 27.0 38.4 46.4 58.9 49.3 22.9 264.2 
Percent 7.2 13.4 12.5 12.8 13.3 13.5 13.7 13.2 13.2 

Light commercial 
13.2 13.2 

VMT 0.7 14.1 18.1 28.8 20.6 37.9 29.9 14.4 164.5 
Percent 10.4 9.1 8.4 9.6 5.9 8.7 8.3 8.3 8.2 

Medium commercial 
8.3 8.3 8.2 

VMT 0.6 14.4 10.4 13.5 12.6 29.2 16.2 7.8 104.7 
Percent 8.8 9.3 4.8 4.5 3.6 6.7 4.5 4.5 5.2 

Heavy commercial 
4.5 4.5 5.2 

VMT - 2.6 3.5 3.3 3.3 0.4 1.8 0.9 12.8 
Percent 0.1 1.7 1.6 1.1 0.1 0.1 0.5 0.5 0.1 

Passenger cars 
0.5 0.5 0.1 

VMT 5.3 123.9 183.9 254.6 315.6 368.5 312.3 150.7 1,714.8 
86.5 Percent 80.7 79.9 85.2 84.8 90.4 84.5 86.7 86.7 

1,714.8 
86.5 

ways) accommodates 8 .0 m i l l i o n D V M T , and that the 2, 5 6 7 . 0 - m i l e l o c a l s t r ee t sy s t em 
accommodates 2 . 0 m i l l i o n D V M T . Thus 29 .8 percent of the t o t a l s t r ee t mi leage i n the 
study a rea c a r r i e s 8 0 . 1 percen t of the t o t a l t r a v e l , w h i l e the r e m a i n i n g 70 .2 percen t 
of the mi leage c a r r i e s on ly 19 .9 percen t , as s u m m a r i z e d i n Tab le 8. 

T A B L E 8 

S U M M A R Y O F D A I L Y V E H I C L E - M I L E S O F T R A V E L I N T H E STUDY A R E A 
B Y S T R E E T S Y S T E M 

I t e m 
L o c a l Street 

System 

A r t e r i a l Street 
Sys tem, Exc lud ing 

the Parkway 
Parkway 
System 

T o t a l 
Systems 

T o t a l mi leage 
Percent 
T o t a l V M T 
Percent 

2, 567.0 
70 .2 

1,996.8 
19.9 

1 ,054.6 
28 .8 

7 ,226 .3 
7 2 . 1 

34 .9 
1.0 

803.3 
8 .0 

3 ,656 .5 
100.0 

10, 026 .4 
100.0 

These p r o p o r t i o n s a r e v e r y much the same as w e r e found i n Chicago. A f u r t h e r 
breakdown shows that the P e n n - L i n c o l n Pa rkway sys t em of 34 .9 m i l e s , i nc lud ing a l l 
r a m p connect ions, r ep re sen t ing only 1. 0 pe rcen t of the s t r ee t mi leage , c a r r i e s 8 .0 
percent of the t o t a l t r a v e l . 

Compar i son w i t h T r i p Survey Data 

T r i p Survey Data by A i r l i n e Dis tance . - E v e r y t r i p c a r d r e s u l t i n g f r o m the PATS 
t r i p surveys shows the ca lcu la ted a i r l i n e distance between the t r i p o r i g i n q u a r t e r - s q u a r e -
m i l e g r i d and the t r i p des t ina t ion q u a r t e r - s q u a r e - m i l e g r i d . Summary tabula t ions 
w e r e made by type of veh ic le f o r the d i f f e r e n t t r i p su rveys (Table 9) to develop the 
t o t a l a i r l i n e distance D V M T represen ted . 
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T A B L E 9 

A I R L I N E D A I L Y V E H I C L E - M I L E S O F T R A V E L W I T H I N T H E STUDY A R E A , 
AS D E V E L O P E D F R O M PATS T R I P SURVEYS, O N A T Y P I C A L W E E K D A Y 

D U R I N G S E P T E M B E R - N O V E M B E R 1958 

V e h i c l e 

Home I n t e r 
v i e w Survey 

( t r i p s e n t i r e l y 
w i t h i n the study 

T r u c k -
T a x i 

Survey 
( t r i p s e n t i r e l y 

w i t h i n the s tudy 

Roadside I n t e r 
v i e w Survey 
( a l l t r i p s , but 

dis tance w i t h the A l l 

Passenger c a r s 3 ,295 ,142 _ 1,417,195 4 ,712 ,337 
T a x i s - 59 ,101 - 59 ,101 
L i g h t c o m m e r c i a l - 230, 706 113,163 343,869 
M e d i u m c o m m e r c i a l - 132,462 '88,421 220, 883 
Heavy c o m m e r c i a l - 8,768 91 ,151 99,919 

T o t a l 3 ,295 ,142 431,0S7 1, 709.930 5 ,436 ,109 

Conver s ion of A i r l i n e Dis tance to Ove r - t he -Road Dis tance .—The d i f f i c u l t p r o b l e m 
was to conve r t a i r l i n e distance to o v e r - t h e - r o a d d is tance . T o f i n d a c o r r e c t i o n f a c t o r , 
the a i r l i n e ve r s t i s o v e r - t h e - r o a d dis tance by shor t e s t a r t e r i a l s t r e e t rou te was measu r 
ed f o r a r andomized sample o f 70 p a i r s of q u a r t e r - s q u a r e - m i l e ana lys i s " g r i d s . " 
When these w e r e p lo t t ed ( F i g . 3) a l i n e a r r e l a t i o n s h i p was f o t m d . The c o r r e l a t i o n of 
a i r l i n e (x) and o v e r - t h e - r o a d dis tance (y) was r^ = 0 .939, and the equation y = 1.175 + 
1.349 X. 

The conc lus ion , however , was tha t t h i s f a c t o r was too l o w . I t was reasoned tha t 
not a l l t r i p s w o u l d f o l l o w the shor t e s t r o u t e . S o c i a l - r e c r e a t i o n t r i p s , f o r example , 
w o u l d f r e q u e n t l y take the long way a round . T r i p s f o r o ther purpose* m ^ t do the 
same—to avo id congest ion, to r e l i e v e monotony, o r s i m p l y to look at someth ing i n 
pass ing . L o s t o r i m f a m l l l a r d r i v e r s p robab ly cou ld no t f o l l o w the shor tes t rou te , n o r 
cou ld t r u c k e r s r e s t r i c t e d f r o m segments of the r o u t e . F o r these reasons, a c o r r e c t i o n 
f a c t o r of 1.6 was used to conve r t a i r l i n e to o v e r - t h e - r o a d d is tance . 

16 20 
( , ) OVEM THE ROAD 

24 

Figure 3. Scattergram conrparison of ai r l i n e and over-the-hlgh road dlBtances between 
70 selected grids. 
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A c c u r a c y Check. —The accuracy check obtained i s g iven i n Tab le 10. Because the 
independent es t imate Includes bus t r a v e l and the t r i p su rveys d i d not (except i n t e r m s 
of pe r son t r i p s o n l y ) , 80, 000 V M T f o r buses w e r e added to the t r i p su rveys t o t a l f o r 
c o m m e r c i a l veh ic le V M T . 

The 90 .8 percent check f o r passenger c a r s i s v e r y good. The combined 70 .5 p e r 
cent check f o r c o m m e r c i a l veh ic les i s f a i r . I t seems probable tha t the l a t t e r may be 
accounted f o r , i n p a r t , by a l a rge number of t r i p s ins ide the study a rea by c o m m e r c i a l 
veh ic les garaged outside the study a rea . The f i r s t t r i p en t e r ing and the l a s t t r i p l e av 
i n g the s tudy area , of cour se , a r e in te rcep ted at the cordon l ine and r e c o r d e d i n the 
roadside i n t e r v i e w , but subsequent and p reced ing t r i p s ins ide the study a rea , on the 
same day, a re no t accounted f o r by any o f the t r i p s u r v e y s . T h e r e i s no way to mea
su re the extent of t h i s k i n d of t r i p m a k i n g , but i t i s f e l t tha t i n the P i t t s b u r g h a rea i t 
m i g h t be s i g n i f i c a n t . The 87 .5 percen t t o t a l check f o r passenger ca r s and c o m m e r c i a l 
veh ic les combined mus t , never the less , be r a t e d as v e r y good. 

In the months tha t have passed s ince t h i s check was made the re have been v a r i o u s 
suggestions r e g a r d i n g the use o f the 1.6 fac tor—the p r i n c i p a l one be ing tha t the f a c t o r 
was too h igh and hence exaggerated the percen t of check, and that , despite the f i nd ings 
shown i n F i g u r e 3, a c u r v i - l i n e a r r e l a t i o n s h i p ac tua l ly ex i s t s and should have been used 
f o r the conve r s ion of a i r l i n e t o o v e r - t h e - r o a d t r i p dis tances , p a r t i c u l a r l y f o r the t r u c k 
t r i p s . T h i s suggest ion may v e r y w e l l be v a l i d . I t c e r t a i n l y po in ts up the need f o r be t 
t e r i n f o r m a t i o n r e g a r d i n g the ac tua l routes of t r a v e l chosen by d r i v e r s . A n idea l method 
of ob ta in ing t h i s i n an o r i g i n - d e s t i n a t i o n study m i g h t be to have a sub-sample of home-
i n t e r v i e w respondents t r a c e ac tua l t r i p t r a v e l routes on a s m a l l - s c a l e s t r e e t map of the 
s tudy a rea , the map to be appended to the h o m e - i n t e r v i e w schedule f o r l a t e r measu re 
ment and coding of the t r u e o v e r - a l l t r i p l eng th . Besides d e r i v a t i o n of a i r l i n e ve r sus 
o v e r - t h e - r o a d dis tance r a t i o s , the r e s u l t s cou ld w e l l be u s e f u l f o r ob ta in ing e g r e s s -
way usage d i v e r s i o n cu rves app rop r i a t e t o the a rea , whenever tha t me thod of t r a f f i c 
ass ignment i s an t i c ipa ted . W h i l e ge t t ing such i n f o r m a t i o n w o u l d invo lve some p r o b l e m s , 
i t i s f e l t t o be not i m p r a c t i c a l . 

The v e h i c l e - m i l e s of t r a v e l accuracy check has s e v e r a l advantages ove r the s tandard 
accuracy checks p r e v i o u s l y r e p o r t e d . M o s t i m p o r t a n t l y , i t compares the r e s u l t s of 
the combined t r i p su rveys against the t r u e un ive r se of t r i p m a k i n g (except by s t r ee t ca r 
and r a i l r o a d ) i n the study area , not j u s t t r i p s to p a r t i c u l a r p laces ( l ike the C B D ac
cumula t ion and w o r k place checks) , o r ac ross p a r t i c u l a r l i nes ( l i ke the sc reen l ine 
check) , o r by p a r t i c u l a r modes ( l i k e the mass t r a n s i t check) , o r f o r p a r t i c u l a r purposes 
( l ike the l abor f o r c e check) . F u r t h e r m o r e , i n the course of m a k i n g the independent 
es t imate f r o m t r a f f i c counts and s t r ee t mi leage measurements , cons iderable data a re 
developed w h i c h have o ther i m p o r t a n t uses . The check m i g h t w e l l become s tandard 
p rocedure i n a l l m a j o r t r a n s p o r t a t i o n p lann ing p r o j e c t s . 

T A B L E 10 

COMPARISON OF O V E R - T H E - R O A D D A I L Y V E H I C L E - M I L E S O F T R A V E L 
AS D E V E L O P E D F R O M PATS T R I P SURVEYS A N D AS C A L C U L A T E D 
F R O M T R A F F I C COUNTS A N D S T R E E T M I L E A G E M E A S U R E M E N T S 

F r o m F r o m Percen t 
Veh ic l e s T r i p Surveys T r a f f i c Counts Check 

Passenger c a r s 
( includes t a x i s ) 7 ,634 ,301 8 ,404 ,900 90 .8 

L i g h t c o m m e r c i a l 550,190 709,100 77 .6 
M e d i u m c o m m e r c i a l 353,413 627,600 56.3 
Heavy c o m m e r c i a l 

( includes buses) 239,870 284,800 8 4 . 2 
T o t a l 8, 777,7*74 10,026; 400 F T S 



14 

CONCLUSIONS A N D R E C O M M E N D A T I O N S 

Some conclus ions can now be s ta ted i n a s u m m a r y f a s h i o n , r a n g i n g f r o m the p a r t i 
c u l a r to the gene ra l . Where these conclus ions r e f e r to a r t e r i a l o r l o c a l s t r ee t s s p e c i 
f i c a l l y , the method of s t r e e t c l a s s i a c a t i o n used i n Chicago and P i t t s b u r g h mus t be kep t 
i n m i n d . Unless o the rwise noted, the conclus ions r e f e r t o bo th the Chicago and P i t t s 
b u r g h w o r k , i nasmuch as m o r e o r less comparab le r e s u l t s w e r e obtained i n both 
p laces . 

I n add i t ion , some recommenda t ions can be made w i t h r e f e r e n c e to f u t u r e w o r k of 
the type r e p o r t e d , w h i c h i n themselves a r e another k i n d of conc lus ion . 

Conclus ions 

The average d a i l y t r a f f i c coimt on bo th a r t e r i a l and l o c a l s t r ee t s g e n e r a l l y dec reas 
ed w i t h i nc reased dis tance f r o m the C B D , a l though a r t e r i a l counts i n the CBDs t h e m 
selves w e r e l o w e r than i n the f i r s t s e v e r a l ana lys i s r i n g s . O v e r - a l l , the p r o g r e s s i v e 
decrease was smoother f o r l o c a l s t r e e t s , the a r t e r i a l counts tending t o w a r d a p la teau 
i n the f i r s t s e v e r a l ana lys i s r i n g s . T o some extent , these pa t t e rns w e r e a r e s u l t of 
the method of s t r e e t c l a s s i f i c a t i o n used. 

The peak hour percents on both a r t e r i a l and l o c a l s t r ee t s g e n e r a l l y Inc reased w i t h 
i nc r ea sed dis tance f r o m the C B D and w i t h decreased t r a f f i c counts . 

W h i l e e x i s t i n g t r a f f i c counts w e r e no t a s p e c i f i c c r i t e r i a f o r s t r e e t c l a s s i f i c a t i o n , i t 
was found i n Chicago that , had an average d a i l y t r a f f i c count of 3 ,000 veh ic l e s been 
used as the d i v i d i n g l i n e between an a r t e r i a l and l o c a l c l a s s i f i c a t i o n , much the same 
s t r e e t sys tems w o u l d have been designated except i n the ou te r ana lys i s r i n g s . 

The e s t i m a t i o n of the d a i l y v e h i c l e - m i l e s of t r a v e l i n a m e t r o p o l i t a n a r ea i s a r e l a 
t i v e l y easy p rocedure r e q u i r i n g on ly t r a f f i c counts and s t r e e t mi l eage measu remen t s . 
Where no breakdown by veh ic l e type i s r e q u i r e d , a r a t h e r s m a l l manpower inves tmen t 
i s r e q u i r e d . 

The r e s u l t s of such e s t i m a t i o n a re not on ly valuable i n themse lves bu t have o ther 
i m p o r t a n t uses , notably as an-accuracy check o f o r i g i n - d e s t i n a t i o n s tudy t r i p data . 
Ano the r use, no t d i scussed i n t h i s paper , i s t o v e r i f y and to compare w i t h the output 
f r o m c e r t a i n t r a f f i c ass ignment p r o g r a m s . 

Recommendat ions 

I n f u t u r e w o r k of t h i s k i n d , p a r t i c u l a r a t t en t ion should be pa id t o i m p r o v i n g the 
techniques o f count l o c a t i o n s e l ec t i on . T h i s i s e s p e c i a l l y t r u e w h e r e a sample i s taken 
f o r updat ing e x i s t i n g , a r t e r i a l f l o w maps (as i n Chicago) , o r f o r obta in ing coimts on 
l o c a l s t r ee t s (as i n both Chicago and P i t t s b u r g h ) ; bu t i t i s a l so t r u e w i t h r e g a r d t o the 
exact count loca t ions on s p e c i f i c rou te sec t ions w h e r e v e r these n m to r a t h e r l ong 
lengths . 

A t the same t i m e , cons ide ra t ion should be g iven to l ong - r ange p r o g r a m m i n g and to 
the use of e i t h e r r e p e t i t i v e o r accumula t ive count l oca t i ons . In Chicago, s ince the 
o r i g i n a l w o r k desc r ibed i n t h i s paper , t w o m o r e " samp le s " have been d r a w n m a k i n g 
f o u r i n a l l , and i t i s e ^ c t e d tha t an annual census - t ak ing o f the d a i l y v e h i c l e - m i l e s o f 
t r a v e l w i l l become a f ea tu re of the cont inu ing t r a n s p o r t a t i o n agency. 

The schedul ing of coimts ove r the p e r i o d of covint t ak ing shou ld be e3q)l ici t ly r e l a t e d 
t o the p r o b l e m of f a c t o r i n g counts to the average f o r a p a r t i c u l a r t i m e p e r i o d ; f o r 
example , t o the average annual d a i l y t r a f f i c . 

T o conserve cost , g r ea t ca re shou ld be taken i n the schedul ing of manua l c l a s s i f i c a 
t i o n counts . T h i s should be kep t t o the m i n i m u m poss ib le , and a technique of s h o r t 
counts employed w h e r e v e r f e a s i b l e . 

Where the r e s u l t s 6 f t h i s k i n d o f w o r k a r e used as an a c c u r a c y check o f o r i g i n -
des t ina t ion s tudy t r i p data, t he r e i s a g r ea t need f o r m o r e r e l i a b l e i n f o r m a t i o n c o n 
c e r n i n g o v e r - t h e - r o a d t r i p lengths . T h i s may be obtained f r o m a sub-sample of h o m e -
i n t e r v i e w t r i p respondents i n s e v e r a l ways and should p r o v e u s e f u l as w e l l f o r d e r i v i n g 
s o - c a l l e d d i v e r s i o n cu rves app rop r i a t e t o p a r t i c u l a r a reas . 
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