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Travel Characteristics of Two San Diego 
Subdivision Developments 
EDWARD M. HALL, Transportation Research Director 
City of San Diego 

An origin-destination study of two San Diego subdivision develop.-
ments was made in an effort to develop relationships between land 

' use and traffic generation, and to study the orientation of the gen
erated traffic. 

The smaller of these study subdivision developments contained 
1,822 single family dwelling units at the time of the survey, and 
the larger contained 7,158 occupied dwelling units, of which 4,296 
were single family, 1,838 were duplexes, and 1,024 were apart
ments. Both subdivisions had planned shoppii^ areas which were 
partially developed at the time of the survey. 

In addition to a home interview survey, a cordon line was es
tablished around each study area and 100 percent of the outboimd 
non-residents were interviewed as were all of the outbound transit 
riders. A screen line check of 95.8 percent was obtained in the 
smaller subdivision, while an accuracy of 98.8 percent was ob
tained in the larger. 

Vehicle ownership in both study areas was found to be 1. 22 
vehicles per dwelling unit. Trip generation data was developed 
per dwelling unit for 5-day, 7-day and weekend trip types by type 
dwelling unit. Intrazonal trips were related to area. 

Weekday and weekend auto-truck trip piurposes were studied 
and trip purpose time profiles developed. 

The possibility of forecasting future trips using the a. m. peak 
period work trip and projecting by the relation of the work trip to 
all trips was investigated. The a. m. peak period work trips and 
the total of the work and related business trips of the two study 
subdivisions appeared to be stable, although the problem of sam
ple size was noted. 

Freeway usage was studied, as a further e3q>eriment in the 
accuracy of projecting the a. m. peak period volumes. It appears 
that the a. m. peak hour volume could be used to expand freeway 
type trips in areas similar in size to those studied when the trip 
length is under five or six miles. 

The orientation of the generated trips, both auto-truck and 
transit, is shown by desire line charts and trip length distribu
tion curves. The work trip was also studied in terms of its trip 
lei^th distribution. Close relationships were observed between 
the two study subdivisions in the trip purpose analyses of trip 
length. 

These studies developed useful trip generation data by type 
dwelling unit. The relation of trip generation and orientation to 
land use appeared in several of the analyses, thus suggesting that 
consistent relationships between land use and travel character
istics do exist. 

# THE City of San Diego has experienced a population growth of from approximately 
203,000 in 1940 to over half a million today. This has created a need to plan for sus
tained rapid growth. One of the essential elements of good street and highway trans
portation planning is the ability to make reasonable forecasts of future travel. It is 
believed that there is a need to relate the traffic generating characteristics and travel 
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Figure 1. San Diego aad v i c i n i t y , showing location of study areas. 



patterns of various land uses to develop these forecasts of travel. 
San Diego, covering 153. 3 sq mi, is the central city of the metropolitan area of ap

proximately 500 sq mi. Since January 1, 1957, there have been 295 new subdivisions 
filed with the City of San Diego. There has been a growing tendency in Southern Cali
fornia to build in large mass-production housing developments. These developments 
are generally well-planned and provide essential services for the residents of these 
planned communities. Thus, with large-scale housing development suddenly coming 
into being on formerly vacant land, i t becomes increasingly important to be able to 
predict the impact of these developments on the traffic pattern of the metropolitan area. 
It is hoped that in San Diego in the near future i t wi l l be possible to estimate with rea
sonable accuracy the total origins to be expected, both auto-truck and transit, and to 
forecast their distribution when given an estimate of anticipated use of the land. 

In 1952-53 a standard origin-destination survey was conducted in the San Diego 
metropolitan area by the Bureau of the Census for the California Division of Highways 
in cooperation with the U. S. Bureau of Public Roads. The results of this origin-des
tination survey and several important analyses have been reported in "San Diego Traffic 
Survey 1952-53" published by the California Division of Highways. In addition to the 
survey report, several tabulations and various other data have been made available to 
the City of San Diego. A number of analyses have been made of these data, but the in
dividual dwelling unit and trip cards for the 1952-53 0-D have not been analyzed for 
trip purpose by selected geographical areas. 

San Diego is one of the eight pilot cities selected to test the program of the National 
Committee on Urban Transportation. A study of travel desires and their relation to 
land use was an important part of the fact-gathering phase of the National Committee's 
program. 

In an effort to develop relationships between land use and traffic generation and or
ientation, to contribute to the pilot city program, and to accumulate facts in areas 
which had been developed since the 1952-53 origin-destination study, i t was decided to 
conduct an origin-destination study in two selected modern subdivisions during Jime 
and July 1956. 

The Subdivisions 
The two selected subdivision developments were Allied Gardens and Clairemont. 

These were selected for study because they were essentially homogeneous, were de
signed to modern standards, and have been developed since World War n . Both sub
divisions represent typical middle income communities for the San Diego area and are 
approximately equidistant from the central business district. Allied Gardens was 
brushy hillside at the time of the 1952-53 0-D study, and only a small part of Claire
mont was developed at that time. Both subdivisions could be considered to be planned 
developments, one completely developed by one concern, and the other developed by 
several large concerns. Planning for both of these subdivisions included the develop
ment of shopping areas designed to serve the planned population. Neither included any 
industrial uses nor had a high school at the time of the survey. Both included schools 
and provision for parks. Both areas were susceptible to a reasonably simple cordon 
line treatment, and both subdivisions were isolated to a considerable extent from the 
rest of the community. The two study areas r^resented the large-scale housing de
velopment anticipated in the future in the San Diego metropolitan area. The travel 
characteristics developed for these subdivisions can be assumed to apply to similar 
future developments. 

The relation of Allied Gardens and Clairemont to the San Diego metropolitan area 
is shown by Figure 1. Allied Gardens is the smaller of-the two subdivisions. Figure 
2 is a land use map of Allied Gardens. Allied Gardens contained 1,822 sii^le family 
dwelling units at the time of the survey and an estimated population of 6,930. 

Figure 3 shows the land use in Clairemont. Clairemont contained a total of 7,158 
occupied dwelling units at the time of the survey, of which 4,296 were single family, 
1,838 were duplexes and 1,024 were apartments, and an estimated population of 27,775. 

Both subdivisions had planned shopping areas. At the time of the study, 2. 7 com-
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mercial acres were developed in Allied Gardens and 30.8 acres were developed in 
Clairemont. The shopping habits at Allied Gardens were studied in greater detail than 
Clairemont, as they were felt to be more isolable than the shopping areas of Claire
mont. 

Although neither of these modern, residential communities might be called com
pletely balanced or completely developed communities, both of them represent a ma
ture status of development in that all the essential fvmctions of a neighborhood develop
ment were available. Selective shopping and many heavy goods were available in 
Clairemont, but such things as automobiles were not available. Both areas contribu
ted to the land use balance then in existence in the metropolitan area. 

Modern high standard major streets had been provided in both subdivisions. The 
city standard in both cases is four 12-ft travel lanes, two 8-ft parking lanes and a 
median. As is true with all new subdivisions in the City of San Diego, the subdivider 
provided high standard local residential streets with curbs and sidewalks. 

Study Methods 
The home interview origin-destination surveys used the standard California proce

dure which had been used during the 1952-53 origin-destination survey. The interview 
form was the identical form used for the 1952-53 origin-destination survey, with the 
exception that shopping was divided between shopping and convenience goods and the 
number of vehicles regularly garaged or parked at each dwelling unit was obtained. A 
10 percent dwelling unit sample was taken at Allied Gardens and a 5 percent sample 
was obtained in Clairemont. The purpose of selecting a 10 percent sample of dwelling 
units in Allied Gardens was twofold; f i rs t , because of the relatively smaller size of 
the subdivision, and second, to compare the results of the 10 vs 5 percent sample 
sizes. The 1952-53 O-D was conducted on the basis of a 5 percent sample of dwelling 
units. 

This origin-destination study was directed, designed, organized, conducted, and 
TABLE 1 

SUMMARY OF HOME INTLRMEW TRAVEL DAYS 

Completed Interviews 
b> Travel Da> 

Dwellin|i Unit Group 

1 Al l i ed Gdidens Single Family 
2 CKiiremont Apartmenli. 
3 Clairemont Duplexes 
4 Clairemont Single Fainil> 

(lower \aluation) 
5 Clan emont Single Familv 

(liigher valuation) 
Total—All Claiiemont Single Famil> 
T o t a l - A l l Clairemont Dwelhnilh 

Total—Allied Gardens and Clan emont. 

J Total Travel Days 
' f o r Which Information ToUll Households 

Was Obtained Intcrvietted 

Total Households 
in Dwelling Unit 

Gnmp 

Households Intoi view eel 
percent ol total 

households 

24 26 33 35 31 30 29 208 184 1,822 10 10 
5 14 13 6 6 7 5 56 51 1,024 4 98 

12 16 12 12 19 21 12 104 92 1.838 5 01 
23 33 17 16 25 16 24 154 131 2,623 4 99 

9 12 16 21 10 17 9 94 _85 1.673 5 08 

32 45 33 37 35 33 33 248 216 4.296 5 03 
4a 75 58 55 60 61 50 408 359 7^158 _ 5 J 2 

73 101 'Jl 90 91 91 79 616 543 8.980 -

analyzed entirely by the City of San Diego. 
In an effort to maintain the best possible 
public relations, the owner's name and 
address of each selected sample dwelling 
unit was obtained from Water Department 
records. A letter signed by the City 
Manner was then sent to the owner of the 
dwelling unit explaining the purpose of the 
study and requesting his cooperation with 
the interviewer. The six interviewers 
were carefully trained and supervised, 
and thus, maximum accuracy was assured. 
The home interviewers coded each others 
interviews, thereby providing an impor
tant built in check. Table 1 shows the 

TABLE 2 
CUSTOMERS BY TYPE ACTIVITY 

ALLIED GARDENS BUSINESS DISTRICT 

Number of Customers 
Type Activity Thursday Saturday 

7-12-56 7-14-56 
Service Station 189 209 
Radio-TV Shop 14 21 
Laundromat 48 81 
Medical/Dental Office 15 Not Open 
Barber Shop 38 54 
Beauty Shop 39 42 
Market 1,200 2,000 
Shoe Sales-Repair 24 37 
Variety Store 265 328 
Drug Store 401 436 
Total Customers 2,233 3,208 



T A B L E 3 

N U M B E R O F C U S T O M E R S B Y HOUR 
A L L I E D G A R D E N S BUSINESS D I S T R I C T 

Drug Store Variety Store 
Time Thursday Saturday Thursday Saturday 

7-12-56 7-14-56 7-12-56 7-14-56 
10-11 a.m. 37 40 25 36 
11-12 a.m. 35 32 34 39 
12- 1p.m. 35 39 17 28 
1- 2 p.m. 35 40 38 34 
2- 3 p.m. 46 34 29 31 
3- 4 p.m. 39 39 30 33 
4- 5 p. m. 40 46 25 42 
5- 6 p. m. 43 64 33 43 
6- 7 p.m. 46 49 

Total 356 383 235 288 
* Variety store closes at 6:00 p. m.; drug store closes at 
7 00 p. m. 
Note: This count represents the number ol persons who were 
considered by an observer outside the entrances to have trans
acted some sort of business in these stores. Compared to the 
number of customers reported by the manager of the variety 
store, this count represents 89 percent of the total number of 
customers reported by the manager on Thursday, and 88 per
cent of those reported by the manager on Saturcky. 

summary of travel days for which Inter
views were obtained by dwellii^ unit clas
sification and study area. 

Cordons were established around both 
areas and roadside interview stations were 
located on the entering roads—two for A l 
lied Gardens and three stations at Claire-
mont. The roadside O-D interview study 
was designed to obtain data from a 100 
percent of the outbound non-residents dur
ing a 16-hr period. A 100 percent sample 
of the outbound non-residents was obtained 
at all stations except one, Clairemont 
Drive, where 141 vehicles were passed 
during the peak hour. Clairemont Drive 
at that time carried an ADT of 18,340. 
Those vehicles that were not interviewed 
were classified and counted. A 100 per
cent classification count was made at the 
interview station during the 16 hours of 

study. Machine counts were conducted for 24 hours at all cordon stations during the 
study. 

Careful field studies of the two study areas were made prior to the interviewing. 
During this field inventory the land use was recorded. In an effort to study the effect 
of economics on trip generation, the single family dwelling units in Clairemont were 
classified by dwelling unit valuation. 

One of the underlying purposes of these origin-destination studies was to relate land 
use to trip generation and attraction. The attraction (drawing power) of a small resi
dential neighborhood shopping center was studied by a customer coimt made at the A l 
lied Gardens business district. Table 2 shows the customers by type activity for a 
typical weekday and a Saturday. Table 3 shows the attractiveness in terms of custo
mers by time of day for two of the establishments. 

The key-punching and machine analysis of the 543 home interviews and 3,682 road
side interviews was designed, supervised and carried out by the City of San Diego, us
ing its own tabulating equipment. 

The scope and accuracy of the studies are shown in Table 4. The very high accur
acy indicated by the screen line checks is thought to be reasonable in view of the l im
ited number of interviewers, their high caliber and the excellence of the supervision 
given in the field as well as the homogeneity of the two subdivisions. 

Table 5 is a comparison of the results of the 5 and 10 percent sampling of dwelling 
units in Allied Gardens. The sample size 
of these studies is based on interviews 
for 7 days. This table compares various 
totals obtained by the two sample sizes as 
well as certain selected trip purposes 
and the screen line check. From this 
comparison i t is concluded that a 5 per
cent sample size would have been adequate 
for over-all totals and the trip purpose 
analysis, but inadequate to determine 
travel patterns for Allied Gardens due to 
the serious variation in the number of in
terzonal transfers. Figure 4 demonstrates 
the significant difference in the number of 
interzonal transfers obtained by the two 
sample sizes. The importance of this is 
further emphasized by the relatively large 
size of Allied Gardens community. The 

TABLE 4 
SCOPE AND ACCURACY 

Scope of Home Interview Survey Allied 
Gardens Clairemont 

Total Dwelling Units 1,822 7,158 
Seven-Day Sample Size 10% 5% 
Dwelling Units Interviewed 184 359 
Expanded Population 6,931 27,775 
Expanded Weekday Auto-Truck 

Driver Trips 13,442 41,647 
Expanded Total, 7-day trips, 

all modes 21,871 86,036 
Accuracy—24-Hr Screen Line Check 
Expanded Weekday Auto-Truck 

Driver Trips Crossing Cordon 6,370 20,020 
Non-Resident Auto-Truck Driver 

Trips Crossing Cordon 3,448 7,958 
Total 9,818 27,978 

Counted Cordon Volume 10,245 28,329 
Percent Accounted for by Interviews 95. 8% 98. 8% 



TABLE 5 
COMPARISON OF 5 AND 10 PERCENT SAMPLES-ALLIED GARDENS 

Item 5 Percent 10 Percent Percent Difference 
Totals 

Population 
Total 7-Day Trips, all modes 
total 5-Day Auto-Truck Trips 
Vehicle Inventory 

Cars 
Trucks 
other 
Total 

Screen Line Check 

Trip Purpose 
Percent of Work Trips 
Percent of Shonung Trips 
Subtotal Percent 

Work and Related Busmess Trips 
Subtotal Percent 

Vacation, Pleasure, Others 
Subtotal Percent 

Shopping, Medical, Dental 
etc. 

Travel Pattern 
Number of Interzonal Transfers 

5-Day Auto-Truck Trips 

7,106 
23,382 
13,261 

2,227 
101 

0 
2,328 
85.2% 

15.2 
11.0 

36.5 

5.0 

58.4 

266 

6,931 
21,871 
13,442 

2,277 
109 
20 

2,406 
95.8% 

15.6 
11.8 

35.4 

4.8 

59.7 

451 

* 2.5 
* 6.9 
- 1.4 

- 2.2 
- 7.3 
-100.0 
- 3.2 

41.0 

analyses in the balance of this paper use the 10 percent sample data of Allied Gardens. 

Travel Characteristics 
Various travel characteristics of the two 

summarized in the tables and figures of 
this report. Fortunately the automobile 
ownership of medium valuation single 
family dwelling units of both of the study 
areas was found to be similar, as was 
the combined ownership per dwelling unit 
of the two areas. Thus the elimination of 
this as a variable in the comparison be
tween these two study areas is believed 
justified. The vehicle ownership of each 
area by type dwelling unit is given in Ta
ble 6. An interesting and ejected rela-

study subdivision developments have been 

TABLE 6 
VEHICLES PER DWELLING UNIT BY TYPE OF DWELLING 

UNIT VEHICLES GARAGED AT DWELLING UNIT 

Type Dwellmg Unit Automobiles AU Vehicles 
Apartments—Clairemont 1 09 1.08 
Duplexes—Clairemont 1 16 1. 20 
Single Family, medium valuation 

Clairemont 1 15 1. 21 
AUied Gardens 1 22 1.27 

Single Family, high valuation 
Clairemont 1 39 1.42 

All Types—Clairemont 1 20 1.24 
Combmed Allied Gardens and 

Clairemont 1 21 1.25 

TABLE 7 
RESIDENT TRIP GENERATION PER DWELLING UNIT IMPACT ON METROPOLITAN AREA 

Area and Type Dwelling Umt 
Allied Gardens Clairemont 

Trip Description Single Family Single Family Single Family Duplex Apartment Average Combined 
Medium Value Medium Value High Medium Average 

Value 
5-Day 

AU 10.63 10.89 11.53 8.33 8. 32 10.00 10.21 
Auto Driver 6.96 5.83 6.74 4.45 4.82 5.54 6.01 
Auto-Truck Driver 7.39 6.47 6.79 4.62 4.82 5.83 6.33 
Auto-Truck Passenger 3.02 4.15 4.39 3.26 3.17 3.83 3.56 
Mass Transit Passenger 0.20 0.28 0.33 0.41 0.30 0.33 0.29 

7-Day 
AU 10.61 11.90 12.21 8.42 8.34 10.59 10.58 
Auto Driver 6. 56 6.05 7.12 4.69 4.82 5.78 6.04 
Auto-Truck Driver 7.14 6.70 7.21 4.85 4.82 6.08 6.44 
Auto-Truck Passenger 3.29 4.99 4.69 3.24 3.27 4.23 3.92 
Mass Transit Passenger 0.17 0. 21 0. 32 0.32 0.25 0.27 0.24 

Saturday 
Auto-Truck Driver 7.93 6.29 8.00 6.83 4.40 6.54 7.05 

Sunday 
Auto-Truck Driver 4.42 8.18 9.78 4.17 5.20 7.19 6.28 
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14 
TRIPS 

Trip Description 

TABLE 8 
RESIDENT TRIP GENERATION OF DRIVER TRIPS PER DWELLING UNIT 

AlUed Gardens 
Single Family 
Medium Value 

Clairemont 
Single Family 
Medium Value 

Single Family 
High Medium 

Value 

Duplex Apartment Average Combined 
Average 

5-Day Auto 
5.54 6.01 All 6.96 5.83 6. 74 4.45 4.82 5.54 6.01 

One or both ends in area 4.33 4.46 4.78 3.70 3.66 4.25 4.24 
One end at home 3.88 3.79 4.34 3.19 3.13 3.67 3.73 

S-Day Auto-Trucli 5.83 6.33 All 7.39 6.47 6.79 4.62 4.82 5.83 6.33 
One or both ends in area 4.39 4. 77 4.78 3.76 3.66 4.37 4.37 
One end at liome 3.92 3.96 4.34 3.24 3.13 3.74 3.80 
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Figure 5- Auto and truck t r i p s from 1952-
53 San Diego Metropolitan Area 0-D Study. 

WEEKDAY RESIDENTIAL AUTO-TRUCK ORIGIN 
GENERATION CALCULATION 

Allied 
Gardens Clairemont 

Expanded Resident Trips 
One or Both Ends in Area 8,000 31,200 

Expanded Resident Trips 
One End in Area (intra-area 

trips removed) 5,930 20,040 
Percent Intra-Area Trips 11.9 26.7 
Resident Origins 5,035 21,180 
Resident Origins at Residences 

(Commerical origins removed) 4,378 18,700 
Resident Origins at Residents 

(Screen line factor applied) 4,570 18,950 
Non-Resident Origins at Residences 

(Commercial origins removed) 1,544 3,375 
Residential Area Origins 

Total 6,114 22,325 
Per Dwelling Unit 3. 35 3.12 
Per Person 0.87 0.80 

Residential and Commercial 
Area Origins 

Total 6,951 25,409 
Per Dwelling Unit 3.82 3.55 
Per Person 0.99 0.91 

tion between dwelling unit type and auto
mobile ownership was found to exist. 

Table 7 gives the trip generation per 
dwelling unit for 5-day, 7-day, and week
end trip types. This table represents the 
total resident generating impact of the 
study subdivisions on the entire metropol
itan area regardless of location of trip 

ends. Table 8 reports the generation of the 5-day auto and 5-day auto-truck driver 
trips for the several types of dwelling imit classifications. Again, this represents the 
resident impact on the total metropolitan area. Tables 7 and 8 develop the relation-

TABLE 10 
WEEKDAY AUTO-TRUCK TRIP PURPOSE PERCENTAGE DISTRIBUTION 

Destmation Purpose 

Trip Purpose !is Percent of Total 

Destmation Purpose 24-Hr 1952-53 
O-D Summary 

Allied Gardens Clairemont Destmation Purpose 24-Hr 1952-53 
O-D Summary 24-Hr A.M. Peak P.M. Peak 

Period Period 
24-Hr A.M. Peak 

Period 
p. M. Peak 

Period 
Worl̂  15.3 15.6 55.2 8.6 16.3 58.0 3.5 
Related Business 21.5 19.8 4.7 18.9 7.1 4.4 2.7 

Subtotal 36.8 35.4 59.9 27.5 23.4 62.4 6.2 

Medical and Dental 0.7 0.8 1.0 _ 0.7 _ _ 

Shopping 
Convenience Goods - 9.3 1.9 10.0 9.9 1.1 14.5 
Shoppmg Goods - 2.5 0 1.3 2.5 0 1.0 
Total 7.9 11.8 1.9 11.3 12.4 1.1 15.5 

Education, Civic and Religion 1.3 0.5 1.9 _ 0.7 2.7 _ 

Eat Meal 1.7 2.0 1.0 1.8 2.7 2.2 1.6 
Serve Passenger 10.4 11.6 24.8 12.2 13.6 24.6 19.3 
Personal Business 5.1 6.4 1.0 5.4 6.6 1.1 6.5 
Change Travel Mode 0.5 0.6 3.8 0.5 0.5 1.6 _ 

Home 28.6 26.0 3.8 37.8 31.7 3.3 45.6 
Subtotal 56.2 59.7 39.2 69.0 68.9 36.6 88.5 

Vacation _ _ _ _ 0.2 _ . 

Pleasure 0.4 1.6 1.3 2.2 0.5 1.4 
Others 6.4 3.2 1.0 2.3 5.2 0.5 3.8 

Subtotal 6.8 4.8 1.0 3.6 7.6 1.0 5.2 

Unknown 0.2 - - - - - -
Total 100.0 99.9 100.1 100.1 99.9 100.0 99.9 
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ships between auto driver and auto-truck 
driver trips. The various analyses that 

follow use the auto-truck driver trips to develop relationships as these are believed to 
be the desired end result. 

It has been found in several studies that the effect of the intrazonal (intra-area) trip 
is significant and should be considered in the development of trip generation data. 
Figure 5 is a plot of the relationship between zone size and the percent of intrazonal 
trips. Allied Gardens and Clairemont are plotted as specific points to show their re
lationship to the metropolitan area curve. Table 9 indicates the calculations that are 
necessary to determine the weekday residential origins generated at a dwelling unit. 
Table 9 gives origins per dwelling unit for residential and for combined residential 
and commercial areas of the two subdivisions. Approximately 0. 7 percent of the us-

TABLE 11 
AVERAGE WEEKDAY AUTO-TRUCK TRIP PURPOSES BY SELECTED HOURS-ALLIED GARDENS 

Interview Trips and Percent Distrilnition 
Destination Purpose 7:00-8:00 a. m. 9.30- 10.30 a. m. 1:30-2:30 p.m. 4:30-5:30 p.m. 8:30-9:30 p.m. 

Number Percent Number Percent Number Percent Number Percent Number Percent 
Work 45 57.0 6 11.5 12 15.8 14 11.5 _ _ 
Related Business 5 6.3 16 30.8 23 30.3 19 15.6 

Subtotal 50 63.3 22 42.3 35 46.1 33 27.0 - -
Medical and Dental 1 1.3 2 3.8 1 1.3 _ . 
Shopping 

Convenience Goods 2 2.5 5 9.6 10 13.2 11 9.0 5 17.2 
Shopping Goods - 2 3.8 4 5.3 _2 1.6 ; _-
Total 2 2.5 7 13.5 14 18.4 13 10.6 5 17.2 

Education, Civic and Religion 1 1.3 _ _ _ _ _ _ _ _ 

Eat Meal 1 1.3 - - - 1 0.8 2 6.9 
Serve Passenger 18 22.8 6 11.5 7 9.2 18 14.8 1 3.4 
Personal Busmess 1 1.3 3 5.8 4 5.3 5 4.1 3 10.3 
Cliange Travel Mode 1 1.3 - - - - - _ _ 
Home _4 5.1 9 17.3 10 13.2 49 40.2 15 51.7 

Subtotal 29 36.7 27 51.9 36 47.4 86 70.5 26 90.0 

Vacation _ .. _ _ . _ _ . . 
Pleasure - - - - 1 1.3 1 0.8 1 3.4 
others (visit friends, etc.) - - 3 5.8 4 5.3 2 1.6 2 6.9 

Subtotal - - 3 5.8 5 6.6 3 2.5 3 10.3 
Total 79 100.0 52 100.0 76 100.1 122 100.0 29 100.3 
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able gross acres in Allied Gardens and 0.8 percent of the gross acres of Clairemont 
were in commercial uses at the time of the survey. It is interesting to note that 40. 7 
percent of the trips generated by Allied Gardens and 25.2 percent of the trips gener
ated by Clairemont have both ends outside the respective areas. This is a function of 
zone size as is the intrazonal relationship. 

One of the purposes of the study of these two subdivisions was to test the possibility 
of forecasting future trips using the a. m. peak period work trip and then expanding the 
projection by the relation of the work trip to all trips on a 24-hr basis. Table 10 gives 
the weekday auto-truck trip purpose in Allied Gardens and Clairemont for the 24-hr 

Destination Purpose 

TABLE 12 
AVERAGE WEEKDAY AUTO-TRUCK TRIP PURPOSES BY SELECTED HOURS-CLAIREMONT 

Interview Trips and Percent Distribution 
7:00-8:00 a.m. 9:30-10: 30 a.m. 1:30-2-30 p. m. 4:30-5:3D p. m. 8:30-9: 30 p. m. 

Number Percent Number Percent Number Percent Number Percent Number Percent 
Work 72 57.1 8 12.5 16 17.6 6 2.8 1 1.2 
Related Business _8 6.4 16 25.0 14 15.4 3 1.4 3 3.7 

Subtotal 80 63.5 24 37.5 30 33.0 9 4.1 4 4.9 

Medical and Dental _ _ 5 7.8 2 2.2 _ _ _ _ 

Shopping 
Convenience Goods 2 1.6 6 9.4 9 9.9 31 14.2 8 9.9 
Shopping Goods - 3 4.7 _3 3.3 _2 0.9 2 2.5 
Total 2 1.6 9 14.1 12 13.2 33 15.1 10 12.3 

Education, Civic and Religion 4 3.2 _ _ _ _ _ _ _ _ 

Eat Meal 4 3.2 - - - - 2 0.9 3 3.7 
Serve Passenger 28 22.2 5 7.8 8 8.8 51 23.4 7 8.6 
Personal Business 2 1.6 7 10.9 8 8.8 14 6.4 3 3.7 
Change Travel Mode - - - - - - - - 1 1.2 
Home 5 4.0 8 12.5 24 26.4 97 44.5 43 53.1 

Subtotal 45 35.7 34 53.1 54 59.3 197 90.4 67 82.7 

Vacation _ _ 1 1.6 _ _ - _ _ _ 

Pleasure 1 0.8 2 3.1 3 3.3 4 1.8 3 3.7 
Others (visit friends, etc.) - - 3 4.7 4 4.4 8 3.7 7 8.6 

Subtotal 1 0.8 6 9.4 7 7.7 12 5.5 10 12.3 
Total 126 100.0 64 100.0 91 100.0 218 100.0 81 99.9 

TABLE 13 
WEEKDAY VS WEEKEND AUTO-TRUCK TRIP PURPOSE PERCENTAGE DISTRIBUTION 

Trip Purpose by Percent of Total 
Destmation Purpose 

Weekday 
Allied Gardens 

Saturday Sunday Weekday 
Clairemont 

Saturday Sunday 
Work 15.6 7.9 5.7 16.3 9.5 5.2 
Related Busmess 19.8 16.7 3.8 7.1 6.8 14.6 

Subtotal 35.4 24.6 9.5 23.4 16.3 19.8 

Medical and Dental 0.8 1.3 _ 0.7 0.3 0.3 
Shopping 

Convenience Goods 9.3 9.6 18.9 9.9 13.2 8.8 
Shoppmg Goods 2.5 6.6 4.7 2.5 4.6 2.1 
Total 11.8 16.2 23.6 12.4 17.8 10.9 

Education, Civic and Religion 0.5 0.9 2.8 0.7 _ 4.0 
Eat Meal 2.0 3.5 4.7 2.7 4.0 1.4 
Serve Passenger 11.6 11.4 8.5 13.6 13.2 11.2 
Personal Busmess 6.4 7.9 3.8 6.6 7.4 6.0 
Change Travel Mode 0.6 1.3 - 0.5 - 0.3 
Home 26.0 23.3 28.3 31.7 30.7 30.4 

Subtotal 59.7 65.8 71.7 68.9 73.4 64.5 

Vacation _ 0.9 _ 0.2 - -
Pleasure 1.6 2.2 3.8 2.2 4.9 6.3 
others 3.2 6.6 15.1 5.2 5.5 9.5 

Subtotal 4.8 9.7 18.9 7.6 10.4 15.8 
Total 99.9 100.1 100.1 99.9 100.1 100.1 
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Figure 6. Weekday vs weekend auto-truck 
t r i p purpose percentage distril^ution. 

period and compares this to the 1952-53 
0-D survey. Table 10 also shows the 
a. m. and p. m. peak period trip purpose 
in the two subdivisions. The data in Ta
ble 10 indicates a stability of the a. m. 
peak period work trip and the total of 
work and related business trips of the 
two study subdivisions. Figure 6 graph
ically presents a comparison of selected 
purposes. However, i t should be borne 
carefully in mind that an orientation of 
the generated trips usi i^ a. m. peak peri
od work trips would be based on a very 
weak percent of total 24-hr trips; even 
for areas as large as Allied Gardens and 
Clairemont. Tables 11 and 12 emphasize 
the trip purpose sample size problem. 
These tables indicate the destination pur
poses of trips reported for a typical week
day by residents for selected hours for 
Allied Gardens and Clairemont. Figure 
7 summarizes the data contained in Tables 
11 and 12. 

Table 13 and Figure 8 compare the weekday and the weekend auto-truck trip pur
pose. Generally the expected daily trends are borne out, with shopping trips being 
highest on Saturday and work trips reducing on Saturday and reaching the lowest per
cent on Sunday. It is interesting to note, however, that there seems to be a consider
able amount of shopping at Allied Gardens on Sunday as compared to Clairemont. This 
could possibly be due to sampling error. 

The distribution or orientation of the generated trips is really the significant prob
lem of forecasting future travel. The ability to determine a close approximation of 
the resident generated origins is within reach. The pattern of the Allied Gardens res
ident auto-truck desire lines is shown in Figure 9. These desire lines were plotted 
per thousand dwelling units in order to make them comparable to the Clairemont auto
truck pattern as well as the transit patterns. Figure 10 shows the Clairemont pattern 
of resident auto-truck desire lines per thousand dwelling imits. 

The orientation pattern is simply demonstrated by studying the straight line trip 
length distribution. The trip length distribution for the metropolitan area in 1952-53 
is given in Figure 11. Figure 11 also includes the trip length distribution of all auto
truck trips with one end in Allied Gardens or Clairemont and for work trips with one 
end in the respective area. The close relationship between work trips generated in 
one area or the other and between all trips generated in the two study areas is quite 
encouraging. A study of these curves clearly indicates that there are fewer short a l l -
purpose trips from outlying subdivisions than there are for the whole metropolitan 
area. The trip length distribution of the auto-truck trips with one end in the area com
paring the convenience shopping to the shopping goods trips of Allied Gardens and 
Clairemont is shown in Figure 12. Again the trip purpose relationships between the 
two areas appear to be good. 

The trip length cumulative curves developed in Figures 11 and 12 were drawn by 
connecting actual point plots. Smooth curve relationships can be interpreted from 
these data and are believed to exist. Certain characteristics of the presented trip 
length distribution curves appear to be satisfactorily explained by existing conditions 
and therefore data from additional areas wil l be required in order to develop these 
smooth curves. Figures 13 and 14 present the trip destination purpose family of 
curves of the major purposes selected for Allied Gardens and Clairemont respectively. 
Related business trips have been plotted as two curves for each area. One plots re
lated business trips with one end in the area and the other plots trips with neither end 
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Figure 9. Al l i e d Gardens auto and truck t r i p desire lines per 1,000 dwelling units, June-July I956. 
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Figure 10. Clalremont auto and truck t r i p desire lines per 1,000 dwelling units, June-July I956. 
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Figure 13. Cumulative t r i p length per
centage distribution of selected destina
tion purpose auto-truck t r i p s . A l l i e d 

Gardens. 

Figure l ^ . Cumulative t r i p length per
centage distribution of selected destina
tion purpose auto-truck t r i p s , Clairemont. 
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in the study area. It is interesting to 
note that the related business trips form 
the only significant difference in the pat
tern of the two families of curves. 

Southern California has developed in 
the age of the motor vehicle; consequent
ly, primary attention is focused on the 
freeways and major streets and highways 
and their development. However, throi^h-

TABLE 14 
WEEKDAY TRIP 24-HOUR VOLUME BY MODE 

Allied Gardens Clairemont 
Mode of Travel Number Percent Number Percent 

Auto-Truck Driver Trips 10,245 98.2 28,329 95.9 
Bus Passenger Trips 202 1.8 1,206 4.1 

Total Trips * 10,447 100.0 29,535 100.0 
^ Excludes auto-truck passenger trips. 

out the San Diego Metropolitan Area Transportation Study an effort has been made to 
keep the role of transit in proper perspective. Table 14 contains the weekday mode of 
travel distribution of the two study areas. 

Figure 15 presents the transit desire lines per thousand dwelling units for Allied 
Gardens and Clairemont. The desire lines clearly indicate some relation between the 
level of service and the use of transit exists. Clairemont has direct service to the 
major employment areas as well as downtown while Allied Gardens requires at least 
one transfer to reach similar destinations. Efforts are continuing to more empirically 
define the complex but important relationships between level of service and transit use. 
Figure 16 contains the trip lei^th distribution of the metropolitan area 1952-53 mass 
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Figure 15. Outbound bus passenger desire lines per 1,000 dwelling units. 
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transit trips and the mass transit trips of 
Allied Gardens and Clairemont. The 
close relation of the trip length curves of 
the two study areas is the more interest
ing because of the wide variance in the 

transit level of service. The percentage time of day distribution of outbound bus pas
sengers for the two study areas is compared in Figure 17. 

Freeway usage by residents of the two subdivisions was coded during the interviews. 
Table 15 summarizes the actual freeway use and incorporates a further e3q)eriment in 
the accuracy of projecting from the a. m. peak hour volumes. The sample size, as 
well as the expansion factor, play an important part in the accuracy of the expansion. 

TABLE 15 
ACTUAL FREEWAY USAGE VS EXPANDED PEAK HOUR USAGE 

ALLIED GARDENS-CLAIREMONT O-D SURVEY 

Freeway-Expressway Section 
A. M. Peak 

Hour Volume 
Expanded Actual 

24-Hr 24-Hr 
Volume Volume 

Percent 
Difference 

Distance in Miles 
Centroid to Center 

Allied 
Gardens 

Clairemont 

Pacific Highway (US 101) - 48 525 471 11.5 8 1 
US 80 to North City Limits 

48 525 471 11.5 
Mission Valley Boad (US 80) - 27 295 279 5.7 6 4 

US 101 to US 395 
27 295 279 5.7 

Mission VaUey Road (US 80) - 35 383 352 9.9 3 5 
US 395 to Fairmount 

35 383 352 9.9 
Alvarado Canyon Road (US 80) - 32 350 359 - 2.5 1 8 

Fairmount to Fletcher Parkway 
32 350 359 8 

El Cajon Boulevard (US 80) - 3 33 34 3.1 4 12 
Fletcher Parkway to Chase 3 33 34 3.1 12 

Cabrillo Freeway (US 395) - 21 230 229 0.4 6 5 
Ash to US 80 

21 230 229 0.4 
Cabrillo Freeway (US 395) - 4 44 37 18.9 4 3 

US 80 to North City Limits 
44 37 18.9 

Wabash Avenue -
Harbor to University 3 33 34 - 2.9 6 8 

Montgomery Freeway (US 101) - 2 22 33 -33.3 10 12 
8th St., National City to Border 

22 33 -33.3 10 12 
Fletcher Parkway - 2 22 24 - 8 . 3 4 11 

US 80 to Idke Murray Blvd. 
Total 105 1,937 1,850 4.7 
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A third important variable, which relates to sample size, is the distance from the o r i 
gin of the trip to the particular freeway or expressway section. Table 15 indicates 
that generally, freeway usage could be estimated with reasonable accuracy when ex
panding on the a. m. peak hour volume, particularly when the trip is under 5 or 6 miles 
in lei^th. 

SUMMARY 
These studies of the travel characteristics of two San Diego subdivision develop

ments have furnished accurate data on trip generation and dwelling unit origin genera
tion. The trip generation data by type of dwelling unit appears to be significantly dif
ferent and is helpful in developing trip origins. The trip origin calculation furnishes a 
sound basis for differentiating between the resident generated origins and the total 
auto-truck origins from all parts of the metropolitan area to be expected in a typical 
subdivision. 

The general close similarity of the 24-hr trip destination purpose of the auto-truck 
trips between the metropolitan O-D study and the two specific study areas is encour
aging and ^ a i n suggests that consistent relationships between land use and trip gener
ation do exist. The trip destination purpose analysis has given a clear 24-hr picture 
and an indication of the time profile of trip purpose to be expected. Trip purpose pro
jections would appear to be generally on a weak statistical base, except for a. m. peak 
hour or peak period work trips or combined work and related business trips. This is 
particularly significant in view of the relatively large size of the two study develop
ments. The trip length relation by trip purpose between the two study areas is borne 
out in several of the figures presented and is useful for the orientation of generated 
trips. Thus, i t is concluded that there is a relationship between trip generation and 
orientation, and land use. 

Several of the relationships developed from this intensive study of two subdivision 
developments in San Diego have been used in conjunction with the traffic generator 
study to make a forecast of future year origins in each of 234 traffic assignment zones 
within the metropolitan transportation study area. The development of future (horizon) 
year origins was based on the land use and population estimates of the city and coimty 
planning departments. The origins were summated by residential, commercial, in
dustrial, major institutional, parks and recreational, and military uses. Future year 
trips for a population of 2.3 million are now being distributed over a study system of 
freeways, expressways, and major streets and highways by the California Division of 
Highways. 

There is a need for further study to develop additional traffic generator data, par
ticularly in the commercial and industrial uses. Much st i l l must be done to develop 
empirical distribution relationships between land use and travel patterns in order to 
orient the generated trips. As the federal aid highway program reaches high gear i t 
is particularly important to be able to apply soundly developed relationships between 
travel and land use to urban freeway and major street plannii^. 



Factors Affecting Trip Generation of 
Residential Land-Use Areas 
GORDON B. SHARPE, WALTER G, HANSEN, and LAMELLE B. HAMNER, 
Division of Highway Transport Research, Bureau of Public Roads 

The present and potential trip-generating power of urban residential 
areas can be estimated with a reasonable degree of accuracy, depen
dent upon the availability and reliability of certain related information. 

The major factors affecting trips by residents of an area are pop
ulation and automobile ownership. With data normally developed from 
a home-interview-type origin and destination survey it is possible 
either to up-date the resident trip information or, with slightly less 
reliability, to forecast the trips for some future date. 

It was found that the total number of trip ends in a residential area 
is approximately equal to the number of trips made by residents of 
that area between all origins and destinations. Therefore, any meth
ods for estimatii^ residents trips are equally applicable to estimates 
of total trip ends on residential land. As a corollary, the number of 
trips to non-residential land in an urban area can be estimated if the 
number of trips made by residents of the entire urban area is known. 

Generally, about 80 percent of all trips made by residents of a 
residential area begin or end at home. Also approximately 80 per
cent of the total trip ends on residential land, by residents and non
residents, are "home" oriented. These proportions are greater in 
areas where car ownership and economic status are lower, and 
where population density is higher. They do not vary appreciably 
with distance from the central business district. 

These findings are all based upon analyses of data from the two 
home-interview-type origin and destination traffic surveys made in 
the Washington, D. C., metropolitan area in 1948 and 1955. A l l of 
the results pertain to the Washington area during the time interval 
studied, but i t may reasonably be assumed that certain aspects of 
the findings and methodology wi l l be applicable elsewhere. 

#COMPREHENSIVE home-interview origin and destination studies have been made in 
well over 100 metropolitan areas. The existing pattern of travel by different means of 
transportation in these areas has been developed with considerable accuracy. This in
formation has been invaluable in determining the present need for highways and transit 
facilities but, in itself, does not give the answer to future needs, which must be the 
basis for intelligent plannii^. 

One of the basic keys to forecasting future transportation needs is the establishment 
of the relationships between travel and the type, intensity, and interrelationship of land 
uses. When these relationships have been established and trends observed, i t wi l l be 
possible to determine more accurately in advance the transportation needs that wi l l 
exist when anticipated urban development has taken place. 

Data from a number of surveys have been analyzed to develop factors for estimating 
the number of trips attracted to and generated by land-use developments of different 
kinds, size, and intensity. These related to specific places and times. Information 
on trends is comparatively meager, repeat studies having been completed in only a 
very few of the metropolitan areas. It has not, therefore, been possible to establish 
relations which wi l l permit the accurate pre-determination of the number of trip ends 
to be expected in different areas under conditions anticipated for some time in the fu 
ture, these being dependent upon the stability of a number of factors. 

In 1948 a home-interview type of origin and destination survey was in the Washing
ton, D. C., area. A repeat study was made in 1955. In the earlier survey a 5 percent 

20 



21 

sample was obtained by interviewing the residents of one of every 20 dwelling imits. 
In the latter survey, the sample rate was 1 in 30 in the District of Columbia and 1 in 
10 in the Maryland and Virginia suburban areas. These two surveys give a basis for a 
study of factors and trends relating to urban travel habits, and several research proj
ects have been carried out with this objective. 

This paper is concerned with the evaluation of methods for estimating the potential 
generation and production of person trips in urban residential developments. Another 
paper entitled "Evaluating Trip Forecasting Methods with an Electronic Computer" by 
Brokke and Mertz of the Bureau of Public Roads is concerned with the evaluation of 
methods of estimating the distribution of zone-to-zone trip movements resulting from 
zone growth. 

There are many factors, other than size, that could be expected to affect the poten
tial generation and production of person trips in urban residential developments. This 
report presents the results of an analysis of the effect that differences in population, 
car ownership, income per household, distance from the central business district, and 
population per net residential acre had on the number of person trips attracted to and 
generated by residential land. These factors were selected because i t has been pos
sible to establish measures that are free from personal bias and because it seems that 
they constitute a logical premise on which to begin an analysis of total trips generated 
by residential land-use areas. 

Because the summarization of the 1955 data has not progressed far enoi^h to permit 
a study by mode of travel, the current analysis is confined to total person trips by all 
modes of travel to and from residential land. It does not include pedestrian trips or 
trips by taxi and truck operators in the course of their daily work. 

SOURCES OF INFORMATION 
The trip data obtained from the Washington transportation surveys of 1948 and 1955 

reflect total person trips for an average weekday of the respective survey periods. 
Data on population, car ownership, and distance from the central business district 
were also obtained from these surveys. The 1955 income information was obtained 
from the National Capital Regional Planning Council. 

Residential acreage figures were developed jointly by the staffs of the Washington 
Metropolitan Area Transportation Study which made the 1955 survey and the National 
Capital Regional Planning Council. The figures developed were net residential acres. 
Streets and all non-residential land uses were excluded. 

This report combines the results of a number of studies based upon travel data ob
tained from the two Washington transportation surveys. The basic data were summa
rized by groupings best suited for the objectives under consideration. For example, 
one very limited study utilized data for only 10 residential areas. A subsequent study 
was confined to the District of Columbia for which data on family income and population 
density were available by census tracts. Another study was based, in part, on the 
analysis of 118 subzones throughout the survey area that could be classed as purely 
residential and, in part, on 77 of the 118 subzones grouped into 48 residential areas 
each of which had 1,000 or more trip origins. Tests were also made using 56 of the 
118 subzones grouped into 35 residential areas each of which had 2,000 or more trip 
origins. Finally, an analysis was made of trips by the residents of 200 zones selected 
so that data from the surveys would be comparable. These zones contained 96 percent 
of the population resident within the 1948 traffic study cordon and 93 percent of the 
persons living within the 1955 cordon. 

FINDINGS 
"Home" Trips as a Measure of Total Trip Ends on Residential Land 

Any study of residential land-use trip generation must take into account the number 
of trip origins and trip destinations (trip ends) in a particular residential area, and 
the number of trips made by the residents of that area (trip production). 

The present study of residential land-use trip generation and residents trip produc-
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tion was started several years ago with an analysis of relationships of residents trips 
and other factors in 10 areas of varying type and income, utilizing data from the 1948 
Washington transportation survey and other sources (Table 1). It was initially appar
ent from the developed data that residents trip production generally increased with in 
come, except for the highest income area. It was equally apparent that the number of 
residents total trips varied directly with the number of passenger cars owned per 
dwelling unit. 

To establish the degree of reliability of these findings and to evaluate the contribu
ting influence of these and other variables on residents trip production, a series of 
statistical analyses was undertaken, based on 95 census tracts in Washington, D.C. 
The results of these studies were valuable in that they established statistically the pos
sibility of estimating with a relatively high degree of reliability residents daily trip 
production. 

One of the most important by-products of the analysis of the 10 residential areas 
was the apparent value of the study as a means of estimating traffic growth for urban 
redevelopment projects. For example, Area 10, the southwest area of Washington, is 
such an urban redevelopment area. Redevelopment plans call for the construction of 
apartments and row houses in the residential portion of the area. If i t is assumed that 
data developed for Area 7, an apartment and row house area, would be representative 
of the redevelopment area when completed, then auto trips per dwelling unit wi l l in
crease three times, while transit travel wi l l remain relatively constant. This general 
method of estimating trips to a given land use should be of value, particularly to the 
planning and design of redevelopment projects as related to improved highway facilities. 

TABLE 2 
BASIC DATA FOR 118 SELECTED RESIDENTIAL SUBZONES IN THE 1955 WASHINGTON, D . C , SURVEY AREA, 

GROUPED BY RINGS 

Number of 
Rmgs* Net Cars Rmgs* 

Subzones Interviews Persons Dwelling Cars Residential Residents per 100 
Umts Acres Trips'" Persons 

2 2 46 4,689 1,820 1,182 9.5 7,574 25.2 
3 3 42 4,603 1,602 881 141.8 6,853 19.1 
4 16 282 17,987 6,412 5,251 487.4 32,988 29.2 
5 30 379 27,014 8,817 9,305 956.3 56,973 34.4 
6 25 348 18,584 5,742 6,480 782.5 39,636 34.9 
7 16 454 17,735 5,190 6,242 1,041.2 39,481 35.2 
8 12 279 10,727 3,007 3,657 536.8 23,386 34.1 
9 12 229 9,407 2,527 3,278 1,259.2 20,793 34.8 

10 2 68 3,086 798 962 215.9 6,185 31.2 
Total 118 2,127 113,832 35,915 37,238 5,430.6 233,869 32.7 
^Distance of residence from the central business district (mi). None of the selected subzones were in Rings 1, 11, 12, or 13. 
''On an average weekday in 1955. 

TABLE 3 
EFFECT OF DISTANCE FROM THE CENTRAL BUSINESS DISTRICT ON THE "FROM" PURPOSE DISTRIBUTION OF 

PERSON TRIPS ORIGINATING ON RESIDENTIAL LAND IN THE WASHINGTON, D . C , SURVEY AREA ON AN AVERAGE 
WEEKDAY IN 1955* 

Distribution of Trips from'' 

Rings') Work 
(percent) 

Personal 
Business 
(percent) 

Serve 
Passenger 
(percent) 

Change 
Mode of 
Travel 

(percent) 

Social and 
Recreation 
(percent) 

Medical, 
Dental, 
and Eat 
(percent) 

Home 
(percent) 

Total Number 
of Trips 

(= 100 percent) 
2 2.2 1.0 2.6 0.7 5.4 - 88.1 3,672 
3 4.5 4.2 2.1 - 1.5 - 87.7 3,610 
4 8.2 2.0 4.4 0.5 4.8 0.6 79.5 16,598 
5 4.5 2.0 5.0 0.3 7.5 0.7 80.0 28,076 
6 5.8 1.3 4.7 1.5 4.6 1.3 80.8 19,684 
7 4.8 2.7 4.7 0.7 5.4 0.8 80.9 18,854 
8 3.8 2.0 5.3 1.0 4.8 0.3 82.8 11,263 
9 5.6 2.4 4.4 0.4 5.3 0.3 81.6 9,812 

10 2.8 3.9 6.1 - 0.5 0.9 85.8 2,550 
Total 5.2 2.1 4.7 0.7 5.4 0.7 81.2 114,119 

Based on study of 118 selected residential subzones. 
Distance of residence from central busmess district (mi). None of the selected subzones were in Rings 1, 11, 12, or 13. 

c Trips from shopping and school were not included, because they were probably the result of small amounts of non-residential 
land use. 
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The 10-area study provided an insight into residents total trip production, but as 
most of the areas studied included other than residential land uses, i t was not possible 
from available data to determine definitely the actual trip generation of the residential 
land. 

To provide accurate data for such an analysis, 118 purely residential subzones 
(unless otherwise specified, all subsequent references to residential areas refer to 
areas entirely residential) of the 1955 Washington transportation survey were selected. 
These subzones represented 7.6 percent of the total number of subzones in the survey 
area, and 113,832 persons, or 7. 2 percent of the total area population, lived in these 
subzones. The basic data, including trip information, for these residential subzones 
were summarized by annular areas (rings) at varyii^ distance from the central busi
ness district (Table 2). 

In the home-interview surveys, trip purpose was designated as purpose "from" and 
purpose "to"; for example, from home to work and from work to shoppii^. For trips 
having one end in a given area, the number "from" a specific purpose generally equals 
the number "to" that purpose. For example, for each trip to work at a specific loca
tion, there is a corresponding trip from work. Correspondii^ly, there would be an 
equal number of trips "to home" as "from home" in the 118 residential subzones 
studied. 

The average percent^e trip-purpose distribution as affected by distance from the 
central business district is shown in Table 3. Trips from home constituted 81. 2 per
cent of all the person trips with origins in the studied subzones, and consequently 
"home oriented" trips constituted the same percentage of all trips beginning and ending 
in these residential subzones. (From a study of trips to 210 residential blocks in the 
Detroit, Mich., area, i t was found that 73. 3 percent of the incoming trips were to 
home. From a study of trips to 35 residential zones in the 1948 Washington, D.C., 
survey area, i t was found that 80 percent of all incoming trips were to home.) This 
is an average figure and does not reflect any variations which might be due to economic, 
geographic, and demographic factors. 

The data in Table 3 also show that the percentage of trips which originated within 
these residential subzones "from home" did not vary appreciably as distance from the 
central business district increased. The higher percent^e of "from home" trips 
shown for Rings 2, 3, and 10, compared to the other rings, may not be significant, as 
the number of interviews in these rings was comparatively small (Table 2). This var
iation from the pattern is reflected in the instability of trip purpose in these rings. 

As distance from the central business district was not an influencing factor in the 

TABLE 4 
EFFECT OF FAMILY INCOME ON THE PURPOSE DISTRIBUTION OF PERSON TRIPS ORIGINATING ON RESIDENTIAL 

LAND IN THE WASHINGTON, D . C , SURVEY AREA ON AN AVERAGE WEEKDAY IN 1955^ 

Distribution of Trips from 
Income 
Group** Work 

(percent) 
Personal 
Business 
(percent) 

Serve 
Passenger 
(percent) 

Change Mode 
of Travel 
(percent) 

Social and 
Recreation 
(percent) 

Medical, 
Dental, 
and Eat 
(percent) 

Home 
(percent) 

Number of 
Trips 

(= 100 percent) 
2 2.5 _ _ _ 7.5 _ 90.0 2,040 
3 4.6 1.7 4.5 0.5 4.5 0.6 83.6 39,560 
4 4.5 2.7 4.0 0.8 5.5 0.6 81.9 43,671 
5 7.4 1.9 6.3 0.8 6.1 1.1 76.4 28,848 

Total 5.2 2.1 4.7 0.7 5.4 0.7 81.2 114,119 
^Based on study of 118 selected residential subzones. 
^ The assignment of an income group rating to each area was made by the National Capital Regional Planning Council. The assign
ment was based on an analysis of average (median) family incomes which were developed for each area with the aid of local plan-
mng commissions, using 1950 census data and income statistics reported by the Washington Evening Star Consumer Survey of 
1955-1956. The groups are as follows-

Income Group 1955 Family Income 
1 $ 1 - 2,499 (None of the selected subzones were in this 

group.) 
2 2,500 - 4,499 
3 4,500 - 6,999 
4 7,000 - 9,999 
5 10,000 - over 
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proportion of residential-area trips hav
ing "home" as a trip purpose, an analysis 
was made of the effect of variation in 
family incomes on these "home" oriented 
trips. The results of grouping the 118 
residential subzones into 5 categories of 
income are shown in Table 4. The data 
indicate that the percentage of total trips 
originating on residential land which were 
"from home" decreased as family income 
increased. Although a variety of infer
ences could be drawn from the data, in
cluding the apparent and reasonable in
crease in work opportunities at homes in 
the highest income group areas, there 
are several factors left unexplained by 
the data. A further classification of in
come of over $10,000 might help to clarify the trend. 

To obtain factors by which total trips originating in residential areas could be es
timated, the proportion of trips "from home" to the total trips originating in the 118 
residential subzones was plotted in relation to income (Fig. 1); By smoothii^ out the 
irregularities in the plotted data with a hand fitted line, the percentages of "from home" 
trips for each income group were slightly modified and e3q)ansion factors were devel
oped as follows: 

0 I 2 3 4 5 6 7 e 9 10 I I 12 13 14 IS 

AVERAGE INCOME (THOUSANDS OF DOLLARS) 

Figure 1. Income related to proportion of 
t r i p origins from home i n 1955-

Income 
Group Family Income "From Home" Trips 

Area Trip Origins 
Trip Expansion 

Factors 
($1,000) (percent) (100. 0/Column 3) 

2 2.5 - 4.4 87.2 1.15 
3 4,5 - 6.9 84.5 1.18 
4 7.0 - 9.9 81.2 1.23 
5 10.0 and over 76.4 1.31 

Average 81.2 1.23 

Prior to testing the adequacy of these trip expansion factors to duplicate total trips 
originating in the residential areas (from all purposes), those subzones which had less 
than 1,000 trip origins were eliminated, or where possible, combined, to provide 
greater stability to the data. This resulted in a total of 48 purely residential areas 
composed of 77 of the original 118 subzones, either individually or in combination, 
being used to test the above expansion factors. 

The "from home" trips for each of the 48 areas were multiplied by (a) the applicable 
income group expansion factor and (b) by the average factor of 1. 23, derived from the 
finding that an average of 81. 2 percent of trip origins in residential areas were "from 
home" purpose. The results of these e}q>ansions compared to actual trip origins are 
shown in Table 5. 

From a detailed study of data presented in Table 5, i t appears that factoring by in
come groups improves the accuracy of estimating trip origins slightly over using an 
average factor. Two-thirds of the estimates were within ±8 percent of the actual val
ues when using income factors, as compared to ±9 percent when using the average 
factor. The maximum error was + 19 percent when factored by income, and the max
imum error was - 21 percent when using an over-all expansion factor. In appraising 
these results, i t should be remembered that the comparisons were made fot individual 
subzones, and that the basic trip data for any one subzone could have an appreciable 
error. Additional detailed study shows that the error decreases as trip volumes in
crease, when using either income factors or the average factor to expand "from home" 
trips. 
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From the foregoing, the conclusion may be drawn that if the number of "home" 
trips from any residential area is known, the total trips generated by that area can be 
estimated with an acceptable degree of reliability. Thus, trips generated by the resi
dential land in any zone can be assigned to that land. 

Now that trips can be assigned to residential land, i t should be possible to relate 
these known values to the various characteristics of the residential area. It has been 
shown that the proportion of trips originating in residential areas that are "from home" 
tends to decrease as income increases. There are, however, other influencing factors 
which must be considered. To determine the effect that car ownership and population 
density had on the percentage of "from home" trips, correlations between each of the 
above independent variables and the percentage of "from home" trips were made for 
these same residential areas (Table 6). The results of these analyses are presented 

TABLE 5 
COMPARISON OF TOTAL NUMBER OF TRIPS ORIGINATING IN 48 RESIDENTIAL AREAS IN THE WASHINGTON, D . C , 

SURVEY AREA ON AN AVERAGE WEEKDAY IN 1955 WITH THE NUMBER ESTIMATED BY APPLICATION OF FACTORS 
TO "FROM HOME" TRIPS 

Subzones Income 
Group^ 

From-Home 
Trips 

Total Trips 
Originating 

in Area 

From-Home 
Trips Times 

Income Group 
Factor'' 

Percent 
Difference 

From-Home 
Trips Times 

Average 
Factor *' 

Percent 
Difference 

4144 2 1,161 1,334 1,335 1,428 7 
1712-3 3 1,238 1,787 1,461 -18 1,522 -15 
3143 3 2,076 2,338 2,449 5 2,553 9 
3312 3 931 1,069 1,098 3 1,145 7 
4752 3 1,586 1,830 1,871 2 1,950 7 
4861 3 1,238 1,427 1,461 2 1,522 7 
5143 3 1,852 2,006 2,185 9 2,278 14 
5314 3 1,795 2,393 2,118 - U 2,208 -8 
5325 3 1,089 1,395 1,285 -8 1,339 -4 
5653 3 1,389 1,581 1,639 4 1,708 8 
5741 3 1,201 1,318 1,417 8 1,477 

2,189 
12 

6353 3 1,780 2,107 2,100 -
1,477 
2,189 4 

6469 3 1,790 2,097 2,112 1 2,202 5 
6611-2-3 3 3,017 3,475 3,560 2 3,711 7 
7825 3 1,101 1,244 1,299 4 1,354 9 
7872-4 3 1,369 1,638 1,615 -1 1,683 3 
8732 3 2,497 3,106 2,946 -5 3,071 -1 
1331 4 1,102 1,195 1,355 13 1,355 13 
1622-3 4 2,774 3,143 3,412 8 3,412 8 
2245 4 1,079 1,117 1,327 19 1,327 19 
2325 4 785 1,022 965 -6 965 -6 
2333-4 4 1,040 1,365 1,279 -6 1,279 -6 
2622-3 4 2,473 2,955 3,042 19 3,042 19 
2643 4 890 1,055 1,094 4 1,094 4 
2872 4 1,431 1,730 1,760 2 1,760 2 
3434-6-7 4 1,547 1,832 1,902 4 1,902 4 
3444 4 1,217 1,493 1,497 - 1,497 -
3524-6 4 1,890 2,325 2,325 - 2,325 -
3581-2 4 1,196 1,736 1,471 -15 1,471 -15 
6476 4 1,194 1,487 1,468 -1 1,468 -1 
7311-3 4 2,649 3,111 3,258 5 3,258 5 
7452 4 1,265 1,403 1,556 11 1,556 11 
7842-6-7 4 2,784 3,614 3,424 -5 3,424 -5 
7911 4 784 1,098 964 -12 964 -12 
8242-3 4 3,605 4,277 4,434 4 4,434 4 
8426 4 913 1,247 1,122 -10 1,122 -10 
1164 5 1,730 2,690 2,266 -16 2,127 -21 
1322-3-5 5 1,737 2,146 2,275 6 2,136 1 
2341-2-3 5 1,578 2,280 2,067 -9 1,941 -15 
2421-5-7 5 1,822 2,551 2,387 -6 2,241 -12 
2512 5 1,248 1,736 1,634 -6 1,535 -12 
2521-2-3-5-6-7-8 5 3,077 3,900 4,031 3 3,785 -3 
2531-5-6 5 1,997 2,465 2,616 6 2,456 -
2613 5 1,019 1,136 1,334 17 1,253 10 
2732 5 714 1,098 935 -15 878 -20 
2743 5 1,597 2,128 2,092 -2 1,964 -8 
2851 5 1,241 1,411 1,625 IS 1,526 8 
8343 5 984 1,431 1,289 -10 1,210 -15 
^See Footnote b on Table 4. 
° Factor to expand home trips to total trips for each income group: 

^Average factor to expand home trips to total trips = 1. 23. 

Income Group Factor 
2 1.15 
3 1.18 
4 1.23 
5 1.31 
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TABLE 6 
RESIDENTIAL CHARACTERISTICS OF 48 SELECTED RESIDENTIAL AREAS IN THE WASHINGTON, D.C. , SURVEY AREA 

ON AN AVERAGE WEEKDAY IN 1955 

Cars per Persons per Trips from Trips to and from 
100 Residential Home/Trips Home/Trips Trips per 

SuDzoncs Persons Acre from Area by Residents Resident 
(number) (number) (percent) (percent) (number) 

3434-6-7 14 81 84 92 1.2 
3312 17 86 87 93 1.8 
4144 20 184 87 94 1.0 
5143 21 144 92 95 1.3 
6353 23 97 84 84 1.5 
3444 26 92 82 95 1.5 
2421-5-7 27 21 71 78 1.9 
5314 27 73 75 80 1.6 
5325 27 52 78 91 1.5 
5741 27 26 91 81 1.9 
2512 29 49 72 76 2.5 
5653 29 24 88 86 1.5 
2245 30 45 97 82 2.5 
6611-2-3 30 30 87 80 1.7 
7825 30 61 88 93 1.8 
8242-3 30 23 84 72 2 6 
3143 31 286 89 81 2.2 
4752 31 32 87 83 2.3 
8426 31 13 73 81 2.0 
3524-6 32 77 81 79 1.6 
7872-4 32 11 84 82 2.2 
8732 32 5 80 79 2.3 
4861 33 50 87 88 1.6 
6476 33 64 80 68 2.4 
7311-3 33 28 85 55 2.7 
1164 34 38 64 82 2.0 
1622-3 34 14 88 82 2.5 
2613 34 16 90 82 2.3 
2872 34 12 83 71 1.9 
6469 34 57 85 69 2.5 
7452 34 64 90 94 1.8 
2743 35 18 75 80 2.8 
1712-3 36 12 69 76 2.8 
2341-2-3 36 27 69 77 2.0 
1331 37 29 92 68 2.8 
2333-4 37 31 76 73 2.6 
2643 37 31 84 78 2.2 
2851 37 5 88 74 2.5 
3581-2 37 29 69 80 2.0 
8343 41 21 69 80 2.4 
2521-2-3-5-6-7-8 42 20 79 74 3.2 
2531-5-6 42 33 81 82 2.6 
7842-6-7 42 17 77 89 2.1 
7911 42 8 71 76 2.2 
2325 45 45 77 88 2.9 
1322-3-5 46 10 81 78 2.7 
2622-3 46 65 84 80 2.4 
2732 49 14 65 70 2.7 

in Figures 2 and 3. Regression equations were fitted to the points by the method of 
least squares. Although these points do not exhibit a marked trend, especially those 
in Figure 3, related studies have shown a measurable relationship between trips and 
both car ownership and population density. It is believed that the sampling variability 
may have somewhat obscured the relationships in this case, but that these relationships 
should not be ignored. 

Since for a given area the trips "to home" are generally about equal to the trips 
"from home," then 81. 2 percent of all trips to and from the selected residential areas 
are "home" oriented. In effect, this means that on an average 81. 2 percent of all trips 
to and from residential areas in the Washington area are made by the residents of 
those areas. The percentage varies with income, car ownership, and population 
density. 

In summary, the total number of trip ends in any residential area can be deter
mined, if the number of trips "to home" and "from home" is known, by expanding the 
"home" trip volumes by income, car ownership, or population density factors. An 
attempt wi l l now be made to develop methods for estimating trip ends on residential 
land from a knowledge of total residents trips to all origins and destinations. 
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T A B L E 7 

E F F E C T O F FAMILY INCOME AND DISTANCE FROM 
THE C E N T R A L BUSINESS DISTRICT ON THE PERCENTAGE 

O F RESIDENTS TRIPS THAT W E R E TO AND FROM 
HOME IN THE WASHINGTON, D . C . , SURVEY AREA ON 

AN AVERAGE WEEKDAY IN 1955» 

Residents Trips Between A l l Origins and Destinations as a Measure of Total 
Tr ip Ends on Residential Land 

An analysis of the data developed by the Washii^ton transportation studies of 1948 
and 1955 showed that 84 percent of a l l the residents internal area t r ips began or ended 
"at home" in each of the two years studied. (A study of t ravel patterns in 50 cities 
showed that an average of 82 percent of the total t r ips by residents had either their 
or igin or destination at home. The range was f r o m about 70 to 92 percent.) The per
centages of residents t r ips which were made to and f r o m home were computed for 48 
selected purely residential areas (Table 6). Table 7 presents the percentages for 118 
subzones grouped by income and distance f r o m the central business dis t r ic t . Corre
lations were made between these percentages and the previously mentioned independent 
variables. The results of these analyses 
are presented in Figures 4 through 6, and 
show that the percentage of residents 
t r ips that started or ended at home tends 
to decrease as either income or car own
ership increases, but appears to increase 
as population density increases. These 
patterns, i t should be noted, have approx
imately the same relationship that the per
centage of " f r o m home" t r ips to total 
t r ips originating in a residential area had 
to the variables. 

I t may be concluded, therefore, that 
the rat io of "home" t r ips to total residents 
t r ips is related to the ratio of "home" 
t r ips to total t r i p ends. I t follows then 
that the total number of t r ips by the r e s i 
dents of an area should be a useful index 
fo r estimating the total number of t r i p 
ends attributable to the residential land 
use in that area, by both residents and 
non-residents. 

The factors to convert residents t r ips 
to residential land-use t r i p ends were 

Variables Number of Trips 

To and 
from Home 

By 
Residents 

Percent of 
Residents Trips 

to and from 
Home 

Income 
Group *> 

2 3,670 4,071 90.1 
3 66,138 82,212 80.4 
4 71,558 90,280 79.3 
5 44,082 57,306 76.9 

RingC 
2 6,474 7,574 85.5 
3 6,334 6,853 92.4 
4 26,398 32,988 80.0 
5 44,898 56,973 78.8 
6 31,794 39,636 80.2 
7 30,492 39,481 77.2 
8 18,662 23,386 79.8 
9 16,022 20,793 77.1 

10 4,374 6,185 70.7 

Total 185,448 233,869 79.3 

^ Based on study of 118 selected residential subzones. 
bSee Footnote b on Table 4. 

Distance of residence from central busmess district (miles). 
None of the selected subzones were m Rings 1, 11, 12 or 13. 
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developed fo r each of the selected inde
pendent variables (Table 8). As these 
conversion factors do not vary appreci
ably with any of the independent variables, 
a conversion factor of 1. 0 was used. As 
previously indicated, this means that the 
total number of t r i p ends in a residential 
area is equal to the total number of t r ips 
made by the residents of the area between 
a l l origins and destinations. 

The number of t r ip ends were then es
timated f r o m residents t r ips , using the 
factor of 1.0, and compared with the 
actual number of t r i p ends, as deter
mined f r o m the transportation survey, in 
35 purely residential areas which had 
2,000 or more t r i p ends and in which 
residents of 20 or more sample dwelling 

units were interviewed (Table 9). This comparison shows that in 3 out of 4 cases, the 
estimated number of t r i p ends was within 10 percent of the survey results. Part of the 
er ror that does exist i s undoubtedly due to the small size of the areas studied, and 
part is due to the use of only one conversion factor. 

I t may be concluded, therefore, that the total number of t r i p ends attributable to the 
residential land use in an area can be estimated with an acceptable degree of accuracy 
f r o m the total number of t r ips made by the residents of that area. The problem now 
is how best to determine residents t r ips . 

Residents Tr ip Production. A previous analysis based on travel data obtained f r o m 
the 1948 Washington metropolitan transportation study determined the influencing effect 
of each of four variables, individually and combined, on the number of t r ips made by 
the residents of 95 census tracts in the Dis t r ic t of Columbia.^ These variables were 
distance f r o m the central business distr ict , income, car ownership, and population 
density. A technique known as "analysis or parti t ion of the variance" was employed to 
estimate the significance of each of the independent variables. I t was established in 
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*Mertz, Wi l l i am L . , and Hamner, Lamelle B . , "A Study of Factors Related to Urban 
T r a v e l . " Public Roads, Vol . 29, No. 7 (Apr i l 1957). 
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T A B L E 8 

CONVERSION FACTORS FOR ESTIMATING TOTAL NUMBER OF TRIP ENDS IN RESIDENTIAL AREAS IN THE 
WASHINGTON, D . C . , SURVEY AREA ON AN AVERAGE WEEKDAY IN 1955 

Independent 
Variables 

Trip Ends at Home 
as a Percentage of 
Total Trip Ends in 

an Area 
(percent) 

Residents Trips to 
and from Home as 

as Percentage of 
Their Total Trips 

(percent) 

Factors to Convert 
Total Residents Trips 
to Total Trip Ends in 

a Residential Area 
(factor) 

Rings'* 
2 
3 
4 
5 
6 
7 
8 
9 

Income Group ° 
2 
3 
4 
5 

Car Ownership*! 
5 

10 
15 
20 
25 
30 
35 
40 
45 

PopulaUon Density" 
30 
60 
90 

120 
150 
180 
210 
2i0 
270 
300 

88. 1 
87.7 
79.5 
80.0 
80.8 
80.9 
82.8 
81.6 
85.8 

90.0 
83.6 
81.9 
76.4 

92.6 
90.6 
88.6 
86.5 
84.5 
82.5 
80.4 
78.4 
76 4 
74.4 

80 3 
81 8 
83 3 
84.7 
86 2 
87 7 
8U.9 
90 6 
92 1 
93 6 

85.5 
92.4 
80.0 
78.8 
80 2 
77.2 
79.8 
77 1 
70.7 

90.1 
80.4 
79 3 
76 9 

93.7 
91 4 
89. 1 
86.7 
84.4 
82.1 
79.8 
77.4 
75.1 
72.8 

79 5 
81.4 
83.3 
85.2 
87.1 
89.0 
90 9 
92 8 
94.7 
96 5 

0.97 
1.05 
1.01 
0.98 
0.99 
0.95 
0.96 
0.94 
0.82 

1.00 
0.96 
0.97 
1.01 

1.01 
1.01 
1.01 
1.00 
1.00 
1.00 
0.99 
0 99 
0.98 
0.98 

0 99 
1.00 
1.00 
1.01 
1.01 
1.01 
1.02 
1.02 
1.03 
1.03 

11, 12, or 13 ^ Distance from the ( entral business distrit t (miles). None of the selected subzones were in Rings 1, 
See Footnote b in Table 3 

^ Passenger cars owned per 100 persons 
" Persons per rcs-dentul acre. 

this study that the use of a l l four variables combined did not significantly increase the 
accuracy of predicting t r ips over that which was obtained using only automobile owner
ship and population density combined. Furthermore, automobile ownership was found 
to be the most reliable single predictor with very l i t t l e additional accuracy gained by 
combining i t wi th population density. 

Assuming that car ownership remained the most reliable single indicator of res i 
dents t r ips , the 1955 data on t r ips per person were correlated with cars owned per 100 
persons to determine an estimating equation for residents total t r ips . Total residents 
t r i p production and information concerning car ownership are obtainable fo r any area 
where a home-interview t ra f f i c study has been made and not just those areas which 
are purely residential. This correlation was based on 200 areas or "zones" fo r which 
the required information was available f r o m both the 1948 and 1955 Washington surveys. 
The estimating regression equation was Y = 0.6 + 0.04 X, where Y equals t r ips per 
person, and X equals passenger cars owned per 100 persons. The correlation coeff i 
cient i s +0. 71 and the standard error of estimate is 0. 39 t r ips per person. 

Using the above equation and the conversion factor developed in a previous section 
of this report (residents t r i p s / t r i p ends = 1.0), the residents t r ips and, consequently, 
the residential t r i p ends were estimated for each of the 35 residential areas listed in 
Table 9. The estimated t r i p ends were compared with the actual survey values to test 
the accuracy fo r prediction purposes. Twenty-five, or 71 percent of the estimates 
were within ± 15 percent of the actual survey values and 88 percent were within ± 25 
percent. The average error was 14. 5 percent. 
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An intensive study of those areas with an extremely high percent of e r ror might r e 
sult in a reasonable explanation of the differences. Once again, i t should be remem
bered that these comparisons refer to relatively small areas and the so-called actual 
number of residents t r ips is subject to er ror due to sample variabi l i ty inherent in the 
basic survey. 

Therefore, i t is also possible to estimate, with a f a i r degree of accuracy, the t r i p 
ends of the residential portion of an area i f the population and car ownership for that 
area are known. I t must be pointed out, however, that these estimates are based upon 
a particular over-a l l citywide relationship between residents t r ips per person and car 
ownership. 

Residents Tr ips as a Measure of Non-Residential T r ip Ends. I f , as has been shown, 
the number of residents t r ips provides a useful basis for estimating total t r i p ends in 
residential areas, i t i s reasonable to test i ts application as a measure of non-residen
t ia l t r ip ends. Obviously, the difference betweeen total t r i p ends in an urban area and 
t r ip ends on residential land could be assigned to non-residential land. But, i t has not 
been practicable to isolate each parcel of residential land to determine the t r ips gen
erated thereby. 

However, in this study the total number of home t r ips i s known, and these must 
have been generated by residential land. I t can be assumed then, that these "home" 
t r ips w i l l represent the same proportion of total t r ips to a l l residential land as the 
"home" t r ips in the 118 selected (purely residential) subzones are to the total t r ips 
destined to these areas. In this manner, i t was found that 19 percent of the t r ips des
tined to residential land were other than "to home." Also, since 58 percent of a l l t r ips 
in the metropolitan area were f o r other than "to home" purposes, i t follows that 19 
percent of 58 or 11 percent of a l l t r ips 
are generated by residential land for a 
purpose other than "to home." This means 
a total of 53 percent (42 + 11) of a l l t r i p 
ends are on residential land and the r e 
maining 47 percent are on non-residential 
types of land. A comparison of these re 
sults with the 1948 Washington data and 
with that for 50 cities, s imi la r ly developed, 
and with data f r o m Detroit gave the fol low
ing percentage distribution of internal 
t r ip ends by land use: 

TABLE 9 

COMPARISON OF ESTIMATED TRIP ENDS AND ACTUAL 
TRIP ENDS IN 35 RESIDENTIAL AREAS IN THE 

WASHINGTON, D . C . , SURVEY AREA ON AN AVERAGE 
WEEKDAY IN 1955 

Number of 

Washington 

Land Use Study Area 

1948 1955 

Detroit, 
Mich. 

50 
Cities 

Residential 
Home 42 42 39 41 
Other 11 11 14 11 

Non-
Residential 47 47 47 48 

Total 100 100 100 100 

Stability of the Relationship Between 
Residents Trips per Person and Car Own
ership. To determine the stability of the 
relationship between residents t r ips per 
person and car ownership, an additional 
correlation between the two variables was 
made f o r the same 200 areas using data 
developed f r o m the 1948 Washington area 
transportation survey (Fig. 8). A com-

Subzones IVlllCB liUiU 
the Central Home Estimated Actual Percent 
Business Interviews Trip Trip Difference 
District Ends^ Endsb 

3134 2 29 5,106 4,676 9.2 
5143 3 24 3,903 4,012 -2.7 
1164 4 31 4,220 5,380 -21.6 
2421-5-7 4 25 4,650 5,102 -8.8 
3434-6-7 4 24 3,359 3,664 -8.3 
5314 4 30 4,468 4,786 -6.6 
7311-3 4 124 6,365 6,222 2.3 
3524-6 5 26 4,779 4,650 2.8 
6353 5 20 4,234 4,214 0.5 
6469 5 21 5,174 4,194 23.4 
7825 5 55 2,367 2,488 -4 9 
7842-6-7 5 96 6,248 7,228 -13.6 
2512 6 20 3,297 3,472 -6.0 
2521-2-3- • 5 

-6-7-8 6 25 8,300 7,800 6.4 
2613 6 30 2,485 2,272 9.4 
6611-2-3 6 107 7,578 6,950 9.0 
7452 6 47 2,689 2,806 -4.2 
8343 6 24 2,460 2,862 -14.0 
1622-3 7 60 6,770 6,286 7 7 
2622-3 7 104 6,177 5,910 4.5 
2732 7 21 2,037 2,196 -7.2 
2743 7 39 3,996 4,256 -6.1 
7872-4 7 37 3,350 3,276 2.2 
8242-3 7 86 10,024 8,554 17.2 
8426 7 26 2,244 2,494 -10 0 
1712-3 8 31 3,253 3,574 -9.0 
2643 8 32 2,290 2,110 8.5 
4752 8 37 3,807 3,660 4.0 
4861 8 45 2,824 2,854 -1.0 
5741 8 32 2,965 2,636 12.9 
2851 9 33 3,355 2,822 18.9 
5653 9 48 3,242 3,162 2.S 
7911 9 22 2,060 2,196 -6 2 
8732 9 67 6,347 6,212 2.2 
2872 10 48 4,041 3,460 16.8 

^Estimated trip ends = residents trips times 1. 
bAs dctermmed by 1955 survey study. 
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Figure 7- Trips per person related to car 
ownership in 1955' 
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Figure 8. Trips per person related to car 
ownership in 19lt8. 

parison of the regression line in this figure and the regression line based on 1955 data 
(Fig. 7) is shown in Figure 9. A study of these two lines indicates that the relationship 
between t r ips and car ownership has not been stable, but has experienced a measurable 
shift during the 7-yr period. The only difference between the two lines is the value of 
the constant (0.9 for 1948 and 0.6 for 1955) where the regression line intersects the Y 
axis. Statistical tests ("t") showed that the difference between these two constants 
was highly significant and could not be accounted fo r by sampling variabil i ty. Meas
ures obtained f r o m the analyses are as follows: 

Year Correlation 
Coefficient 

Standard 
E r r o r of 
Estimate 

(trips per person) 

A v e r s e 
Trips 
per 

Person (y) 

Average Car 
Ownership 

(x) = cars per 
100 persons 

Estimating 
Equations 

1948 
1955 

+ 0.67 
+ 0.71 

0.41 
0. 39 

1.7 
1.8 

21.2 
28.7 

Y = 0.9 + 0. 04X 
Y = 0. 6 + 0. 04X 

Further analysis of the characteristics and relationship of the regression lines 
gives an insight into the reasons for the shift 
lines (0.04) remained the same during the 
interval between the study periods is of 
particular importance. Equally important 
is the fact that, although the average car 
ownership increased f r o m 21. 2 to 28. 7 
cars per 100 persons, an increase of 35 
percent, the average number of t r ips per 
person remained relatively constant. The 
explanation, therefore, for the shift in 
the regression lines appears to be the i n 
crease in car ownership. This, in effect, 
means that during the 7-yr interval the 
numerical relationship between the two 
variables changed due to the increase in 
car ownership in 1955, but the relative 
association between the two variables, as 
indicated by the correlation coefficients, 
remained almost constant. 

If these relationships are valid and the 

The fact that the slope of the regression 

M e o • 1 . 2 , 
Mcon i x ' 2 e . 8 ) 

0 5 10 15 2 0 2 5 3 0 3 5 4 0 4 5 5 0 

P A S S E N G E R C A R S O W N E D P E R 1 0 0 P E R S O N S 

Figtire 9. Comparison of the relationships 
between trips per person and car ownership 

in 19li-8 and I955. 
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T A B L E 10 

INDICES FOR ESTIMATING THE TOTAL NUMBER O F TRIPS TO AND FROM RESIDENTIAL SUBDIVISIONS O F THE 
WASHINGTON, D . C . , SURVEY A R E A * 

Number of Passenger Cars Owned per 100 Persons 

In Each 
Subdivision 

In Entire Survey Area 
In Each 

Subdivision 20 21 22 23 24 25 26 27 28 29 30 
of Area Trips per Person 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 

1.20 
1.40 
1 60 
1.80 
2.00 
2 20 
2.40 
2.60 
2.80 
3.00 

1.16 
1.36 
1.56 
1.76 
1.96 
2.16 
2.36 
2.56 
2.76 
2.96 

1.12 
1.32 
1.52 
1.72 
1.92 
2.12 
2. 32 
2.52 
2.72 
2.92 

1.08 
1.28 
1.48 
1.68 
1.88 
2.08 
2.28 
2.48 

1.04 
1.24 
1.44 
1.64 
1.84 
2.04 
2.24 
2.44 
2.64 
2.84 

1.00 
1.20 
1.40 
1.60 
1.80 
2. 00 
2.20 
2.40 
2.60 
2.80 

0.96 
1.16 
1.36 
1.56 
1.76 
1.96 
2.16 
2.36 
2.56 
2.76 

0. 92 
1.12 
1.32 
1. 52 
1.72 
1.92 
2.12 
2. 32 
2. 52 
2.72 

0.88 
1.08 
1.28 
1.48 
1.68 
1.88 
2.08 
2.28 
2. 48 
2.68 

0.84 
1.04 
1.24 
1.44 
1.64 
1.84 
2.04 
2.24 
2. 44 
2.64 

0.80 
1.00 
1.20 
1.40 
1.60 
1.80 
2.00 
2.20 
2.40 
2.60 

^Determined from correlation of trips per person and car ownership in the Washington, D . C . , survey area—1948 and 1955. To 
compute trips multiply population of each subdivision by appropriate index. 

trend is assumed to be consistent i n the future, then i t should be possible to forecast 
residents t r i p production and residential land-use t r ip generation in the Washington 
area fo r any future year, provided that population and car ownership fo r that year are 
known or can be accurately forecasted. In fact, estimates could be readily obtained 
f r o m the indices developed in Table 10, which may be taken f r o m a fami ly of regression 
curves assuming a constant average t r ips per person and a uniform slope, s imilar to 
those in Figure 9. The use of this table would require estimates of the citywide aver
age car ownership fo r the future year plus estimates of car ownership for each zone or 
area for which potential t r i p data are desired. 

Residents t r ip production fo r 1955 fo r each of the previously mentioned 200 areas 
was estimated by the indices in Table 10. The estimated t r ips were correlated with 
the actual t r ips as found in the survey (Fig. 10). I t is readily apparent that the degree 
of association between the estimated and actual t r ips is very high. The square of the 
correlation coefficient (+ 0.98) indicates that the change in car ownership and change in 
population over the 7-yr period explained 96 percent of the variation in t r i p production 
(residents tr ips) and residential land t r i p generation f o r 1955. Two-thirds of the es t i 
mated values were within ± 15 percent of the survey results. 

In the event car-ownership data are not available or are too d i f f icu l t to develop, one 

S 2 5 

E S T I M A T E D T R I P S ( T H O U S . ) ' 1 9 5 5 P O P . T I M E S 
[ 0 . 6 + ( 0 . 0 4 T I M E S 1 9 5 5 C A R S PER 1 0 0 P E R S O N S ) ] 

Figure 10. Actual tri p s related to tr i p s 
estimated from relationship between trip s 

per person and car ownership. 
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Figure 11. Trips per capita i n 1955 re
lated to tr i p s per capita i n I9U8. 
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. . . 5 0 

ESTIMATED TRIPS (THOUSANOS)r 
1948 TRIPS TIMES 1955/1948 POPULATION 

Figure 12. Actual tri p s related to trip s 
estimated from change in population. 

or more of the other previously mentioned 
independent variables could be substituted 
for car ownership with, of course, a prob
able decrease in predictability.^ 

Stability of Residents Daily Tr ip Pro
duction. To forecast accurately residents 
t r ip production and residential area t r ip 
generation by the method just described 
would require accurate estimates of popu
lation, as wel l as one or more factors re
lated to t r ip production and generation, 
such as auto ownership and income, for 
each zone or area for which t r ip forecasts 
are desired. Admittedly, this process 
could prove to be more dif f icul t and re
sults perhaps not as satisfactory as those 
obtained f r o m estimates derived f r o m only 
one independent variable. 

The previous comparison between 1948 
and 1955 data showed that the average t r ips 
per person remained almost constant dur
ing the 7-yr period. Assuming that this 
consistency is not just a happy balance of 

plus and minus values, but rather the result of a consistency in the individual figures 
which comprise this average, then a second and easier method fo r projecting t r i p pro
duction and residential land t r ip generation to future years w i l l be available. 

To test this consistency or stability of residents daily t r ip production, t r ips per 
person in 1948 were compared to t r ips per person in 1955 fo r 95 census tracts in the 
Dist r ic t of Columbia (Fig. 11). The correlation coefficient is +0. 80. This means that 
the same factors that affected persons 
tr ips in 1948 were s t i l l applicable in 1955. 
Therefore, i t can tentatively be assumed 
that residents t r ip production in any de
sired area fo r which pr ior survey results 
are available can be forecasted by mul t i 
plying t r ips per person for the base year 
by population of the area for any future 
year. 

Residents t r ips for 1955 fo r each of 
the previously mentioned 200 areas were 
estimated in this manner, using 1948 t r ip 
data as the base. A comparison between 
the estimated and actual survey values is 
shown in Figure 12. The results of this 
analysis show that two-thirds of the esti
mated values were within ± 25 percent of 
the actual values (see Method 2 in Table 
11) and the correlation coefficient was 
+ 0.94. In other words, this means that 
the change in population alone was 88 per
cent effective in explaining the 1955 r e s i 
dents t r i p production and, consequently, 
residential land-use t r i p generation. 

Increase in Cars Owned as an Indicator 
of Potential Tr ips . To measure the effect 
of cars owned, alone, as a predicting 

^See Footnote 1 on p ^ e 29. 

T A B L E 11 

COMPARISON OF T H R E E METHODS FOR ESTIMATING 
1956 RESIDENTS TRIPS FOR 200 AREAS IN THE 

WASHINGTON, D . C . , SURVEY AREA 

Maximum E r r o r 
(percent) 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 

Average error 

Methods of Estimating 

Methodic Method 2'' Method 3 ^ 

(percent of 
estimates) 

30.9 
51.0 
67 2 
79.4 
88.7 
91.2 
92.2 
94.1 
95.6 
96.6 
97.1 
97.1 
97.1 
98.0 
98.0 
98.5 
98.5 
98.5 
98.5 
98.6 

i l 5 4 

(percent of 
estimates) 

18.5 
39.5 
54.5 
63.5 
68.5 
78.0 
86.0 
88.0 
91.0 
93.5 
95.0 
95.0 
96.5 
97.0 
98.5 
98.5 
98.5 
98 5 
99.0 
99 0 

±20 .9 

(percent of 
estimates) 

7.8 
15.7 
26.2 
33.0 
40.3 
47.6 
53 9 
57.6 
63.9 
68 6 
71.2 
75.4 
79.1 
82.2 
85.9 
87.4 
88.0 
89.0 
89.5 
92.1 

± 5 0 . 3 

* Estimating equation = 1955 pop. [O. 6 + (0. 04 times 1955 
cars per 100 persons) ] 

Estimating equation = 1948 trips times 1955 pop./1948 pop 
Estimating equation = 1948 trips times 1955 cars/1948 cars. 
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variable fo r es t imat i i^ 1955 residents 
t r i p production and residential land-use 
t r ip generation, 1948 t r ips fo r the 200 
areas were multiplied by the rat io of 1955 
cars owned to 1948 cars owned. The 
analysis revealed that this method of es
timating residents t r ips was not nearly 
as effective as the two previous methods 
described. In this case the correlation 
coefficient was + 0.88. Data in Table 11 
and Figure 13 compare the accuracy of 
three methods developed for estimating 
1955 residents t r ips and residential t r i p 
generation fo r the 200 areas studied. 

Estimating Future Traf f ic Potential 
of Residential Areas. Assuming that the 
travel patterns of the Washington metro
politan area are not unlike the t ravel pat
terns of other cities, the following meth
ods and procedures have been developed for estimating with a f a i r degree of accuracy 
total residents t r ips fo r any area. As the factor to convert residents t r ips to t r i p ends 
on residential land was found to be approximately equal to 1.0, these methods w i l l also 
give the t r i p generation due to any residential portion of the study area. 

f 
/ ^ 

• 1 i f f' 

1/ / 
/ 

1 / 

1 f / 
1 

It 

1 
/ 

/ — It 
— k 

• t h o 
l a tho 
• t h o 

d No. 
d No 
d No. 

1 
2 — 
3 11 

11/ 
— 

— It 
— k 

• t h o 
l a tho 
• t h o 

d No. 
d No 
d No. 

1 
2 — 
3 

V 
0 10 2 0 3 0 4 0 9 0 6 0 7 0 8 0 9 0 100 1 0 0 + 

S IZE OF ERROR (CUMULATIVE PERCENT) 

Figure 13. Comparison of three methods 
for estimating residents t r i p s . 

Method 1 

Using the tabular data f r o m an origin and destination study 

1. Compute the residents t r ips per person for each zone in the area for which pop
ulation and t r i p data are given. 

2. Compute car ownership (passenger cars owned per 100 persons) fo r each zone. 
3. Letting x = cars per 100 persons, y = t r ips per person, and n = number of zones, 

solve the following simultaneous equations fo r a and b: 

Sy = an + b S x 

Sxy 

Determine estimating equation 

aSx + bSx' ' 

y = a + bx 

This equation provides an estimate of the t r ips per person corresponding to the car 
ownership in a particular area fo r an over-a l l citywide car ownership ( Sx/n) existing 
at the time of the survey. To apply this relationship to a future time, i t i s necessary 
to compute the parallel curve for an over-a l l car ownership estimated fo r the future 
data ( 2 x ' / n ) . This i s done by assuming "y" and "b" remain constant and solving fo r 
the new "a" in the following equation: 

y = a' + bx' 

The t r ips per person f o r each area can then be calculated by substituting in the new 
equation (y = a' + bx') fo r each estimated value of car ownership i n the study areas. If 
desired, an index table s imi lar to Table 10 could be prepared. 

Although this has not been tested, instead of using car ownership data, i t should be 
possible to ut i l ize these techniques by substituting population density, income, distance 
f r o m the central business dis tr ic t , or a combination of these variables. 

Method 2 

Using the tabular data f r o m an origin and destination study 

1. Compute the rat io of residents t r ips per person for each zone in the area. 
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2. Estimate the future population of each zone. 
3. Multiply 1 times 2 fo r each respective zone. 
4. In zones f o r which p r io r t r i p data are not available, estimates can be made by 

comparison with zones having s imilar characteristics. 

Method 3 

Using the tabular data f r o m an or igin and destination study 

1. Determine the number of t r ips and the cars owned for each zone in the area. 
2. Estimate the future cars owned in each zone. 
3. Multiply the number of t r ips by the ratio of future to present cars owned. 

The application of the most desirable method of estimating the potential t r i p gener
ation in residential areas is dependent upon the availability and re l iabi l i ty of correla
tive data. For instance, although the f i r s t method appears to be the best, i t must be 
pointed out that i t s accuracy depends upon the re l iab i l i ty of the estimated population 
and car ownership data. In the example above, the number of persons and the number 
of cars were known f r o m origin and destination surveys. However, to forecast r e s i 
dential t r ips fo r a future period, the population and car ownership information is not 
available and must be estimated. Since the car ownership estimates are l ikely to be 
less accurate than population forecasts. Method 2, ut i l iz ing population data alone, may 
wel l be more accurate to forecast future t r ips . 

CONCLUSIONS 

1. P r imar i ly the results of this study emphasize the fact that t r a f f i c i s a phenome
non of human behavior. I t i s with people (and their daily travel) that there should be 
most concern. 

2. The results of the analysis indicate means of estimating residents t r ips and t r i p 
ends on residential land with a reasonable degree of statistical accuracy. I t appears 
desirable to ascertain and develop additional factors by which the accuracy of the tech
nique could be greatly improved in each specific zone. 

I t would also be desirable to continue these studies, where possible, over a longer 
period of time to determine whether factors such as t r ips per person remain constant 
beyond a 7-yr interval . In addition, s imilar studies are needed in other urban areas 
of different sizes and with different t ravel characteristics, fo r instance, where mass 
transit i s much less prevalent or negligible. 

3. I t has been shown that the use of population data as estimating factors would 
provide reasonable estimates of total t r i p ends on residential land by a l l modes of t rav
el combined. However, to implement the design of transport faci l i t ies , estimates 
must be made of auto-driver t r ips , mass-transit t r ips , and t r ips by a l l other modes 
of t ravel , separately. I t would seem necessary, therefore, to determine the degree 
of car ownership as a means of making these separate estimates fo r particular modes 
of t ravel . 

4. Recognizing that a variable such as automobile ownership may only be a t ransi 
ent predictor of person t r ips , i t s t i l l presents at this t ime rather impressive possibil
i t ies fo r improving t ra f f ic estimates, when known. In this regard, i t i s strongly urged 
that automobile ownership o r registration records be established within urban and 
metropolitan areas on a basis of statistical areas, such as census tracts, police pre
cincts, postal zones, school dis tr icts , or origin and destination zonal areas. Such a 
system would also enable the use of license tags in t ra f f ic analyses and many other 
studies, such as those connected with c i v i l defense and market research. 



Forecasting Peak Hours of Travel 
A L A N M . VOORHEES, Tra f f i c Planning Engineer, Automotive Safety Foundation 

Urban transportation planning calls f o r an accurate forecast of 
peak hour t r a f f i c patterns. Evidence presented in this paper 
indicates that because of the wide disparity in the ratio of the 
peak hour to the average daily t r a f f i c and in the directional dis
tribution of t r a f f i c found on urban streets, existing techniques 
fo r forecasting peak hour t ravel f r o m origin and destination data 
should be revised. 

In line with the results f r o m eight cities a technique has been 
developed which should be sensitive to these variations in peak-
hour t rave l . The technique calls fo r the application of a mathe
matical model and certain revision in existing O-D procedure. 

• A KNOWLEDGE of the characteristics of peak-hour t r a f f i c is fundamental to the 
planning, design and operation of urban transportation systems. In the planning phase 
i t is essential to be able to forecast peak-hour volumes so that transportation f a c i l 
it ies can be designed to accommodate these needs. Such data are necessary to eval
uate the proper role of highway and transit services in handling t ravel desires. 

The magnitude of the peak-hour t r a f f i c , and the direction of i t are both important 
in determining lane requirements of freeways and ar te r ia l streets as wel l as ramp 
locations. Certainly a knowledge of peak-hour t rave l patterns is basic f o r the de
velopment of sound operational improvements. In the ci ty planning f i e ld , knowledge 
of peak hour patterns with respect to volume and direction of t r a f f i c is very valuable 
in shaping land use plans. 

In the past, forecasts of peak-hour t ravel that have been based on O-D data have 
been determined by taking a percentage of the estimated 24-hr pattern. The 
reason that the peak hour was not analyzed separately was that i t was feared that 
such an analysis would be plagued with many statistical problems. In effect, i t would 
be dealing with only Vw of the t r ips related to the 24-hr pattern. Recent information 
on the characteristics of urban t rave l seem to raise serious questions about this 
approach. 

PEAK-HOUR TRAVEL VARIES 

In Cincinnati where several year-round coimting stations were recently estab
lished, i t was found that the ratio of peak hour t r a f f i c to average daily t r a f f i c varied as 
much as 100 percent between locations, ( j l ) (See F ig . 1.) The highest portions 
were observed on ar te r ia l streets feeding p r i m a r i l y residential areas. In Portland, 
Oregon, i t was found that the peak hours on some of the one-way streets in down
town area where there were capacity deficiencies ran as low as 6 percent. (2) 
In Baltimore a radial a r te r ia l street which ran through an industrial area had a 
balance in the direction of f low t r a f f i c , while another radial a r te r ia l street located 
in a residential area had a marked unbalance in the f low of t r a f f i c . (_3) T ra f f i c 
across a screen in Baltimore (Table 1) gave substantially the same results found 
in Cincinnati. The variation seemed to be keyed to land use difference. 

Another example of such variations is the t r a f f i c crossing the Anacostia and 
Potomac Rivers in Washl i^on, D. C. In this case the peak hour t r a f f i c observed 
on the bridges crossing these r ivers was between 7 and 13 percent of the average 
daily t r a f f i c . The peak directional f low ranged f r o m 4.5 to 9 percent of the av
erage daily t r a f f i c . On one bridge 9 percent of the average daily t r a f f i c occurred 
in the outbound direction during the evening rush hour, while inbound i t amounted 
to only 2 percent of the average. (_4) This very unbalanced condition was related 
p r i m a r i l y to land use. The land on one side of the bridge was l imi ted to residen
t i a l development. 
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PEAK RELATED TO CAPACITY AND LAND USE 

In light of these observations i t would appear that peak hour t ravel was largely i n 
fluenced by two factors: (a) capacity of the transportation system, and (b) land use 
factors . 

There are cases in which the l imi ted capacity of a street or highway has affected the 
hourly pattern of t r a f f i c . One of the most notable examples is the Holland Tunnel where 
there is l i t t le variation between various hours of the day. Drivers and truckers have 
adjusted their t ravel habits to conform to the available capacity of the tunnel. In other 
cases the overflow during the peak hour of t r a f f i c on an ar ter ia l street is found on 

adjacent local streets. 
It is also known that if capacity is added 

to transportation faci l i t ies there is a tend
ency to accentuate the peak. For example, 
with the completion of the subway in Toronto 
i t was found that 10,000 more people were 
traveling in the peak hour than during the 
year before though there was l i t t le increase 
in the daily t r a f f i c . {S) 

Land use affects t r a f f i c patterns in two 
ways—trip production during the peak hour 
and orientation of t r ips during the same 
period. For example ( F i g . 2) , land uses 
have different patterns of t r i p production 
during the peak hour. (_6) In the core of 
the downtown area in Washington, about 
23 percent of the daily t r ips leaving the 
area occurred during the peak hour. How
ever, in some of the important areas ad
jacent to this core i t was found that this 
percentage ran as high as 36 percent. 
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Figure 1. Variation i n Peak 
Average Daily Traffi c . 

Hour 
(1) 

Vs. 

T A B L E 1 

PEAK HOUR T R A F F I C CHARACTERISTICS FOR SCREEN LINE IN BALTIMORE 1957 

24-hr Peak Hour %by 
Volumes A . M . P . M . Direct P . M . 

Crossmgs 2-way East 1-way 2-way 
/o 

West 1-way 2- way 1-way 2-way Crossmgs 2-way 
No. % No. /o No. % No. % 

Kelley Ave. 10132 732 7.2 1148 11.4 665 6.6 1020 10 2 65 
Belvedere 13622 855 6.2 141U 10.3 815 6.0 1482 10.8 55 
Cold Spring 13697 540 3.9 998 7.3 750 5.5 1273 9.3 59 
41st St. 13845 538 3 9 1194 8.6 593 4.3 1179 8.5 50 
Union Ave. 3476 43 1.3 225 6.5 234 6.8 344 10.0 68 
Wyman 8U03 529 6.6 928 11 6 625 7.8 1192 14.8 52 
29th St. 22278 1037 4.7 1691 7.6 1016 4.6 2354 10.6 43 
North Ave. 31937 957 3.0 1801 5.7 1333 4.2 2302 7 2 59 
Howard St. 23020 813 3 5 1736 7.5 600 2.6 2179 9 4 28 
Maryland ^ 19003 - - 2797 14.6 966 5.1 966 5.1 -
Charles' 28707 1414 4.9 1414 4.9 - - 2869 10.0 -
St. Paul' 27741 - - 3U09 10.8 1612 5.8 1612 5.8 -

Guilford' 15465 869 5.6 869 5 6 - - 2290 14.7 
Preston 13725 504 3.7 947 6.9 669 4.9 1092 8.0 61 
Biddle 4575 183 4.0 421 9.2 346 7.6 562 12.2 62 
Chase 3988 147 3.6 241 6.0 178 4.6 445 11.2 41 
Eager 2165 33 1 5 175 8.1 195 9.0 288 13.3 68 
Madison' 7790 631 8.1 631 8 1 - - 854 11.0 -
Monument' 10708 _ - 955 8.9 1154 10.7 1154 10.7 -
HiUen 11484 265 2.3 990 8.6 414 3.6 995 8.6 42 
Gay 13606 334 2.4 1152 8.5 416 3.0 916 6.7 45 
Lexmgton 2852 168 5.9 255 9.0 206 7.2 426 14.8 48 

54 Fayette 23129 741 3 2 1825 7.9 1153 5.0 2146 9.3 
48 
54 

Baltimore 15539 543 3.5 980 6.3 645 4.1 1378 8.9 46 
Lombard 6209 151 2.4 465 7.5 363 5.8 527 8.5 68 
Pratt 44583 

391,279 

1474 3.3 3152 7.1 1896 4.2 3605 

35,450 

8.1 
9 1 

52 

1 One-way 
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Such a variation would have a significant bearing upon the location and frequency of 
ramps and the number of freeway lanes needed to serve this area. If a straight per
centage had been taken of average daily t r a f f i c , the number of freeway lanes that would 
be needed to serve Zone 1 (Table 2) would have been under-estimated by two lanes, 
since most of the t ravel in and out of the zone undoubtedly would be on the freeway 
planned to traverse this section. 

Similarly, the pattern of tr ips w i l l vary during different hours of the day. Figure 3 
shows that the peak of shopping t r ips occur largely in the downtown area in the morning, 

while the peak f o r suburban shopping occurs 
during the evening rush hour. (_7) Such 
variations are of importance in planning 
and design of a freeway and ar ter ia l street 
system. In the downtown area the shopping 
t r ips have l i t t l e impact upon peak t ra f f i c 
demands, while in the suburban area they 
complicate the issue in that they occur at 
the same time as the heavy work movement. 

Thus, i t would appear that peak hour 
patterns in urban areas are related to three 
factors: (a) orientation of t r ips during 
peak hours, (b) t r i p production of land 
uses during peak hours and (c) capacity of 
transportation fac i l i t ies . 

It would probably be f a i r l y easy to get 
agreement on such a general thesis but the 
problem is to apply i t in the analysis of 
origin and destination data. 

1955 

AVERAGE 

S 2 0 % 

3 4 5 6 7 
ZONES IN DOWNTOWN AREA 

Figure 2, Variation in Peak Hour Traffic 
Generations for- Zones in Downtovm 

Washington. (6) TRAFFIC MODEL 

To overcome the sampling problem in 
determining the orientation of t r ips during the peak hour, the development of some 
suitable mathematical model offers the best prospect. Though there are many types of 
models that might be considered, the gravity model in light of past research seems to 
have the most advantages. This model adapts Newton's Law of Gravity to t r a f f i c be
havior. It says, in effect, that the number of t r ips produced by any zone w i l l be at-

TABLE 2 

COMPARISON OF NUMBER OF TRIPS LEAVING DOWNTOWN WASHINGTON 
DURING A 24-HR INTERVAL WITH PEAK HOUR* 

Downtown 
Zones 

Reported 
Trips in 

24 hr 

Reported 
Trips During 

Peak Hr 

Estimated 
Peak (23.0 % 

of 24 hr) 

Difference 
between 

Estimate of 
Reported Peak 

Percent 
Reported 
Peak of 
24 hr 

01 21984 8006 50500 + 2956 36.5 
02 8257 2827 1900 + 927 34.3 
03 19494 3669 4500 - 831 18.8 
04 11236 1719 2580 - 861 15.3 
05(core) 35378 7587 8100 - 613 21.4 
06 28220 5394 6500 - 1106 19.0 
07 19747 4855 4300 + 555 26.0 
08 29980 5642 6850 - 1208 18.8 
09 5949 1421 1340 + 81 23.8 

179245 41120 40910 23.0 

Source: ref (6) . 
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tracted by other zones in the area in direct proportion to their size, and indirectly in 
proportion to the length of the t r ips . (_8) This gravity model can be expressed in the 
following formula in which M denotes the size of the zone in some appropriate unit, D 
represents the length of t r i p , and X is the ei^onent which is determined empirically: 

M2 

( T i ) 
X 

D l - 2 

M2 M , 
X 

D l - 2 
X 

D l - 3 
X 

D i - n 

~\ \ r 
• CENTRAl. BUSINESS DISTRICT 

NEIGHBORHOOD STORES 
• SUBURBAN SHOPPING CENTERS 

The gravity model can be applied in two 
general ways to t r a f f i c problems. The 
f i r s t is to use a single model fo r a l l t r i p s . 
The other is to develop separate models for 
each t r i p purpose or group of purposes. 

In applying the gravity model to peak 
hour patterns i t is necessary to use the 
t r i p purpose model, since the a l l - t r i p 
model would not indicate direction. The 
t r i p purpose model has certain other ad
vantages in that i t defines the Impact of 
land use patterns on t r a f f i c patterns more 
effectively. 

Table 3 shows the percentage of pur
poses of t r ips that occur during the peak 
hour. This f igure is based upon a special 

study made in San Diego of a suburban area wel l served by freeways. This table has 
certain other modifications which are usually not made in such tabulations. Tr ips made 
to serve passengers, stops at a grocery store on the way home, or other side t r ips 
were not considered in this analysis—only basic t ra f f ic desires. This means that most 
of the t r ips were f r o m home to their main destination and return. However, in addition 
to this there were a certain number of t r ips made by salesmen, etc. , which were not 
involved with residential areas at a l l . These were considered separately and have been 
indicated as non-residential t r i p s . 

On the basis of this tabulation i t is clear that the work t r i p is very important in f o r e -

Figure 3. Arrival Pattern of Shopping 
Trips in Houston. (7) 

TABLE 3 

RELATIONSHIP BETWEEN STREET USE AND TRIP PURPOSE 
SAN DIEGO, CAUFORNIA - 1956 ^ 

24 Hour Pattern Peak Hour Pattern 
Used Freeway Other Streets Used Freeway Other Streets 

(%) (%) (%) 
T r i p Purpose 

( 7 o ) 
Work 61 31 82 40 
Shopping 

Convenience goods 2 30 - 50 
Shopping goods 5 10 - -

Social & recreational 23 4 13 -
Other 4 15 - -
Non-residential 5 10 5 10 

Total 100 100 100 100 

Source: ref . (16) 
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FORT WAYNE-1946 OKLAHOMA CITY-1948 
1 

X ' BOS 

casting peak hours of t ravel . It w i l l probably account f o r about 8o percent of the f r ee 
way usage during the peak hours. Therefore, i t is v i ta l to develop a model which is 
accurate fo r such t rave l . Over a period of several years the author has examined 
origin and destination of work t r ips in six American cities, and the investigations i n 
dicate that the gravity model can be used effectively in forecasting t r a f f i c . Research 
conducted in Detroit and Toronto also ver i f ied these findings. {9) 

Figure 4 shows the close s imi lar i ty in work t r i p patterns based upon a sample 
of O-D data obtained fo r South Bend, Oklahoma City, and Fort Wayne. {10) This 
figure depicts the ratio between probable zonal interchanges and observed interchanges 

fo r movements of varying lengths. Dis 
tance was expressed in terms of auto 
travel t ime during the peak hour between 
zones. 

To insure statistical stability, data were 
grouped by travel time as shown by the 
points on the chart. The exponents which 
were determined by the least-square method 
range between 0.6 and 0.8. Tests in Ba l t i 
more and Philadelphia also gave s imilar 
results (Balt imore, 0.647 and Philadelphia, 
0.805). (11) Recognizing that such range 
in the exponent would have less than a 10 
percent variation in t r i p estimate fo r most 
interzonal movements, and furthermore 
that much of the travel t ime data used was 
weak (usually based on estimates of the 
t r a f f i c engineers), the correlation between 
cities is significant. 

In addition, studies were made fo r Baltimore and Wichita to see i f these ejqjonents 
varied fo r residential areas at different distances f r o m the central business dis t r ic t . 
In both instances the analysis revealed that the exponents range was between 0.65 and 
0.85. ( In determining the exponent the travel t ime related to the mode of t ravel was 
used—transit users and auto dr ivers were studied separately.) Furthermore, there 

1 • 
X>745 

SOUTH BEND-1947 WICHITA-1955 

X • 703 

- OBSERVED DATA 
TRAVEL TIME IN MINUTES 

REGRESSION CURVE 

Figure It-. Comparison of 
in Various C i t i e s . 

Work 
(3£) 

Travel 

TABLE 4 

COMPARISON OF ZONE TO ZONE MOVEMENT DETERMINED 
BY HOME INTERVIEW METHOD OF DIFFERENT SAMPLE 

SIZES WITH THE GRAVITY MODEL ^ 

CINCINNATI, OHIO 

Zone to Zone Theoretical Percent 
Movement Tr ips 100 20 12% 10 8y3 6% 5 

573-103 11 11 20 _ _ 24 42 
112 14 16 30 42 - - - -
113 19 22 15 25 10 - 30 42 
150 24 18 25 25 42 12 30 
153 7 6 7 25 21 - _ _ 

506-103 23 25 31 16 31 _ 15 
112 27 26 21 16 - - 31 _ 
113 28 35 26 56 21 49 - 83 
130 19 14 10 33 51 24 _ _ 
135 7 13 21 - - _ _ -
144 19 13 - 16 10 24 _ 42 
150 12 7 10 - _ _ _ _ 
153 5 8 10 - 20 - 31 -

Source: ref . (12) . 
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MOST VOLUMES OF THIS MAGNITUDE 

g 75% 
5% SAMPLE ^ 

10% SAMPtE 
MODEL 

200 300 

ZONE TO ZONE VOLUMES 

Figure 5. Comparison of Error Related 
to Sampling and Traffic Model. (12, I3) 

was no consistent relationship between these slight variations in the size of the ex
ponent and the location of the residential area. Such findings would seem to indicate 
that urban work t r ips patterns are substantially the same throughout the country. 

The correlation coefficients associated with these various curves were usually in 
the 90's, but such indices cannot be used to determine the accuracy of zone-to-zone 
interchange since the interzonal movement had been grouped. However, to obtain an 
indication of the statistical re l iabi l i ty of these curves, chi-square tests were made fo r 
Wichita and Oklahoma City. The probability level fo r Wichita was over 50 percent and 
for Oklahoma City over 40 percent, thus fur ther substantiating the validity of the use 

of the gravity model. 
Although these statistical tests were 

satisfactory they do not give an estimate 
of the e r ro r which is inherent to the model 
i tself . Unfortunately, such estimates are 
dif f icul t to derive without 100 percent ob
servations . 

In one of the few areas where such data 
were available, an attempt was made to 
establish the e r ro r . This was based upon 
a special study made by the Ohio State High
way Department of two zones in Cincinnati. 
(12) The results that would be obtained by 

different sample sizes are compared with the model in Table 3. This table clearly 
shows that good results were obtained by the gravity model—in fact, considerably 
better than you could get f r o m a 20 percent sample. The standard deviation f r o m zonal 
interchanges of l u to 20 tr ips was about 25 percent. Because of the characteristics of 
the sample i t is believed that this deviation is somewhat below the normal that would 
be found f o r this t r a f f i c movement, but i t does give the general size of the e r ro r re 
lated to the model. 

Another appraisal in Philadelphia was 
made fo r interzonal movements exceeding 
1,000 t r ips a day. (13) There it was 
found that the standard e r ro r was about 
15 percent, if i t is assumed that a l l the 
e r ro r was related to the model. (The ex
ponential curve gave slightly better r e 
sults than the hyperbolic curve test by 
Lapin.) In Baltimore a check was made 
of t r a f f i c crossing a screen line running 
through the heart of the c i ty . In that case 
the e r ro r was only 5 percent. However, 
the t r ips crossing this screen line were 
100,000. (21) 

In light of these observations it would 
appear that as the number of t r ips between 
zones increased, the percentage e r ro r 
associated with the model would decrease 
somewhat as shown by Figure 5. This 
f igure also compares the e r ro r of the 
model with normal sampling e r ro r s . Ob
viously, the model gives better answers for 
daily zone-to-zone interchanges which are 
less than 500 fo r both 5 and 10 percent sample. 

And what is probably of more importance is that the model gives much better results 
fo r zone volumes less than 50. In most origin-and-destination studies these volumes 
constitute the bulk of the t r a f f i c . For example, in the 1948 Washington study more than 
90 percent of a l l the t r ips were made between zones having such volumes. (14) 

TRAFFIC MODEL 
3 0 % LOW 

TRAFFIC MODEL 
4 0 % HIGH 

Figure 6. Residential Areas Where 
Observed Travel to Dovratown Baltimore 

Varied from Traffic Model, ( l l ) 
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These tests as to relative e r ro r of the model apply to the 24-hr pattern of the work 
t r i p . Unfortunately, there were no data available to make such tests f o r peak hour con
ditions but i t would appear that if adjustments are made for t r i p production throughout 
the peak hour the e r ro r of the model would be about the same as that shown by Figure 5. 
Certainly the sampling e r ro r would greatly increase fo r peak hour t ravel thereby leav
ing the model as probably the only practical alternative. 

In applying the gravity model in these 6 cities the work t r ips were brought into bal 
ance. That is , i f in applying the model too many tr ips were allocated to a particular 
employment center, they were adjusted to conform to the known number of t r ips made 
to the center. This was achieved by multiplying a l l t r ips to the center by an appropriate 
adjustment factor . In many instances this balance procedure improved the results of 
the model. 

The only modification made in applying the model was f o r t r ips to the downtown area. 
This was done to adjust f o r differences in relationship between homes and employment f o r 
different social, economic, and occupational classes. From e3q)eriencesinthese cities i t 
would appear that this correction is only necessary f o r t r ips to the downtown area. 

It appears f r o m these studies that correction f o r these differences is more important 
in the older Eastern cities, where there has been a considerable amount of colonization 

Baltimore, 1926and 1946 varlous soclal and economic classes. 

I 9Z6 (AV.6MPH 

L 
THEORETICAL 

I 
(AV 12 MPH] 

TRAVEL TIME BETWEEN RESIDENCE AND PLACE OF 
EMPLOYMENT IN MINUTES 

Figure 7- Comparison of Residence and 
Place of Bnployment. (15) 

Therefore i t is recommended that in devel
oping a model f o r such cities appropriate 
tests be made to determine the weight that 
should be given to these characteristics. 
This can be achieved by analyzing the O-D 
data on a dis t r ic t basis (groups of zones) 
and by studying the difference between the 
work t r i p patterns determined by the model 
and those observed for such dis t r ic ts . 

The correction that was made for down
town t r ips was quite simple. It involved the 
determination of just how much the gravity 
model was off with respect to t r ips to the 

downtown area. Figure 6 gives the important areas in Baltimore which did not conform to 
the model and the percentage by which these areas were in variance with the model. 
(11) Taking account of the social and economic characteristics of these areas, pro
jections can be made to show where such areas w i l l occur in the fu ture . 

Though the gravity model is quite adequate f o r evaluating existing t r a f f i c patterns, 
the question is , can i t be used f o r evaluating future patterns? The answer seems to 
be yes. In Baltimore such a model proved itself in 1926 and again in 1946 ( F i g . 7 ) . 
The exponent of the gravity model was 0.605 in 1926 and 0.645 in 1946, a remarkable 
correlation. (15) 

In applying the gravity model i n both of these cases the t ravel time fo r the particular 
era was used. In 1926 the average t ravel speed during the peak hour was 6 mph; in 
1946 i t was about 12 mph. This assumes that the work t r ips in 1926 were largely or ien
ted to transit; in 1946, to the automobile. 

Hence, the gravity model probably can be used effectively in forecasting t r a f f i c 
changes that w i l l occur with improvements in transportation services. It can, in other 
words, estimate generated t r a f f i c . 

This particular Baltimore study provides a glimpse of what the future may have in 
store. The doubling of speeds between 1926 and 1946 increased the average length of 
work t r ips by 50 percent. Therefore, i t is probably not unrealistic to expect comparable 
increases in t r i p length i t cities double t ravel speeds with the construction of freeway 
systems. 

To repeat, then, the gravity model, if adjusted f o r local conditions, can be used ef
fectively in forecasting work t r ips during the peak hour. Other t r ips for other purposes 
which may occur during this period may be predicted by s imilar techniques. The ex
ponents can be determined by appropriate analysis of or igin and destination data. It 
is recognized that estimates fo r these other types of t r ips may not be as accurate as 
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those obtained for work trips, but their significance during the peak hour is rather 
small and therefore such inaccuracies will not have much impact on the estimated peak-
hour pattern. 

TRIP PRODUCTION 
To reveal variations in peak hour production of trips for different land uses, special 

analyses should be made of O-D data. This can be readily done if trips are related to 
land use, as has recently been done in St. Louis and Chicago studies. Land use catego
ries should probably conform to the traditional breakdown of land uses—residential, 
commercial, industrial, etc. 

In addition, production of trips for various purposes during the peak hour should 
also be established for different land uses. The categories of trip purposes should be 
held to a minimum and should correspond to those used in the traffic model. Further
more, it might be advisable to make comparable studies for major traffic generators 
like the central business district. 

Development of such data from home interview O-D surveys would certainly be help
fu l in understanding the nature of peak hour travel. 

CAPACITY EVALUATION 
To determine the impact that capacity is having on travel habits an attempt should 

be made to evaluate the differences in travel patterns for various types of land uses 
under varying degrees of traffic congestion. Such a comparison should indicate what 
adjustment in the production and correlation of peak hour travel wi l l come about with 
changes in traffic conditions. 

To measure the impact capacity is having on street usage, an urban transportation 
study should assign traffic to a complete highway network. This is a difficult problem 
since it involves many so-called "feed-back" adjustments. Such adjustments are nec
essary because travel patterns change with variations in travel speeds which in turn 
vary with fluctuations in traffic volumes. At the present time there is no mathematical 
method devised which is dynamic enough to adjust for such variations in speed and vol
umes on a network basis. 

But even if such a method were available there are st i l l other problems related to 
lower volume streets (arterial streets in larger cities and collector streets in smaller 
communities). For example, work done by the Ohio State Highway Department indi
cates that the home interview type or origin and destination surveys miss from 1 to 2 
trips per dwellingunit. (J^) Manyof these trips may in fact be stops enroute, but such 
stops may be important in arterial street assignment. Beside these errors, the limita
tions of predicting the behavior of small volumes of traffic are a handicap. 

However, despite these difficulties of assigning trips to a highway network some 
sort of assignment should be made to a freeway and an evaluation taken of the arterial 
streets. 

The f i rs t step should be that of assigning traffic to freeways. This can be carried 
out by several of the methods that are now employed, if estimates of travel speed on 
the various highways are made. 

To carry out the second phase a separate evaluation should be made of the trips that 
will use the arterial streets. This might be done by allotting these trips to districts 
(groups of zones) through which they are made. Then the relationship between speed 
and volume should be determined for streets within these districts. With such data, 
travel speeds through these districts can be estimated in light of anticipated volumes. 
Travel speed estimates should then be checked with original assumptions on speeds. 

B these speeds are at variance, adjustments in assignment procedure should be made 
and the new assigned values should be studied again to determine the effect they wil l 
have on travel speeds. If this process is repeated enough a balance between the speed 
and volume relationships can be obtained for the highway system, thereby giving an 
effective forecast of the use of the highway network. 
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KEEPING IT UP TO DATE 
Another point that should be stressed with regard to traffic models is that traffic 

pattern forecasts should be checked periodically to verify their accuracy. This can be 
done by establishing screen lines over which traffic is counted annually. With the de
velopment of land use models by the city planning agency, it is hoped that both land use 
and traffic models can be tested periodically and adjusted accordingly. 

If the projection technique that has been described is to be employed, it is apparent 
that certain changes should be made in the sample design and the standard interview 
form used in obtaining trip information. For example, the sample design should be 
such as to test the model. This may call for a very small over-all sample to obtain 
general patterns of traffic movement and a series of cluster samples to measure the 
variation travel characteristics of different social and economic groups. 

In obtaining data on trips it may be advisable to depart from the standard classifi
cation of trips. For example, a tr ip to work on which one picks up two passengers 
might be designated as only one t r ip . Stops enroute to pick up passengers might be 
designated as secondary trips. 

The general technique which has been suggested for forecasting peak hour traffic 
patterns may seem rather involved at f irst glance. However, studying it closely, it is 
not much more complex than the present method. The main difference is that instead 
of applying a growth factor a traffic model is used. The traffic model technique need 
not be too time consuming or expensive, since it can be readily programmed for elec
tronic computers. 

On the other hand, determination of peak production of trips for various land uses 
and the analysis outlined are quite similar to what is being done today. 

In short, the main advantage of this new method is that it gives better forecasts of 
peak hour travel in that it establishes the magnitude and directional characteristics of 
traffic throughout the urban area. 

CONCLUSION 
1. The wide disparity in the ratio of the peak hour to the average daily traffic and 

in the directional distribution found on urban streets today indicates that existing tech
niques of forecasting peak hour travel from 0-D data need to be revised particularly 
for critical traffic areas like the central business districts. 

2. Since peak-hour traffic patterns are related to (a) orientation of trips during the 
peak hour, (b) trip production of land use during the peak hour, and (c) capacity of 
transportation facilities, it is essential that these factors be taken into consideration 
in projection procedures. 

3. Results from this study indicate that the gravity model can be used to obtain 
accurate forecasts of the orientation of trips during the peak hour. Trip production 
of land use during the peak hour can be developed by techniques already in use and the 
capacity of transportation facilities can be approximated with certain adjustments in ex
isting procedures. 

4. Since this technique for forecasting traffic considers change in travel time it 
can be used to estimate the impact that adjustments in transportation service wil l have 
on travel patterns. A good dynamic test of this technique would be to see if i t can ef
fectively forecast traffic generation. 
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Transportation Usage Study 
WILLIAM J. MORTIMER, Superintendent, Traffic Engineering Division, Illinois 
Highway Department. 

OBJECTIVES 
#THE MAIN objective of this study was to secure information to aid in the assignment 
of traffic to arterial streets, expressways, and to mass transportation facilities. This 
study was designed to probe directly into the attitudes and personal reasons involved in 
the choice of mode of travel. 

People making trips (other than walking) can be divided into three broad categories: 
(a) those who must use some form of mass transit; (b) those who must use an auto
mobile; and (c) those who have a choice of using either an automobile or some form 
of mass transit. Knowledge of the characteristics of group (c) is of great value for 
traffic assignment purposes. When changes are made in available facilities, this group 
tends to redistribute itself over the various forms of mass transit and auto transporta
tion. This redistribution can best be explained in terms of the personal reasons in
volved in the choice of mode of travel. 

THE SAMPLE 
Usable data was obtained from interviews of nearly 2,000 households in Cook County, 

111. as the general sample for the Transportation Usage Study. Each adult member (16 
years of age and older) of every household was personally interviewed. In addition to 
the general sample, six cluster areas were selected for blanket coverage (minimum of 
100 household interviews per cluster). These areas were chosen on the basis of such 
factors as income level, available mass transit facilities, and distance from the central 
business district (CBD) of Chicago. 

THE INTERVIEW 
The interview consisted of basic household data, and for each person interviewed, 

data pertaining to work trips, trips to the downtown area of Chicago (other than for 
work), and trips for the purpose of shopping. This discussion wil l be limited to that 
portion of the study dealing with work trips. 

WORK TRIPS 
Mode of Travel 

Nearly 4,200 adults were interviewed, of which over 2,300 reported making one or 
more work trips during an average week. Figure 1 shows the modes of travel used to 
reach work destinations in the Chicago CBD and in outlying areas. The left side re
presents those trips to the Chicago CBD, and the right side portrays trips to outlying 
areas. The number of trips made by each of the major modes of travel is shown by a 
bar graph. The respective percentage associated with each mode of travel is also in
dicated. The sharp differences in mode of travel to the CBD as opposed to mode of 
travel to the outlying areas is apparent. Automobile trips account for 29 percent of the 
work trips to the CBD but account for 64 percent of trips to outlying areas. Al l forms 
of mass transit except the Chicago Transit Authority (CTA) bus show large percentage 
drops in usage for trips outside of the CBD as compared to trips within the CBD. These 
relationships were also found to hold generally in the five cluster areas. However, 
cluster No. 2, an above average income area, showed a higher than average percentage 
of automobile trips both to the CBD and to the outlying areas. 

Reasons for Choice of Mode of Travel 
The significant reasons given for choice of mode of travel are shown in Figure 2 for 

the general sample. As in Figure 1, the left side portrays trips to the Chicago CBD 
47 
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while the right side shows trips to outlying 
areas. The number of persons giving each 
of the indicated reasons is shown by the 
respective bar graphs. The white bar 
graphs represent automobile trips, and 
the black represent trips made by mass 
transportation facilities. The reason most 
frequently given was "less time required." 
This was true of trips made by transit as 
well as trips made by automobile. The 
next most important reason seems to be 
comfort, although when automobile and 
transit are considered separately it can be 
seen that comfort plays only a minor role 
in the selection of transit as a mode of 
travel. The cost factor ranks high for the 
transit users, and is important because of 
its absence for the automobile users. 

In about 37 percent of the automobile trips to the CBD either the car is necessary 
for business purposes or there is no other reasonable means available. The other 63 
percent might be induced to switch to some form of mass transit if the time and comfort 
factors could be altered to make the transit facilities more attractive. This is not an 
unreasonable approach for trips to the CBD. However, with the advent of the compre
hensive expressway system, automobile travel to the CBD wil l be on a much more com
petitive basis with transit facilities with respect to both time and comfort factors. This 
might easily lead to a drop in the percentage of transit trips to the CBD. 
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F i g u r e 2 . Reasons f o r Choice o f Mode o f T r a v e l f o r Work T r i p s , Genera l Sample. 

The transit companies are faced with even more difficult problems for trips 
with destinations other than to the CBD. Many of these trips involve one or more 
transfers so that automobile travel has an even greater time advantage than for 
trips to the CBD. The bulk of those who could shift from automobile to some form 
of mass transit are made up of the "time" and "comfort" groups so that a satis
factory solution for the transit companies (with respect to trips to the outlying 
areas) seems remote. 
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Assignment Curves 
Assignment curves have been constructed which relate the percentage of transit 

trips to several pertinent variables. These are (a) the time ratio, (b) the cost ratio, 
(c) the time required for the trip, and (d) the annual household income. 

Figure 3 shows the relationship between the percentage of transit trips and the time 
ratio (defined to be the time required to make a trip by transit divided by the time to 
make the same trip by automobile). The time referred to is the time for the entire 
trip, from point of origin to point of destination. This curve is based on data from 
over 1,200 trips to the Chicago CBD and to outlying areas, for which each person had 
a choice between making the trip by transit and making it by automobile. 

When the time by transit is one-haK that of the time by automobile (time ratio = 
0. 5) almost all trips are made by transit facilities; when the time by transit is equal 
to the time by automobile (T.R. =1.0) about 40 percent of the trips are made by 
transit; and when the time by transit is twice that of the time by automobile (T.R. = 
2.0) only about 10 percent of the trips are made by transit. 

Figure 4 relates the percentage of transit trips to the cost ratio (defined to be the 
cost of making a trip by transit divided by the cost of making the same trip by automo
bile) . For automobile travel, this cost includes operation and parking costs. The 
curve indicates that when the cost by transit is one-tenth that of the cost by automobile 
about 60 percent of the trips are made by transit; when the cost by transit is one-half 
that of the cost by automobile, 15 percent of the trips are by transit; and when the 
cost by transit is equal to the cost by automobile only about 5 percent of the trips are 
by transit. This curve is based on the same data as that for Figure 3. 

Figure 5 indicates the relationship between the time required for trips and the per
centage of trips made by transit facilities. It is limited to those trips to the Chicago CBD. 
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Of all trips requiring 15 minutes about 
60 percent are made by transit; of those 
trips requiring 45 minutes, 75 percent 
are by transit; and of those taking 75 
minutes, 90 percent are by transit. The 
transit facilities seem to increase in re
lative attractiveness as the time required 
for the trips increases. 

The curve in Figure 6 relates transit 
usage to household income. It is limited 
to trips with destinations other than to the 
CBD. Transit usage is very high for the 
extremely low income groups; it drops 
very sharply until the income level is 
about $4, 500 per year, and then transit 
usage tapers to a gradual decrease with 
increase in income. 

Al l of the assignment curves shown 
were determined by regression analysis, 
and all four variables were highly corre
lated with the percentage of trips made by 
mass transit (correlation coefficients 
greater than 0.90). 

Comfort 
Several factors closely related to comfort were isolated and tested for statistical 

significance. These factors were (a) possession of a seat for the transit riders. 
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(b) necessity of making a transfer, and (c) the amount of walking required. The 
significance tests were done on two groups of transit users: (a) those who could have 
made their trips by automobile, and (b) those who could not have made their trips by 
automobile. For each of these two groups, the percentage not having seats was de
termined. These two percentages were tested and the difference found to be statisti
cally significant. The group that could have used an automobile had a substantially 
lower percentage of persons without seats. For each of the same two groups, the 
percentage making transfers was determined. The group who could have used an 
automobile had a significantly lower percentage of persons making transfers. The 
total number of blocks walked (origin end of trip plus destination end of trip) was 
tested in the same manner, but found not to differ between the two groups. 

SUMMARY 
Mode of Travel 

Over two-thirds of the trips to the Chicago CBD were made by mass transportation facil
ities. Fortrips to areas other than the CBD, about two-thirds were made by automobile. 

Reasons for Choice of Mode of Travel 
Time. Both the absolute time required for making a trip, and the relative time be

tween transit and automobile travel for the trip were shown to have a substantial in
fluence on the choice of mode of travel. 

Cost. The relative cost between transit and automobile travel was shown to be an 
influencing factor in selection of mode of travel. For trips to outlying areas household 
income was shown to be inversely related to transit usage. 

Comfort. Not having a seat and the necessity of making a transfer were both shown 
to have a statistically significant influence on the group who have a choice between making 
a trip by automobile and making it by mass transportation facilities. The number of 
blocks walked had no apparant influence on this group. 



Evaluating Trip Forecasting Methods with an 
Electronic Computer 
G.E. BROKKE and W. L. MERTZ, 
Highway Research Engineers, U.S. Bureau of Public Roads 

In forecasting future trip distribution from the existing 
pattern, the average factor method, the Detroit method, 
and the Fratar method are equally accurate if each method 
is carried through a sufficient number of successive 
iterations. In al l cases tested, the second approximation 
of the Fratar method was of maximum accuracy while four 
or more approximations were usually required with the 
other two methods. 

The results of the test emphasized the fact that the 
majority of the trips within a metropolitan area consist 
of a very large number of small-volume zone-to-zone 
movements, where the zones are of normal size. With 
sampling rates used these individual small-volume move
ments are not accurately determined. The accumulation 
of the small-volume movements into volumes associated 
with ramps, streets, and expressways, should result in 
acceptable accuracy as calculated by statistical formulas, 
but this wil l have to be definitely established by additional 
research. 

The advantage of using an electronic computer on re
search projects of this type can hardly be overestimated, 
notwithstanding the difficulty and time consumed in pre
paring the program. In this series of tests, the speed and 
accuracy of the computer permitted the attainment of re
sults in hours instead of years after the program had been 
completed, without a single error attributable to the com
puter. 

• HOME-INTERVIEW origin and destination studies were made in the Washington, D. C. 
area in 1948 and in 1955. In the earlier study a 5-percent sample was obtained by in
terviewing the residents of one of every 20 dwelling imits. In the 1955 study, the sam
ple rate was 1 in 30 in the District of Columbia and 1 in 10 elsewhere within the area. 

These two surveys offered, for the f i r s t time, an opportunity to study the changes 
occurring over a period of several years in a metropolitan area in the pattern of trips, 
that is, the differences in the numbers of trips between the same origins and destinations. 
They also provided data that could be used to evaluate methods of forecasting future 
trip volumes. 

TRIP FORECASTING ELEMENTS 
Two basic elements are involved in the forecasting of trips. One is the increase in 

the number of trip origins and destinations in a particular part of the city such as a 
zone. For brevity the number of trip origins and destinations combined have been 
labeled trip ends. Thus, for example, 2 trips originating in a zone and 3 trips destined 
to it would be counted as 5 trip ends. Therefore, if only the trips made wholly within 
an area are considered, the total number of trip ends in the area is exactly twice the 
number of trips. 

The ratio of the future trip ends expected in a particular zone to the present trip 
ends in the zone is called the growth factor for that zone. Much work has been and is 
being done in this field to determine the best method of arriving at the proper growth 
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factor. Up to now, however, forecasts, so far as total trip ends are concerned, are 
dependent to some extent on personal judgment. In order to eliminate this variable, 
and isolate the elements being studied, the growth factors were calculated for each 
zone by taking the ratio of the reported trip ends in each zone in 1955 to the reported 
trip ends in each zone in 1948. Thus any variability in predicting growth factors will 
not affect this study of forecasting methods. 

The other basic element involved in forecasting zone-to-zone movements is the 
application of the growth factors of the two terminal zones in predicting the number of 
future trips between them. Various mathematical formulas have been developed with 
that end in view. It is the purpose of this study to evaluate the accuracy of these 
methods and the formulas used therein. Certain other methods of trip forecasting, 
based on population distribution, trip-attraction distribution, and distance or travel 
time, directly predict the qumber of zone-to-zone trips, but as these methods are 
sti l l in the process of development they wil l not be further discussed. 

CHARACTERISTICS OF THE AREA 
One problem that had to be resolved in beginning the test was that the area covered 

in the 1948 Washington survey was somewhat smaller than that of the 1955 survey, and 
the extent and identifying numbers of many of the zones had been changed. The f i rs t 
step was to reconcile these differences by rezoning the metropolitan area into 254 zones 
and to determine both the 1948 and 1955 volumes of trips into and out of these zones. 

The 254 zones covered in area which contained 96 percent of the population that lived 
within the 1948 cordon and 93 percent of that living within the 1955 cordon. 
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Most of the external cordon stations in 1955 were placed at different locations from 
those in 1948, and therefore the trips crossing the cordon, called "external" trips, are 
omitted from the study, the two surveys not being comparable in regard to this class of 
t r ip . 

Within the 254 zones the population increased 38 percent during the 7-year interval 
while the number of trips by persons increased 42 percent. (In this paper "trips by 
persons" includes trips by drivers of automobiles, taxis and trucks and by passengers 
in automobiles, taxis and mass transit vehicles. Walkii^ trips and the small number 
of trips by passengers in trucks are not included.) This represents a small increase 
in trips per person from 1.95 to 2.00. During the same interval the number of passen
ger cars owned by residents almost doubled, increasing 96 percent, and the number of 
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F i g u r e 2. A r e a v i t h l n the 19lt-8 cordon, Washington, D. C . Change from 19l)-8 t o 1955. 
trips made by these passenger cars went up 89 percent. This represents a small de
crease in the numer of passenger-car trips per passenger car from 3.15 to 3.05. 
These figures seem to indicate that the number of car trips increases roughly in pro
portion to the increase in the number of cars, and total person trips increase about as 
population does in the Washington area. 

The number of trips by various vehicle types and modes of transportation together 
with the population and passenger-car ownership are shown in Figure 1. The growth 
factors resulting from the changes between 1948 and 1955 are shown in Figure 2. 

The increase of 89 percent in the number of passenger-car trips during the 7-year 
interval is rather high. It represents an average increase of almost 13 percent annual
ly on a straight-line basis or about 9.5 percent if compotmded annually. 

This high rate of increase in the Washington area, however, has the advantage of 
providing growth factors that are somewhat similar to the growth factors that have 
been forecast for about 25 years in some of the larger cities. For example, the growth 
factors for total vehicle trips as measured in Washington and those predicted for Detroit 
and Cleveland are shown in the following table: 
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Item Washington Detroit Cleveland 
Period covered 1948 to 1955 1953 to 1980 1952 to 1975 
Over-all growth 1.66 1.67 1.79 

Percent of zones with growth factors: 
Less than 1.00 5 2 1 
1.00 - 1.49 38 64 54 
1.50 - 1.99 25 9 17 
2.00 - 2.99 18 9 8 
3.00 - 4.99 9 8 15 
5.00 - 9.99 3 6 5 
over 10.00 2 2 0 

Thus, although the test of the forecasting methods is confined to the growth of Wash
ington from 1948 to 1955, the actual growth factors are not entirely dissimilar to fore
casts into the future for Detroit and Cleveland although the latter two are for longer 
periods of time. 

In this study, the passenger-car trips and taxi trips were combined into one category 
of passenger-vehicle trips The over-all growth factor for these trips was 1.67. As for indi
vidual zones, about 6 percent had fewer trip ends in 1955 than in 1948, and 50 percent 
had a growth factor smaller than 1.55. A more detailed distribution of the individual 
zone growth factors is as follows: 

Growth Factor 
Less than 1.00 
1.00 to 1.50 
1.50 to 2 .00 
2.00 to 3.00 
3.00 to 5.00 
5.00 to 10.00 
Over 10.00 

Percent of Zones 
6 

40 
23 
19 
7 
2 
3 

METHODS OF FORECASTING TRIPS 
The 1948 zone-to-zone trips were expanded to 1955 by various formulas and the 

predicted values compared with those obtained in the 1955 sample. The actual methods 
are described as follows: 

Observed 1955 trips between zone i and j 

Ty, =Calculated 1955 trips between zone i and zone j 
T^ j ' = Calculated 1955 trips from zone 1 to zone j 
T j .' = Calculated 1955 trips from zone j to zone i 
ty = Observed 1948 trips between zone i and zone j 
T^ = Summation of observed 1955 trip ends in zone i 
t. = Summation of observed 1948 tr ip ends in zone i 
F. = Growth factor for zone i = T j 

T = Summation of 1955 trip ends in entire area 
t = Summation of 1948 trip ends in entire area 
F = Growth factor for entire area = T 

= 1948 trips between zone i and each of all other zones designated as zone x 
F = Growth factor for zone x 

X 
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Uniform Factor Method 
The most simple method of expanding trips is to compute a single factor for the 

entire area and use it to multiply all zone-to-zone trips. This particular methpd is 
seldom used now, but because of its wide use in the past it was evaluated. Mathemati
cally the e}q)ansion formula is as follows: 

T ' = t F 
There is no possibility of successive approximations with this method, such as those 

used in the methods subsequently described. 

Average Factor Method 
In this method each of the 1948 zone-to-zone movements is multiplied by the average 

of the growth factors for the two zones involved as follows: 
(F, +F.) 

T • = t = L 
^ij *ij 2 

After the trips from one zone (i) to al l other zones have been computed by this 
method, the sum of ^11 trip ends in that zone as determined from this calculation (Tj ' ) 
will probably not equal the actual 1955 trip ends in that zone ( T j ) . This discrepancy 
can be eliminated by a series of iterations producing successively closer approximations, 
as follows: 

Let Fi ' equal the factor needed to bring the calculated number of trip ends (Tj ' ) to 
actual number (Ti) or F.' = T./T., and similarly F / = T^/T^' 

Then for the second approximation, (F. ' + F.' ) 
T M _ r p I 

Ij " Ij 
i J 

Similarly for a third approximation, ( F . " + F.") 
T ' " = T " ' - ^ 

i j - i j ^ 
The process can be repeated until the F factors for a new iteration equal the limiting 

value of 1.00. 
One of the inherent disadvantages of the average factor method is that the calculated 

trips into zones with higher-than-average growth factors generally total less than the 
predicted number of trips. Conversely the calculated trips into zones with lower-than-
average growth factors total more than the predicted total of trips. This systematic 
bias of the predicted values could result in an inordinate number of approximations and 
may affect the accuracy of the method. 

Detroit Method 
A method to alleviate this difficulty was developed by Carroll's staff for the Detroit 

study. In this method they assumed that the trips from zone i wi l l increase as predicted 
by Fi and will be attracted to zone j in the proportion F j . The predicted trips from zone 
i to zone j can then be calculated as follows: -p 

(F. . F.) 

i - j * i - j F 
Similarly the trips from zone j can be considered as increasing as predicted by F. 

and will be attracted to zone i in the proportion F. . ^ 
f " 

The predicted trips from zone j to zone i can then be calculated as follows: 
(F . F ) 

T ' - f —» — 
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Therefore the number of trips between zone i and zone j is equal to the sum of the 
trips from i to j and from j to i or 

T y ' = V . T . _ . ' 
or 

(F, . F.) (F. . F.) 
Mj - M - j F ^ j - i F 

(F. . F ) 
= ( t i - j - t j _ i ) - V ^ 

(F. . F.) 
= *ij 

As in the case of the average factor method the calculated trip ends in a particular 
zone wil l probably not equal the predicted trip ends in that zone. Therefore new F 
factors can be determined as follows: 

^ i F ' 
i T 1 

and a second approximation can be calculated as follows: 
(F.- . F ') 

^ i j " = ^ i j ' 
This same procedure can be used to calculate a third and subsequent approximations 

until the new F factors equal the l i m i t i i ^ value of 1.00. 

Fratar Method 
The f i rs t method in which the iterative process was used in predicting future trips 

was developed by Thomas J. Fratar in connection with the forecast for Cleveland, Ohio. 
Fratar considers that the distribution of the trips from any zone i is proportional to the 
present movements out of zone i modified by the growth factor of the zone to which these 
trips are attracted. The volume of the trips, however, is determined by the e^ansion 
factor of zone i . 

If the trips between zones i and j , as calculated by considering all trips from zone i 
are represented by the symbol Ty( ' and those as calculated by considering all of the 
trips from zone j by the symbol „ , then 

^ , • Z (^ix • ^ i ) 
^ i K i ) ' = * i j - ^ j ^rt-TT^ 

Noting that 2tix • Fi can also be written as Fi . St jx then Eq. 1 can be written as 

St. 

^ i j ( i ) ' = * i j - ^ j - ^ i - 2 T ^ ~ ^ ) (2) 

The last term in Eq. 2 basically represents the reciprocal of the average attracting 
pull of all other zones on i . It has been labeled the "Location" or " L " factor since it 
is somewhat dependent on the location of the zone with respect to all other zones. Thus 
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since ^t. 
2 ( t i , . F^) - i (3) 

Eq. 2 can be rewritten as 

T i j ( i ) ' = t i j - ^ j - ^ i - h 
Then for all trips from zone j , it can similarly be shown that 

' ^ i j ( j ) ' =* i j • ^ i • ^ j • ^ j (5) 
Thus the trips between zone i and zone j have been computed twice—once for all 

trips out of zone i and once for all trips out of zone j . The most probable value is an 
average of the two computations or 

T , _ j l i ) l _ l Z i j ( j L (6) 
^ j 2 

Substituting the identities from Eqs. 4 and 5 into Eq. 6 and factoring out the common 
terms, the final equation is developed 

ij y • - ^ i • ^ j • 2 
After all the zone-to-zone trips have been computed by this formula, the calculated 

trip ends in a particular zone will probably not agree with the predicted trip ends in that 
zone. Therefore new factors can be calculated as follows: 

F.' 1 

T. 1 
T.' 

F. ' =sA 
] 

L. • 

T.' 

2 V 

A second approximation can then be calculated as follows: 
( L - + L ' ) 

' ^ i j " = V - ^ i ' - V- 2 ' 
The same procedure can be used for subsequent approximations until the new F 

factors equal the limiting value of 1.00. 

THE PROBLEM OF EVALUATION 
With the Washington area divided into 254 zones, the number of possible zone-to-zone 

movements is N(N + 1) = 32,385. (Zone-to-zone movements as used in this article 
2 

also include intrazone movements.) It was expected that some of the zone-to-zone move
ments would be zero in 1948 and 1955 and would not need to be computed. However, it 
was estimated conservatively that perhaps 30,000 of the 1948 zone-to-zone movements 
would require expansion to 1955. 

To determine whether the accuracy of the prediction was influenced by vehicle type 
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or mode of transportation, the trips were separated by mode of travel into six catego
ries: passenger-vehicle trips, truck trips, total vehicle trips, transit-passenger trips, 
auto-passenger trips, and total trips by persons; and each group was expanded sepa
rately. 

Expanding each of the 30,000 zone-to-zone trips made in 1948 would be almost mean
ingless unless some method of summarizing the comparison to the 1955 survey move
ments had been determined. The most obvious answer to this problem was to subtract 
the computed number of trips from the reported number of 1955 trips, square the dif
ference and accumulate the result. The sum of the differences squared could then be 
used to calculate the root-mean-square error of the number of trips as expanded from 
the 1948 data. 

This summary, however, had a serious disadvantage in that the actual volume of 
zone-to-zone trips varies from zero to several thousand. A root-mean-square error 
could be inordinately affected by the relatively few large movements. Similarly, if the 
difference were converted to a percentage of the 1955 actual movement and the root-
mean-square of the percentage computed, the result could be as greatly affected by the 
small movements that probably lack sufficient stability to provide meaningful informa
tion. It was therefore decided to stratify the 1948 movements by volume classes, thus: 
by volumes of tens to 100, by volumes of hundreds to 1,000, and all volumes over 1,000. 
The numerical root-mean-square error was then computed for each volume class and 
the percentage error for the class was obtained from the ratio of the numerical root-
mean-square to the average 1955 volume. The proportion of all 1955 volumes in each 
volume class was then determined and each of the percentage errors was weighted by 
the proper proportion to obtain the over-all percentage error. 

The over-all percentage error as described above was regarded as the proper meas
ure to evaluate the various predictive formulas. In addition, the accuracy of larger 
movements could be measured by an extrapolative process in which the number of 
average zone-to-zone movements required to make up a larger volume was determined 
and the basic error was divided by the square root of the number of movements required. 

In addition to the computation described above, it was desirable to know the root-
mean-square error for each of the zones so that the error can be related to the growth 
factor of the individual zones. Therefore, the difference between the ej5)anded 1948 and 
the 1955 movements squared was accumulated for each of the zones. It was considered 
likely that from this computation any inordinate error found in a particular zone could 
be recognized. 

As has been previously explained, it is possible to carry the average factor method, 
the Detroit method, and the Fratar method through a number of iterations to produce 
successively closer approximations. To be reasonably certain that this process was 
continued a sufficient number of times, it was decided to calculate 10 successive ap
proximations by each method. 

NEED FOR AN ELECTRONIC COMPUTER 
It has been estimated that roughly 25 million computations would be required for this 

test. On the very optimistic basis that one computation can be completed in 10 seconds, 
using ordinary desk calculators, the project would require some 30 man-years for com
pletion. Clearly this is not feasible. However, with electronic computers, the time 
required can be reduced enormously. 

The three methods that use iterations are similar in that the input for the first cal
culation is made up of the original data, the output of this calculation and each succes
sive iteration becomes the input of the next iteration and so on until 10 calculations have 
been made if necessary for satisfactory closure. In addition each iteration of the Fratar 
method requires two passes of the input—one to determine the L factor and one to make 
the required expansion. Thus, the 30,000 zone-to-zone movements have to be processed 
42 times, including the one pass of the data required to obtain the original growth factors. 

In deciding upon the particular type of computer to be used, the f i r s t problem was to 
decide whether to use one with card input and output, or one with tape. The card type 
would require about 200 hours of computer time provided sufficient memory were avail-
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able. With tape, only about 10 hours of computer t ime, or less would be required, 
again assuming sufficient memory, so obviously the tape-using type was preferable. In 
the actual test, 30 hours of computer time were used principally due to additional tests 
on larger zone groupings. 

COMPUTER CHARACTERISTICS 

Computer problems in general f a l l into two categories—data-processing problems 
and computation problems. For instance, a problem of testing forecasting methods, 
requires a great deal of input and output but rather simple internal operations and is 
properly classified as a data-processing problem. On the other hand computing such 
things as log tables or trigonometric functions requires much computation but very 
l i t t l e input and output. 

The problem then was to select a machine designed to process data with good "read 
and wr i t e " characteristics and with a large memory. Part-t ime use of an I B M 705 
machine which met a l l these requirements very well was arranged. The machine had 
a core memory of 40,000 characters. The memory capacity of computers is sometimes 
reported in "characters" and sometimes in "words ." In computer terminology, a "char
acter" may be a digit, a letter or a symbol, while a "word" consists of a group of char
acters. In some computers the work is of a constant length and in other con^uters the 
word length may be varied at the option of the programer. The computer used was a 
variable-word-length machine and the core-memory capacity is therefore given in char
acters rather than words. 

The machine was equipped with two tape-record coordinators, more commonly r e 
f e r r ed to as buffers . The purpose of the buffers is to shorten the reading and wr i t ing 
t ime . Each buffer has a core storage capacity of 1,024 characters. The buffers are 
loaded f r o m the tape units, and when the computer requires more data i t obtains i t at 
electronic speed f r o m the buffer . As soon as the buffer is called upon f o r data, the 
tape unit feeding i t begins to accelerate, so that by the time the buffer is empty the tape 
unit has begun to r e f i l l i t with the next record to be processed. The same process works 
essentially in reverse f o r output. Thus the machine can go on with other work while 
records are being fed into and out of the buffers . 

The 1,024-character capacity of the buffers also allows a number of card records to 
be grouped so that when the buffer calls on the tape units fo r data, one tape record can 
receive information f r o m a number of cards without exceeding the buffer capacity. The 
program f o r this study was designed to have the machine read or wri te the equivalent of 
24 cards of information per reading or wri t ing cycle. As i t turned out in production, the 
computer took a longer time to process the data on the 24 cards than was required to f i l l 
or empty the buffers so that the machine never had to wait f o r data, and a l l reading or 
wr i t ing time was essentially " f r e e . " 

The 705 is a decimal machine, meaning that the entire content of memory is in con
dition always to be printed out as alpha-numeric information directly without conversion 
f r o m binary to decimal. The machine performs internal operations at an average rate 
of 8,300 per second. 

PREPARATION OF PROGRAM 

This was the f i r s t large scale electronic computer project done by the Bureau of 
Public Roads, therefore, the services of the Bureau of Standards Computer Laboratory 
were retained to aid in the selection of the machine and in the preparation of the p ro 
gram. Their wide e^erience in this f i e l d has proven invaluable in the completion of 
this work. 

In programing the problem the f i r s t d i f f icul ty was one of memory space, in spite of 
the large amount available. It was necessary to overlap the program and resort to ex
ternal tape storage. Even so i t was necessary to split the problem into two parts. A l l 
of the vehicle types (passenger cars, trucks, and total vehicles) were handled in the 
f i r s t run . The second run processed the person t r ips : auto passengers, transit pas
sengers, and total persons. The same basic program was used for both runs, however. 
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I t was necessary to prepare a prel iminary program in order to group the single card 
records into groups of 24, which is the maximum number of cards within buffer capacity, 
and to separate them into vehicle or person categories. Included in this prel iminary 
program was an editing routine, a volume-classification routine, and a check-Sum rou
tine. The editing routine rejected any cards with alphabetic information, for example, 
over-punches and inconsistent zone numbers. The volume classification routine classi
f ied the 1948 volumes of t r ips into 20 volume classes. The check-sum routine summed 
a l l the volumes by modes and zones and compared the totals with a 254-card summary 
deck prepared independently. The prel iminary program also permitted the preparation 
of the main program while the input data were b e i i ^ compiled. Any changes in the ar
rangement of the data taken f r o m the cards could be taken care of in the f i r s t program 
without affecting the main program. 

The program was designed to have a l l the f ina l output written on tape for subsequent 
print ing. It was found that the machine would be slowed down a great deal i f a printer 
were connected "on l i n e . " As originally designed, there was one line of printed in for 
mation fo r each of 20 volume classes times 6 modes of t ravel , one line fo r each of 254 
zones times 6 modes, and one line f o r each over-a l l citywide volume for each of the 6 
modes. For a l l of the methods tested, with their iteration, this amounted to 52,800 
printed lines, or almost 1, 760 pages—a real data-processing problem. 

TEST RESULTS 

The in i t ia l run of the computer was made f o r vehicle t r ips by passenger cars, trucks, 
and total vehicles. The 1948 zone-to-zone movements were projected to 1955 by a un
i f o r m factor, by the average factor method, by the Detroit method, and by the Fratar 
method. These projected or "forecasted" results were compared with the measured 
1955 volumes and the differences were squared, accumulated, and used to compute a 
root-mean-square e r ro r fo r the average movement, for the various volume classes and 
for the individual zones. 

These results are shown in Table 1 f o r the three types of vehicle t r i p s . So fa r as 
number of t r ips is concerned, the er rors are not large, considering that the san:q)le 
was as small as 1 in 30 fo r an important part of the data, and in no case larger than 1 
in 10. On a percentage basis, however, the er rors are very large. 

When the results of the f i r s t computer run became available, the question immediately 
arose whether the e r rors were p r imar i l y attributable to the forecasting methods being 
tested or to the preponderance of low-volume zone-to-zone movements, which are known 
to lack accuracy or stability at the sample rates used. 

This problem was attacked by two methods. One was by a systematic enlargement of 
the zones to increase the volume of the zone-to-zone movements and then testing these 
larger volumes through the computer program. The other method was to determine the 
percentage distribution of the zone-to-zone t r i p volumes within the city and by statistical 
techniques to determine the accuracy that might be expected in the original t r i p ejqjan-
sion. If the 1948 zone-to-zone t r i p volumes as expanded f r o m the sample were unrel ia
ble, the e r ro r would be carr ied on into the forecast data, and i f the 1955 expanded v o l 
umes were also unreliable, the result could be to compound the effect of the er rors due 
to sample variabi l i ty in comparing the forecasts with the 1955 data. 

Enlarging Zones 

Inasmuch as zone boundaries are chosen f r o m land-use and geographic features, the 
number of t r i p ends in each zone is not un i fo rm. In this study the var iabi l i ty was inten
sif ied by the fact that the area had to be rezoned so that i t would be identical in both 
years, and the t r ip ends in the individual zones vary over wide l i m i t s . For example 
the number of 1948 passenger-vehicle t r i p ends averaged 6,900 per zone but varied f r o m 
as l i t t le as 193 to as much as 59,870. As the in i t ia l step, therefore, adjacent zones 
were combined unt i l each zone group had a minimum of 10,000 passenger-vehicle t r i p 
ends in 1948. To minimize the effect of sample variabi l i ty on the er rors , this proced
ure was repeated to accumulate a minimum of 20,000 t r i p ends per zone group, and 
again to accumulate a minimum of 30,000 t r i p ends per group, then to divide the entire area 
into 7 groups and f ina l ly into 2 groups. 
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T A B L E 1 

ROOT-MEAN-SqUARE ERROR IN THE NUMBER O F ZONE-TO-ZONE TRIPS FORECASTED FOR 1955 FROM 1948 DATA, 
COMPARED TO 1955 SURVEY RESULTS, EXPRESSED IN NUMBER OF TRIPS AND PERCENTAGE 

Approximation Numerical RMS E r r o r Percent RMS E r r o r ' 
Number Uniform Factor Average Factor Detroit Fratar Uniform Factor Average Factor Detroit Fratar 

Passenger Cars^ 

1 165 133 234 140 151 136 192 140 
2 132 129 131 136 133 134 
3 133 148 132 136 143 134 
4 134 129 132 137 133 135 
5 134 136 132 137 137 135 
6 135 131 132 138 134 135 
7 135 133 132 138 135 135 

Trucks ' 

1 18 57 59 55 163 160 172 162 
2 55 58 55 160 161 161 
3 55 55 55 161 163 161 
4 55 56 55 162 161 161 
5 55 55 55 162 162 161 
6 55 55 55 162 161 161 
7 56 55 55 162 162 161 

Total Vehicles' 

1 174 137 229 138 141 124 175 125 
2 133 131 130 122 120 120 
3 133 144 131 121 128 121 
4 133 129 131 122 119 121 
5 133 134 131 122 122 121 
6 133 130 131 122 120 121 
7 133 132 131 122 121 121 

' Calculated by determining the error m the various volume groups and weighting the error in each group m proportion to the 
percentage of all trips in that group. 

' Calculated on the basis of number of zone-to-zone movements that had more than 0 trips m either 1948 or 1955. 
Passenger cars average zone-to-zone volume = 84, 
Trucks average zone-to-zone volume = 28; 
Total vehicles average zone-to-zone volume = 90. 

The number of zones in these successive groupings, the number of 1948 passenger-
car t r i p ends in the average zone, and the average number of area-to-area t r ips are as 
follows: 

Number 
of Areas 

254 zones 
122 groups 
66 groups 
49 groups 

7 groups 
2 groups 

Number of 
T r i p Ends Per Area 

Minimum Average 

193 
10,000 
20,000 
30,000 

214,305 
731,000 

6,900 
14, 400 
26, 600 
35,800 

250,000 
870,000 

Number of Area-to-
Area Possibilities 

32,385 
7,503 
2,211 
1,225 

28 
3 

Average Number of 
Area-to-Area Trips 

27 
116 
394 
711 

31,092 
290,192 

Test Results of Enlarged Zones 

The results of tests of each forecasting procedure f o r the various zone groupings 
are shown in Table 2. The average-factor method, the Detroit method, and the Fratar 
method each reach essentially the same minimum error although the Fratar method 
reaches this minimum in the second approximation, whereas more iterations are 
generally required for the other methods. 

The minimum percentage e r ror , by any of the methods tested after any number 
of iterations, f o r the various zone groups and the average number of area-to-area 
passenger-car t r ips were as follows-
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Number 
of Areas 

254 zones 
122 groups 
66 groups 
49 groups 

7 groups 
2 groups 

1948 Average Number of 
Area-to-Area Trips 

27 
116 
394 
711 

31,092 
290,192 

Minimum 
Percent E r r o r 

133 
70 
41 
34 
14 
11 

In the case of the 2-group division a second test was made by dividing the area with 
a line roughly at right angles to the f i r s t . The minimum percent e r ro r fo r this second 
grouping was the same as that fo r the f i r s t , to the nearest percent (11 percent). 

T A B L E 2 

ROOT-MEAN-SQUARE ERROR OF THE FORECASTED 1955 PASSENGER CAR TRIPS 
FOR THE 254 ZONES AND FOR D I F F E R E N T ZONE GROUPINGS 

Approximatian 
Number 

254 Zones 
E r r o r in Trips 

Number Percent* 

122 Groups 
E r r o r in Trips 

Number Percent' 

66 Groups 
E r r o r m Trips 

Number Percent' 

49 Groups 
E r r o r in Trips 

Number Percent' 

7 Groups 
E r r o r in Trips 

Number Percent * 

Uniform Factor Method 
• w 19,641 

Average Factor Method 
1 133 136 244 77 458 49 655 42 10,180 

8,300 
7,810 

20 
16 
15 
15 
15 

2 132 136 204 72 364 44 542 37 10,180 
8,300 
7,810 

20 
16 
15 
15 
15 

3 133 136 196 71 344 43 517 36 

10,180 
8,300 
7,810 

20 
16 
15 
15 
15 

4 134 137 194 71 338 42 509 35 

10,180 
8,300 
7,810 

20 
16 
15 
15 
15 5 134 137 193 71 337 42 507 3S 7, 690 

7,540 
2 

20 
16 
15 
15 
15 6 135 138 193 71 336 42 506 35 

7, 690 
7,540 
2 

20 
16 
15 
15 
15 

7 135 138 193 71 336 42 506 35 
Detroit Method 

1 234 192 388 89 720 64 871 SI 10,300 
8,960 

20 
2 129 133 228 74 396 46 543 37 

10,300 
8,960 17 

3 148 143 299 74 344 42 504 35 7,700 15 
4 129 133 194 70 337 42 484 34 7,510 15 
5 136 137 196 70 320 41 478 34 7,500 15 
6 131 134 189 70 326 41 480 34 7,570 15 
7 133 135 190 70 319 41 476 34 7,480 14 

Fratar Method 
1 140 140 205 71 339 42 498 35 7,360 14 
2 131 134 188 70 322 41 480 34 7,460 14 
3 132 134 188 70 322 41 478 34 2 

4 132 135 188 70 321 41 479 34 
5 132 135 188 70 322 41 478 34 

' A weighted percent error obtained by determmmg the percent error in each volume class and weighting this error by the 
proportion of trips m that volume class. Not applicable for the 7 zone group because all volumes were in the largestvolume class. 

No further iterations required because new F factor for all zones was 1.00. 

The relationship between average area-to-area t r i p volume andthe minimum per
cent e r ror is shown in Figure 3. As the minimum er ror fo r the three iterative methods 
is about the same, the chart can be considered as applicable to any one of them. This 
chart is d i f f icul t to interpret because part of the e r ro r is due to sample var iabi l i ty and 
part is due to the projection method being tested. Differences in sampling rate in t ro 
duce a fur ther complication. In the 1948 survey the sampling ratio was 1:20 throughout 
the area, while in the 1955 survey i t was 1:30 f o r the Dist r ic t of Columbia and 1:10 f o r 
the Maryland and Virgin ia suburbs. However, the curve should give some indication of 
the e r ro r to be expected in using any of the three iterative methods where the sampling 
rate is about the same as the average fo r the two Washington surveys, that i s , about 
5 percent. 

The shape of the curve suggests that i t w i l l level off at about 10 percent. In other 
words an e r ro r of about 10 percent seems to be inherent in the methods tested, regard
less of size of sample or areas. 
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Rate of Closure. A measure of the efficiency of the various forecasting methods is 
the rapidity with which the individual zone growth factors converge toward the l imi t ing 
F factor of 1.00 in successive iterations. The difference between the computed F factor 
at the end of an iteration and 1.00 is the factor residual e r ro r that remains in the ind i 
vidual zones. 

The factor residual e r ro r fo r the 254 zones is shown in the following tabulation f o r 
the various iterations of the three methods. The f i r s t column indicates the method and 
the second column indicates the approximation number. The th i rd colunm shows the 
percent of the zones that have no residual e r ro r (new F factor = 1.00) at the end of the 
approximation shown in the second column. The fourth column indicates the percent of 
zones with a residual e r ro r less than 0.01 (new F facior between 0.99 and 1.01). The 
next four columns s imi la r ly show the percent of zones with residual e r rors less than 
0.02, 0.03, 0.05, and 0.10. The last column shows the percent of zones with residual 
er rors greater than 0.10 (new F factor less than 0.90 or more than 1.10). 

Approxi- Percent of zones with a factor residual e r ro r o f— 

Method mation No. Less Less Less Less Less 
0.00 than than than than than 0.10 and 

0.01 0.02 0.03 0.05 0.10 over 

Average 
factor 1 1 8 11 17 26 47 53 

2 6 15 24 35 50 75 25 
3 10 30 44 55 77 93 7 
4 19 47 71 84 98 99 1 
5 33 70 88 93 98 99 1 
6 49 84 92 94 98 100 0 
7 64 92 97 99 100 100 0 

Detroit 1 2 4 9 14 23 44 56 
2 1 3 11 15 22 57 43 
3 4 13 25 37 63 95 5 
4 5 18 38 58 95 98 2 
5 10 36 68 93 98 99 1 
6 16 62 95 97 98 100 0 
7 28 85 98 99 100 100 0 
8 37 96 99 100 100 100 0 

Fratar 1 6 20 33 54 68 79 21 
2 60 97 100 100 100 100 0 
3 98 100 100 100 100 100 0 
4 99 100 100 100 100 100 0 

As can be seen f r o m this table the Fratar method is extremely efficient in i ts rate 
of closure. Since the F factor must be obtained f o r each new iteration and since these 
new F factors may be easily summarized, i t is suggested that they be used to ind i 
cate the desirability f o r additional iterations. 

Number of Iterations Required. From the tests that have been run, the minimum 
root-mean-square e r ro r has always been reached in the second approximation by 
the Fratar method. By the other methods, however, this minimum e r ro r may not 
be reached unt i l the fourth or f i f t h approximation. There is also a possibility that 
an imusual set of growth factors w i l l develop that w i l l not close as rapidly as those 
occurring in the test data. 

Considering the division of the Washington, D . C . , area into 49 zone groups with 
a minimum of 30,000 passenger-car t r i p ends per group, the factor residual e r ro r 
was accumulated f o r a l l groups at the end of each iteration. The accumulated r e 
sidual e r ro r was then divided by the number of groups to obtain the average residual 
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e r ro r per group. This average residual e r ro r was then related to the RMS er ror a l 
ready computed fo r each approximation. The following table indicates the results: 

Average Factor Detroit Fratar 

Approximation Average Average Average 
No. residual RMS residual RMS residual RMS 

er ror e r ro r e r ro r e r ro r e r ro r e r ro r 

(percent) (percent) (percent) 

1 0.084 42 0.123 51 0.035 35 
2 0.034 37 0.070 37 0.003 34 
3 0.014 36 0.032 35 0.001 34 
4 0.007 35 0.022 34 1 34 
5 0.003 35 0.014 34 1 34 

^ Less than 0.001 

To be reasonably certain that greater accuracy cannot be obtained with additional 
iterations, i t is suggested that iterations be continued unt i l the average residual e r ror 
per zone is less than 0 .01 . 

The computer time required for each method, however, is not uniform but is ap
proximately related to the complexity of the method. During the test, the computer 
t ime as recorded f o r each iteration of each method and adjusted proportionately 
to a common base of 10,000 zone-to-zone movements is as follows: 

T A B L E 3 

P E R C E N T ROOT-MEAN-SQUAHE E R R O R B Y V O L U M E CLASS 
O F Z O N E - T O - Z O N E MOVEMENTS—PASSENGER V E H I C L E S 

Computer t ime per iteration of 10,000 
area-to-area movements: 

Average factor method - 6 minutes 
Detroit method - 9 minutes 
Fratar method - 12 minutes 

From this, the computer time required 
fo r the average factor method is half that 
required f o r the Fratar method. These 
times, however, include the conputer t ime 
needed to develop and store the various 
statistical measures. In an ordinary fo re 
casting procedure these measures would 
not be required and the above times would 
be reduced by a constant but indeterminate 
amount. The average factor method should 
therefore require something less than half 
the time per iteration required by the Fratar 
method. 

Since the RMS er ror f o r the average 
factor method at the end of four approxi
mations is about equal to the RMS er ror 
f o r the Fratar method at the end of two 
approximations, the over-a l l computer 

time required fo r equal RMS accuracy is about the same. However, the rate of closure 
of the Fratar method is more than twice as rapid as the average factor method and i t 
would therefore appear to be the preferred method. 

1948 Volume 254 122 66 49 
Class Zones Zone Groups Zone 

Groups Groups 

20-29' 195.0 121.0 95. 6 106.1 
30-39 222.1 101.4 86. 7 83.4 
40-49 279.7 118.1 81. ,5 73.4 
50-59 141.0 96.3 82. ,3 89.4 
60-69 139.9 107.5 92. 6 89.7 
70-79 108.4 74.2 78. .2 76.2 
80-89 154.3 95.2 94. ,9 54.4 
90-99 128.2 83.0 54. ,8 73.2 

100-199 133.4 93.3 64. 8 64.8 
200-299 80.5 69.7 58. 6 52.1 
300-399 60.7 64.0 56. 0 43.8 
400-499 54.9 56.6 50. 9 38.4 
500-599 42.6 42.3 45. 9 44.1 
600-699 51.2 40.6 46. 7 48.6 
700-799 88.8 41.1 31. 1 26.5 
800-899 38.9 26.5 57. 2 31.6 
900-999 18.4 21.4 33. 1 38.4 

Over-1,000 28.6 27.5 21. 2 25.3 

Because o£ home interview sampling ratio of 1.20 In 1948 
errors for volume classes below 20 cannot be accurately 
appraised. 

Percent RMS E r r o r f o r Accumulated Volumes 

The data presented thus f a r have to do only with the e r ro r f o r the area-to-area 
volumes. As has been shown, the average volume between zones of the size ordinari ly 
used is relatively smal l and the percent root-mean-square e r ro r is , roughly speaking, 
correspondingly large. 
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In actual practice, the individual zone-to-zone volumes are assigned to the highway 
network and, therefore, each portion of the highway network represents an accumulation 
of zone-to-zone volumes. The volumes assigned to the highway network are our pr imary 
concern. The er rors to be e^^ected in such accumulated volumes can only be deter
mined f r o m actual tests and these have not yet been made. However, some indication 
of the magnitude of the e r rors to be expected can be obtained f r o m purely theoretical 
considerations. 

From a statistical standpoint, if the percent e r ro r of an average zone-to-zone volume 
is X, the percent e r ro r of a group of average zone-to-zone volumes is X where 

f N 
N is the number of individual zone-to-zone movements in the group. By dividing 10,000 
by the average zone-to-zone volume f o r each of the zone groupings, the number of zone-
to-zone movements (N) required to accumulate to a volume of 10,000 can be determined 
and the percent RMS er ror of the group can therefore be calculated. 

The above relationship holds true only i f the mean er ror of the group is zero. If the 
movements, however, are heavily weighted by t r ips f r o m an individual zone, as they 
would be in the case of ramp volumes, the factor residual e r ro r (as previously explain
ed) may be appreciable in the early iterations. 

For example, if the t r ips on a ramp are essentially f r o m two zones and these two 
zones have an average F factor fo r the next iteration of 1.30, the summation of t r ips 
into and out of the zones at the end of the present iteration are too low. The total number 
of t r ips f o r a group of zone-to-zone movements f r o m these zones, therefore, w i l l have 
a tendency to approach a volume which should be increased by 30 percent. To take this 
e r ro r into account, the root-mean-square of the residual er rors was determined f o r 
each iteration of each method. The number of zones required to provide a volume of 
10,000 was determined and the root-mean-square residual e r ro r was added to the RMS 
er ror f o r individual zone-to-zone movements by taking the square root of the sum of 
the squares of the two errors to determine the total e r ro r . The results of this test are 
shown in Figure 4._ 

Assuming that this chart has some validity with reference to the problem, i t ind i 
cates that the e r ro r for a volume of 10,000 t r ips is within acceptable l imi t s and that i t 
does not make too much difference vAiat size zone group is used although a minimum 
e r ro r was obtained f o r the zone grouping which had 10,000 t r i p ends per group. Mani
fest ly, however, this conclusion is dependent, to a substantial degree, on statistical 
inference and should be subjected to an actual test before i t can be f u l l y accepted. 

Distribution of Zone-to-Zone Volumes 

Even though the accumulated volumes of 10,000 or more apparently w i l l have er rors 
of rather modest proportions, i t is desirable to inquire into the reasons for the inaccur
acies of the movements between zones as they were originally planned and subsequently 
enlarged. 

The test program was set up to count the number of zone-to-zone movements i n each 
of several 1948 volume classes as previously described. This procedure was followed 
f o r the original 254 zones and f o r the subsequent groupings to 122 areas, 66 areas, and 
49 areas. 

The results of this test are shown in Figure 5 f o r passenger cars (including t ax i s ) . 
About 93 percent of the movements between the 254 zones have a volume of less than 
100. When the number of areas was reduced to 122, about two-thirds of the area-to-
area movements were less than 100; with 66 areas about one-fourth of the movements 
were less than 100; and with 49 areas about 10 percent were less than 100. Also, the 
number of area-to-area movements which are less than the mean exceeds the number 
that are greater than the mean showing that the distribution is skewed. This is true 
f o r each of the zone groups although slightly less pronounced as the number of areas 
is successively decreased. 

The test program also permitted the determination of the percent of the 1955 t r ips 
that were accumulated in each of the 1948 volume classes ( F i g . 6 ) . F i f ty percent of 
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the 1955 passenger-car t r ips were made between zone pairs that, in 1948, had a volume 
of less than 100 passenger-vehicle t r ips per day. Values f o r other zone groups and 
other 1948 volumes can be read f r o m the chart. 

In summation then, the preponderance of zone-to-zone movements within a metro
politan area is exceedingly small but because of the large number of such movements, 
they do, in the aggregate, account f o r a substantial portion of the present or predicted 
t r ips . 

Prediction K r r o r as Related to Zone-to-Zone Volume 

There is , of course, no a p r i o r i reason why small zone-to-zone volumes cannot be 
forecast wi th accuracy equal to large zone-to-zone volumes. The converse would likely 
seem true, that the forecast e r ro r should be independent of the volume. 

However, there is a p r i o r i probability that the er ror in the expanded number of t r ips 
f r o m a "sample" survey is inversely proportional to the number of "sample" t r ips inter
viewed as shown below. 

Of a l l t r ips into and out of zone i there is a certain proportion (p) that w i l l be f r o m 
or to zone j . Therefore, (p) is the proportion of t r i p ends in zone i with the other end 
of the t r i p in zone j and i -p (equals q) is the proportion of t r i p ends in zone i that do 
not have the other end of the t r i p in zone j . 

_ If (s) t r ips with an end in zone i are reported by interview, the probable nuQiber 
(X) with the other end in zone j is ( s . p ) . Mathematically: X = sp 

From any standard statistical text i t can also be shown that the standard deviation 
(o-) of the number of t r ips reported between zone i and zone j f r o m sample interviews 
made of t r ips with one end in zone i i s ^ s p q . Mathematically: o- = '^spq 

The standard deviation ( o") as a proportion of the e j e c t e d number ( j t ) is : 

sp J sp 
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Percent error to be expected for 10 ,000 t r i p volianes based on theoretical 
conditions. 

Since p and q are constants f o r any pair of zones, the percent e r ror varies inversely 
with the square root of the number of t r ips between zone i and zone j obtained by in ter
view. 

For 254 zones p w i l l have an average value of 1 and q of 253 . Thus, 
254" 254 

[253 , 

o- ^ \ 254 ^ J 2 5 3 
S 

25? 

Again the average zone had 6,900 t r i p ends in 1948, of which about 345 were obtained 
by interview, so on the average s = 345 

= */253 = 0. 
^345 

86 

Thus, f o r an average movement in 1948 a standard deviation percent e r ro r of 86 per
cent could be ejopected. 

Since the test of forecasting procedures uses the reported 1948 t r ips as the base data 
f o r calculating the 1955 t r ips and then compares the result with the reported 1955 t r ips , 
i t would be ejq>ected that the e r ro r would be increasingly large fo r the smaller grip v o l 
umes, not because of e r rors in the forecasting procedure but due to sample var iabi l i ty . 

The RMS e r r o r in the various 1948 volume classes f o r passenger vehicles i n the 
seventh approximation by the Fratar method behaves in this manner as is shown in Table 
3 f o r each of the zone groups. 
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RECOMMENDED PROCEDURES 

The pr imary purpose of forecasting zone-to-zone volumes is fo r the selection and 
assignment of tr ips to a transportation network. To do this with reasonable accuracy 
part icularly at each ramp on an expressway network, i t is imperative that the zones 
be of a size consistent with the distance between ramps. Thus, while increasing the 
size of the zone increases the accuracy of predictions of the zone-to-zone movements, 
this procedure adversely affects the p r imary purpose of forecasting. Pending fur ther 
studies as outlined at the end of this ar t icle , i t is recommended that zones be estab
lished in accordance with present practice and that the zone-to-zone movements be f o r e 
cast by the Fratar method. 

Figure 7 is a f low chart f o r accomplishing this forecast on an electronic computer. 
This chart is made up f o r an input of zone-to-zone volumes as f i l e A and a combination 
input of present t r i p ends, future t r i p ends and growth factors by zones as alternate 
inputs f o r f i l e B . The program includes appropriate editing routines f o r checking the 
present t r i p ends and the growth factors i f these are available independently f r o m the 
zone-to-zone volumes in f i l e A . The switches shown on the f low chart are programmed 
transfer points resulting f r o m decisions made at a remote point in the program. They 
are not switches on the console of the computer. 

A program writ ten f r o m this f low chart Includes the computation of the frequency of 
the new F factors, to be used as a guide fo r determining the need f o r continuing addi
tional iterations. 

FUTURE RESEARCH 

The work to date indicates that the three iterative methods are equally accurate in 
computing the future t r ips but the Fratar method arr ives at the minimum er ror in fewer 
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approximations. It is also more efficient in its rate of closure. 
In addition i t has been found that the preponderant small volume movements are 

individually affected by an inherent sample var iabi l i ty . The summation of these move
ments accounts f o r a substantial portion of the total t r i p s . I t is also known that the 
small volume zone-to-zone movements are, on the average, the longer t r ips within 
the ci ty that account f o r proportionately more vehicle-miles of t ravel and are also the 
t r ips most l ikely assignable to high-type highway fac i l i t ies . 

Accumulating Tr ips Across A Gr id 

However, i t is not necessary that the individual zone-to-zone movements be ac
curate if a summation of these volumes crossing the city is reasonably representative 
of the actual t rave l . To determine this relationship i t is proposed that each zcne-to-
zone movement be traced f r o m the X and Y coordinates of one zone to the X and Y co
ordinates of the other. Each time this trace intersects a predetermined section of a 
g r id line the number of 1955 tr ips f o r this zone-to-zone movement as projected f r o m 
the 1948 data and the number as determined f r o m the 1955 survey are "remembered." 
When a l l zone-to-zone movements have been s imi la r ly traced, the number of "remem
bered" t r ips over an appropriate interval of each g r id line is totaled. The comparison 
of the total number of t r ips projected f r o m the 1948 data with the total number deter
mined f r o m the 1955 survey w i l l give a measure of the accuracy of the projection. 

The use of the trace principle automatically "weights" the longer t r ips properly in 
that longer t r ips w i l l cross many gr id lines whereas the short t r ips may cross none 
or only a few. Further, by choosing an appropriate length along each gr id line, the 
summation of t r ips to various volumes can be accomplished. 

While the trace method appears as a di f f icul t manual task i t is comparatively 
simple to program f o r an electronic computer and would require about the same com-
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puter time as a single iteration of the Fratar method if the number of gr id lines is held 
to a reasonable minimum. 

Stabilizing the Small-Volume Movements 

Another research project which should be undertaken is the testing of methods fo r 
stabilizing the small-volume zone-to-zone movements. 
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One of the more di f f icul t problems in forecasting t r a f f i c i s that of predicting the 
future number of t r ips f o r the zone-to-zone movements that are zero at the presfent 
time since a l l methods tested require the multiplication of existing t r ips by various 
factors . The magnitude of this problem can be most easily visualized by remembering 
that about 67 percent of a l l possible 1948 zone-to-zone movements in the Washington, 
D. C. , survey were zero and these same zone-to-zone movements account fo r 22 per
cent of a l l 1955 t r i p s . 

In addition to the zero volumes, other low volumes are also inherently inaccurate. 
For an understanding of this problem i t is necessary to again resort to statistical 
formulas . The proportional e r ro r that may be expected in random sampling of a l l of 
the t r ips f r o m one zone to a particular other zone is given by the following expression 
which has been previously defined: , For example, suppose that zone i 

X «P 

has a total of 6,000 t r i p ends. Of these 6,000 suppose that 666 have their other ends 
distributed as follows: 600 in zone j , 60 in zone k, and 6 in zone 1. With a 1 in 20 
sample the 6,000 t r i p ends in zone i w i l l represent 300 t r i p ends obtained by interview; 
therefore s = 300. Considering a l l of the t r i p ends in zone i , the probabili ty of any t r i p 
end having the other end in zone j is 600 out of 6,000 or 0 . 1 . Therefore p = 0.1 and 
q = l - p = 0.9. Thus f o r the t r ips f r o m zone i to zone j the proportional e r ro r 

V—^L— = J 0.9 = 0.17 
' ' 300 x 0.1 

Thus with a one-twentieth sample, a standard 

deviation accuracy of 17 percent f o r the t r ips between zone i and zone j could be ex
pected. Similar values f o r zones k and 1 are shown in the following table: 

Zone-to-Zone 

i t o j 
i t o k 
i t o 1 

Volume 

600 
60 

6 

_s 
300 
300 
300 

0.1 0.1 
0.01 0.99 
0.001 G.999 

Proportional 
e r ror 

0.17 
0.57 
1.83 

Percent 
e r ro r 

17 
57 

183 

If the sample rate is 1 in 20, i t is manifestly impossible that the 6 t r ips between 
zone i and zone 1 w i l l ever be reported as 6 t r i p s . However, f r o m the expansion of 
the binomial (p + q) ̂ , the frequency distribution of the reported t r ips between zone i 
and zone k and between zone i and zone 1, is estimated as follows: 

Reported Number of Tr ips 

0 
20 
40 
60 
80 

100 
120 
140 
160 

Probability of Reported Value— 

Zone i - zone k Zone i - zone 1 

0.05 
0.15 
0.22 
0.23 
0.17 
0.10 
0.05 
0.02 
0.01 

0.74 
0.22 
0.03 
0.01 

Thus the 6 t r ips between zone i and zone 1 are never correctly reported; 74 per
cent of the t ime they are reported as zero; and the remaining 26 percent of the t ime 
they are reported as 20 or more t r ips . Similar ly the 60 t r ips between zone i and zone 
k are reported as 60 only 23 percent of the t ime, while the remaining 77 percent of the 
t ime the reported t r ips are in e r ro r by more than 33 percent. 

Adjacent to zone i there w i l l be other zones i2 and is. To i l lustrate, i t can be assumed 



0 0 0 0 0.37 
20 6 8 6 0.37 
40 12 16 12 0.18 
60 18 24 18 0.06 
80 24 32 24 0.02 
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that zone i2 has 8,000 t r i p ends and zone i s has 6,000 t r i p ends; therefore since zone 
i has 6,000 t r i p ends, in zones i , iz, and is there would be a total of 20,000 t r i p ends 
which would represent 1,000 interviews. 

Since zones i 2 and is are adjacent to zone i , i t is probably true that their movements 
to zone 1 are s imilar in volume to the movements f r o m zone i to 1. This assumption 
is jus t i f ied by the high correlation of distance and t r i p volume as established by Carrol l 
and others. If this be true i t could be assumed that 1 of a l l t r i p ends in zone 

1,000 
is, and is are to or f r o m zone 1 as was the case with zone i , i . e . , the 20 t r ips between 
zone 1 and the three i zones are divided 30 percent to zone i , 40 percent to zone i2 and 
30 percent to zone is. If the expansion process (p + q) ^ is again used to obtain the 
probability of the zone-to-zone movements, the results are shown in the following 
table: 

From a c omparison of the above table 
Reported Number of Tr ips to Zone 1— with the previous one it appears that group-

Total F rom i F r o m i . F rom is Probability zones w i l l improve the accuracy of 
the low-volume movements. This process 
can be continued f o r other groupings. How
ever, instead of using this rather t ime-con
suming computation, the proportional e r ro r 
can be obtained by the simpler equation 

IT _ J 1 which does not indicate the 
X =P 

frequency of the various movements but does, in one operation, compute the resulting 
e r ro r . 

The t r ips between zones i , i 2 , and i s combined and zone 1 w i l l have a proportional 
er ror of 

X 
Thus by grouping three zone-to-zone movements the standard-deviation e r ro r has been 
reduced f r o m 186 percent to 100 percent assuming that the distribution of t r ips between 
zone 1 and zones i , i s , and is is proportional to the distribution of t r i p ends in the three 
i zones. It is t rue, of course, that this assumption w i l l not be exactly correct, but i t 
seems l ikely that the e r ror of this assumption w i l l be less than the e r ro r added by the 
individual zone sample var iabi l i ty . 

The problem of how large a grouping is desirable can be approximated f r o m the 
equation: p- _ The l imi t ing value of q is 1.00. It can never be as large as 

X sp 
1.00 and in almost a l l applications i t is not smaller than 0.9. At the same t ime sp is equal to 
the number of t r ips obtained by interview between a pair of zones with perfect sampling. The 
value of sp can range f r o m zero up to the value of s. The relation between the e r ro r of a zone-
to-zone movement andthe number of interviewed t r ips making this zone-to-zone movement 
can be approximated as follows: „ . ^ ^ 

N mber of Considermg the unde s i r ability of com-
Interviewed Trips Percent E r r o r bining too many zones, i t appears that zone-

* ^ to-zone movements might well be grouped 
0 a un t i l the accumulated movement represents 
1 100 about 10 interviews. 
2 71 A method to accomplish this purpose has 
5 45 been worked out but not tested except by 

10 32 hand computation f r o m a small sample. 
15 26 The sample computation indicated that the 
20 22 e r ro r is reduced by approximately one-
30 18 t h i r d . 

The method requires the use of the 
binary system in coding a group of zones. For i l lustrative purposes, a group of 4 zones 
can be considered although in actual practice probably 16 would be required. 

^ =Viooox.ooi 1000X.001 = V - = 1 • 00 or Percent. 
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To il lustrate, suppose that in region A the area is divided in half with 2 zones in 
each half. One-half of the zones would be designated AO and the other half A l . These 
pairs of zones would again be divided in half or into single zones designated AOO, AOl, 
and A l l . A separate region B would be s imi la r ly separated into BOO, BOl, BIO, and 
B l l . 1 

If only t r i p volumes that represent 10 interviews (or 200 t r ips with a-sg sample) are 
considered sufficiently stable so as not to warrant readjustment, a method of combining 
zones that is amenable to computer operation is required. A suitable method is as 
follows: 

The number of t r ips f r o m AOO to BOO is examined. If i t is less than 200 (10 inter
viewed t r i p s ) , combine zone BOO and BOl and f ind the number of t r ips between AOO and 
BOO + BOl. If i t is s t i l l less than 200, combine zone AOO and AOl and fmd the number 
of t r ips between AOO + AOl and BOO + BOl. If the number of t r ips is s t i l l less than 200, 
again double the B area to include 4 zones, and if necessary, double the A area to i n 
clude 4 zones, and so on unti l the figure 200 is reached. 

The advantage of the binary coding is that i t provides the desired grouping through 
a simple arithmetic operation. The arithmetic operation simply combines the binary 
portion of the region code by alternate digits. For example i t AOO is writ ten as AAiA2, 
and BOO is writ ten as BB1B2 the combination is writ ten AiBiA2B2. S ta r t i i^ with 0000, 
the digit 1 is added successively unti l the sum 1111 is obtained. The subtotals are then 
decoded by the AiBiA2B2 pattern and the zone-to-zone movements are then in the proper 
order fo r combining as follows: 

Combination— 
-2 3 4 Combination A zone B zone 1. 

0000 00 00 
0001 00 01 x 
0010 01 00 
0011 01 01 x 
0100 00 10 
0101 00 11 X 

0110 01 10 
0111 01 11 X 
1000 10 00 
1001 10 01 X 

1010 11 00 
1011 11 01 X 

1100 10 10 
1101 10 11 X 
1110 11 10 
1111 11 11 X 

From the original zone-to-zone volumes and the combination totals, the preselected 
volume can be determined. 

The combination volume is then reassigned to individual zone-to-zone movements 
as follows: Suppose that in the previous example a l l 4 of the A zones were combined 
and a l l 4 of the B zones were combined to provide a preselected volume. The total t r i p 
ends in the individual zones in the A group are added and the proportion of the total in 
each A zone is determined ( P A I > P A * > e t c . ) . Similarly, each zone of the B group is 
a certain proportion of the B total t r i p ends ( P B I , PB2 > e t c . ) . Then the total volume 
(V) between the group is reassigned to individual zone-to-zone volumes ( V ^ i - B i ) 
the equation: 

^ A i - B i " ^ • ^ A i • ^ B i 

^ A i - B 2 " • ^ A i • ^B2 
etc. 
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From sample tests made to date this reassignment procedure appears to improve the 
accuracy of predicting the future zone-to-zone t r i p movements. Whether i t improves 
the accuracy of predicting accumulated volumes such as would occur on road sections 
or ramps should be tested by the process of accumulating the t r ips across a gr id , as 
described i n the preceding section. 

Discussion 
THOMAS J . FRATAR, Partner, Tippetts-Abbett-McCarthy-Stratton—When the suc
cessive approximation, or iterative, method fo r the distribution of future zonal and 
intra-zonal t r a f f i c was developed i t was not assumed that the attractiveness factor sel
ected fo r the in i t ia l application to Cleveland area t ra f f ic was the only one that could be 
used, or necessarily the best. In fact i t was recognized that further experimentation 
would be needed. 

Those fami l ia r with the Hardy Cross moment distribution procedure used in structural 
analyses w i l l recognize that the attractiveness factor used in the successive approxi
mation method f o r t r a f f i c distribution is comparable to the stiffness factor used in 
moment distribution. Messrs. Brokke and Mertz have refer red to different attractive
ness factor bases as different methods. 

It is gratifying to learn f r o m the research of the authors and their associates 
with the Bureau of Public Roads that the attractiveness factor basis originally selected 
when the wri ter initiated the successive approximation technique for t r a f f i c distribution 
remains the favored one. 



Center City Goods Movement: 
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Central congestion in metropolitan areas lias been the object of only 
a l i t t l e systematized research. Most of the research efforts so fa r 
have been oriented toward measuring vehicle delay. Corrective 
measures to l i m i t the time or locations of goods transfer, or to 
res t r ic t specific classifications of trucks f r o m entry to the city 
center, are usually attempts to alleviate the congestion without an 
understanding of the nature of goods movement in downtown areas. 
The counting of vehicles i s insufficient to gain an understanding of 
what goods move where, when, and why, in a ci ty 's central core. 

This paper summarizes research under the sponsorship of the 
Urban Traf f ic and Transportation Board of Philadelphia. I t i s an 
effor t to examine the generative aspects of urban t r a f f i c . 

The actual goods movement to and f r o m central establishments 
is presented and related to the efficiency of central transport op
erations and the economics of goods consolidation. 

# T H I S PAPER summarizes a pi lot study undertaken by the Urban Tra f f i c and Trans
portation Board of the City of Philadelphia, under the direction of the author. The i m 
petus f o r the study stems part ly f r o m local lay interest in alleviating the problems of 
ci ty center congestion, and part ly f r o m the interest of the staff directors in the gener
ative aspects of persons and vehicle movements ( j . , 2). By pilot study is meant a pre
l iminary analysis of the subject by a professional observer in the transportation f ie ld , 
securing basic data as available, but without the use of a project organization and 
standard f i e l d enumeration procedures. Without any clue of past experience in urban 
goods movement analysis to serve as a point of departure i t seemed appropriate to 
conduct this type of investigative study. 

The subject of the study is center ci ty goods movement, rather than congestion, a l 
though the matter of congestion is the backdrop before which goods movement is viewed. 
An understanding of goods movement itself is an understanding of certain aspects of 
congestion and therefore is basic to development of either physical plans or public 
policy towards minimizing transportation conflicts, consistent with the recognized 
goals of central activities. 

One of the pr imary problems leading to this research project was and is the l im i t a 
tion of current t r a f f i c measuring procedures to give a meaningful evaluation of the 
goods movement aspect of central congestion.^ Commercial vehicle counts, even seg-
gregated by truck types, do not give an adequate clue as to the requirements for the 
use of trucks in the c i ty center. Other data called f o r in origin-destination studies by 
the standard procedures of the Bureau of Public Roads include the industry and business 
served by the truck commodity carr ied. But this data obtained for commercial vehicles 
i s ra re ly summarized and would not appear to give such a clue either. Any policy con
cerned with the restr ic t ion of commercial vehicle movements in the ci ty center should 
certainly be based on an understanding of the requirements for vehicle use. This 
study, therefore, deals specifically with the needs fo r the movement of goods them-

^ Formerly Transportation Planning Analyst, Urban Tra f f i c and Transportation Board, 
City of Philadelphia, Pa. 
^ Some excellent procedures f o r analysis of the goods movement aspects of congestion 
were introduced by Goodwin (3), whose analysis was made f r o m data collected by ac
companying the truck dr iver . The gathering of this type of data, however, has not 
been done on any large-scale basis, probably because of the high cost of collection. 
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selves. The study of commodity flows is by no means a new idea, but this i s the f i r s t 
attempt known by the author to apply this type of analysis to the city center. 

NATURE OF CONGESTION 

Because the subject of center ci ty goods movement cannot be broached without i n 
volving the te rm "congestion," i t is opportune to put for th a few observations on this 
word and i ts semantic interpretations. A standard dictionary definition of congestion 
i s "the action of heaping together i n a mass." Ear ly meanings ascribed to the word, 
dating back 200 years, carry such associated adjectives as "unnatural," "overcrowded," 
and "morbid." When used by either the press or the transportation analyst, the term 
invariably has strong negative connotations as related to urban centers, and the spoken 
word usually Involves disparaging tonal qualities as we l l . 

If the current use of the word congestion is associated with an imnatural t ra f f ic s i t 
uation or overcrowded city center, then what i s a natural t r a f f i c situation and uncrowded 
city center? Part of the semantic problem would disappear i f the word "concentration" 
were substituted f o r "congestion." The term "concentration," as used by students of 
urbanism, connotes something natural and desirable f o r the furtherance of commerce 
and culture. ' Concentration certainly must pay off, otherwise New York City would not 
have ejqperienced the addition of 40 mil l ion square feet of off ice space on Manhattan 
Island since Wor ld War I I (5), superimposed on a piece of rea l estate already congest
ed to the nth degree. I t can be concluded that congestion is a price paid fo r the advan
tages of concentration by both private and public segments of the economy. 

Certainly, congestion cannot be reduced below some residual level needed to sustain 
the concentration and centralization that are absolutely essential to the existence of 
downtown establishments. Central congestion is the f r i c t i on of space which economists 
discuss, resulting f r o m the equilibrium between transportation cost and rent, and i t i s 
vi r tual ly impossible to quantify in an absolute way. 

Another word that could be elaborated on under this heading is "conf l ic t . " Used in 
a t ra f f ic engineering sense, a conflict i s the intersection of two desire lines of t ravel , 
such as occurs at a grade intersection. I t implies some probabilities that both objects 
of travel w i l l desire to uti l ize the same space at the same t ime. When this probability 
r ises to some significant value, a congested situation may be inferred. Along the line 
of this reasoning, anything which reduces this mathematical probability of dual occu
pancy of the same space would inhibit congestion. Thus, the consolidation of goods 
bound fo r central stores would be an anti-congestion factor, and the reduction of either 
pedestrians or passenger cars likewise. However, i f pedestrian linkages between es
tablishments are assumed to be a major desired function of the core of the city, i t i s 
not logical to think of pedestrian movements as a co-contributor to congestion. 

There is growing evidence f r o m the analytical studies of downtown business areas 
that the foot linkage between establishments i s the transportation connection of greatest 
importance in the highly concentrated central core. At this scale of settlement the 
motor car, t rol ley bus, t ra in , and subway are only useful in t r ips between the core 
and other functionally differentiated land use areas. They can carry people in and out 
of the ci ty center, but have only a minor role i n central activities themselves. 

Under the circumstances, congestion cannot be discussed intelligently without as
signing value pr ior i t ies to the objects of transportation competing fo r the same space. 
The value scale may also change at different times of the day. For example, during 
the morning and evening rush pedestrian movement i s usually negatively valued i n 
reference to persons movement by vehicles, but the reverse is true during the business 
hours. The extent to which center ci ty goods movement is a contributor to congestion, 
therefore, depends on an assumed f rame of reference fo r the evaluation of congestion. 
In the Gruen plan f o r For t Worth (6), for example, such value i s placed on the impor
tance of pedestrian movements in the city center that a single goods movement vehicle 
would contribute substantially to congestion. In fact, not only is goods movement 

' In urban sociology, "concentration" i s considered one of the f ive or six ecological 
processes, others being segregation, invasion, succession, and decentralization (4). 
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separated by a grade differential , but a l l vehicular movements are excluded f r o m the 
walking area core in that plan. Perhaps a more convincing proof of the contribution of 
goods movement to congestion in a re ta i l center i s the costs to which developers have 
gone to construct grade separated goods movement corr idors in the regional shopping 
centers constructed in the past few years. 

AREA OF ANALYSIS 

Delineation of the study area was facilitated by three previous major studies, as 
follows: 

1. The Philadelphia-Camden Area Traff ic Survey of 1J47. 
2. "Person-Trips to the Central Ci ty ," published by the Philadelphia City Plan

ning Commission in 1954. 
3. The Philadelphia Central Dis t r ic t Study, prepared by Alderson and Sessions 

for the Philadelphia City Planning Commission in 1950, one of the most detailed func
tional analyses of a city center yet conducted. 

Philadelphia has a f a i r l y wel l delineated central business dis tr ic t , bounded by r ivers 
on the east and west sides, the link between the Schuylkill Ejq)ressway and the Dela
ware River Bridge on the north at Vine Street, and a quite abrupt functional change of 
land use in the solid brick row housing on the south. These general boundaries contain 
about two square miles of land given p r imar i ly to commercial activities. 

Although i t was recognized that there were circulation problems in almost a l l of the 
400 or so blocks comprising the central business dis t r ic t as described above, one sa
lient land use characteristic stood out above a l l others and served as the basis for de
lineating the specific study area. This factor was the extreme concentration of activity 
in 39 central blocks, re fe r red to hereafter as the "core," as compared with remaining 
82 percent of the area, henceforth called the "f rame." Various terms have been used 
to describe the functionally different area surrounding the concentrated re ta i l and of
f ice core of the ci ty . These terms include " f r inge ," "transition zone," "perimeter," 
and "f rame." The term "f rame" is used in this study as being the most descriptive 
word. Its use i s found in other sources; fo r example, the Cincinnati Central Business 
Dis t r ic t Space Use Study (7). 

The core includes 14 complete censuses of business enumeration distr icts , as pre
sented in the specially rendered supplement to the 1948 Census of Business fo r Phila
delphia. There was a substantial congruity between the 39 blocks previously re fe r red 
to and the central t ra f f ic enumeration dis t r ic t of the Philadelphia-Camden Area Traf f ic 
Survey, No. 000, as wel l as with major functional areas of the Alderson and Sessions 
report. 

Figure 1 shows scale relationships be
tween the core and the f rame, as wel l as 
between the central business distr ict and 
the ci ty as a whole. The extremely l i m 
ited size of the central core is not typical 
of Philadelphia alone and is worthy of 
some fur ther analysis. This phenomenon 
was probably f i r s t expounded on by Hoyt 
(8) in the early 1930's and lately by 
Rannells (2), and in the Murphy, Vance 
and Epstein central business dis t r ic t 
studies (9). Mumford has repeatedly dis
cussed the city center in terms of a walk
ing distance scale, and what has been 
true of cities since antiquity in terms of 
his analysis Is proving equally valid for 
the mid-20th Century American city, in 
spite of both the decentralization of the Figure l . Size of the central business 
past few decades and the development of d i s t r i c t . 
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Figure 2. Number of persons entering central Philadelphia, by d i s t r i c t of destination. 
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Figure 3. Retail sales productivity of the c i t y center. 

3 
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mechanized transport. In respect to ground space used fo r re ta i l sales, consumer 
services, and general office functions, the core of Philadelphia, the hub of four mi l l ion 
people, is only a l i t t l e larger than the core of Emporia, Kansas, which has a service 
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area of less than 25,000 (10). The major 
difference in these contrasted cores is 
that of ver t ical scale. 

Figures 2 and 3 show graphically some 
of the differential aspects of the core and 
frame; Figure 4 gives a breakdown of a 
range of selected indicators which fur ther 
sharpen the focus on the core-frame con
cept. As a generalization, the core ac
counts for about 80 percent of central city 
activity i n Philadelphia. Perhaps the i m - ' FLOOR SMCE USED R » RETAIL SALES, I S O 

portance of the core is unusually empha
sized in this ci ty, which developed an ex 

NUMBER CF RETAIL ESTASUSHMENrS, I94S 

TOTAL DAILY PERSON-TRIP DESTINATIONS, 1947 

DAILY PERSON-TRIP DESTINATIONS FOR BUSINESS, 1947 

tensive r a i l and subway system when most GROSS L A N D AREA IN CSD 

western cities were s t i l l in the horse-and- Figure k. Core-frame contrasts, central 
buggy stage. Philadelphia entered the Philadelphia, 
automobile age with a well-developed 
mass transportation system focused on the central business dis t r ic t . Nevertheless, 
the frame-core differentiation has almost universal validity in the analysis of not only 
the central business distr icts of cities, but also commxmity and regional commercial 
centers as we l l . 

The central core may be defined as an area in which business and service estab
lishments are in close proximity to each other and linked by a walking distance scale 
of transportation. Within the confines of this area the main administrative and deci
sion-making activities are carr ied on fo r the entire metropolitan complex. Even ac
t ivi t ies car r ied on in the outlying areas, such as the buying and selling of land or auto
mobiles, require linkages (2) between core establishments, such as t i t le and insurance 
companies and the municipal auditor. The core also contains a strong center of re ta i l 
trade and consumer services and a high level residual market geared to the central 
business dis t r ic t labor force, in spite of the noticeable decentralization of a large seg
ment of this activity. Although manufacturing, wholesaling with stocks, and some r e 
tail ing and consumer services, are tending to leave the core, other uses requiring of
f ice f loor space are increas i i^ sufficiently to compensate fo r the loss. In effect, the 
cores of most large American cities are experlencii^ a change of l i f e , but judging by 
the increase of f loor space being added are emerging with a new strength. 

Whereas the core is developed vert ical ly in an intensive way, the f rame customarily 
extends horizontally in an extensive way. The core rarely extends more than 2,000 or 
3,000 f t in any lateral direction, but vehicular transportation is the rule in the f rame, 
thus permitting unlimited distances on the basis of transportation, althoi^h l imi ted by 
the market f o r the type of uses customarily found in the f rame. 

Establishments located in the f rame have broadly varying characteristics, ranging 
f r o m temporary, tax-paying uses (such as parking and used car lots) to functional 
groupings of concerns catering to the same need or furnishing the same product. The 
latter type usually Includes automobile services, printing, wholesaling with stocks, and 
certain types of light manufacturing, just to mention a few typical ones. Structures in 
the f rame, whether converted old dwellings or new fimctional buildings, are rarely 
more than two or three stories in height, even in medium to large cit ies. 

Ear ly observers in the f i e l d or urban ecology termed the f rame a "zone of t ransi 
t ion" (11) between the central core and close-in housing. I t was recognized as the area 
of high land values and deteriorated dwel l i i^s because of centrality and imminent con
version to core uses. The core, i t was thought, would gradually increase in size and 
e^and into the next concentric r ing . Actually, the functional difference between the 
core and f rame was not recognized, nor was the l imi ted lateral growth of the core an
ticipated. 

The urban morphology discussed in the last few paragraphs can easily be recog
nized by viewing a city center f r o m the air or studying oblique aerial photographs. 
Differences in the building scale between the two elements under discussion are quite 
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Item Core Frame 
Kfajor orientation 

of concern 
Movement conflicts 

between vehicles 
and pedestrians 

Movement conflicts 
between vehicles 

Periodic flow of 
goods 

Geared to retail 
trade 

Geared to whole
saling, services, 
and manufacturing 

Storage of cars Disfunctional— 
uneconomic use 
of land 

Functional— 
econQmic use of 
land 

Relationship to a 
central highway 
distributor loop 

Removed Proximate or 
adjacent 

Curb loading Prevalent Exceptional 
Conflicts with 

surface transit 
Major Minor 

TABLE 1 apparent. Maps of building bulk, height, 
RELATIVE ASPECTS OF CONGESTION aud floor-to-ground area ratio also dis

close the same observation. 
The importance of this immediate d is 

cussion to the general question of city cen
ter goods movement is that there is such 
a qualitative difference between the core 
and frame as to ca l l for totally different 
approaches in the study of congestion, 
part icularly the goods movement aspects 
of the problem. Some of these differences 
may be noted in Table 1; they have not 
been recognized in congestion and delay 
studies to date. The typical t ime and de
lay study, as a matter of fact, has tended 
to follow a route directly through the core 

(see 12, 13, 14), almost on the supposition that movement through the core of the cen
t r a l business dis t r ic t i s a desired end.- This type of study has only l imi ted application 
to short-range benefits in the in ter im period awaiting the operation of freeway systems. 

Under the manpower limitations of the current study i t was decided to l i m i t the 
goods movement study to the core, insofar as the most serious aspect of congestion 
exists there. Therefore, the study was constructed aroimd the congestion problems of 
the core, which substantially influenced the type and range of data obtained. 

GOODS MOVEMENT AND THE DEPARTMENT STORES 

Five department stores in central Philadelphia account f o r wel l over one-half the 
re ta i l sales of the core and close to 50 percent of the re ta i l sales f loor space. These 
f ive stores probably accoimt for at least two-thirds and possibly three-quarters of the 
goods f low to the core. In addition to re ta i l sales estimated f r o m Bureau of the Census 
figures and previously mentioned, the central department stores receive and process 
most of the goods sold in their ten branches in the suburban areas. Furthermore, 
other re ta i l establishments include mostly street-entrance specialty shops in which 
goods have a higher average value in terms of size than the average fo r department 
stores. 

An analysis of goods flow to and f r o m central department stores, therefore, is of 
paramount importance to an understanding of street congestion in the core of the c i ty . 
This does not infer , however, that the department stores are responsible for a con
gested situation in proportion to the percentage of the central re ta i l sales which they 
command. In fact, the reverse may be true because of the scale on which the depart
ment stores handle goods and the lack of any offstreet loading or receiving faci l i t ies 
fo r most of the street-level specialty shops. 

The process of securing data on goods flow f r o m department stores commenced 
with an interview at the top executive level, followed by conferences with the department 
head concerned with receiving and shipping, usually with the t i t le of t r a f f i c manager. 
In most cases a certain amount of summary data was available, but because of the 
varying systems of record keeping an average of one week of contact t ime was required 
at each store to examine records, sample data, and develop coefficients f o r an inter-
store comparison. 

The pr imary unit of goods movement is the "piece," which refers to a single pack
age, carton, or bundled assembly of smaller elements. The bulk, size and weight of 
the piece is geared to both the human scale of handling and mechanical handling equip
ment. The average piece weighs 33 lb and changes l i t t l e over the course of the year 
(see Fig . 10). 

The processing and marking areas are invariably on the upper f loors of a depart
ment store building, which have less productivity as re ta i l sales space. I f there i s i n 
adequate elevator capacity or magazine space on or near goods-receiving platforms, 
inefficiencies w i l l result at the loading dock wMch w i l l soon have repercussions on ad
jacent streets. 
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The mere examination of raw goods 
movement data can present a maze of 
facts, which, in and of themselves appear 
d i f f icu l t to relate directly to the city cen
ter congestion problem. Goods ar r ive at 
department store docks via over-the-road 
trucks (termed motor freight) , local ven
dors' equipment, local common and con
tract car r ie rs , Railway and American 
Express trucks, mai l trucks, and push 
carts. They may have been consolidated 
at the ci ty of or igin, points en route, or 
at the city of destination. Motorized 
equipment includes everything f r o m semi
t ra i le rs to motorcycles. Goods leave the 
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Figure 6. Sesaonal variation i n imports 
by mode of conveyance. Store No. 3' 
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Department store imports, in-
terstore comparison. 

Figure 7- Seasonal variation in imports 
by mode of conveyance. Store No. 2 (l9li-7). 

stores via .United Parcel Service vehicles 
or some specialty hauling services, but a 
remarkably high percentage is car r ied out 
by patrons. 

In terms of the financial responsibility 
fo r goods movement to re ta i l outlets and 
looking toward consolidation implications, 
i t appeared most significant to distinguish 
between goods originating inside or outside 
the metropolitan area. The t e rm "metro
politan area" is used here not i n the sense 
of a standard metropolitan area, as defined 
by the Bureau of the Census, but to con
note an urban region within which common 
and contract car r ie rs can operate without 
being franchised by the state public u t i l i ty 
commission for intercity t ravel . This dis
tinction further separates motor freight 
f r o m what are termed "local deliveries," 
and is of practical importance because 
local deliveries are the financial respon
sibi l i ty of the vendors, whereas motor 
freight f r o m outside the metropolitan area 
becomes intercity transportation and is 
paid fo r by the buyers of the goods. Here 
i t is immediately evident that central 
stores w i l l do everything possible to pro
mote the consolidation of shipments f r o m 
outside the range of local deliveries, in 
the interest of reduced freight costs, 
whereas they are not as much concerned 
with consolidation of local deliveries, f o r 
which they have no financial responsibility. 

Figures 5 through 12 summarize goods 
movement volumes to and f r o m the f ive 
central department stores. Each w i l l be 
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WEEKLY VOLUMES BY RANK ORDER 
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1 A L L INTERCITY COMMON CARRIERS PLUS 
CONSOLIDATED SHIPMENTS BY CONTRACT 
CARRIERS 
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Figure 9. I95I-I955 rail-motor freight 
comparison, Store No. 1. 

Figure 8. Deliveries to Store No. 1, 1952 
and 1955. 

discussed in turn. 
Figure 5 shows the generally s imilar 

characteristics of imports to a l l of the 
stores studied. The most significant ob

servation is the extent of seasonal fluctuation. The average daily volume of goods 
handled in the last twelve weeks of the year is about twice the annual daily average, 
and the average daily volume in July and August is approximately one-half of the aver
se annual daily f igure; Figure 5 shows the extent to which buying habits are Christmas 
oriented. One important inference is related to the timing of t ra f f ic and congestion 
studies. Traf f ic coimts taken in the midsummer period, fo r example, w i l l not give a 
true picture of goods movement conditions for other seasons. 

Figures 6 and 7 show seasonal variations in imports to department stores in central 
Philadelphia by modes of goods movement. With the exception of increased activity 
f r o m the store's warehouse during the year-end rush, a l l modes fluctuate in a s imilar 
manner. 
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Figure 10. Changes i n the average weight Figure 11. Deliveries .from c i t y vendors 
of pieces. Store No. 1. to Store No. 1. 
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Figure 12. Goods flow diagram, five cen
t r a l Ibiladelphia department stores. 

Figure 8 shows the s imi lar i ty in goods 
movement patterns f r o m one year to an
other. This relationship implies the u t i l 
i ty of expanding sample data to construct 
the goods movement volumes for the en
t i re year. The rank ordering of weekly 
volumes discloses that about 40 percent 
of the annual volume is handled in the ten 
highest weeks, or 20 percent of the t ime. 
The ten highest weeks are usually in the 
f a l l of the year, although occasionally the 
Easter rush accounts for one or two weeks 
in the highest ten. 

Figure 9 gives a hint as to changing 
trends between the use of trucks or ra i l s 
fo r the shipment of goods f r o m out-of-
town vendors. From these data and the 
consensus of t r a f f i c managers r a i l move
ments have been stable over the last ten 
years, whereas trucks account f o r the i n 
crease in volumes where stores are ex
periencing a general increase in sales. 

Figure 10 has already been re fe r red to and is not discussed fur ther . 
Figure 11 gives a revealing picture of the spread in volume of goods delivered per 

truck. Although the movements shown are only for goods originating within the metro
politan area, wel l over one-half of a l l imports to the stores come f r o m vendors' es
tablishments within this area. The two days were selected at random as being repre
sentative of the summer low and autumn high volume periods. On the November 1 date, 
for example, the one truck with the greatest volume, 83 pieces, car r ied as many pieces 
as 40 vehicles. The meaning of this range is not entirely evident f r o m the figures 
shown, however. Although a truck may have delivered only a single piece to the par
ticular store, i t may have been making series deliveries (see Fig . 13) to a number of 
establishments, thus representing an efficient operation as far as the use of street 
space is concerned. On the other hand, i t may be that a 12- or 14-ft straight truck 
moves f r o m a vendor's establishment to a central store and back, occupying 20 or 30 
f t of lane space a l l the way, but carrying only one piece. Tra f f i c managers inter
viewed indicated that both circumstances take place. To obtain a more accurate idea 
of the efficiency of truck movements f r o m local vendors, therefore, i t would be neces
sary to know the history of the total truck t r i p , including how many pieces were lef t 
where. The data presented in Figure 11 show the potential of investigating the e f f i 
ciency of truck loading. The loading platform or curb stal l is practically the only lo 
cation at which the volume of truck contents can be examined, and perhaps a few ques
tions asked of the dr iver . At best, only crude estimates could be made of the move
ment efficiency by platform examination; nevertheless, i t is believed that such a plat
f o r m study would materially fur ther knowledge of center c i ty congestion. 

Figure 12 shows an estimate of total goods f low in and out of the central department 
stores. Goods entering f r o m outside the metropolitan area by over-the-road trucks 
are separated into the two classifications of "motor f re ight" and " N . Y. consolidations," 
but the f i r s t classification also includes some consolidations f r o m other cities or geo
graphical areas. An estimated 15 or 20 percent of the deliveries f r o m local vendors 
is consolidated to some extent by local common car r ie r s who have consolidating plat
forms in the central area. Movements f r o m outside the city represent a higher degree 
of consolidation, although they are concerned with a much smaller percentage of the 
goods than is received f r o m local vendors. A surprisingly large percentage of the 
goods is car r ied out by customers, part ia l ly due to the efforts of the stores to reduce 
delivery costs by promoting a campaign that "The parcel you carry home gets there 
fastest." Goods movement to branch stores is handled by the United Parcel Service on 
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a contract basis, and represents a relatively efficient operation in terms of moving a 
large volume of goods per truck. 

To summarize this section of the paper, three features of central ci ty goods move
ment are emphasized, as follows: 

1. The wide seasonal variation in central goods movement to department stores, 
which must apply to a l l other re ta i l establishments, has important implications as f a r 
as the t iming of t r a f f i c studies in the central area are concerned. 

2. The greatest segment of goods movement to the core areas of large cities no 
doubt originates within the metropolitan area itself and does not pass through the hands 
of commercial truckers. This segment i s most d i f f icu l t to consolidate because of the 
short haul and dispersion of financial responsibility among thousands of vendors rather 
than a few principal stores. 

3. The great number of trucks delivering only a few pieces each, and the space 
they occupy on the streets as we l l as at loading docks, gives r ise to a serious consid
eration of the need f o r some system to reduce deliveries of one or two pieces. Con
ceivably this could be a consolidation scheme. 

GOODS MOVEMENT AND THE SPECIALTY STORES 

As a crude definition f o r the purposes of this study, a l l r e t a i l sales and service out
lets situated in the core of Philadelphia other than the f ive major department stores 
are termed "specialty stores." In terms of total volume of goods received, some 3,000 
of these establishments in the 39-block core account fo r considerably less goods move
ment than do the f ive department stores. However, because of the great number of 
loading locations the specialty stores no doubt contribute more to central coi^estion 
than do the department stores. 

The task of studying specialty stores in relation to goods movement posed consider
ably more problems than the department stores. A few of these stores have their own 
load i i^ platforms which do not infringe on street or alley space. Others have rear 
doors facing alleys, but no fac i l i t ies fo r getting a vehicle out of the stream of t r a f f i c . 
Most depend on curb service at the f ront door, with goods received through the f ront 
door or via sidewalk elevators. Few of the specialty stores keep records of the num
ber of pieces received each day. 

The technique used to gather data on the specialty stores, as wel l as off ice buildings, 
was to select one of the 39 core blocks with a range of establishments and loading con
ditions which would typi fy the core i tself . Accordingly, the block bounded by Chestnut, 
Market, Twelfth, and Thirteenth Streets was selected. This block contains more than 
600 separate business establishments, 38 of which are street entrance re t a i l sales or 
service outlets. The block has a working population of close to 10,000. 

In the absence of a quantitative analysis of goods movement to the specialty stores 
a few findings are presented in descriptive f o r m , part icularly as they may relate to 
possible problems attendant upon mimicipal controls. 

One large specialty store selling women's apparel receives more than 90 percent of 
i t s goods i n daily consolidated s h i p m ^ t s out of New York. I t i s part of a chain oper
ation in which a l l of the buying is centralized. The goods are transported by handcarts 
f r o m large over-the-road trucks at the curb to the f ront door of the store. The t ractor-
t ra i le r combination arr ives at eight each m o r n l i ^ and occupies curb space fo r at least 
30 minutes. This occurs coincidentally wi th the a r r i v a l of about 3,200 off ice workers 
to the same building i n which the store occupies most of the ground f loor . Af te r im-
loading about 40 pieces each day the truck proceeds to other stores of the same chain 
outside of the central c i ty . The restr ic t ion of over-the-road equipment f r o m entering 
the central core would require transfer of the goods to the pla t form of a local car r ie r , 
wi th consequent cost and delay to the store. Delivery before rush hours, even with 
large equipment, might be more favorable to the store in contrast to a prohibition of 
t rac tor - t ra i le rs in the core, although i t s t i l l involves extra man-hours and security 
problems. Here the goods movement aspect of congestion i s seen in sharp focus. To 
what extent should the convenience of pedestrians take precedence over goods move-
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Figure 13. Modes of local goods delivery. Figure ih. Ifodes of goods consolidation 
by truck. 

ment, par t icular ly i f i t adds to the cost of selling merchandise? 
In contrast to the foregoing example, a men's apparel store in the same block r e 

ceives about the same daily volume of goods in eight to twelve deliveries per day of 
four to six pieces each. Being unaffiliated with a chain, this establishment purchases 
f r o m a variety of vendors. The goods ar r ive in a range of vehicles f r o m station wagon 
to t rac tor - t ra i le rs , although straight trucks with 12- or 14-ft boxes predominate. This 
store likewise has no means of getting a vehicle off the street or alley for imloading. 
The prohibition of over-the-road equipment f r o m entering the core would not materially 
affect deliveries to this store, yet this establishment with i ts ten or so deliveries daily, 
at any t ime, no doubt causes more street congestion than the women's apparel store 
discussed previously. 

Street entrance establishments handling small items (such as jewelry, greeting 
cards, hosiery, ties) depend p r imar i ly on parcel post and railway express for deliver
ies. This f o r m of delivery represents a f o r m of consolidation (see Figs. 13 and 14). 
One or two short curb stops are made daily, usually during shopping hours. Unfor
tunately, this type of service makes almost continuous use of a t ra f f ic lane. Almost 
nothing can be done to advance or retard the hours of delivery to clear the working 
hours because of the necessity fo r person-to-person contact between the driver and 
merchant. Most of these establishments are small shops with only one or two people 
engaged in the operation. Whereas department stores can detail a crew and super
visor to man the loading platforms at six o'clock in the morning because of the ?taff 
f lex ib i l i ty with numbers, i t would cause undue hardship fo r one-man operators to 
lengthen the working day by several hours. 

Concerning the smaller re ta i l establishments, some degree of street congestion 
arises out of the lack of inventory space. Many have no stock room space whatsoever, 
and must replenish supplies daily. In some cases the truck stands at the curb while 
the stock is surveyed and racks are restacked. This condition is also the nature of 
restaurants and food stores, and again is a type of delivery which is d i f f icul t to ad
vance into the early hours of the morning or retard vmtil the evening. This may be 
part of the cost which society pays fo r the preservation of the small , independent, 
decision-making unit of enterprise, which is important in the competitive system. 

An important physical characteristic of specialty stores in most cities i s the nature 
of the buildings which have them. They typically inhabit converted houses or older, 
commercially designed premises which have made no provision for goods handling 
other than alley doors or sidewalk elevators. More than l ikely, specialty shops are 
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in small , independently conceived buildings. In some instances the redevelopment of 
these sites provides integral goods movement planning fo r a range of establishments 
with street entrances. The very nature of both public and private redevelopment is 
that small sites are incorporated into larger ones. Consequently, this phase of the 
goods movement problem in the core of the ci ty may gradually improve with time i f 
loading space standards are established for new buildings. 

GOODS MOVEMENT AND THE OFFICE BUILDINGS 

The office buildings studied were those located in the typical block discussed in the 
previous section. A good range of sizes was included in this block, inc lud i i ^ buildings 
of 7, 12, 15, and 38 stories, respectively. The latter bxiilding is the tallest in Phila-
delpMa, and typifies the goods movement problem arising out of t a l l central office 
buildings. 

Goods movement to office buildings suggests classification vmder the two headings 
of building services and tenant services. The former includes washroom and cleaning 
supplies, garbage and rubbish removal, and building materials fo r redecorating and 
interior construction. The latter includes mai l service, linen service, repairs to of
f ice machines, servicing of vending machines, delivery of bottled d r i n k i i ^ water, de
l iveries (usually by United Parcel Service) of personal purchases by employees, de
l iver ies of office supplies and interior furnishings, and moving service at the t e r m i 
nation of leases. In addition to building and tenant services there are deliveries of 
commodities to tenants in accordance with the type of business activity engaged i n . 
These may include samples or materials f o r sales or manufacturing, although the two 
items are not characteristic of central core establishments. 

An interesting functional difference was noted f o r the four office buildings studied. 
The 38-story building, newest of the four, contained no tenants with more than a token 
requirement fo r goods deliveries other than fo r tenant services. No tenant in this 
building was engaged in either manufacturing or wholesaling wi th stocks, althov^h this 
was not necessarily a restr ict ion by the management. 

In contrast to this building, constructed in 1932, the 7-story building was buil t in 
1880 and contained mostly establishments requiring a significant amount of goods de
l ivery . More than 80 percent of the f loor space in the older building was devoted to 
furni ture , shoe and book sales, with stocks on the premises. As a general rule, in the 
39 core blocks the newer the building, the more i ts occupancy is confined to uses not 
associated with goods movement. 

A strong parallel exists between the older buildings containing specialty stores and 
the older off ice buildings. Both represent a f i l t e r ing down process in the use of space, 
which engenders goods movement problems. In the former case, the specialty shop 
may take over the old brownstone house, which was not designed to accommoc^te goods 
f low. In the latter, there is a technological obsolescence in space fo r office use in the 
older buildings, with some wholesaling or light manufacturing uses taking over the 
space as lo f t uses. In the natural redevelopment process new building f loor space dis
places these lo f t uses, which are generally forced out of the core or into i ts perimeter 
areas. I t may be concluded, therefore, that some of the goods movement problems 
connected with the older downtown buildings gradually are diminishing over the long 
range, and attention should be focused on truck movements fo r building and tenant ser
vices to the principal off ice buildings in the central core. 

Taking the 38-story Philadelphia Savings Fund Society Building as an example, the 
problem resolved itself to one of studying curb and loading space demand. As nearly 
as could be determined, tenant and building services in large office buildings require 
about one truck stop per day per establishment. With an assumed average curb time 
up to ten minutes, a structure the size of the PSFS Building would require enough load
ing space fo r four vehicles at a l l times during the day. Although built i n 1932, this 
building has no offstreet loading space, and is dependent on a 70-ft curb loading zone. 
Building services alone a v e r s e out to the continuous use of one curb stal l . 

Large buildings such as the PSFS Building in Philadelphia maintain a loading super
visor at the curb during working hours. These supervisors usually spend a l l their 
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t ime expediting turnover at the curb or loading dock, and in no cases determined in the 
study maintain records of deliveries. Strange to report, they are not authorized to r e 
ceive goods fo r tenants, fo r subsequent internal delivery. No doubt this policy makes 
sense f r o m the standpoint of the building management, but there are some rather i n 
teresting ramifications as fa r as use of the space at the curb or loading dock is con
cerned. For example, i f a stenographer purchases a dress during the lunch hour and 
has i t delivered by United Parcel Service in lieu of waiting fo r i t to be wrapped, the 
UPS truck stops at the curb while the driver or messenger carrys the goods to some 
upper f loor of the building fo r delivery to the specific off ice. This same process oc
curs in the case of Railway Express and American Express deliveries, the servicing 
of vending machines and water coolers, and in fact almost a l l tenant services. Under 
the circumstances most truck stops are wel l in excess of ten minures and a large num
ber require several hours. 

I t is evident that building management policy can play an important role in reducing 
both the number of vehicles which a r r ive at the building and the length of time of each 
stop. No doubt such a policy has not evolved for very good reasons. For example, a 
lease requirement that tenants purchase equipment or supplies f r o m specified vendors 
is probably distasteful to the lessee. However, more important than the duplication of 
companies supplying the same service, is the matter of internal deliveries. The ab
rogation of the right of the tenant to receive direct deliveries, other than mai l , could 
be rescinded by lease agreement, or the lease could cal l fo r the tenant to designate 
the building management as the receiving ^ e n t f o r his deliveries. Such a policy, how
ever unpopular with the tenants i f generally installed throughout the core area, would 
reduce the demand for curb space of dock deliveries by at least one-half, according to 
several building managers interviewed. But, of course, a system of internal deliver
ies would cost a building management money, to the extent at least of an extra salary. 
And whereas a man could keep busy f u l l t ime making internal deliveries to the tenants 
of a large building, this activity would be an inefficient use of time in a small building. 
Here, obviously, the social costs of congestion have to be weighed against both costs 
to the building management and some small inconvenience to the tenants. Nevertheless, 
i t may be just as logical to legislate in the area of building management as i t effects 
use of the loading spaces, as to legislate against the trucking industry concerning de
l ivery hours or restrictions on vehicle movements. 

Although the e^qpedlting of commercial vehicles at curb loading zones or offstreet 
loading docks w i l l not reduce the number of truck stops, i t w i l l reduce the delay of 
waiting fo r a loading space by either double parking or mi l l ing around in the streets. 
A detailed study of truck stops fo r service or deliveries to large off ice bui ld i i^s would 
be one of the more f r u i t f u l areas of congestion analysis, but was beyond the resources 
of this particular study. Unfortunately, a l l that can be reported here is f r o m interview 
notes or l imi ted periods of observation at the curb. 

One method of analysis of downtown truck stops was made in the Philadelphia Cen
t r a l City Truck Survey of 1950 (15). In this survey observers c i rc led each of the cen
t r a l blocks every half hour, recording the number of trucks parked, loading, and un-
load i i^ . The data were rendered on a block basis, and also broken down according to 
a classification of light, medium, and heavy trucks. The license number of each truck 
was recorded, so that the same truck would not account for more than one stop, r e 
gardless of the number of times i t was observed on the half-hour inspections. A cor
relation was later made by Mitchell and Rapkin {1) between the number of truck stops 
per block and the area of f loor space devoted to the major nonresidential use, such as 
manufacturing, wholesaling with stocks, business services (general office uses) ( j . , 2). 

Although these correlations point to the beginning of predictable relationships be
tween land use and truck stops, somewhat more refinement i s needed in the data co l 
lecting process before the Mitchell-Rapkin constructs w i l l be as useful as they could 
be. For example, using the empirical relationship derived in their study, Store No. 1 
would accoimt fo r about 350 daily truck stops accordi i^ to i ts f loor area. Actually, on 
Nov. 1, 1955, one of the highest volume goods movement days of the year, only 125 
trucks delivered goods to this store. A reverse situation was foimd to exist f o r office 
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buildings. Most of the discrepancy can be accounted fo r by the l o i ^ interval between 
counts. By virtue of the half-hour count interval, at least as many vehicles escaped 
count as were counted. Most of the vehicles which escaped the screenii^ made very 
short stops to specialty stores or office buildings, where only one or two pieces were 
delivered and the truck was away in a few minutes. In some cases, the lack of f loor 
space fo r storage may account fo r a greater number of truck stops than i f more inven
tory space were available. This i s part icularly true of small street level specialty 
shops. 

Because of the growing importance of general off ice space in the core of cities, 
greater insight to central congestion may be gained by studyi i^ truck movements to 
office buildings. Such a study must be based on data collected by stationary observers 
at the curb or loading dock on at least a 12-hr basis. Data needed would include the 
type of truck by general size classification, length of time clocked at the loading zone, 
and the nature of the cal l ; that i s , pickup delivery or service. Detailed analysis of the 
nature of congestion w i l l t e l l the extent of the need for exercising public controls over 
receiving procedures, and w i l l also point out more specifically than the facts disclosed 
by this prel iminary study the problems of such controls. 

THE NATURE OF GOODS CONSOLIDATION 

Goods consolidation is one of the most effective ways of reducing central business 
dis t r ic t congestion. The fewer the vehicles involved in goods movement, the fewer the 
conflicts between goods movement desire lines and the desire lines of persons move
ment, either pedestrian or vehicular. Practically a l l of the existing consolidation-
oriented t r a f f i c studies deal with truck terminals (16). In addition, the need to group 
together establishments sharing common goods movement problems and requirements, 
such as commission houses (17), and the consolidation benefits of union truck terminals 
have been generally recognized (18). However, in a lengthy search no studies which 
l ink goods movement with vehicle movement, or which thoroughly examine the nature 
of consolidation, have been discovered. 

To emphasize the importance of consolidation, a maximum of 40 to 60 trucks could 
supply Philadelphia's a v e r s e daily goods requirements fo r a l l central d is t r ic t re ta i l 
sales at currently demonstrated capacities to deliver goods. (These figures are based 
on a hypothecated consolidation service designed to divide the business between 12 
companies operating four straight trucks each wi th established delivery routes. Ac 
tually, the f ive central department stores account fo r an average importation of less 
than 50,000 lb per work day and this could be handled easily by only six t rucks.) Ac 
tually, the Philadelphia central department stores alone record about 500 truck stops 
daily during the heavy goods movement peak, and core re ta i l sales in general account 
for at least 3,000 truck stops on the average day (15). 

Goods consolidation is a natural economic development arising f r o m the efforts of 
buyers of transportation services to save costs by avoiding less-than-truckload rates 
and minimum-cost charges. For large establishments with a high volume of goods i n 
take, such as department stores, there are additional benefits f r o m consolidation in 
reducing congestion at the r e c e i v i i ^ platforms and in minimizing the amount of paper
work connected with the receiving operation. Consolidation is also a natural economic 
development a r i s i i ^ out of the efforts of the suppliers of transportation services to 
minimize the unit costs of shipments. 

Bar r ie rs to consolidation include governmental regulations and operating rights, 
the capital costs of dock faci l i t ies for the "breakdown" of consignments, and the r e -
quiirements of the buyer of transportation service fo r rapid delivery. In respect to the 
latter point, the buyers of transportation service usually have conflicting goals. They 
desire both the economies which consolidation has to offer and the special services 
which consolidation precludes. 

Goods consolidation has both social benefits and social costs. On the benefit side 
i t reduces coi^estion on the streets by minimizing the number of vehicles ei^aged in 
goods movement. On the other hand, under the complicated system of operating rights 
which has grown up in the separate states imder public u t i l i ty commission r e l a t i o n , 
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many small commercial trucking concerns owe their existence to their franchises, 
and the promotion of large-scale consolidation by altering these r ights would eliminate 
many independent trucking companies. Consequently, i f the preservation of indepen
dent decision-making units of business is a desired social goal, any substantial reduc
tion in the number of these units is an undesirable cost regardless of the congestion 
they cause. 

The matter of regulation of trucking concerns has been preempted by state govern
ments. The concept of the public interest, as far as operating rights are concerned, 
does not look into the problem of congestion. Municipalities are vmaware of the grant
ing of trucking rights. They receive no notice of the hearings, and the state public 
u t i l i ty commissioners have no instructions in state legislation r ^ a r d i n g their function 
to look into problems of the city streets. I f , fo r example, only 20 companies were 
given the r ight to enter the core area of the city instead of 500, consolidation might 
increase ten- or twenty-fold. 

In the process of this study an examination was made of several hundred of the more 
than 7,000 operating rights awarded to Philadelphia trucking concerns by the Pennsyl
vania Public Uti l i t ies Commission. These rights are jealously guarded and bi t ter ly 
contested in t a r i f f and franchise hearings, and account fo r many relatively empty trucks 
moving around the city center. Many truckers are franchised to car ry only one or two 
commodities; others are res t r ic t ied in the size or weight of packages. In many i n 
stances the r ight relates to specific problems of specialty hauling, but in most cases 
they appear to represent merely a division of the total trucking business in such a way 
as to keep relative peace in the industry. In any event, state public ut i l i t ies commis
sions are not concerned with the problems of congestion in their licensing policy; but 
i f they were, considerably more consolidation might be effected. Is there any reason, 
f o r example, why more than 500 state-licensed commercial trucking companies should 
have a franchise to deliver goods to the core establishments of Philadelphia when 20 
could easily service the area? 

Along the lines of this reasoning an example may be taken f r o m the municipal regu
lation of ambulances, tow trucks, and taxicabs. Although ambulances and two trucks 
do not contribute significantly to congestion, their freedom to operate in an unregulated 
way is recognized to be against the public interest by virtue of problems arising out of 
accidents. With taxis, however, there is a need to license arising out of a l imi ted 
number of curb zones. The problem here is no different f r o m that of the l imi ted space 
in which to load or unload trucks either at the curb, in alleys, or in the l imi ted dock
ing areas sometimes provided by establishments. 

The question of state or other regulation of operating franchises is a tangential one 
in this study, but this matter i s fe l t to be one of great importance in w o r k i i ^ toward 
the reduction of central congestion. Not enough is known yet of the ramifications of 
this phase of the problem, and a sampling of a few himdred franchise rights i s insiif-
f ic ient evidence on which to base recommendations fo r changes in public policy at the 
state legislative level. For this reason, further attempts to understand congestion 
should certainly involve a ful l-scale study of the effects of state regulation. 

For the purpose of this study local goods delivery has also been institutionalized into 
four modes, shown diagrammatically in Figure 13. As in the case of the modes of 
consolidation, these modes of local delivery do not necessarily take place in pure f o r m , 
but involve combinations of the four. 

Unit delivery is the least efficient of a l l four modes because the truck is empty fo r 
more than one-half of i ts total t r i p . This mode does not constitute a consolidation. I t 
is only relatively economical of street space when the truck i s fu l ly loaded, thus aver
aging less than a half-loaded condition fo r the total t r i p . 

The series delivery to unit establishments is the usual type of delivery made by 
local haulers and car r ie rs with f ixed routes. The motion is relatively economical of 
street space, but has a high unit time of unloading per piece delivered because the un
loading i s not continuous. This mode of delivery may either consolidate the goods of 
one vendor to a number of establishments (as in the case of a mi lk route), or i t may 
consolidate the goods f r o m a number of vendors to a number of establishments (as in 
the case of a Railway Express ^ e n c y route). 
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In series deliveries to establishment groups the mode is s imilar to that just des
cribed, except that multiple deliveries are made at each vehicle stop. I t occurs when 
the establishments to which goods are destined are clustered, as in the case of a par
cel post delivery to various establishments i n an office building. The prevalence of 
this type of delivery in the core of the city makes i t d i f f icul t to relate truck stops to 
establishments of particular types, because one stop may serve many establishments. 
For this reason there are actually fewer stops to establishments of a given type in the 
central core than in the outlying areas of the ci ty . 

The term "parallel delivery" is given to the last mode because the desire lines of 
the outbound and re turn t r ips paral lel each other. This mode occurs when goods move 
f r o m a ci ty vendor to a re ta i l establishment in the vendor's equipment, with the empty 
truck returning to the point of or ig in . I t does not represent consolidation because only 
one establishment is involved at the nodal points. The efficiency of the movements of 
this mode, i n terms of the use of truck and street space, w i l l vary directly with the 
degree to which the truck is loaded, but the truck w i l l not average more than one-half 
a load. 

As earlier data relating to the flow of goods to department stores indicate, some 
consolidation already takes place, part icularly in intercity motor freight . Four sep
arate modes of consolidation could also be distinguished (Fig. 14). Actually these modes 
are usually mixed and rare ly take place in a pure f o r m . Nevertheless, development of 
these basic modes aids in the discussion and interpretation of goods movement. 

Consolidation at either the ci ty of or ig in or points en route represents the greatest 
over-the-road economies. Under these modes of consolidation relatively f u l l t ruck-
loads of goods are usually assembled in one ci ty fo r destination to another, and some
times even to a single store in the ci ty of destination. In many instances this type of 
movement involves cartage agreements between intercity motor freight haulers and 
local trucking companies, although there is a tendency fo r large intercity truckers to 
do their own local delivery in smaller equipment than typical over-the-road trucks. 

Consolidation at the ci ty of destination represents the least economical mode by 
virtue of the need to accomodate several vehicles at the consolidating platform in the 
city of destination in place of one relatively fu l ly loaded truck. In addition, several 
part ia l ly loaded vehicles may be used in the intercity phase of the t r i p , whereas one 
consolidated shipment would suffice. 

In local consolidation ci ty vendors and truckers carry goods to a common point fo r 
assembly and transfer to various central locations. As a city becomes large and con
sumes much of i ts own manufactures this type of consolidation becomes more desir
able f r o m the standpoint of reducing street congestion. Very l i t t l e of this type of con
solidation now takes place. 

The subject of consolidation, l ike congestion, is d i f f icul t to discuss without the de
velopment of some constructs of vocabulary. This section has attempted to lay the 
foundation f o r analysis of consolidation by developing these ideas and terms. It has 
also presented certain insights into congestion not readily apparent f r o m the examina
tion of either the vehicle or goods movement in the problems of the fractionalization 
of goods movement rights under public u t i l i ty franchises. 

ECONOMICS OF MOTOR FREIGHT CONSOLIDATION TO 
CENTRAL DEPARTMENT STORES 

As indicated early in the discussion of goods movement to the central department 
stores, a distinction must be made throughout the analysis between deliveries f r o m 
vendors inside and outside the metropolitan complex. This distinction is based on f i 
nancial responsibility fo r the cost of goods movement, type of equipment used, operat
ing franchises, and other factors. I t is also meaningful to car ry this differentiation 
into the f i e l d of the economic analysis of goods consolidation. 

F i r s t , the economics of local consolidation of inbound motor freight are considered. 
This represents the th i rd mode of consolidation shown in Figure 14. The basis of this 
type of consolidation is reduction in costs of local delivery by transferring goods f r o m 
large over-the-road trucks (usually t rac tor - t ra i le r combinations) to smaller straight 
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trucks. The terms "motor freight," "motor truck freight," and "motor ejtpress" are 
used interchangeably by traffic managers to connote this mode of movement. The 
goods are carried in tractor-trailer combinations or large straight trucks, usually re
ferred to as "over-the-road" or "line haul" equipment. Goods moved in this manner 
are generally purchased f .o.b. vendor's establishment or city of origin, and the cost 
of the delivery is borne by the buyer. 

Because of the proximity to New York and the extent of goods supply from New York 
factories, the central Philadelphia department stores distinguish between motor freight 
which is consolidated in New York and that which comes from other cities, termed 
"New York consolidations" and "motor freight," respectively. Because the shipments 
from New York under this category are already consolidated for local delivery, the 
remaining market for local consolidation represents, at the most, about 10 percent of 
the total goods imports to Philadelphia department stores (see Fig. 12). Actually, 
some unknown amount of this 10 percent is consolidated in other cities of origin, such 
as Chicago and St. Louis, but only consolidations of motor freight from New York are 
segregated in the records. 

On the basis of 1954 and 1955 data, the five major Philadelphia department stores 
receive about 2% million pieces annually from all sources, or about 116,000,000 lb. 
At the most, 10 percent of this total weight represents motor freight that conceivably 
could be consolidated before i t enters the central core of Philadelphia. Assuming that 
this 10 percent (11,600,000 lb) were gathered at one terminal outside the core for con
solidated consignment to the five central stores, at a weekly assignment of 85,000 lb 
to a straight truck with a 12- or 14-ft box it would keep a daytime fleet of three trucks 
busy on an average annual basis. (These figures are based on estimates of trucking 
supervisors interviewed.) At a flat rate of $0. 30 per 100 lb, this volume of freight 
would be worth not more than $35,000 annually to a consolidator. This estimate, how
ever, is only a theoretically attainable figure, subject to limitations inherent in both 
seasonal fluctuations and the costs of goods breakdown for consolidation. (The $0.30 
per 100 lb represents the maximum that local cartage managers believe could be es
tablished as a tariff for a central consolidation service. Some believe costs might run 
closer to $0. 50 per 100 lb, at which rate the service would not be attractive to poten
tial users.) 

The seasonal fluctuation of deliveries to the stores under study has already been 
discussed (Figs. 5, 6, 7, and 8). Motor freight deliveries fluctuate in the same man
ner as the other categories of goods, with the summer low about one-half the average 
annual volume, and the fa l l high about twice that average figure. This variation indi
cates that for the foregoing example of consolidation, predicated on a relatively ful l 
utilization of truck space, i t would require twice the average number of trucks to sup
ply a consolidating operation during the fal l goods movement peak. Although it is true 
that the downtown cartage companies do a larger business in the fa l l , the fact that they 
tend not to specialize in goods movement for retail trade alone tends to keep their load 
factors closer to the annual average than if they were exclusively in the business of 
central consolidation. Thus, i f the central consolidation business must be predicated 
on a specialty service, as most of the truckers interviewed believe, the seasonal fluc
tuations noted wil l assume a greater role as a deterrent to successful operation than 
they would pose for trucking firms carrying a variety of goods. 

As far as central goods consolidation is concerned, however, the important aspect 
of seasonal fluctuations is not the extra capacity of trucking equipment needed, but the 
possibility that a local consolidator may inherit primarily the peak season excess from 
the motor freight haulers. On an average, the central department stores receive 40 
percent of their merchandise in the fal l quarter of the year. Assuming that motor 
freight truckers now serving the central stores can economically handle a 20 percent 
overload based on the average annual rate, excesses above 20 percent overload occur 
only in 12 or 13 weeks of the year. If a local consolidator could funnel off only the ex
cess volume above 20 percent overload, i t would account for less than 50,000 pieces 
annually, or a dollar volume of about $8,000 worth of local cartage business for all 
Philadelphia central department stores. 
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It is readily apparent that the market for the local consolidation of Philadelphia-
bound motor freight for reconsignment to the central department stores is quite limited. 
As long as over-the-road shipments can be brought into downtown stores without ex
cessive delay for 39 weeks of the year there wi l l be no strong desire on the part of in
tercity carriers to make a breakdown of the consignment at local terminals outside the 
core for subsequent delivery in smaller equipment, whether or not they use their own 
trucks for such deliveries. 

If the local consolidation market for the reconsignment of inbound motor freight were 
broadened to include the specialty stores i t is conceivable that the goods volume figures 
just mentioned would be increased by 60 or 70 percent, based on their share of retail 
sales and other factors. However, there are much higher costs in serving the many 
specialty stores as compared with the few department stores, so that the over-all out
look for an attractive local consolidation business is no better. 

Still another factor inhibiting the entrance of locally-franchised truckers into the 
business of consolidating inbound motor freight is the fact that they are in competition 
in this respect with the motor freight carriers themselves. Most of the large intercity 
trucking organizations are also franchised by the respective states to deliver locally. 
Under the circumstances they break the consignment down at their own platforms for 
local delivery in their own straight trucks if i t is uneconomical for them to take heavier 
equipment into the city center. 

Thus far no mention has been made of the costs of a breakdown for local delivery in 
small trucks versus the cost of moving large trucking equipment into the congested 
core. These costs are best analysed by reference to the estimated cost-volume rela
tionships shown in Figure 15. This figure gives an insight into the analysis which a 
motor freight carrier would have to undertake in order to arrive at a rational economic 
justification for the use of a local consolidation service, his own or otherwise. 

Figure 15 shows the investment in transportation for any volume up to 100 pieces, 
and for two alternatives of delivery. The cost of one alternative is given by the line 
AB, and approximates the cost of delivering goods to a central store via tractor-
trailer combination from some point on the regional highway system an hour's time-
distance away from the store (includii^ the delays in the core area and the cost of 
maneuvering at the store). The second alternative is given by the line A ' C , and ap
proximates the cost of delivering goods to a central store from the same point on the 
highway system, but via transfer of the goods at a consolidation platform for local de
livery in smaller equipment. In the second alternative i t is assumed that the consolida
tion terminal is half way, timewise, from the point of origin on the highway system to 
the central store. Thus, if 60 pieces are to be delivered, it wi l l cost about $10. 50 to 
transport them in the tractor-trailer, and $13. 00 to transport them via reconsignment. 

The other lines in Figure 15 show how these total costs were arrived at. The fo l 
lowing assumptions were made: 

1. The cost of operating a tractor-
trailer combination is $8.00 per hour, 
including the cost of the driver and helper. 
(Determined from interviews with motor 
freight operators.) 

2. The cost of unloading goods both at 
the consolidation platform and at the store 
is $0.12 per cwt ($0. 04 per piece). (De
termined from interviews with receiving 
personnel.) 

3. Local cartage costs $0. 30 per cwt, 
including both loading at the consolidation 
platform and unloading at the store. (De
termined from interviews with local haul
ers.) 

Figure 15. Cost variables In lo c a l dellv-
Returning to the example of a 60-piece ery of motor freight (delivery by lo c a l 

delivery, the cost breakdown may be de- carrier V B intercity c a r r i e r s ) . 

• 2 0 | 

COST OF TRAVELLING TO 
CONSOLIDATION TERMINAL 

P I E C E S 
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TABLE 2 
COST BREAKDOWN IN ALTERNATE MODES OF DELIVERY 

(Example based on 60-piece load, see Fig. 15) 

Distance Along 
Lme Representing Cost 

60-Piece Representation 
Load Ordinate 

Amount 
($) 

Total 
(«) 

(a) Alternative 1—Direct Delivery 
Abscissa to line AA Travel and 

maneuvering time 
to central store 
(Ihr) 

8.00 

Line AA to line AB Unloading at store 
($0.12 per cwt)* 

2. 50 10. 50 

(b) Alternative 2—Delivery via Local Transfer 
Abscissa to lme A'A' Travel and 

maneuvermg time 
to consolidation 
terminal (% hr) 

4.00 

Line A'A' to Unloading at 
line A' B' terminal 

($0.12percwt)* 

2. 50 

Line A' B' to Loading at terminal, 
line A'C* delivery and un

loading at store 
($0. 30 per cwt)* 

6.50 13.00 

aOne piece is assumed to weigh 33 lb (see Fig. 10). 

termined from Figure 15 by observing dis
tances along the ordinate representing a 
60-piece delivery (see Table 2). 

The intersection between lines AB and 
A'C in Figure 15 indicates, for the as
sumptions made, the point beyond which 
it does not pay a motor freight carrier to 
have the shipment transferred for local 
delivery. This point of diminishing re
turns occurs at about 40 pieces, or 1,300 
lb. Many factors, of course, can alter 
the relationships shown. For example, a 
differential in the unloading facilities be
tween the alternate possibilities wi l l 
change the relative slopes of the lines AB 
and A' B' . More or less delay would alter 
the vertical position of the travel time 
lines AA and A'A' . A higher rate of local 
consolidation and cartage cost would alter 
the slope of the line A 'C also. Any or all 
of these factors may change the position 
of the point of diminishir^ returns in a 
horizontal sense, but i t is doubtful if i t 

would lie beyond 60 pieces or at less than 30. 
The most significant aspect of the relationships shown in Figure 15 is the fact that, 

excluding the New York consolidated motor freight, well over one-half of the remaining 
motor freight bound for downtown department stores in Philadelphia is in shipments 
comprising more than 40 pieces. Figure 16, for example, shows that 60 percent of the 
motor freight arrived in shipments of more than 40 pieces each. These relatively 
large shipments may have represented consolidated shipments out of other cities than 
New York. The important conclusion, however, is that on the basis of the foregoing 
analysis i t would not have paid for 8672 percent of the tmcks bringing motor freight to 
the particular store to have used a local consolidation service. In other words, if the 
motor freight haulers have to pay the cost of goods shipment breakdown and subsequent 
local delivery i t simply does not pay them to keep heavy equipment outside the center 
of the city in a majority of the cases. The foregoing quantitative analysis, although 
based on rough assumptions, has been corroborated in many interviews with both truck 
dispatchers and drivers. 

As far as the interests of the department stores are concerned, the major advantage 
to the elimination of over-the-road equipment at their docking platforms is the expedit
ing of the total receivii^ operation in 
terms of processing trucks themselves. 
However, in respect to expediting the flow 
of goods, a tractor-trailer combination 
well loaded with packages for the store is 
more desirable than many trucks deliver
ing the same amount of goods. The of
fending vehicle to the department store, 
therefore, is the over-the-road truck 
which leaves only a few pieces at the es
tablishment. Insofar as the stores pay 
the cost of motor freight, the question 
then arises whether they are willing to 
pay the extra cost of local consolidation. 
Including a time delay in receiving goods. 
At present they wi l l undertake this extra 
cost during only a few of the heaviest days Figure 16. 
of goods movement, when they cannot store No 

13-1/2 % OF TRUCKS 
BROUGHT 60% OF GOODS 

'IN ADDITION TO THE MOTOR FREIGHT 
DELIVERIES SHOWN lOSI HECES ARRIVED 
THROUGH A NEW YORK C0NS0L1DAT0R 
IN THREE VANS 

THE TERM "MOTOR FREIGHT-
DESIGNATES ONLY GOODS ARRIVING 
AT THE STORE BY TRUCK ORIGIN
ATING OUTSIDE OF THE METRO
POLITAN AREA 

Motor freight deliveries to 
1 on Tuesday, Nov. 1, 1955. 
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physically accommodate the flow of goods internally. Under these circumstances they 
call for some shipments to be delivered to the platforms of local carriers, for subse
quent delivery to the store at their own cost. 

The cost of eliminating a majority of the large motor freight trucks from the city 
center is actually quite nominal. Based on Figure 16, if the contents of the 32 vehicles 
delivering less than 40 pieces were handled through a consolidation service i t would 
cost the store about $30, or a little less than $1 per truck. Vehicles delivering less 
than 20 pieces, however, could be accommodated in one shipment not exceeding the 
limits of a straight truck at a cost of $12, or $0.46 per truck, and vehicles delivering 
less than 6 pieces could be jeliminated at the dock at a cost of $5.60, or $0. 27 per 
truck. In the last instance, 20 trucks could have been eliminated, or about 16 percent 
of the daily figure. 

CONSOLIDATION OF LOCAL DELIVERIES TO CENTRAL DEPARTMENT STORES 
The terms "local deliveries" or "city deliveries" are generally used by store re

ceiving-personnel to include goods which are delivered at the expense of and through 
means chosen by the vendor. Goods under this category almost always originate within 
the city or in the surroxmding counties, and are brought to the central stores by local 
haulers or in the vendor's equipment, customarily straight or pickup trucks. 

The department stores do not keep records of the delivery equipment or service 
used by local vendors. Store traffic managers estimate that between 70 and 80 percent 
of the merchandise from local vendors is carried by local haulers, and that fewer and 
fewer local vendors are retaining their OTvn equipment for delivery. One local carrier 
estimates a vendor would have to deliver 85,000 lb per week to warrant owning or op
erating a straight truck. 

As seen from Figure 12, about one-half of all the merchandise sold in the central 
Philadelphia department stores comes by local delivery from metropolitan area ven
dors. The gross local delivery volume is close to 1. 75 million pieces annually, or 
about 60 million pounds. The cost of moving this volume at typical local tariff rates, 
excluding minimum charges, is between $200,000 and $300,000 yearly, and represents 
about to 2 percent of the retail sales value of the goods. This cost is borne by the 
vendor, whereas the cost of motor freight is borne by the stores. 

Local vendors could readily deliver to designated points of consolidation, and per
haps save time as compared with direct delivery to the stores. However, i t would be 
entirely unconventional, if not extremely difficult for central stores to assess the cost 
of the extra transfer against the vendor. If a store were to order its local vendors to 
deliver to a consolidating platform, i t would, without doubt, have to undertake financial 
responsibility for the remainder of the goods trip. This undertaking would add from 

to 2 percent to the cost of the goods, a fairly significant amount in a center city 
non-expanding retail sales market. 

Unilateral action by any one store to consolidate goods from local vendors at a des
ignated platform would put i t in a disadvant^eous position in a highly competitive mar
ket. Obviously, there would be advantages to central stores if the number of lightly-
loaded trucks leaving goods at their platforms could be reduced. Nevertheless, the 
problems of instituting the consolidation of local deliveries on either a modest or a 
grand scale are at once apparent, as far as action by the stores is concerned. 

The cost relationships shown in Figure 15 for motor freight do not apply to the al
ternative facing local carriers in the consolidation of city deliveries because there are 
two major differences in local consolidation which favor direct delivery in lieu of con
solidation, as follows: 

1. Lack of need to change size of truck. 
2. Competition among local carriers. 
Unlike the motor freight commodities previously discussed, goods from local ven

dors are not initially carried in very large trucks that are uneconomical to operate on 
city streets. Cartage agreements between local truckers for the consolidation of local 
deliveries to downtown stores implies an agreement between two or more companies 
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which are competing for the same commodity. Each local hauler is interested in be
coming the consolidating agent, rather than deferring to a competitor. Local haulers 
and motor freight carriers are, on the other hand, essentially non-competitive with 
each other, and little enough consolidation has taken place even among the latter groups. 

The nature of local deliveries to a central department store is demonstrated by 
Figure 11, which shows a rank ordering of truck stops to one of the stores on two sep
arate days (chosen to fal l within the summer low and fal l high periods of goods move
ment). Although the specific type of delivery equipment is not known, a general con
cept of efficiency of delivery may be obtained. The term "efficiency," as used here, 
means the load carried by a vehicle e3q)ressed as a percentage of the vehicle's load-
carrying capacity, on a volume basis. An efficient delivery, therefore, would be one 
wherein the vehicle, regardless of type, is fully loaded spacewise. 

In some cases goods were brought in by private cars or station wagon, where a few 
pieces represented 100 percent efficiency, but most of the goods arrived in straight 
trucks or pickups. In other instances trucks may have been on a regular delivery 
route, and although only a few pieces were discharged at a given store, the trucks may 
have been efficiently loaded. 

For the two days analysed in Figure 11, the average load per vehicle was about 4/̂ 2 
pieces. The average load increased only 10 percent between the summer low and the 
fal l high periods of goods movement. In contrast, the average load per vehicle arriv-
i i ^ by motor freight was almost 18 pieces on Nov. 1, 1955 (excluding New York consol
idations), or about four times the average load coming by local delivery. 

The m£^nitude of local deliveries on the observed days for one department store 
indicates that the operation of one straight truck making deliveries twice daily from a 
consolidation depot could easily handle the daily volume. A fleet of five straight trucks, 
therefore, could furnish all central department stores with a consolidated delivery 
service twice daily, substituting two truck stops for an estimated 300 vehicle stops per 
day \mder present circumstances. (This is based on a delivery capacity of 85,000 lb 
per week for a straight truck.) 

CONCLUSIONS 
Although this research pertains mainly to goods movement in central Philadelphia, 

there should be significant implications for any large American city. A few inferences 
can be drawn relating to the more obvious generalizations, as follows: 

1. The larger the city, or the greater its dominance of a region, the greater is the 
probability that i t consumes more of its own manufactures. This no doubt increases 
the percentage of central core imports which come from local vendors and results in 
a small average delivery per truck or, conversely, a large number of trucks to supply 
central establishments. 

2. Cities within the sphere of influence of large manufacturing centers, such as 
New York, Chic^o, and Los Angeles, no doubt enjoy a relatively high degree of motor 
freight consolidation from these centers. In cities within the area of dominant centers 
the prohibition of large over-the-road vehicles from entering the core may defeat the 
effort to reduce congestion. In Philadelphia, for example, one van carrying consoli
dated shipments from New York often accounts for as much volume of goods as 50 or 
60 trucks a r r iv i i ^ throughout the day. 

3. In any form of municipal regulation or public policy a differentiation must be 
made between the central core and its frame, based on the functional nature of each. 
In the absence of underground vehicular facilities in the core, vehicles ei^aged in 
goods movement or tenant and building services should be given priority over non
commercial vehicles engaged in persons movement, as a higher type of street use in 
terms of the function of the core. On the other hand, pedestrian movement in the core 
should be the least compromised. Parking garages, bus depots, post offices, and 
drive-in establishments should be either restricted from the core or permitted only at 
peripheral locations in the core. 

4. The development of integrated community and regional shopping centers does 
not necessarily decrease goods movement requirements in the core, because of the 
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necessity for stores to centralize receiving and marking operations. Although large 
items of hard goods are not received centrally for branch stores, almost all soft goods 
sold in the suburban branches are processed at the main store. There is not the slight
est indication that this procedure wi l l be changed. 

5. Until major redevelopment of city centers takes place, consolidation has most 
to offer toward alleviating the goods movement aspect of congestion; but because of the 
wide seasonal variations in goods movement and absence of incentive for stores and lo
cal vendors to absorb consolidation costs, further consolidation wi l l probably not take 
place without governmental regulation. 

6. The most frui tful area for reducing central congestion due to goods movement is 
in some form of mimicipal regulation controlling the conditions imder which goods are 
received. This could take the following forms: 

(a) Establishment of a core cordon and prohibition of entrance by tractor-trailers 
carrying less than a specified number of pieces (about 40), or w e i ^ t (around 8,000 
lb) of load, with exceptions for "balloon freight." Enforcement could be effected by 
sporadic inspections at unloading operations in the core area. 

(b) Requiring that stores within the inner cordon use the services of a franchised 
local carrier for individual shipments under, say, 150 lb or 3 pieces. Enforcement 
could likewise be effected by core inspectors on foot. This would force consolidation 
by substituting local contract or common carriers for vendors* trucks. Pushcart 
deliveries could be excepted. 

(c) Municipal leasing of certain curb or other locations to licensed carriers en
gaged in central consolidated deliveries. This would give a limited number of car
riers a better opportunity to render an efficient service by having preferred bases 
of operations. There are ample existing precedents for the limiting of operators in 
other fields, such as towii^, taxi, and ambulance services. 
7. The elimination of further truck operating rights in the central core by the state 

public utility commission is one method of reducing the impact of consolidation on the 
local cartage industry. It is easier to deny a prospective right than rescind an existing 
one. These rights run with the individual, and are subject to cancellation when a busi
ness is sold. Because a local trucking service does not require a large amount of 
capital there is a relatively large turnover in businesses. Most public utility com
missions have it within their discretionary power to deny applications for franchises 
subject to finding that the denial wi l l promote the public interest. This procedure 
would require active participation of agents of the large cities in the public utility com
mission hearings relative to these franchises. 

GLOSSARY OF TERMS 
Central Business District (CBD)—That portion of the city center characterized by a 
wide range of commercial and industrial uses, as distinguished from areas of the city 
devoted essentially to residential or heavy industrial uses. (In Philadelphia the CBD is 
generally considered to include an area of about three sq mi and 400 blocks, bounded 
by the Delaware River on the east, the Schuylkill River on the west. Vine Street on the 
north, and South Street on the south. 
Central Core—That portion of the CBD characterized by the most intense business and 
commercial activity. The core is based on a walking distance scale of transportation 
between establishments and is visibly different from the frame surrounding it by virtue 
of the bulk and height of the buildings. (For this study the core of Philadelphia is con
sidered to include a 39-block area bounded by Arch St. on the north. Walnut St. on the 
south, 7th St. on the east, and 20th St. on the west.) 
CBD Frame—That portion of the CBD characterized by extensive uses of land, such as 
parking lots and garages, automobile services, wholesalir^ with stocks, and certain 
types of light manufacturing. As distli^uished from the core, the frame contains low 
fcniildings, converted dwellings, and open space in a transitional state. 
City Vendors—Manufacturers or wholesalers whose establishments are within the 
metropolitan complex so that delivery charges are absorbed by the vendor, rather than 
charged to the central stores. City vendors who do not have their own delivery equip-
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ment use the services of transporters who are franchised to operate either within the 
city or between the city and suburban communities. If goods are transported by a car
rier licensed to carry intercity merchandise this connotes a scale characterized as 
motor freight. 
City Deliveries (or Local Deliveries)—These deliveries emanate from local vendors; 
80 percent are estimated to be carried by common or contract carriers. 
Motor Freight Carriers—This term is used by traffic managers to mean mtercity or 
interstate carriers, who generally do some consolidation at the city of origin or way 
points along the route. Motor freight equipment generally connotes tractor-trailer 
combinations or straight trucks above 14 f t in box length. 
Motor Freight—Goods transported by motor freight carriers. Any goods arriving by 
truck whose transportation costs are borne by the retail establishment are classified as 
motor freight. 
Piece—A single box or package or a group of small packages tied together for handling 
as a unit. The size and weight of "pieces" are geared to ease of handling by platform 
personnel, and average about 33 lb. 
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Travel Patterns in 50 Cities* 
FRANK B. CURRAN, Statistician, 
JOSEPH T. STEGMAIER, Highway Research Engineer, 
Division of Highway Planning, Bureau of Public Roads 

During the past 15 years origin-and-destination traffic surveys of 
the home-interview type have been conducted in more than one hun
dred cities. This article presents information regarding the purpose 
for which trips were made by residents in 50 of these urban areas and 
the mode of travel they used. Data are also included pertaining to 
basic household characteristics of the areas such as the numbers of 
dwelling units, residents, and automobiles owned, and the relations 
between these characteristics and the volume of trips classified ac
cording to purpose and mode of travel. The urban areas have been 
grouped by population size to disclose whatever travel trends or pat
terns may exist among cities in the several population groups. 

The percentage distribution of major trip purposes is fairly uni
form in cities of all sizes. Analysis by mode of travel, however, 
shows a variable pattern. The proportion of trips by automobiles 
and taxis increases as city size decreases. On the whole, mass 
transit is by far the most prevalent mode of travel in the largest 
cities, but its relative importance varies depending upon the trip 
purpose. Trips for social and recreational purposes, for instance, 
generally involve the use of automobiles. 

In most cases, the volume of daily trips by residents within an 
urban area is directly related to the number of persons, dwelling 
units, and automobiles registered in the area. The relations vary, 
however, depending upon the trip purpose and mode of travel. 

# AMONG the more important factors affecting the planning of streets and highways 
are the means by which residents travel within the city, the purposes for which the 
trips are made, and the relations between these trips and residential characteristics 
such as the number of persons living in the area, the number of dwelling units they oc
cupy, and the number of automobiles they own. At the time this article was prepared, 
information of this sort was available from origin-and-destination traffic studies * of 
the home-interview type which had been made in 101 urban areas since 1944. The 
product of these studies includes a great mass of data on the local travel habits of ur
ban residents on an average weekday during the period of the survey. 

Data from these studies have already been analyzed and the results have been put to 
use in each of the individual urban areas surveyed. However, knowledge of the general 
or average pattern for groups of cities of similar size should be very beneficial to 
highway planners. Thus i t may be possible to establish norms that might be helpful in 
anticipating the changes which wi l l take place in the traffic patterns of a city as the pat
tern of living changes. 

The primary intent of this article, therefore, is to call attention to the more signi
ficant aspects of the many-sided travel patterns for 50 of these cities, considered 
either singly or in combination. Information from the recent past regarding travel 
habits of city residents should be valuable to urban planners, highway engineers, and 

*Not presented at the 37th Annvial Meeting of the Highway Research Board. 
* "Traffic Planning Studies in American Cities," by John T. Lynch. Public Roads, Vol. 
24, No. 6, Oct.-Nov.-Dec. 1945. The procedures used in these studies are given in 
greater detail in the "Manual of Procedures for Home Interview Traffic Study," which 
is available by purchase from the Public Administration Service, 1313 East 60th Street, 
Chicago, 111. 
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economists in attacking the transportation problems of the present and future. It is 
also hoped that the article wi l l serve to call attention to the quantity and quality of data 
that have become available as a result of such surveys. A list of the selected cities 
showing survey dates and population at the time of the study is given in Table 1. It 
should be noted that almost one-third of the studies were conducted during the latter 
part of World War n and the year foUowii^ the end of the war. Some of the variations 
in trip-purpose and travel-mode patterns which are discussed later may be associated 
with the year of the basic survey or the geographical location of the study area. 

DEFINITIONS 
The urban areas referred to in this article are the areas within which the basic sur-

Table 1.—^Population and period of survey in 50 urban areas 

Urban area Population Period of survey 

Albuquerque, N. Mex 
Altoona, Pa 
Appleton, Wis 
Baltimore, M d . - -
Bay City, Mich 
Charleston, S. C 
Chester, Pa 
Columbus, Qa- -
Dallas, T e x - - - - - -
Duluth, Mimi.-Supenor, Wis. 
Fargo, N. Dak.-Moorhead, Minn. 
Grand Rapids, Mich 
Harrisburg, Pa 
Honolulu, T . H — 
Houston, Tex -
Johnstown, Pa -
Kalamazoo, Mich -— 
Lansing, Mich -
Macon, Oa 
Madison, Wis - -

Muskegon, Mich. 
Newark, N. J 
Norfolk, V a . 
Norristown, Pa 
Philadelphia, Pa . 
Phoenix, Ariz 
Pontiac, Mich 
Portland, Oreg.. . 
Racine, Wis 
Reading, Pa 

Rockford, ni. 
Sacramento, Calif 
Saginaw, Mich. 
St. Louis, Mo 
St. Paul-Minneapolis, Mmn. 
Stdt Lake City, Utah 
San Francisco, Calif-
San Juan, P . R 
Scranton, Pa -
Seattle, Wash 
Sharon-Farrell, Pa 
Spokane, Wash 
Tacoma, Wash — 
Tucson, Ariz 
WashlB«ton, D . O 
Wichita, Kans -. 
Willlamsport, P a 
WUmlngton, D d . . . . . . . 
Wlsconsta Rapids, WLs 
York, Pa . . -

116,056 
85,347 
39,172 

912,809 
69,231 
73,205 

127,408 
79,192 

533,606 
130,847 

49,852 
220,977 
103,303 
214,236 
878,629 
87,509 
72,024 

122,776 
77,665 

104,074 

83,724 
1,456,947 

335,910 
39,485 

2,233,531 
161,567 
79,431 

453,128 
78,033 

119,851 

116,000 
201,345 
112,902 
974,545 
915,960 
196,571 

1,468,933 
312,069 
137,089 
518,563 

48,432 
138,381 
138,700 
126,900 

1,109,860 
238,302 
55,216 

181.415 
16.504 
77,350 

June 1949-JuIy 1949. 
July 1950-Sept. 1950. 
June 1953-July 1953. 
Sept. ig45-Oct. 1045. 
July 1948-Oct. 1948. 
Feb. 1947-Mar. 1947. 
June 1951-Oct. 1951. 
Oct. 1945-Dec. 1945. 
Nov. 1950-Mar. 1951. 
May 1948-June 1948. 

Juno 1949-Aug. 1949. 
July 1947-Oct. 1947. 
June 1946-Sept. 1946. 
Apr. 1947-Sept. 1947. 
Mar. 1953-June 1963. 
July 1949-Sept. 1949. 
Apr. 1946-May 1946. 
Sept. 1946-Nov. 1946. 
July 1946-Aug. 1946. 
May 1949^une 1949. 

July 1946-Aug. 1946. 
Aug. 1945-Jan. 1946. 
June 1950-Aug. 1950. 
June 1949-Aug. 1949. 
June 1947-Nov. 1947. 
Nov. 194&-Feb. 1947. 
Apr. 1947-May 1947. 
July 1946-Sept. 1946. 
Aug. 1949-Oct. 1949. 
Nov. 1946-Dec. 1946. 

July 1950-Aug. 1950. 
Dec. 1947-May 1948. 
July 1948-Sept. 1948. 
Apr. 1945-July 1945. 
May 1949-Nov. 1949. 
June 1946-Sept. 1946. 
July 1946-Dec. 1946. 
June 1948-July 1948. 
June 1950-Aug. 1950. 
May 194fr-Aug. 1946. 

June 1949-JuIy 1949. 
July 1946-Dec. 1946. 
June 1948-Aug. 1948. 
Mar. 1948-Apr. 1948. 
May 1948-Sept. 1948. 
Nov. 1961-Apr. 1952. 
July 1954-Aug. 1954. 
Apr. 1948-July 1948. 
Sept. 1950-Oct. 1950. 
July 1951-Aug. 1951. 



POPULATION GROUPS 

O L E S S THAN 50, 000 
• SOL 000 TO 100, 000 

® 100,000 TO 250, 000 
• 250,000 TO soft 000 

SOOiOOO TO 1,000, 000 
1,000.000 AND OVER 

Figure 1. Geographical distribution of the 50 c i t i e s included in study. 
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veys were conducted. They generally include the central city as well as any portion of 
the contiguous built-up area that may exist beyond the corporate limits. Their boun
daries are usually delimited by an imaginary line called the external cordon. These 
areas resemble but do not coincide with urbanized areas as defined by the Bureau of the 
Census. In this article the terms urban area and city are used interchangeably. 

A trip is defined as a one-way movement in a vehicle by a resident of the urban 
area. There are no round trips but rather two or more one-way trips. The only trips 
considered here are internal trips, so-called because both origin and destination are 
within the boundaries of the survey area. External trips to or from points beyond the 
external cordon are not included. The external phase of the basic surveys was con
cerned only with automobile travel beyond the cordon and only automobile-driver trip 
information was included. These external automobile-driver trips amounted to about 
5 percent of the total internal and external automobile-driver trips in the largest urban 
areas and about 45 percent in the smallest cities included in this study. 

As the term is used in these surveys, mode of travel depends upon (1) the type of 
vehicle used (automobile, taxi, truck, or mass-transit vehicle), and (2) the status of 
the user (driver or passenger). The modes of travel recorded in most of the individual 
surveys were as follows: automobile drivers, automobile passengers, taxi passengers, 
truck passengers, bus or streetcar passengers, railroad passengers, and passengers 
in other mass-transit vehicles. For purposes of analysis, some of these modes have 
been combined. 

The term purpose of trip is used in its obvious sense to explain why a person made 
the trip. However, for every internal trip recorded, the survey data show not only 
why the traveler went to his destination (purpose to), but also why he had been at the 
point of origin (purpose from). The purposes (both to and from) were originally ten: 
work, business, medical-dental, school, social-recreational, eat meal, shop, change 
mode of travel, serve passenger, and home. However, as with modes of travel, some 
of the trip purposes have been combined. 

Household characteristics include the numbers of persons, dwelling units, and auto
mobiles owned, and persons 5 years of age and over. Dwelling unit is used in the 
sense of the Bureau of the Census—"In general, . . . a group of rooms or a single 
room occupied or intended for occupancy as separate living quarters by a family or 
other group of persons living together or by a person living alone." 

SCOPE OF ARTICLE 
Although at the time of this analysis over one hundred comprehensive urban traffic 

surveys had been completed, trip purpose-to-purpose tabulations had been prepared in 
only 50 cities with sufficient imiformity to permit summarizing the results by city 
groups. These 50 cities seem to provide a sufficiently good distribution among the 
population groups studied so that the data are representative. 

Figure 1 shows the geographical distribution of the selected cities by population 
groups. The 50 cities accounted for 10.8 percent of the total United States population 

Table 2.—Distribution by population groups of all urbanized areas, of urban areas vhere 
origin and destination studies have been made, and of urban areas included in the 
present study 

Urban area population groups 

A l l urbanized areas, 
1950 census 

Number Percent 

Urban areas with com
pleted O & D studies 

Number Percent 

Urban areas Included 
in this study 

Number Percent 

Over 1,000,000 — 
500,00fr-l,000,000 . 
260,000-500,000... 
100,000-250,000... 
50,000-100,000.... 
Less than 50,000.. 

Total 

12 
13 
24 
70 
38 

157 

7.6 
8.3 

15.3 
44.6 
24.2 

100.0 

6 
11 
9 

43 
22 
10 

101 

5.9 
10.9 
8.9 

42.6 
21.8 
9.9 

100.0 

4 
6 
3 

20 
12 
5 

50 

8.0 
12.0 
6.0 

40.0 
24.0 
10.0 

100.0 
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in 1950, and 16. 8 percent of the urban population. As Table 2 indicates, the distribu
tion of the 50 cities by population groups among the 157 urbanized areas of the 1950 
census is only fair, but it follows very closely the group distribution of the 101 cities 
from which origin-destination traffic survey data were available. 

The present analyses have been limited to two questions: how and why residents 
make their trips within an urban area. It does not consider two other important ques
tions which relate to the origin and destination of trips within the area. Although these 
data are available for each city, records of trips from place to place within a city can
not justifiably by combined for more than one city at a time, because it is difficult to 
relate areas when so little is known about their land-use characteristics. 

The process of summarizing data to discover travel patterns, related to purpose of 
trip and mode of travel, began with the cities where the surveys were made. In each 
of the 50 cities the procedures recommended in the "Manual of Procedures for Home 
Interview Traffic Study" were generally followed, and tables were compiled in which 
trips were classified uniformly by mode of travel and purpose of trip. One tabulation 
was prepared for each mode of travel, showing the number of trips from each purpose 
to each purpose. However, the number of travel modes reported in different cities 
varied; trips by train passengers were reported only in two cities and trips by "other" 
passengers were reported only in five cities. A typical example of the basic tabula
tions for an individual city is presented in Table 3. 

In the course of assembling and combining the data from different cities i t became 
evident that certain less significant trip purposes and travel modes might advantageously 
be combined. On the average, the five least important trip purposes accovinted for less 
than 12 percent of the total number of trips, and not one of these purposes accounted 
for as much as 4 percent. These categories were combined to form a miscellaneous 
group. 

Minor trip purposes and the percentages of trips accounted for by each were as 
follows: to serve passenger, 3.4 percent; change mode of travel, 3. 3 percent; school, 
2. 3 percent; eat meal, 1. 7 percent; and medical-dental, 1.1 percent. 

In addition, since business trips amounted to less than 5 percent of all internal trips 
and were often difficult to dissociate from work trips, the two were combined as work 

MASS-TRANSIT 
PASSENGERS 

36 8% 

AUTO AND TAXI 
PASSENGERS 

22 2X 

AUTOMOBILE 
DRIVERS 

41 0% 

60 u 

10 20 30 40 
PURPOSE OF TRIP—PERCENT 

WORK AND BUSINESS SOC.-REC SHOP MISC 
27 9 « 12 0% 7 9% II S « 

HOME 
40 8X 

Figure 2. Percentage dietriliution of trips according to purpose, and further c l a s s i f i e d 
by mode of travel. 



Table 3.—Number of trips by each mode of travel in Madison, Wis., classified according to trip purpose 

Trips from— 

Trips t o -

Trips from— 

Work Business 
Medical-

dental School 
Social-

recreation 
E a t 

meal Shop 
Change 
mode of 
travel 

Serve 
passengers Home Total 

A U T O M O B I L E D R I V E R S 

Work 8.008 
623 

49 
72 

142 
3 ,167 

270 

663 
828 

20 
20 

ISO 
171 
251 

10 
300 

2 ,624 

89 
10 
10 
10 
40 

41 
30 

522 
301 

31 
139 

1,377 
290 
698 

10 
926 

5,749 

3 ,717 
190 

9 
290 
258 

990 
468 
119 
40 

401 
101 

1,365 
21 

620 
4,234 

1,242 
210 

60 
160 

1,206 
439 
321 

20 
1,776 
6)953 

11,214 
2,164 

271 
1,092 
6 ,395 

791 
6,333 

148 
5,827 

26,486 
4 ,824 

669 
1,932 

10,039 
5,128 
8,348 

239 
12,021 
34,670 

Uustness 
8.008 

623 
49 
72 

142 
3 ,167 

270 

663 
828 

20 
20 

ISO 
171 
251 

10 
300 

2 ,624 

89 
10 
10 
10 
40 

41 
30 

522 
301 

31 
139 

1,377 
290 
698 

10 
926 

5,749 

3 ,717 
190 

9 
290 
258 

990 
468 
119 
40 

401 
101 

1,365 
21 

620 
4,234 

1,242 
210 

60 
160 

1,206 
439 
321 

20 
1,776 
6)953 

11,214 
2,164 

271 
1,092 
6 ,395 

791 
6,333 

148 
5,827 

26,486 
4 ,824 

669 
1,932 

10,039 
5,128 
8,348 

239 
12,021 
34,670 

Medlcal-deotal 

8.008 
623 

49 
72 

142 
3 ,167 

270 

663 
828 

20 
20 

ISO 
171 
251 

10 
300 

2 ,624 

89 
10 
10 
10 
40 

41 
30 

522 
301 

31 
139 

1,377 
290 
698 

10 
926 

5,749 

3 ,717 
190 

9 
290 
258 

990 
468 
119 
40 

401 
101 

1,365 
21 

620 
4,234 

1,242 
210 

60 
160 

1,206 
439 
321 

20 
1,776 
6)953 

11,214 
2,164 

271 
1,092 
6 ,395 

791 
6,333 

148 
5,827 

26,486 
4 ,824 

669 
1,932 

10,039 
5,128 
8,348 

239 
12,021 
34,670 

School 

8.008 
623 

49 
72 

142 
3 ,167 

270 

663 
828 

20 
20 

ISO 
171 
251 

10 
300 

2 ,624 

89 
10 
10 
10 
40 

119 
20 

169 
31 

522 
301 

31 
139 

1,377 
290 
698 

10 
926 

5,749 

3 ,717 
190 

9 
290 
258 

990 
468 
119 
40 

401 
101 

1,365 
21 

620 
4,234 

1,242 
210 

60 
160 

1,206 
439 
321 

20 
1,776 
6)953 

11,214 
2,164 

271 
1,092 
6 ,395 

791 
6,333 

148 
5,827 

26,486 
4 ,824 

669 
1,932 

10,039 
5,128 
8,348 

239 
12,021 
34,670 

E a t meal 

8.008 
623 

49 
72 

142 
3 ,167 

270 

663 
828 

20 
20 

ISO 
171 
251 

10 
300 

2 ,624 

89 
10 
10 
10 
40 

119 
20 

169 
31 

522 
301 

31 
139 

1,377 
290 
698 

10 
926 

5,749 

3 ,717 
190 

9 
290 
258 

990 
468 
119 
40 

401 
101 

1,365 
21 

620 
4,234 

10 

1,242 
210 

60 
160 

1,206 
439 
321 

20 
1,776 
6)953 

11,214 
2,164 

271 
1,092 
6 ,395 

791 
6,333 

148 
5,827 

26,486 
4 ,824 

669 
1,932 

10,039 
5,128 
8,348 

239 
12,021 
34,670 

Shop 
Change mode of travel.. 

8.008 
623 

49 
72 

142 
3 ,167 

270 

663 
828 

20 
20 

ISO 
171 
251 

10 
300 

2 ,624 

29 
10 
70 

341 

119 
20 

169 
31 

522 
301 

31 
139 

1,377 
290 
698 

10 
926 

5,749 

139 
20 

349 
691 

990 
468 
119 
40 

401 
101 

1,365 
21 

620 
4,234 

11 

1,242 
210 

60 
160 

1,206 
439 
321 

20 
1,776 
6)953 

11,214 
2,164 

271 
1,092 
6 ,395 

791 
6,333 

148 
5,827 

26,486 
4 ,824 

669 
1,932 

10,039 
5,128 
8,348 

239 
12,021 
34,670 

Serve passengers 
Home 

1,924 
12,648 

663 
828 

20 
20 

ISO 
171 
251 

10 
300 

2 ,624 

29 
10 
70 

341 
209 

1,331 

522 
301 

31 
139 

1,377 
290 
698 

10 
926 

5,749 

139 
20 

349 
691 

990 
468 
119 
40 

401 
101 

1,365 
21 

620 
4,234 

20 
99 

1,242 
210 

60 
160 

1,206 
439 
321 

20 
1,776 
6)953 

11,214 
2,164 

271 
1,092 
6 ,395 

791 
6,333 

148 
5,827 

26,486 
4 ,824 

669 
1,932 

10,039 
5,128 
8,348 

239 
12,021 
34,670 

Total 

1,924 
12,648 

663 
828 

20 
20 

ISO 
171 
251 

10 
300 

2 ,624 

29 
10 
70 

341 
209 

1,331 

522 
301 

31 
139 

1,377 
290 
698 

10 
926 

5,749 

139 
20 

349 
691 

990 
468 
119 
40 

401 
101 

1,365 
21 

620 
4,234 

20 
99 

1,242 
210 

60 
160 

1,206 
439 
321 

20 
1,776 
6)953 

26,486 
4 ,824 

669 
1,932 

10,039 
5,128 
8,348 

239 
12,021 
34,670 

Total 26,903 5,077 609 1,960 9,943 5,663 8 ,359 140 12,367 33 ,235 104,246 

A U T O M O B I L E P A S S E N G E R S 

Work 191 
41 

63 
217 

21 
62 
82 
10 
63 

30 
30 

203 
184 

62 
256 

3 ,739 
251 
535 

20 

603 
20 

196 
153 

72 
20 

461 
20 

708 
22 

71 3,971 
725 , 
303 
871 

10,048 
690 

2,673 
271 

5,228 
1,380 

458 
1,642 

14,909 
1,679 
4,101 

363 

191 
41 

63 
217 

21 
62 
82 
10 
63 

30 
30 10 

10 
82 
89 

267 
11 

203 
184 

62 
256 

3 ,739 
251 
535 

20 

603 
20 

196 
153 

72 
20 

461 
20 

708 
22 

71 3,971 
725 , 
303 
871 

10,048 
690 

2,673 
271 

5,228 
1,380 

458 
1,642 

14,909 
1,679 
4,101 

363 

MedlcaMental 

191 
41 

63 
217 

21 
62 
82 
10 
63 

30 
30 10 

10 
82 
89 

267 
11 

203 
184 

62 
256 

3 ,739 
251 
535 

20 

603 
20 

196 
153 

72 
20 

461 
20 

708 
22 

3 ,971 
725 , 
303 
871 

10,048 
690 

2,673 
271 

5,228 
1,380 

458 
1,642 

14,909 
1,679 
4,101 

363 

School 20 
92 

441 
29 
30 

63 
217 

21 
62 
82 
10 
63 

53 
10 

io" 

10 
10 
82 
89 

267 
11 

203 
184 

62 
256 

3 ,739 
251 
535 

20 

188 
297 

196 
153 

72 
20 

461 
20 

708 
22 

3 ,971 
725 , 
303 
871 

10,048 
690 

2,673 
271 

5,228 
1,380 

458 
1,642 

14,909 
1,679 
4,101 

363 

Social-recreation 
20 
92 

441 
29 
30 

63 
217 

21 
62 
82 
10 
63 

53 
10 

io" 

10 
10 
82 
89 

267 
11 

203 
184 

62 
256 

3 ,739 
251 
535 

20 

188 
297 

196 
153 

72 
20 

461 
20 

708 
22 

101 

3,971 
725 , 
303 
871 

10,048 
690 

2,673 
271 

5,228 
1,380 

458 
1,642 

14,909 
1,679 
4,101 

363 

Eat meal 

20 
92 

441 
29 
30 

63 
217 

21 
62 
82 
10 
63 

53 
10 

io" 

10 
10 
82 
89 

267 
11 

203 
184 

62 
256 

3 ,739 
251 
535 

20 

188 
297 

196 
153 

72 
20 

461 
20 

708 
22 

101 

3,971 
725 , 
303 
871 

10,048 
690 

2,673 
271 

5,228 
1,380 

458 
1,642 

14,909 
1,679 
4,101 

363 
Shop 

20 
92 

441 
29 
30 

63 
217 

21 
62 
82 
10 
63 

53 
10 

io" 

10 
10 
82 
89 

267 
11 

203 
184 

62 
256 

3 ,739 
251 
535 

20 
62 
10 

196 
153 

72 
20 

461 
20 

708 
22 

10 
10 

3 ,971 
725 , 
303 
871 

10,048 
690 

2,673 
271 

5,228 
1,380 

458 
1,642 

14,909 
1,679 
4,101 

363 Change mode of travel 

20 
92 

441 
29 
30 

63 
217 

21 
62 
82 
10 
63 

53 
10 

io" 

10 
10 
82 
89 

267 
11 

203 
184 

62 
256 

3 ,739 
251 
535 

20 
62 
10 

196 
153 

72 
20 

461 
20 

708 
22 

10 
10 

3 ,971 
725 , 
303 
871 

10,048 
690 

2,673 
271 

5,228 
1,380 

458 
1,642 

14,909 
1,679 
4,101 

363 

20 
92 

441 
29 
30 

203 
184 

62 
256 

3 ,739 
251 
535 

20 
62 
10 

196 
153 

72 
20 

461 
20 

708 
22 

10 
10 

3 ,971 
725 , 
303 
871 

10,048 
690 

2,673 
271 

5,228 
1,380 

458 
1,642 

14,909 
1,679 
4,101 

363 

Home - . 4,533 901 313 2,676 9,384 668 2,421 285 21,071 

Total 

4,533 901 313 2,676 9,384 668 2,421 285 21,071 

Total 5,377 1,409 446 3 ,145 14,624 1,638 4 ,063 477 19,552 50,731 5 ,377 1,409 446 3 ,145 14,624 1,638 4 ,063 477 19,552 50,731 

S T R E E T C A R A N D B U S P A S S E N Q E R S 

Work. . - - 130 
30 

69 
60 
10 
40 
41 
20 
49 
10 

20 10 
20 
10 
90 
20 

454 
50 
59 

140 
30 
20 

180 
159 
40 

131 
70 

604 220 
60 

176 
10 
20 
60 
41 

7,429 
805 
300 

5,213 
3 ,268 

363 
2 ,622 

161 

8 ,697 
1,005 

360 
6,618 
3 ,669 
1,331 
2,992 

518 

Biisln^s 
130 
30 

69 
60 
10 
40 
41 
20 
49 
10 

20 10 
20 
10 
90 
20 

454 
50 
59 

140 
30 
20 

180 
159 
40 

131 
70 

604 220 
60 

176 
10 
20 
60 
41 

7,429 
805 
300 

5,213 
3 ,268 

363 
2 ,622 

161 

8 ,697 
1,005 

360 
6,618 
3 ,669 
1,331 
2,992 

518 

Medical-dental 

130 
30 

69 
60 
10 
40 
41 
20 
49 
10 

10 
20 
10 
90 
20 

454 
50 
59 

140 
30 
20 

180 
159 
40 

131 
70 

220 
60 

176 
10 
20 
60 
41 

7,429 
805 
300 

5,213 
3 ,268 

363 
2 ,622 

161 

8 ,697 
1,005 

360 
6,618 
3 ,669 
1,331 
2,992 

518 

School _ , 161 
20 

434 
40 

110 

69 
60 
10 
40 
41 
20 
49 
10 

20 
20 

10 
20 
10 
90 
20 

454 
50 
59 

140 
30 
20 

180 
159 
40 

131 
70 

653 
40 

201 
70 
20 

150 
69 

176 
10 
20 
60 
41 

7,429 
805 
300 

5,213 
3 ,268 

363 
2 ,622 

161 

8 ,697 
1,005 

360 
6,618 
3 ,669 
1,331 
2,992 

518 

Social-recreation 
161 
20 

434 
40 

110 

69 
60 
10 
40 
41 
20 
49 
10 

20 
20 

10 
20 
10 
90 
20 

454 
50 
59 

140 
30 
20 

180 
159 
40 

131 
70 

653 
40 

201 
70 
20 

150 
69 

176 
10 
20 
60 
41 

7,429 
805 
300 

5,213 
3 ,268 

363 
2 ,622 

161 

8 ,697 
1,005 

360 
6,618 
3 ,669 
1,331 
2,992 

518 

E a t meal 

161 
20 

434 
40 

110 

69 
60 
10 
40 
41 
20 
49 
10 

20 
20 

10 
20 
10 
90 
20 

454 
50 
59 

140 
30 
20 

180 
159 
40 

131 
70 

653 
40 

201 
70 
20 

150 
69 

176 
10 
20 
60 
41 

7,429 
805 
300 

5,213 
3 ,268 

363 
2 ,622 

161 

8 ,697 
1,005 

360 
6,618 
3 ,669 
1,331 
2,992 

518 
Shop 

161 
20 

434 
40 

110 

69 
60 
10 
40 
41 
20 
49 
10 

10 

10 
20 
10 
90 
20 

454 
50 
59 

140 
30 
20 

180 
159 
40 

131 
70 

201 
70 
20 

150 
69 

40 
40 

7,429 
805 
300 

5,213 
3 ,268 

363 
2 ,622 

161 

8 ,697 
1,005 

360 
6,618 
3 ,669 
1,331 
2,992 

518 Change mode of travel 

161 
20 

434 
40 

110 

69 
60 
10 
40 
41 
20 
49 
10 

10 

10 
20 
10 
90 
20 

454 
50 
59 

140 
30 
20 

180 
159 
40 

131 
70 10 

201 
70 
20 

150 
69 

40 
40 

7,429 
805 
300 

5,213 
3 ,268 

363 
2 ,622 

161 

8 ,697 
1,005 

360 
6,618 
3 ,669 
1,331 
2,992 

518 
Scive passengers 

161 
20 

434 
40 

110 

69 
60 
10 
40 
41 
20 
49 
10 

10 
20 
10 
90 
20 

454 
50 
59 

140 
30 
20 

180 
159 
40 

131 
70 10 

201 
70 
20 

150 
69 

40 
40 

7,429 
805 
300 

5,213 
3 ,268 

363 
2 ,622 

161 

8 ,697 
1,005 

360 
6,618 
3 ,669 
1,331 
2,992 

518 

flome 8,153 1,118 382 5,556 3 ,238 361 1,730 210 20,748 

Total 

8,153 1,118 382 5,556 3 ,238 361 1,730 210 20,748 

Total 9,078 1,417 452 6,269 4,008 1,468 2 ,500 596 20,061 46,839 9 ,078 1,417 452 6,269 4,008 1,468 2 ,500 596 20,061 46,839 

T A X I P A S S E N G E R S 

W o r k . . . . , 
Business.* 
Medical-dental. 

41 
10 
10 

20 
10 

50 30 
20 
10 

10 
10 

413 
149 
131 

574 
209 
151 



Bcnooi 
Social-recreation 
E a t meal 
Shop 
Change mode of travel.. 
Serve passengers 
Home 

Total. 

Work 
Business 
Medical-dental--
School 
Soctal-reereation 
E a t meal 
Shop 
Change mode of travel.. 
Serve passengers 
Home 

Total. 

Work -
Business!..-
Medical-dental 
School 
Social-recrcation 
E a t meal 
Shop 
Change mode of travel.. 
Serve passengers 
Home 

Total . 

21 
20 
JO 
10 

804 

946 180 

110 

160 

11 
79 
10 

20 

"soo" 

20 
20 

60 

120 

10 
40 

102 

162 

T R U C K P . \ S S E N O E R S 

103 10 

A L L M O D E S O F T R A V E L 

8,462 
704 
59 

253 
275 

4,062 
369 
ISO 

1,924 
26,149 

815 
1,115 

51 
112 
324 
201 
363 
20 

300 
4,782 

42,407 8,083 

189 
40 
10 
83 
70 

49 
10 
70 

1,146 

51 
TO 
20 

301 
129 
890 
92 
59 

209 
9.802 

1,667 11,623 

535 
113 
586 

5,354 
591 

1,264 
120 
926 

18,881 

29,265 

4,734 
220 

9 
1,051 

615 

"""261" 
40 

349 
1,670 

8,889 

1,416 
" 671 

191 
261 
922 
151 

2,263 
102 
620 

8,487 

15,084 

246 
10 
20 
60 

152 

61 
50 
20 

1,302 

1,242 
210 
50 

150 
1,20« 

439 
321 
20 

1,776 
6,953 

12,367 

23,058 
3,843 
1,005 
7,297 

20,192 
1,884 

10,618 
690 

5,827 

74, 414 

121 162 
481 612 
40 80 
90 160 

110 140 

2,043 

1,535 4,131 

123 

21 

41,108 
7,418 
1,528 

10,164 
29,239 
8,218 

15,601 
1,261 

12,021 
78,553 

205,101 

Table 4.—Number and percentage of trips by each mode of travel in 50 cities, classified according to trip purpose 

Mode of liavel 

T i ip purpose 

Mode of liavel Work and business Social and ri icreatioii Shop Miscellaneous | Homo Totj l 
Mode of liavel 

Number Percent Number Percent Number Percent Number Percent Number Pel cent Numlifi Pel cent 

Automobile drivers 
Automobile and ta.\i pas

sengers 
Mass-transit passengers 

Total -

3,679,848 

1,065,361 
3,014,103 

13 2 

3 9 
10.8 

1,079,942 

1,520,382 
736,487 

3.9 

5 5 
2 6 

910,831 

488. 798 
690.435 

3 3 

1 6 
2.6 

1,524,373 

480,546 
1,270,461 

5 r, 

1 7 
4 6 

4,187,918 

2. t)34,629 
4,487, 641 

15 1 

9.5 
16.2 

11,382,912 

fi.195,716 
10,199,027 

41.0 

22 2 
36 8 

Automobile drivers 
Automobile and ta.\i pas

sengers 
Mass-transit passengers 

Total - 7,759,312 27.9 3,336,811 12.0 2,090,064 7 5 3,281,380 11.8 11,310.088 40 8 27, 777, r.5.9 100.0 

o 
CJl 
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WORK AND BUSINESS 
0 10 2 0 3 0 

1,000,000 
AND OVER 

IE 
500.000 

TO 
I, 000,000 

31 
2*0,000 

TO 
SOO, 000 

ISC 
100, 000 

TO 
290,000 

3C 
so, 000 

TO 
100, 000 

LESS 
THAN 

90; 000 

ALL 
GROUPS 

SOCIAL-RECREATIONAL 
0 10 2 0 3 0 

I I 
^-AUTO DRIVERS 

AUTO at*XI "ss 

MISCELLANEOUS 
0 10 20 

MASS-TRANSIT PASS. 

ALL MODES 
OF TRAVEL 

10 2 0 3 0 0 10 0 10 2 0 

PERCENTAGE DISTRIBUTION 
10 2 0 3 0 4 0 9 0 

Figure 3. Percentage distribution of trip s according to purpose, and further c l a s s i f i e d 
by mode of travel emd population group. 

SUMMARY FOR 50 CITIES 
Al l of the internal trips by residents of the 50 urban areas have been combined in 

Table 4 and classified according to the five purposes and three modes of travel. Of the 
total trips numbering almost 28 million, trips by automobile drivers accounted for the 
largest share and were followed in order by mass-transit passengers and automobile 
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POPULATION 
GROUPS , 

1.000.000 
AND 0VE.R 

3t 

5 0 0 , 0 0 0 
TO 

1,000,000 

AUTO DRIVERS AUTO AND TAXICAS RftSSEMGERS MASS-TRANSIT PASSENGERS 
0 10 20 30 4 0 SO 6 0 7 0 SO 0 lO 20 30 40 5 0 6 0 0 10 20 30 4 0 50 6 0 70 

I I I 
I WORK AND BUSINESS 

L r - -SOCIAL-RECREATIONAL 
-SHOPPING I 
-MISCELLANEOUS 

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
HOME 

ALL PURPOSES I 

mmmmmmm 
2 5 0 , 0 0 0 

5 0 0 , 0 0 0 

I00 .00U 

250. 0 0 0 

so. 0 0 0 

IO0.0O0 

5 0 . 0 0 0 

PERCENTAGE DISTRIBUTION 

Figure k. Percentage distribution of trip s according to mode of travel, and further 
c l a s s i f i e d by purpose and population group. 

and taxi passengers. Homeward-bound trips predominated among the five major trip 
purposes; work and business trips ranked second, and were followed by social-recre
ational, miscellaneous, and shopping trips in that order. 

Although automobile drivers represented the predominant travel mode, mass-transit 
passengers traveling home constituted the largest mode-purpose category, accounting 



Table 9.—Number of trips by automobile drivers and automobile and taxi passengers in each of 50 cities in six population groups, classified 
according to trip purpose 

C i t y Population 
group 

Number of automobile-driver trips made for purposes of-

Work and 
busmess 

Soclfil and 
recreation 

Shop Miscel
laneous 

Home Total 

Number of automobile- and taxi-passenger trips made for 
purposes of— 

Work and 
business 

Social and 
recreation 

Shop Miscel
laneous 

Home Tota l 

Philadelphia, P a . . . -
San Francisco, Calif-
Newark, N . J . - - -
Washington, D . O 

Total 

St. Louis , Mo — -
S t . P a u l - M i n n e a p o U s , 

M i n n . 
Baltimore, M d 
Houston, Tex-- -
Dallas, Tex 
Seattle, Wash 

Tota l 

Portland, Oreg 
Norfolk, V a 
Ban Juan, P . R 

T o t a l 

Wichita, K a n s 
Grand Rapids, M i c h 
Honolulu, T . H 
Sacramento, Oallf 
Salt L a k e C i t y , U t a h . . . . . 
WUmlngton, De l 
Phoenix, A r i z . 

,1,000,000 and 
over. 

500,000-
' 1,000,000. 

•250,000-500,000 

301,490 
423,673 
223, &j9 
194,301 

1,143,303 

167,001 
249,043 

138,682 
283,079 
148,116 
124,257 

1,110,178 

143,170 
80,240 
10,948 

234,358 

109,142 
89,493 
40,100 
67,802 
44,212 
37,525 
62,481 , 

69,602 
113,942 
56,575 
60,873 

32,648 
86,146 
36,654 
45,886 

72,655 
208,899 
47,579 
85,263 

253,419 
388,421 
278,601 
145,210 

729,714 
1,221,081 

613,248 
631,5.13 

76,711 
117,717 
fA 513 
8 4 , 0 7 2 

94,494 
163.363 

(HJ, 022 
96.660 

23, ,336 
47,283 
21,021 
25,047 

45,475 
51.975 
20,164 
33,706 

180,142 
260,284 
154,154 
174,892 

420,158 
640,622 
326,874 
414,377 

300,892 

31,195 
85,221 

30,395 
82,573 
45.630 
34,461 

201,334 

21.747 
53,954 

21.055 
114,278 
61,217 
24,318 

414,396 

18,806 
109,868 

22,263 
161,984 
89,696 
35,910 

1,165 ,651 

216 ,635 
285 ,156 

136.185 
.3X8,703 
208,231 
13.% 261 

3,225,576 

455,384 
783,242 

348,680 
1,030,617 

552,890 
.354,207 

344.013 

30,2,'i3 
56,491 

44.871 
83,945 
40,814 
.33,336 

420,539 

12,a54 
128,090 

35,016 
112,089 
68,188 
46,603 

116,687 

4,526 
31,694 

13,278 
60,187 
22,573 
12,901 

151,320 

2,931 
22,648 

18,835 
69,110 
33,700 
9,224 

769,472 

45,719 
178,663 

91,386 
242,110 
115.969 
79,670 

1,802,031 

95,483 
417,586 

203.386 
567,441 
281,244 
181,734 

309,475 

41,5.36 
26,500 
4,098 

37,772 
19,080 
1,389 

438,527 

55,4.54 
24,220 
5,004 

1,370,171 

140,772 
92,710 
9.384 

3,524,920 

418,704 
242.750 
30 823 

289,710 

34,619 
30,960 
5,305 

402,040 

69,522 
31,990 
8,639 

145,159 

20.424 
12,940 
1,411 

156,448 

9,722 
18,180 
3,654 

753,517 

89.206 
70,360 
12.630 

1,746,874 

223,493 
164,4.30 
31,539 

72,134 

26,936 
34,859 
29,282 
16,968 
15,343 
11,243 
21,784 

58,241 

3 7 . 0 ) 1 
, ; M , 8 8 9 

14, U S 
21 ,702 

8 ,499 
7 , 2 7 5 

3 2 , 2 5 2 

84,678 

67,088 
.39,578 
27.995 
.18,760 
13,073 
15.K77 
42,374 

242,866 

131,879 
111,094 
63,209 
69,840 
51,126 
38,5;;i 
78,069 

692.277 

372.096 
.109.913 
174,704 
215,072 
132,2.W 
110,481 
236,960 
11.. in^ 

70,884 

41,478 
22,531 
1.5,335 
18,328 
l.%728 
15,446 
17,834 

110,151 

32,520 
57.674 
43,022 
21.922 
23,765 
17,014 
31.533 

34,775 

19,857 
18,282 
9,644 

10,078 
.5,590 
3,815 

16,397 

31,456 

21,355 
9,177 

11,707 
6,801 
3,173 
6,384 

12,997 
3 tsxt. 

172,196 

84,004 
77.351 
64,443 
41,130 
37, .338 
33,029 
49,599 
91 741 

419,462 

199,214 
185,015 
144,151 
98,259 
85,594 
75,688 

128.360 
.|>1 



Spokane, Wash 

f ^ u t h , ° k l n n . ! ' S u p e r i o r , 
Wis. 

Chester, P a . -
Tucson, Ariz 
Lansing, Mich 
Beading, P a . . . - — -
Albuquerque, N . Mex . . - . 
Kookford,!!! 
Saginaw, M i c h 
Madison, W i s 
Harrisburg, P a 

Total -

Johnstown, P a 
Altoona, P a 
Muskegon, M i c h 
Poutiac, M i c h . _ 
Columbus, Q a 
Kacine, Wis 
Macon, Q a 
York , P a 
Charleston, S. C 
Kalamazoo, Mich 
B a y C i ty , Mich 
Wtlliamsport, P a 

Tota l 

Fargo, N . Dak . , Moor-
head, M i n n . 

Sharon-Farrell, P a . -
Norrlstown, P a 
Appleton, W i s . - — - — . -
Wisconsto Rapids, W i s . . . 

Tota l 

G r a n d tota l - . 

100,000-250,000 

}50,00O-100,000 

Less than 
' 50,000. 

A l l groups. -

32,262 9,028 5.961 7,748 42.510 97,512 8,706 10.201 3,971 3,07U 22,087 48,038 
17,326 5,278 2.817 4.422 21,926 51,769 ^ 795 10,249 3,130 962 18,151 38,587 
34,449 10,559 7,424 13,089 31,458 96,979 9,230 23,006 5,183 2,582 26,015 66.016 

15.279 4.860 4,023 4,843 21,601 50,li06 6.694 6,057 .3,029 1,243 15,022 32,045 
45,830 14,340 17.110 a , 720 .kj. 510 154,510- ll,i)65 20.942 9,387 8,144 31.832 81,870 
46.857 12,212 14,461 23.259 46,800 11.3,589 10,893 19.009 5,421 5,192 2.'), 683 66,198 
24,896 4,177 2,818 7.993 21,022 60,900 6,579 4,229 1,676 2,002 11,928 26,414 
38,940 14,575 10,769 19.888 4,% 287 129,459 n.2.'i8 27,045 4,753 4,085 Xi. 1.37 80,278 
47,261 17,592 11,932 ia. 891 6."), 040 l.W, 716 12,988 22,768 8,353 2,179 37.307 83,595 
40,051 10.614 16,068 ^2^ 296 .•>(), 860 142, S89 11,176 18.900 7,311 4,539 .30,063 71,989 
31,980 9,943 8,359 20,729 :u, 235 104,246 8,015 l.\314 4,225 6,.̂ 34 21,12S 5.5,016 
25,130 6,057 5,121 9,474 25,130 70,912 6,222 9,757 2,405 1,527 15,801 35,715 

888,964 287,031 270.770 433,692 1,042,586 2,923,043 261,644 428,819 146,796 116.747 696,795 1,653,801 

r 13,488 4,356 4,944 3,984 13,956 40, 728 3,0(il 
.̂ ,936 

«, 183 2,415 1,166 9,639 22,464 
16,224 6,296 r-,, 423 6,186 20,940 .i5, 069 

3,0(il 
.̂ ,936 9.054 3,512 856 13,811 31,169 

24,158 12,721 li,969 ii.m .i2,209 87, 416 8,898 21,526 3,975 2,109 25,787 62,295 
22,089 .•1,809 5, .582 13,195 27,648 74. .323 9,690 9,669 3,162 2,60:i 19,326 44, LW 
17,602 ,5,507 5,882 7,212 2.'), e-w 61,861 8.377 4,227 1,928 2,929 13,393 30,854 
25,117 8,384 7,303 IB, 775 27.210 84.789 5,642 11,721 3,385 3,366 15,862 .39,976 
17,645 1,953 2,549 6,137 21,233 49,517 . 8,413 .1,711 2.214 1,177 14,275 30.090 
33,651 7,777 5,381 13,841 26,755 87,405 9,377 9,080 3,477 2,261 16,999 11,197 
13.227 6,957 3,718 4,222 18,720 4.% 844 6,203 8,662 2,435 1.071 15,493 33,861 
24,162 10,237 5,329 10,141 29,911 79,780 6,421 11,464 3,223 2,757 17,568 11,136 
21,430 13,660 9,085 16,461 32,834 9.3,470 6,313 18,884 4,132 3,169 22,988 55,186 
13,772 5,304 2,908 8,198 17,890 48.072 .3,362 5,902 2,083 1,088 10,140 22,575 

. 242,565 87,961 65,073 117,711 294,964 808,274 79,696 120,083 35,941 21,855 195,281 155,856 

22,435 7,795 3,996 12,797 22,502 69,525 6,286 18,315 2,286 1,717 17,950 16,581 

12,103 5,267 4,848 7,209 15.503 44,935 3,171 8,364 2,306 
886 

698 10,916 25,158 
7,097 3.198 1,7.̂ 4 3,310 11,949 27,308 3.046 2,927 

2,306 
886 801 6,464 11,121 

13,309 4,277 6,058 7,929 14,945 46.518 2.506 6,895 3,056 1,151 8,631 22,212 
5,536 1,912 2,188 4,124 6,776 20,536 1,402 2,249 906 1,320 3,407 9,281 

60,480 22,449 18,844 35,369 71,680 208,822 16,414 38,750 9,440 5,720 47,368 117,692 

3,679,848 1,079,942 910.831 1,524,373 4,187,918 11,382,912 1,065,361 1,520.382 488,798 186,516 2,634,629 6,195,716 



Table 10.—Number of trips by mass-transit passengers and by all modes of travel in each of 50 cities in six population groups, classified 
according to trip purpose 

C i t y 
Population 

proup 

Xumber of mass-transit passenger trips made for purposes ot-

AVork anfl 
business 

Srcloland 
recreation 

Shop Miscel
laneous 

Home Total 

X u m b e r of trips by all modes of travel for purposes of— 

AVorkand 
business 

Social and 
recreation 

Shop Miscel
laneous 

Home Total 

Philadelphia, P a 
San Francisco, C a l i f - -
New-ark, N . .1 
Washington, D . C 

Total 

Pt Louis , M o . . -
St. Paul-Minneapolis, 

Minn . 
Baltimore, M d 
Houston, T c \ 
Pallas, Tex 
Seattle, Wash 

Tota l 

Portland, Orcg 
Xorfolk, V a 
San Juan, P . R — 

Total 

•Wichita, K a n s 
Orand Rapids, M i c h . . 
Honolulu, T . H 
Sacramento, Calif . -
Salt Lake Ci ty , Utah . . 
Wilmington, Del 
Phfoenix, A r i i . ' 
Tacoma. Wash 

l,O0n.(K)0 and 
over. 

.')On,oni)-
1,000,000. 

m, 5.i7 
296,82,^ 
284, « 4 
237,164 

1,401,980 

428.806 
137,017 

201,860 
60,022 
68,066 
81,675 

983,146 

75,407 
40,920 

250,000-500,000 { 59,449 

175,776 

18,508 
23,407 
34,179 
14,517 
21,079 
28,532 
15,863 
14,967 

135,154 
79,652 
78,023 
!>2,699 

126,102 
66,397 
78,313 
38,872 

692,382 
86,241 
.54,244 
51,167 

861,013 
414,667 
453,361 
298,058 

2,398,208 
943,782 
948,375 
677,960 

961,758 
838, 215 
573,786 
515,537 

299,150 
356,957 
200,620 
210,232 

182,086 
199,826 
135,988 
109,805 

810,512 
347,115 
121,987 
170,136 

1,294,574 
1,063,372 

886,116 
718,160 

3,548,080 
2,80.5,485 
1,918,497 
1,723,870 

345,528 

69,134 
29,327 

44. 773 
8,K«) 
7,421 

25, 713 

309,684 

70,793 
33,728 

42,922 
14,227 
12,317 
27,015 

884,034 

30,495 
30,394 

46,233 
44,125 
22,299 
16,532 

2,027,099 

562,209 
201,235 

307,263 
119,265 
95,9(« 

1.32,308 

4,968,325 

1,161,437 
431,701 

642,751 
252,269 
206,071 
283,243 

2,889,296 

626,060 
442, 551 

385,113 
433,046 
256,996 
239,268 

1,066,959 

112,383 
242,638 

110,184 
203,292 
121,2.39 
106,777 

627,705 

97,066 
119,376 

77,255 
188,692 
96,107 
04,234 

1,449,750 

52,2,32 
162,910 

87,331 
27.5,219 
145,695 
61,666 

3,962,222 

824,563 
665,054 

.534,8.34 
750,078 
420,168 
347,2.39 

9,995,932 

1,712,304 
1,632,529 

1,194,717 
1,8,W, 327 
1,040,205 

819,184 

184,998 

27,190 
8,230 

16,889 

201,002 

24,837 
7,180 

10,040 

190,078 

10.8.38 
6,060 

43,450 

1,418,248 

110,779 
55,350 
85,142 

2,977,472 

249,051 
117,740 
214,970 

2,383,034 

25.3,196 
1.52,120 
75,702 

896, 513 

138,248 
66,720 
29,626 

642, 730 

83,0.33 
39,200 
12.840 

785,053 

76,014 
48,460 
52.008 

3, 541,936 

340,757 
218,420 
107,156 

8, 249,266 

891,248 
524,920 
277,332 

52,309 

3,484 
6,942 

18,845 
.3,708 
7,642 
9,317 
.5,046 
4,724 

42,057 

.5.349 

.5, 704 
9,064 
3,917 
6.332 
6,551 
5,484 
4.742 

60,348 

8,927 
3, .331 

17. 751 
8,770 
3. 735 
7.2*4 

10,897 
5,340 

251,271 

31.441 
34,176 
82,366 
27,344 
35,060 
46,242 
34,028 
25,400 

581,761 

67,709 
73,560 

162,205 
58,256 
73,848 
97,886 
71,318 
55.173 

481,018 

169,128 
1.35,431 
89,614 

100,647 
81,019 
81,503 
96,178 
61.758 

231,594 

02,940 
99,475 
91,149 
42,598 
46, 750 
37,574 
.58.36;{ 

135,073 

62,2.57 
.58,875 
32,826 
.35,697 
20,421 
17,641 
54,133 
16,846 

176,482 

97,370 
.52,086 
57,453 
.54,331 
19,981 
29,505 
66,268 
23,229 

666,333 

247,324 
222,621 
210,018 
138,314 
123, .524 
11.7,832 
161,696 
87.573 

1,693,500 

639,019 
568,488 
481,060 
371, 587 
291,695 
284,055 
4.36,638 
219,403 



Bpolcane, vvasti — 
Rcianton, P a . - » — 
Duluth , M i n n , Superior, 

Wis - — 
Chester, P a 
Tucson, A r i l 
Lansing, M i c h 
Reading, P a — — - -
Albuquerque, N . M c c . -
Kockford, 111 
Saginaw, Mich 
Madison, Wis 
Harrisburg, P a - -

Total . , 

100,000-2,TO,OO0I 

Johnstown, P a 
Altoona, P a 
Muskegon, Mich 
Pontiac, Mich 
Columbus, G a 
Raoine, W i s — 
Macon, G a 
York, P a 
Charleston, S. C 
Kalamazoo, M i c h . . . 
B a y C i t y , Mich 
•Williamsport, P a . . -

Total . . 

}50,000-100,000 

Fargo, N . Dak. , Mooi-
head, M i n n 

Sharon-Farrell, P a 
Norristown, P a — 
Appleton, Wis -. 
Wisconsin Rapids, W i s . . 

Less than 
50,000. 

Total 

Grand total A l l groups. 

14, HIS 
15,765 

4,979 
9,282 

b, 177 
14,017 

5,087 
1,9$0 40,238 

63,218 
81,262 

55,883 
38,886 24,809 

10, ll.'> 
20,264 

10, s/a 
7,344 

»o, mi 
8p,315 

2UH, V t>8 
171,618 

17,648 
8.197 
7,310 
8.543 

23,717 
8,668 

10,911 
6,217 

10,495 
26,782 

7,244 
1.922 
2.4<l<) 
2.719 
•t. 907 
3, .197 
3,0.19 
2,074 
4,008 
9,578 

4.953 
2.311 
2.640 
2, .183 
4. 731 
A 069 
«, 749 
1,427 
2,500 
5,861 

2.468 
3,057 
5,590 
3, 797 
3. 552 
2,266 
1,354 

871 
8.785 
3,299 

27,658 
12,680 
16,290 
14,478 
32,885 
15,290 
20,484 
9,471 

20,0.11 
38,592 

59,971 
28,167 
34,320 
32,120 
69,792 
32,890 
42, 557 
20,060 
45,839 
84,112 

61,327 
30,170 
64,705 
66,293 
55,192 
.18,866 
71,160 
57,444 
50,490 
58,134 

40,809 
12,839 
37,772 
33,940 
13,313 
4.1,217 
43,419 
31, .188 
29,265 
25,392 

17,560 
9.36:< 

29.137 
22,465 
9, 22,1 

18, S91 
27,034 
24,806 
1.1,084 
13,387 

18,139 
9,143 

37,454 
32,248 
13. .147 
26,2:<9 
17,424 
30,706 
3,1.848 
14,300 

85,131 
49,303 

101,632 
86,901 
65,835 
93,714 

122,831 
90,394 
74,414 
79,526 

222,966 
110,818 
270,700 
241,907 
1.17,112 
242,627 
281,868 
234,938 
205,101 
190, 739 

. 330,220 115, .167 104,161 108,051 596,264 1,254,263 1,483,828 831,417 521, 727 6.18,490 2,335,645 5,831,107 

1 11,424 
6,107 
6, .373 
7,122 

21,645 
7,653 

20,549 
4,281 

10,498 
7,189 
4.955 
2,401 

3,924 
1,823 
4,022 
1,949 
2,894 
2,916 
4,418 
1,377 
.1,068 
2,546 
1,978 

781 

3.132 
2.391 
2,307 
1,648 
3,765 
2,390 
5,006 
1,496 
2,261 
2,247 
1,239 

896 

1,176 
946 
574 

4,813 
4,024 
2.832 
2,915 
1,345 

789 
3,031 
1,337 

498 

17,940 
10,300 
11,360 
12,768 
30,903 
11,257 
33,154 
6,637 

15,885 
11,144 
7,017 
3,971 

37,596 
21,567 
24,636 
28,300 
63,231 
27,048 
66,042 
15,036 
34,501 
26,157 
16,526 
8,547 

27,973 
26,267 
39,429 
38,901 
47,624 
38,412 
46,607 
47,309 
29,928 
37,775 
32,698 
19,535 

14,463 
17,173 
38, 269 
17,427 
12,628 
23,021 
10,082 
18,234 
19,687 
24,247 
34,522 
11,987 

10,491 
11,326 
13, 251 
10,392 
11, 575 
13,078 
9,769 

10,354 
8,414 

10,799 
14,456 
5,887 

6,326 
7,988 

14,042 
20,611 
14,165 
22,973 
10,529 
17,450 
6,082 

15,929 
20,967 
9,784 

41,535 
45,051 
69,356 
59,742 
69,954 
54,329 
68,662 
50,291 
50,098 
58,623 
62,839 
32,001 

100, 788 
107,805 
174,347 
147,073 
155,946 
151,813 
145,649 
143,638 
114,209 
147,373 
165,482 
79,194 

, 110,197 33,696 28,778 24,280 172, 236 369,187 432,458 241, 740 129,792 166,846 662,481 1,633,317 

3,543 1,690 1,310 885 5,994 13,422 32,264 27,800 7,592 15,429 46,446 129,531 

4,229 
3,908 
1,052 

52 

1,489 
842 
356 

12 

2,021 
973 
445 

4 

585 
1,759 

325 
116 

7,688 
6,527 
1,994 

220 

16,012 
14,009 
4,172 

404 

19,506 
14,051 
16,867 
6,990 

15,120 
6,967 

11,528 
4,173 

9,175 
3,613 
9,559 
3,098 

8,492 
5,870 
9,408 
5,560 

34,112 
24,940 
25,570 
10,403 

86,405 
55,441 
72,932 
30,224 

, 12,784 4,389 4,753 3,670 22,423 48,019 89,678 65,588 33,037 44,759 141,471 374,533 

3,014,103 736,487 690,435 1,270,461 4,487,541 10,199,027 7,759,312 3,336,811 2,090,064 3,281,380 11,310,088 27,777,655 
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With some minor exceptions, this trend occurred among trips in each purpose category. 
The mode-of-travel pattern by population groups is shown in Figure 4. For all pur

poses combined, the proportion of trips by mass-transit passengers ranged from 50 
percent in the cities with over 1 million population to 13 percent in the less than 50,000 
population group. On the other hand, trips by automobile drivers raided from 32 to 
56 percent, and automobile and taxi passengers, from 18 to 31 percent. On the basis 
of individual trip purposes, the ranges among population groups were much greater in 
some cases, as seen in Table 7. 

It is evident from Figure 4 that the privately owned automobile, considering both 
drivers and passengers, was the predominant choice for trips to all purfioses in cities 
of less than 1 million population. Automobile travel was also greatly preferred for 
social and recreational trips by residents of cities in the 1 million or more population 
group. 

Average Trips per City 
Table 8 contains the number of internal trips made by residents by each mode of 

travel and for each trip purpose in the average city within each population group. A l 
though the figures are pure arithmetic means of the total trips made in the cities within 
each population group, the volumes are indicative of what might be e:q>ected in other 
cities of similar size. Of special note is the regularly increasing volume of trips for 
each trip purpose from the smallest to the largest population group for each mode of 
travel. 

However, there appears to be a near maximum volume of automobile-driver trips 
for shopping purposes when cities reach the 500,000-1,000,000 population size. In 
cities of 1 million population and over, trips made by automobile drivers for shopping 
purposes exceeded those in the 500,000-1,000,000 population group by less than 2 per
cent. This is reflected in Table 6 which shows that automobile drivers made only 32 
percent of the shopping trips in the largest cities as compared with 46 percent in the 
next smaller population group. This difference may be e:q)lained partly by the inability 

HOME 

IT 20 
M I S C E L L A N E O U S 

SHOPPING 

SOCIAL AND RECREATIONAL 

WORK AND B U S I N E S S 

Figure 5. Percentage distribution of trip s i n each ci t y , according to purpose. 
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Figure 6. Percentage distribution of tr i p s i n each c i t y , according to mode of travel. 

of the downtown shopping districts of very large cities to accommodate automobile 
drivers and partly by the increased availability of transit facilities and taxicabs, par
ticularly around the densely populated areas in the vicinity of the central business dis
trict. 

DISTRIBUTION OF TRIPS BY INDIVIDUAL CITIES 
The number of trips by residents according to purpose in each of the 50 urban areas 

are presented in Tables 9 and 10 for automobile drivers, automobile and taxi passen
gers, mass-transit passengers, and for all modes of travel. In these tables the cities 
are listed in descending order of population size at the time of the basic survey. The 
general tendency for a greater volume of trips in the more populous urban areas ^rees 
with the same relationship already mentioned in the discussion of population groups, 
but in the case of individual cities several exceptions are apparent. The more obvious 
exceptions are readily noticed. 

The residents of San Juan made far fewer automobile-driver and automobile- and 
taxi-passenger trips than persons living in mainland cities of the same size. This 
relatively small number of trips existed throughout all the major purposes, but applied 
particularly to shopping trips. The abnormally high number of trips made in Phila
delphia for miscellaneous purposes may be related to the large number of mass-transit 
passenger trips for the intermediate purpose of changing mode of travel. In the St. 
Paul-Minneapolis area, an unusually large number of trips for social and recreational 
purposes were made by automobile. 

The high volume of mass-transit passenger trips in Philadelphia, St. Louis, and 
Honolulu is noteworthy, and conversely the relatively small number of automobile-
driver and automobile- and taxi-passenger trips in the same cities. In Houston there 
was an exceptionally large volume of trips by modes other than mass transit, particu
larly for shopping and miscellaneous purposes. A large number of automobile trips 
for all purposes is noted in Grand Rapids and Wichita. However, the relative stability 
of work and business trips and homeward-bound trips is significant throughout all cities. 
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Table 11.—Range in percentage of trips for each trip purpose by each mode of travel in 
50 cities 

Mode of travel 

Percentage range, by mode of travel, in trips made for purposes 
of— 

Work and Social and Shop Miscel Home 
business recreation laneous 

Automobile drivers: 
41.3 16.8 13 6 20.1 47.6 

M i n i m u m 22 9 4.0 4.5 4.1 30.4 
Automobile and taxi passengers: 

Maximum 31.7 39.3 13.7 12 2 47.9 
Min imum 10.6 12.3 4 5 2.5 36.7 

Mass-transit passengers: 
36.9 16.3 17 3 28.9 54.5 
12.9 3.0 1 0 2.3 3.5.9 

A l l modes of travel: 
30.0 22.0 13.1 22.8 48.2 

M i n i m u m . l a o 6.9 4.6 3.1 34.4 

Purpose Distribution 
The percentages of trips for each purpose in each of the 50 urban areas are pre

sented in Figure 5. Although generally displaying a pattern of uniformity in the per
centage distribution of trip purposes within each city, this chart reveals several pro
portional trip variations which are not readily apparent in the tables of absolute trip 
volumes. 

The large percentage of trips for miscellaneous purposes in Philadelphia again re
flects the volume of trips made by mass-transit passengers for the purpose of changing 
mode of travel. In Wisconsin Rapids the high percentage of miscellaneous trips may 
be explained by the fact that over 90 percent of the miscellaneous transit trips in this 
small Wisconsin city were to school. Madison, Wis., a university city, also had a 
relatively large proportion of trips to school. The percent^e of work and business 
trips is especially high in St. Louis, particularly among automobile and taxi passen
gers. This is undoubtedly due in part to the time of the survey which was begun just 
before the end of World War n. There are other extremes of more or less importance, 
such as the relatively small proportion of work and business trips in Honolulu, Mus
kegon, and Bay City, which, in a sense, are somewhat offset by social and recreation
al trips. However, in spite of these variations among individual cities, the over-all 
effect is to reemphasize the essentially 

Table 12.—Range in percentage of trips by 
each mode of travel for each trip purpose 
in 50 cities 

vmiform pattern of trip purposes among 
the population groups. 

Though not shown in this article, sim
ilar data also were developed for each 
separate mode of travel. In most cities 
the combination of work-business and 
home trips accounted for about 70 percent 
of all automobile-driver trips as well as 
mass-transit passenger trips, with social-
recreational and shopping trips each ac
counting for another 7 to 10 percent. On 
the other hand, trips by automobile and 
taxi passengers were more frequently 
made for a social or recreational purpose 
rather than work or business. Social and 
recreational trips generally amounted to 
one-fourth of the total trips by passengers 
in automobiles and taxis. 

Among automobile drivers, trips to 
home comprised the major portion of the 
travel in 41 cities. Work and business 
trips ranked second in these cities and 

Percentage range, by purpose 
of trip, in trips made by— 

Purpose of trip Purpose of trip 
Automo- Automo Mass-

bUe bile and transit 
drivers taxi pas

sengers 
passen

gers 

Work and business: 
Maximum 79.2 24.9 78.5 
M i n i m u m . . 14.5 4.8 .7 

Social and recreation: 
45.9 65.9 61.5 

M m i m u m . . 13.8 10.7 .3 
Shop: 

Maximum 70.6 35.4 78.2 
Mmimum 10.8 4.7 .1 

Miscellaneous: 
84.9 37.5 85.4 

M i n i m u m . . 9.0 5.6 2.1 
Home: 

Maximum 65.1 38.7 79.5 
8.8 5.6 2.1 

A l l purposes: 
Maximum 67.9 35.7 77.5 
Minimum 11.1 5.6 1.3 



Table 13.—Number and percentage of trips by each mode of travel in 50 cities from each purpose to each purpose 

Ti lps from— 

Trips to-

Work and business Social and recreation 

-Number Percent Number Percent 

Shop 

Number Percent 

Miscellaneous 

Number Percent 

Home 

Number Percent 

Total 

Number Percent 

A U T O M O B I L E D R I V E R S 

Work and business 
Social and recreation 
Shop 
Miscellaneous 
Home 

1,1.37.747 
31,001 
43,624 

.340,199 
2,127,277 

4 . 1 ' 
1-

.2 
1.2 
7.6-

(>9,070 
135,366 
46, 590 
93,187 

735,729 

0.2 -
. 5 • 
.2 
.3 

2.7 V 

103,456 
43,584 

138,449 
74,324 

561,018 

0 4 
.2 -
.5 
.2 

2.0 

338,619 
93,036 
43. 602 

237,668 
811,448 

1 2 
.3 
.2 
.9 

2.9 

2,042.942 
774.933 
628,494 
741, 549 

7.4 . 
2.8 ' 
2.2 
2.7 

3,691,8.34 
1,077,920 

900,759 
1,486.927 
4,225,472 

13.3 
3.9 
3.3 
5.3 

1.5.2 

Total 

1,1.37.747 
31,001 
43,624 

.340,199 
2,127,277 

4 . 1 ' 
1-

.2 
1.2 
7.6-

(>9,070 
135,366 
46, 590 
93,187 

735,729 

0.2 -
. 5 • 
.2 
.3 

2.7 V 

103,456 
43,584 

138,449 
74,324 

561,018 

0 4 
.2 -
.5 
.2 

2.0 

338,619 
93,036 
43. 602 

237,668 
811,448 

1 2 
.3 
.2 
.9 

2.9 

3,691,8.34 
1,077,920 

900,759 
1,486.927 
4,225,472 

13.3 
3.9 
3.3 
5.3 

1.5.2 

Total 3,679,848 13.2 1,079,942 3.9 910,831 3.3 1,524.373 5.5 4,187,918 15 1 11,382.912 41.0 

A U T O M O B I L E A N D T A X I P A S S E N C I E R S 

Work and busmess 
Social and recreation 
Shop 

117,942 
21, .597 
12, 575 
48,862 

864,385 

0.4 ' 
.1 -
.1 
.2 

3.1 , 

42,639 
305,659 

4i, 213 
61,781 

1,079,090 

0.2 
1.1 ' 

. 1 

.2 
Z.9 ^ 

30.541 
40,438 
73,229 
17,394 

321,196 

0.1 
. 1 ' 
.2 
. 1 

1.1 

61,531 
38,734 
9.402 

26,31U 
350, .569 

0.2 
.1 

837,854 
1,159,437 

351,404 
285,934 

3.0 " 
4.2 -
1.3 
1.0 

1,096,507 
1, 565.865 

487,823 
430,281 

2,615,240 

3.9 
5.6 
1.7 
1.6 
9.4 

Miscellaneous 
Home 

117,942 
21, .597 
12, 575 
48,862 

864,385 

0.4 ' 
.1 -
.1 
.2 

3.1 , 

42,639 
305,659 

4i, 213 
61,781 

1,079,090 

0.2 
1.1 ' 

. 1 

.2 
Z.9 ^ 

30.541 
40,438 
73,229 
17,394 

321,196 

0.1 
. 1 ' 
.2 
. 1 

1.1 

61,531 
38,734 
9.402 

26,31U 
350, .569 

.1 
1.3 

837,854 
1,159,437 

351,404 
285,934 

3.0 " 
4.2 -
1.3 
1.0 

1,096,507 
1, 565.865 

487,823 
430,281 

2,615,240 

3.9 
5.6 
1.7 
1.6 
9.4 

Total -

117,942 
21, .597 
12, 575 
48,862 

864,385 

0.4 ' 
.1 -
.1 
.2 

3.1 , 

42,639 
305,659 

4i, 213 
61,781 

1,079,090 

0.2 
1.1 ' 

. 1 

.2 
Z.9 ^ 

30.541 
40,438 
73,229 
17,394 

321,196 

0.1 
. 1 ' 
.2 
. 1 

1.1 

61,531 
38,734 
9.402 

26,31U 
350, .569 

.1 
1.3 

1,096,507 
1, 565.865 

487,823 
430,281 

2,615,240 

3.9 
5.6 
1.7 
1.6 
9.4 

Total - 1,065,361 3.9 1,620,382 5.5 488,798 1.6 486, 546 1.7 2,634,629 9 5 6,195,716 22.2 

M A S S - T R A N S I T F A S S E N C E R S 

Work and business 
Social and recreation 

118,402 
9,086 

13,399 
237,287 

2,635,929 

0.4 35,234 
35,688 
21,087 
52,453 

592.025 

0.1 
.1 
.1 
.2 

2.1 

.38,464 
12,208 
23,085 
.53,763 

562,925 

n.2 233, .567 
39,639 
44,347 

189,914 
762,994 

0.9 
^ 2 
.2 
.6 

2.7 

2,533.978 
598.6.36 
590,706 
764,221 

9.1 
2.2 
2 1 
2.8 

2,959,645 
695,257 
692,624 

1,297,628 
4, 553,873 

10.7 
2.5 
2 5 
4.7 

16 4 

Shop -
Miscellaneous 
Home 

118,402 
9,086 

13,399 
237,287 

2,635,929 
.9 

9 5 

10.8 

35,234 
35,688 
21,087 
52,453 

592.025 

0.1 
.1 
.1 
.2 

2.1 

.38,464 
12,208 
23,085 
.53,763 

562,925 

.1 

.2 
2.1 

233, .567 
39,639 
44,347 

189,914 
762,994 

0.9 
^ 2 
.2 
.6 

2.7 

2,533.978 
598.6.36 
590,706 
764,221 

9.1 
2.2 
2 1 
2.8 

2,959,645 
695,257 
692,624 

1,297,628 
4, 553,873 

10.7 
2.5 
2 5 
4.7 

16 4 

Total 

118,402 
9,086 

13,399 
237,287 

2,635,929 
.9 

9 5 

10.8 

35,234 
35,688 
21,087 
52,453 

592.025 

0.1 
.1 
.1 
.2 

2.1 

.38,464 
12,208 
23,085 
.53,763 

562,925 

.1 

.2 
2.1 

233, .567 
39,639 
44,347 

189,914 
762,994 

0.9 
^ 2 
.2 
.6 

2.7 

2,959,645 
695,257 
692,624 

1,297,628 
4, 553,873 

10.7 
2.5 
2 5 
4.7 

16 4 

Total 3,014.103 

.9 
9 5 

10.8 736,487 2.6 690,435 2.6 1.270,461 4.6 4,487,541 16.2 10,199,027 36.8 

A L L M O D E S O F T R A V E L 

Work and business 

Shop 

1,374,091 
61.684 
69,598 

626,348 
5,627,591 

4.9 
.2 
.3 

2.3 
20.2 

146,943 
476,713 
108,890 
197 421 

2,406,844 

O.S 
1.7 
.4 
.7 

8.7 

178,461 
96,230 

234,763 
145,471 

1.435,139 

0.7 
.3 
.8 
.5 

5.2 

633,717 
171,409 
97,351 

453,892 
1,925, Oil 

2.3 
.6 
.4 

1.6 
6.9 

5,414,774 
2,53.3,006 
1,570,604 
1,791,704 

19.5 
9.2 
5 6 
6 5 

7,747,986 
3,339,042 
2,081,206 
3,214,836 

11,394,585 

27.9 
12.0 
7.5 

11.6 
41.0 

1,374,091 
61.684 
69,598 

626,348 
5,627,591 

4.9 
.2 
.3 

2.3 
20.2 

146,943 
476,713 
108,890 
197 421 

2,406,844 

O.S 
1.7 
.4 
.7 

8.7 

178,461 
96,230 

234,763 
145,471 

1.435,139 

0.7 
.3 
.8 
.5 

5.2 

633,717 
171,409 
97,351 

453,892 
1,925, Oil 

2.3 
.6 
.4 

1.6 
6.9 

7,747,986 
3,339,042 
2,081,206 
3,214,836 

11,394,585 

27.9 
12.0 
7.5 

11.6 
41.0 

7,759,312 27.9 3,336,811 12.0 2.090,064 7.5 3,231,380 11 8 11,310,088 40.8 27,777,655 100.0 
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Table 14.—Percentage of trips for each mode 
of travel in 50 cities, classified according 
to purpose at both origin and destination 

Puiposu 

Mode of travel > 

Puiposu 
Auto
mobile 
drivers 

-Vuto-
mobilc 

and taxi 
passen

gers 

Mass-
transit 
passen

gers 

.4.11 
modes 

of travel 

Home 73 9 84 7 88.6 81.8 
Work and 

business 61.8 .34.9 58.6 55.8 
Social-recrca-

tion — 19.0 49.8 14 0 24.0 
Alisoellauoous - 26.4 14.8 25.2 23.4 
Shopping 15.9 15.8 13.6 15.0 

Total 200.0 200.0 200.0 200.0 

were foremost in the other nine cities. 
Homeward-bound trips also ranked 

f i rs t among automobile and taxi passen
gers in all cities except one. In the Fargo-
Moorhead area, social and recreational 
trips ranked f i r s t for this mode of travel. 
In all but 10 of the remaining 49 cities, 
social-recreational trips ranked second 
and were followed by work and business 
trips. This order was reversed in the 
remaining 10 cities. 

The pattern of trip purposes for mass-
transit passengers resembled the automo
bile-driver pattern more than that of auto
mobile and taxi passengers, but among 
transit passengers, home trips predomi
nated in all cities without exception. Work 
and business trips ranked second in all but 
two cities, Philadelphia and Wisconsin 
Rapids, where changing-mode-of-travel 
and school trips caused the miscellaneous group to exceed work and business trips. 

The composite of all modes of travel followed the pattern of mass-transit passen
gers with home trips predominating in all cities, followed by work and business trips 
in al l but Honolulu and Bay City, where social-recreational trips ranked second. 

These consistencies in trip patterns sv^gest the possibility of utilizing the present 
data in making estimates in cities where surveys have not been completed. Although 
the ranking of trip purposes is fairly uniform, the limits of the individual percentages 
show wide variations not directly related to the size of city and indicate that such a 
basis would provide only a rude forecast at best. 

The ranges in percentages of trips for each trip purpose by each mode of travel are 
shown in Table 11. Despite the wide rai^e between the maximum and minimum per
centages, i t is seen later that for any particular urban area i t is possible to make a 
fairly reasonable forecast of the absolute volume of trips from which percentages may 
be computed. 

1 Percentages add to 200 for each mode of travel because 
the purpose of each tri]) is considered twice, at place of origin 
(purpose from) and at place of destination (piir|>ose to). 

Mode Distribution 
The percentage distribution of trips in the 50 individual cities by mode of travel is 

presented in Figure 6. The most noticeable difference from the previous distribution 
by trip purpose is the relative lack of uniformity among the several cities when con
sidering travel mode. While not included in this article, similar percentages were 
developed for each trip purpose and a variable pattern was found in each case. The 
ranges in the percentage of trips by each mode of travel for each trip purpose and for 
al l purposes are shown in Table 12. 

Besides being small in absolute volumes, trips by automobile drivers and automo
bile and taxi passengers were also few on a relative basis in San Juan, where seven out 
of nine persons making trips traveled as mass-transit passengers, largely in "publicos" 
(privately owned public conveyances, usually station wagons, which generally operate 
over established routes but with no fixed schedule). On the other hand, exceptionally 
high percentages of automobile trips were observed for each trip purpose in cities of 
Texas, New Mexico, Arizona, California, Washii^ton, Michigan, and Wisconsin. 

It may be that these variations are related to the period during which the basic stud
ies were made or to the geographical area in which the cities are located. Some of the 
studies where mass-transit facilities played an important role were made during or 
shortly after World War n when automobile driving was restricted. Also, other evi
dence indicates that the preference for automobile travel has increased progressively 
over the decade during which the studies were made in the various cities. Insofar as 
location is concerned, i t is not unusual to find a particularly high proportion of auto-



121 

mobile-driver trips in the Southwestern and Pacific States, and certain states in the 
Great Lakes region where automobile ownership and travel are relatively high. 

In spite of the noticeable lack of uniformity as far as mode of travel for each trip 
purpose is concerned, there was an over-all trend for a larger percentage of automo
bile trips in smaller cities as would be expected. Conversely, there seemed to be a 
general trend toward a larger percentage of mass-transit passenger trips in the larger 
cities. Mass transit was the predominant mode of travel in the largest cities, but au
tomobile drivers comprised over half of the vehicular trips by residents in most of the 
medium-size and smaller cities. These trends appeared among trips for each purpose. 

TRIPS FROM PURPOSE TO PURPOSE 
Al l of the previous discussion has dealt with the purpose of trips in connection with 

their point of destination. This section considers the purpose from which the trips 
were made at points of origin, as related to the destination purpose. This type of in-
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Figure 7. Percentage distribution of trip s from each purpose to each purpose, by mode 
of travel. 



122 

A i i T n u n f l i i F n R i u F B c : 

l ::::::;:: \y///A 

AUTO AND TAXI PASSENGERS 

MASS-TRANSIT PASSENGERS 

Al 1 MOr>F*i OF TRAVFI 
; 7 - J 

xv:-: 
WORK AND 
BUSINESS 

50C AND 
REC 

MISCEL
LANEOUS 

Figure 
t r i p s . 

of 
by 

formation is presented only in summary 
form for all 50 urban areas, although de
tailed data are available from individual 
city reports. The number of trips made 
by persons "from" a purpose "to" a pur
pose are included. This somewhat un
usual phraseology is used to express an 
idea that could not otherwise be expressed 
precisely in so few words. It describes 
not only why a person made a trip to his 
destination, but why he was at the place 
he left. 

Table 13 shows the volume of trips in 
all 50 urban areas from each purpose to 
each purpose for each mode of travel. 
The predominant purposes of trips by all 
modes of travel were from home to work 
and business, followed closely by trips 
from work and business to home. These 
same trips were dominant among mass-
transit passengers and automobile d r i 
vers, but ranked second among automo
bile and taxi passengers. The trips from 
work or business to home did not quite 
equal the volume of trips in the reverse 
direction because of the intermediate trips 
from work or business for some other 
purpose prior to returning home. For 
instance, some of this difference was ac
counted for by the excess of trips from 
social-recreational purposes to home, 
over and above the number of trips from home for social and recreational purposes. 
Also pedestrian trips, not included in the basic surveys, could have accounted for 
some of the apparent discrepancies. 

Trips between home and social-recreational activities were the next most impor
tant category (after the home and work-business cycle) among the trips by all modes 
of travel combined, but they were the most important purpose-to-purpose category 
amoi^ automobile and taxi passengers. Trips between home and miscellaneous pur
poses ranked second for automobile drivers and mass-transit passengers, third for 
all modes of travel combined, and fourth for automobile and taxi passengers. The 
third ranking category among automobile drivers and mass-transit passengers was 
home trips to and from social-recreational purposes. Trips between home and shop-
pir^ ranked third with automobile and taxi passengers, and fourth with each of the 
other modes of travel and with all modes combined. The only other significant pur
pose-to-purpose categories were the automobile- and taxi-passenger trips from one 
social or recreational purpose to another, trips from work or business to work or 
business by automobile drivers, and trips between work or business and miscellaneous 
purposes by each mode of travel. 

Table 13 also shows the percentage distribution of trips from each purpose to each 
purpose for all travel modes. Trips from home to work and business by mass-transit 
passengers were the foremost type of internal trips by residents of the 50 urban areas. 
These trips accounted for nearly 10 percent of the total trips by all modes for all pur
poses. Trips either to or from home were the most numerous of all . The only other 
categories of trips accounting for 1 percent or more of the total were trips by automo
bile drivers for work or business and miscellaneous purposes, and social-recreational 
trips by automobile and taxi passengers. 

Table 13 is the basis for Figure 7 which presents the percentage distribution of 
trips from each purpose to each purpose, and that proportion attributable to each mode 

8. Percentage distribution 
both from and. to each purpose, 

mode of travel. 
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of travel. Since trips are grouped f irs t by trip purpose and then by all purposes, each 
trip is represented at least twice in this chart. The arrows indicate the direction of 
trip purpose. In the upper left-hand corner of the chart, for instance, under the home 
category, i t may be seen that trips in connection with work and business accovinted for 
the largest proportion of home trips. Trips from home to work and business slightly 
exceeded those in the reverse direction (20. 3 percent as compared with 19. 5 percent). 
Mass-transit passengers ranked f i r s t in these trips, and automobile and taxi pas-

Table 15.—Selected household characteristics in each of 50 cities in 6 population groups 

City Population group 
Number of 

dwelling 
units 

Number of 
passenger 

cars owned 

Number of 
persons, all 

Number of 
persons, 5 

years of age 
and older 

Philadelphia, P a 
San Francisco, Calif . . 
Newark, N . J 
Washington, D . C . . . 

Total . 

1,000,000 and over 

St. Louis, Mo _. 
St. Paul-Minneapolis, Minn. . 
BEdtimore, M d 
Houston, Tex 
Dallas, Tex 
Seattle, Wash 

Total . . 

Portland, Oreg. . 
Norfolk, V a 
San Juan, P . R . . 

Tota l . 

Wichita, K a n s — 
Grand Rapids, Mich 
Honolulu, T . H 
Sacramento, Cal i f . 
Salt Lake C i ty , Utah 
Wilmington, De l 
Phoenix, Ariz 
Tacoma, Wash 
Spokane, Wash 
Scranton, P a - - — • 
Duluth , Minn . , Superior, Wis . . 
Chester, P a . 
Tucson, A r B . -
Lansing, M i c h 
Reading, P a -
Albuquerque, N . Mex 
Rockford, I I I . - . -
Saginaw, Mich 
Madison, Wis 
Harrisburg, P a • 

Total . . 

Johnstown, P a 
Altoona, P a 
Muskegon, M i c h . . 
Pontiac, Mich 
Columbus, G a 
Racine, Wis 
Macon, G a 
Y o r k , P a 
Charleston, S. C . . 
Kalamazoo, M i c h . 
B a y Ci ty , M i c h . . . 
Williamsport, P a . . 

Tota l . 

Fargo, N . Dak. , Moorhead, M i n n . 
Sharon-Farrell, P a 
Norristown, P a 
Appleton, Wis -
Wisconsin Rapids, Wis 

Total . . 

Grand total.. 

600,000-1,000,000. 

250,000-500,000.. 

100,000-250,000.. 

50,000-100,000.. 

Less than 50,000. 

659,165 
554,200 
436,886 
336,181 

1,986,432 

294,757 
299,510 
276,778 
272,722 
168,066 
188,732 

1,499,565 

162,586 
108,000 
63,131 

323,717 

79,534 
65,170 
61,422 
79,100 
57,103 
49,903 
48,221 
48,008 
48,617 
41,362 
42,550 
35,206 
38,690 
35,821 
37,910 
34,884 
36,200 
31,915 
33,365 
31,599 

926,480 

23,130 
24,060 
23,607 
22,251 
20,307 
23,280 
20,089 
25,310 
20,258 
22,645 
19,561 
17,016 

281,414 

15,617 
13,657 
10,282 
11,769 
4,700 

56,025 

6,053,633 

257,907 
317,400 
245,151 
203,464 

1,023,922 

143,416 
228,815 
123,998 
256,300 
163,777 
118,622 

1,022,927 

103,245 
81,480 
8,011 

172,736 

75,888 
52,795 
32,692 
63,900 
38,861 
30,190 
36,372 
36,175 
29,644 
22,093 
25,596 
24,449 
32,910 
30,252 
17,184 
27,469 
33,100 
27,028 
25,328 
16,363 

867,279 

13,828 
18,758 
18,941 
17,808 
8,808 

18,483 
9,629 

20,473 
7,179 

17,198 
15,927 
14,715 

179,647 

12,688 
9,442 
7,468 

11,073 
4,860 

45,329 

3,111,840 

2,233,531 
1,468,933 
1,456,947 
1,109,860 

6,269,271 

974,545 
916,960 
912,809 
878,629 
533,606 
518,663 

4,734,112 

463,128 
335,910 
312,069 

1,101,107 

238,302 
220,977 
214,236 
201,346 
196,571 
181,445 
161,567 
138,700 
138,381 
137,089 
130,847 
127,408 
126,900 
122,778 
119,850 
118,066 
118,000 
112,902 
104,074 
103,303 

3,008,729 

87,509 
85,347 
83.724 
79,431 
79,192 
78,033 
77,865 
77,350 
73,205 
72,024 
69,231 
65,216 

917,927 

49,852 
48.432 
39,485 
39,172 
18,504 

193,446 

16,224,591 

2,048,388 
1,348,836 
1,345,138 

992,644 

5,735,005 

878,377 
825,625 
830,909 
765,942 
471,064 
471,911 

4,243,828 

412,358 
293,270 
287,726 

973,354 

208,629 
199,209 
184,141 
179,778 
172,557 
162,503 
145,198 
125,002 
124,962 
126,641 
119,056 
114,709 
113,730 
110,289 
112,504 
100,817 
102,500 
101,438 
94,300 
96,100 

2,891,833 

80,351 
77,477 
7S,m 
71,851 
70,621 
89,608 
69,966 
69,387 
85,390 
65,945 
61,454 
48,875 

825,724 

44,030 
44,310 
36,106 
33,923 
14,428 

172,797 

14,642,641 
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sengers ranked third behind automobile drivers. 
Home trips that were linked with social and recreational purposes were fewer than 

those involving work and business. Their pattern differed from the latter in that trips 
from home to social-recreational activities were fewer than the reverse trips. Also, 
in this case, automobile- and taxi-passenger trips were the most numerous, and were 
followed by automobile-driver and mass-transit passenger trips. As a matter of fact, 
home trips linked with work and business were made less often by automobile and taxi 
passengers tlian home trips linked with a social-recreational purpose. Figure 7 is 
adaptable similarly to an analysis of trips associated with other or with all to and from 
purposes. 

Table 14 shows the percentage of trips made both to and from each purpose for each 
mode of travel. Since for each sii^le trip there are two purposes, one from and one 
to, the totals add to 200 percent. This table formed the basis for Figure 8, from which 
it is apparent that f i r s t home and then work and business were the top-rankii^ purposes 
among all modes except one. Automobile and taxi passengers traveled more frequently 
from or to a social-recreational purpose (50 percent) than a work or business purpose 
(35 percent). Work and business trips were relatively more significant among the au
tomobile drivers, since 65 percent of their trips were for that purpose. Mass-transit 
passengers were the group most likely to be traveling from or to home. The fact that 
this purpose accoimted for almost 89 percent of their trips may be related to the great
er possibility that intermediate trips by these persons were made by walking than in 
the case of automobile drivers and automobile and taxi passengers. Miscellaneous 
trips accounted for about one-fourth of the trips by both mass-transit passengers and 
by automobile drivers. Trips to or from shopping amounted to approximately 15 per
cent of the trips by each mode of travel. 

The percentage distribution of trips from each purpose to each purpose is presented 
in Figure 9 for all modes of travel combined. This chart was constructed in a manner 
similar to Figure 2. It shows, for instance, that trips from home to work and business 
predominated, accounting for almost 50 percent of the trips from home and over 20 
percent of all trips. The reverse trips from work and business to home also accounted 
for about one-fifth of all trips, but they comprised 70 percent of the trips from work 
and business. Trips to home accounted for three-fourths of the trips from social-
recreational and from shopping purposes, but in comparison with total trips, they 
represented only 9 and 6 percent, respectively. The large proportion of trips both to 
and from home, 82 percent, is particularly apparent in Figure 9. 

HOUSEHOLD CHARACTERISTICS 
In addition to data concerning the daily trips of residents, the basic origin and des

tination surveys of the home-interview type provided information concerning the num
bers of dwelling units, automobiles owned, residents, and persons 5 years of age and 
older. Some of these household characteristics for the 50 urban areas are recorded 
in Table 15. By and large they varied directly with population. This pattern is more 

Table 16.—^Average number of dwelling units, passenger cars owned, and residents per city 
for each of six population groups 

Population group 
Number of 

cities 

Average number (in thousands) ot-

Dwelling 
units 

Passenger 
cars owned 

Persons, all 
ages 

I 
Periions, 

5 years of age 
and older 

1,000,000 and over. 
.500.000-1,000,000-. 
2.50,000-500,000.... 
100.000-250,000..-. 
50,000-100,000 
Less than 50,000-

A l l groups 

4 
6 
2 

20 
12 
5 

49 

497 
2.-)0 
130 
46 
22 
11 

102 

2.56 
170 
82 
33 
15 
9 

64 

1,567 
789 
395 
150 
76 
39 

325 

,434 
707 
353 
135 
69 
35 

294 
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apparent in Table 16, which compares the 
mean averages for each of six population 
groups. In this table and in all of the fo l 
lowing analyses San Juan, Puerto Rico, 
was omitted because of the significant dif
ferences from the pattern of travel in the 
continental United States. 

TRIPS RELATED TO HOUSEHOLD 
CHARACTERISTICS 

The ratios of trips by each travel mode 
to household characteristics are shown in 
Table 17 for the average city in each pop
ulation group. The ratios of total trips 
and automobile trips tended to vary in
versely with population, while mass-transit 
trip ratios varied directly with population, 
as seen in Figure 10. The sharp upturn 
in the pattern for total trips per automobile 
owned in the highest population group was 
due to the relatively low automobile owner
ship ratios in cities of the 1 million or 
more population group and the greater in
cidence of mass-transit trips in these 
cities. The reverse situation caused the 
low point in this pattern for cities of less 
than 50,000 population. Some of the other 
variations of the patterns in the 500,000 to 

I MASS-TRANSIT PASSENGERS 
I 1 AUTO ANO TAXI PASSENOERS ~| 

V / / A AUTOMOBILE DRIVERS 

1 ^ 

L E S S 90,000 100,000 
THAN TO TO 

SO.OOO 100.000 290,000 

POPULATION GROUP 

250,000 500,000 1,000.000 
TO TO AND 

500,000 1,000,000 OVER 

Figure 10. Relation of trip s per person, 
trip s per dwelling unit, and tr i p s per 
automobile to population size of c i t i e s . 
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1,000,000 and 50,000 to 100,000 population groups would be smoothed out by eliminating 
surveys conducted during World War I I . 

The basic Tables 9 and 10, giving trip purpose and mode of travel in each of the 50 
cities, and the household characteristics shown in Table 15 may be used to develop 
similar individual city ratios for each mode of travel and each trip purpose. For each 
trip purpose there appears to be an inverse linear correlation between population and 
trips per dwelling unit or trips per person for the automobile travel modes; that is, the 
larger cities have smaller trip ratios. In the case of trips by mass-transit passengers, 
the correlations generally appear to be direct for each trip purpose. 

The relations existing between a few of these trip ratios and the number of automo
biles per dwelling unit are shown in Figure 11. It is noted that in areas of high auto
mobile-ownership ratios, the total trips per person and the automobile trips per person 

Table 18.—Correlation coefficients computed for certain types of trips and related house
hold characteristics in 49 cities > 

-Mode of travel or purpose 
of trip 

Ifousi'liold chiirnctorisl ic 

Mode of travel: 
Al l modes.. 
Automobile driver 
Mass-transit passenger. 

Purpose of trip. 
Work and business 
Social and recreation. - . 
Shop -
Miscellaneous 
Home -

forivlation 
, COOlIiCllMlt 

Uwcllms units 
.\utomobiles owned 
Persons 5 years of aRO and o\ I T . 

Dwelling units 
.Aiutomobiles owned. 

do . -
Persons 5 years of a?e and o\ or . 
Dwelling units 

0 . 9 S 7 
97.) 
941 

. 9 8 9 
fm 

. 9 7 9 
916 

.m 

1 Scatter diagrams, except for social-recreational, miscellaniious, and home trip 
purposes, are presented in figures 12-16. 
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Figure 11. Trips per person and trip s per autcanobile related to automohiles ovmed per 
dwelling unit. 
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Figure 12. Number of trip s related to 
nvunber of dwelling units. 

Figure 13. Number of automobile-driver 
trip s related to number of automobiles 

ovmed. 

were greater. Also, since automobile-driver trips per automobile tended to increase 
as automobile ownership increased, the number of trips per vehicle may be expected 
to increase as the ownership ratio of automobiles per family continues to grow. Wheth
er mileage traveled per vehicle follows the same trend depends upon trip lengths. As 
in the case of Figure 10, these curves are also affected by the data from older studies 
and by the economic as well as the population characteristics of the cities studied. 

Volume of trips and percentage of trips by individual purposes and modes of travel 
were associated with the ratios of automobiles per dwelling unit and persons per auto
mobile. Althoi^h there was fairly good linear correlation between percentage of trips 
(by purpose and mode) and automobiles per dwelling unit, these correlations were not 
as high as others relating trips to the absolute household data in each urban area. In 
the latter case, better correlations were found between volume of trips (by purpose 
and mode) and the numbers of persons over 5 years of age, automobiles or dwelling 
units, than between percentage of trips (for a particular purpose or mode of travel) 
and any one of these variables. 

The household characteristic which was most closely related to volume of trips 

ju 1.000 

10 ' 1 0 0 1,000 10,000 
PERSONS 5 Y E A R S OF AGE AND OLDER 

(THOUSANDS) 

Figure 14. Number of mass-transit passen
ger tri p s related to number of persons 5 

years of age and over. 

I 10 100 1,000 
DWELLING U N I T S - T H O U S A N D S 

Figure l ^ . Number of work and business 
t r i p s related to numter of dwelling units. 
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varied, depending upon the mode of travel 
or purpose of trip. These relations are 
shown in Table 18, together with their re
spective correlation coefficients. These 
two-variable, linear correlations were 
deemed to be sufficiently high to forgo the 
need for testing correlations based upon 
second-degree equations or logarithms. 
However, for convenience of presentation 
the related scatter diagrams shown in 
Figures 12-16 have been plotted on loga
rithmic scales. 

No attempt was made to associate all 
household characteristics with the volume 
of automobile- and taxi-passei^er trips, 
but the scatter diagram in Figure 17 sug
gests that the number of automobiles 
owned in the area is a good factor. 

The relatively low correlation for trips 
with miscellaneous purposes is not unus
ual because of the varying nature of such 
trips. A better correlation factor is hardly required, however, since there is less 
cause for estimating these miscellaneous trips due to their relatively small number
less than 12 percent of the total. More favorable multiple correlations might be de
veloped if required. For instance, the addition of the factor automobiles owned to the 
number of persons over 5 years of age raised the correlation with mass-transit pas
sengers from +0.941 to +0.987. 

In view of the large number of automobile-driver trips made for the purpose of goii^ 
to work and for transacting business, these particular trips were also associated with 
the several household factors. Although total work and business trips in an area were 
more closely related to dwelling units (a higher correlation coefficient) than total auto
mobile-driver trips were related to automobiles owned, i t was foimd that work and 
business trips made by automobile drivers were more closely associated to automobiles 
owned. In the latter comparison, which is illustrated in Figure 18, the correlation 
coefficient was +0.984. 

In order to more precisely estimate the volume of trips by each mode of travel for 
each individual purpose, i t would be necessary to determine by means of correlation 

Figure l6 . Nuinber of shpppliig tr i p s re
lated to number of automobiles crvmed. 
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Figure 17• Number of automobile- and ta x l -
passenger t r i p s related to number of auto

mobiles owned. 

Figure l8 . Htmber of automobile-driver 
work and business tri p s related to number 

of autcmobiles owned. 



130 

techniques similar maximuin coefficients for the other modes and purposes. Of course, 
any application of estimates must be consistent with the resulting standard error. 
Further development is not attempted here, since this article is primarily concerned 
with existing conditions within the 50 urban areas. However, this discussion should 
be sufficiently indicative of the types of analysis which may be continued and expanded 
in an effort to develop predictive factors representative of local travel in typical urban 
areas. 

Appendix 
Up to this point, the discussion has dealt with several aspects of the travel pattern 

in 50 urban areas with regard to the five major trip purposes and the three most im
portant modes of travel. It was mentioned, however, that the basic origin and destina
tion surveys, which provided the data for these analyses, included information with 
respect to seven possible travel modes and ten trip purposes; and in certain cases some 
rather interesting and significant facets of the total urban travel complex were ob
scured as a result of the combining processes. Several of the more notable individual 
aspects are included here. 

For all cities, medical-dental trips accounted for 5. 5 percent of the trips by taxi 
passengers, and, conversely, taxi-passenger trips accounted for 4. 2 percent of the 
trips for medical or dental purposes. Changing of mode accounted for" 10 percent of 
the train-passenger trips and train passengers accounted for 2. 2 percent of the trips 
to change mode of travel. Also, i t is significant that 8. 9 percent of the automobile 
drivers made trips for the purpose of serving passengers. Al l of the serve-passenger 
trips were made by drivers of automobiles. 

In addition to the cases just cited, there are several interesting facts regarding in
dividual cities, which were concealed when trip purposes and modes of travel were 
grouped. For example, in Columbus, Ga., Baltimore, Md., Charleston, S. C , 
Reading, Pa., and Grand Rapids, Mich., over 10 percent of the automobile-driver 
trips were for the purpose of transacting business. In Pontiac, Mich., and Sacramento, 
Calif., 14 percent of the automobile-driver trips were to serve passengers. The fact 
that 11 percent of the automobile-driver trips and 9 percent of the mass-transit trips 
in San Juan, P. R., were for the purpose of eating is due largely to the prevalent local 
custom of returning home for lunch at midday. 

In the category of trips for the purpose of changing mode of travel, several unusual 
situations occurred in individual urban areas. These trips accounted for 10 and 25 
percent of the total streetcar- and bus-passenger trips in Norristown and Philadelpiiia, 
Pa., respectively. Also, in Philadelphia, change-mode trips amounted to 60 percent 
of the subway- or elevated-railway passenger trips and 24 percent of the train-passen
ger trips. 

Over 12 percent of the streetcar- and bus-passenger trips were to school in Madison, 
Wis., Pontiac, Mich., Sacramento, Calif., and in Phoenix and Tucson, Ariz. Trips 
to transact business accounted for 11 percent of all taxi-passenger trips in Charleston, 
S.C., and in Salt Lake City, Utah, and 13 percent in Seattle, Wash. 

With regard to modes of travel, again there are individual city exceptions, which 
were absorbed in the grouping procedure. Among the more important variations which 
should be mentioned is the case of Washington, D. C., where taxi passengers accounted 
for almost 3 percent of all trips. Also truck and taxi passengers combined accounted 
for over 3 percent of the total trips in Baltimore, Md., and Macon, Ga. Finally, 
train-passenger trips amovmted to 5 percent of the total trips in Newark, N. J. , and 
2 percent in Philadelphia. 
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TH E NATIONAL ACADEMY OF SCIENCES—NATIONAL RESEARCH COUN
CIL is a private, nonprofit organization of scientists, dedicated to the 
furtherance of science and to its use for the general welfare. The 

ACADEMY itself was established in 1863 under a congressional charter 
signed by President Lincoln. Empowered to provide for all activities ap
propriate to academies of science, it was also required by its charter to 
act as an adviser to the federal government in scientific matters. This 
provision accounts for the close ties that have always existed between the 
ACADEMY and the government, although the ACADEMY is not a govern
mental agency. 

The NATIONAL RESEARCH COUNCIL was established by the ACADEMY 
in 1916, at the request of President Wilson, to enable scientists generally 
to associate their efforts with those of the limited membership of the 
ACADEMY in service to the nation, to society, and to science at home and 
abroad. Members of the NATIONAL RESEARCH COUNCIL receive their 
appointments from the president of the ACADEMY. They include representa
tives nominated by the major scientific and technical societies, repre
sentatives of the federal government, and a number of members at large. 
In addition, several thousand scientists and engineers take part in the 
activities of the research council through membership on its various boards 
and committees. 

Receiving funds from both public and private sources, by contribution, 
grant, or contract, the ACADEMY and its RESEARCH COUNCIL thus work 
to stimulate research and its applications, to survey the broad possibilities 
of science, to promote effective utilization of the scientific and technical 
resources of the country, to serve the government, and to further the 
general interests of science. 

The HIGHWAY RESEARCH BOARD was organized November 11, 1920, 
as an agency of the Division of Engineering and Industrial Research, one 
of the eight functional divisions of the NATIONAL RESEARCH COUNCIL. 
The BOARD is a cooperative organization of the highway technologists of 
America operating under the auspices of the ACADEMY-COUNCIL and with 
the support of the several highway departments, the Bureau of Public 
Roads, and many other organizations interested in the development of 
highway transportation. The purposes of the BOARD are to encourage 
research and to provide a national clearinghouse and correlation service 
for research activities and information on highway administration and 
technology. 
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