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Methods for Estimating 
Trip Destinations by Trip Purpose 
NATHALIE GEORGIA SATO, Chief Urban Planner, 

Chicago Area Transportation Study 

•DURING the preparation of its 1980 transportation plan, CATS developed a method, 
based on land use, for estimating and forecasting internal person trip destinations. 
Theoretically, trips were forecast from trip rates to six generalized land uses-resi
dential, manufacturing, commercial, transportation, public buildings, and public open 
space. There were, however, a number of basic modifications. 

The land-use method was used in establishing one control total for all 1980 person 
trips, but it was replaced by a second control total based on population, car ownership, 
and net residential density. Even the control totals for the distribution of future person 
trips by land use were based on the trip-making propensities of the population, eco
nomic forecasts of employment, and dollar output of economic activities. The distribution 
of trips to zones was a compound of methods using population, employment, and land use. 

The land-use method has a number of limitations in trip forecasts. The basic lim
itation, of course, is that land does not make trips. Rather, it is people who make 
trips. Land use and trip rates to land uses are convenient ways of describing or 
measuring the volume of trips, but the land-use method is not always appropriate for 
forecasting trips. One reason is that land use has not been defined in transportation 
terms, but rather in terms borrowed primarily from the field of city planning. City , 
planning definitions of land are static-type, amount, location, and perhaps some )11-
dication of density, or intensity of use. The definitions do not ordinarily identify and 
describe those features or activities of land use which attract pe'ople and trips. 

Because of the limitations of the land-use method, studies to develop an alternative 
method were pursued. The alternative method was premised on the fact that it is 
people who make trips, and that their motivations, expressed as trip purposes, can be 
used to estimate and forecast the number of trip destinations. The 1956 home inter
view survey of trips had elicited information about the purpose of the trip, so that, in 
general, there were sufficient data to analyze trips by purpose and destination. 

Trip purposes were classified into nine categories-home, work, shop, school, 
social-recreation, personal business, eat meal, serve passenger, and ride. In its 
analysis of trip generation characteristics, CATS found that the number of trips per 
dwelling place or family was related to net residential density and automobile owner
ship. CATS also found that the distribution of trips among the nine purposes varied, 
depending on the total number of trips per dwelling place. As the number of trips per 
family increased, the proportion of trips to home declined slightly, and the proportion 
of work trips decreased significantly, while the proportion of trips for all other pur
poses increased (Table 1 and Fig. 1). 

From the same 1956 survey of trips, CATS estimated that there were 9,930,681 
internal person trips. The purpose of these trips at destination is shown in Table 2. 
This table also shows the percentage distribution by purpose, average trip length in 
miles, and the mode of travel used for each trip purpose. It will be observed that, 
except for school trips, the automobile was the most important mode of travel. 

It was the intent of the analysis of trips by purpose to isolate and define the causal 
factors which best explained the number of t;rip destinations by purpose. When the 
causal factor could not be identified, because of the complexity of human motivations, 
then factors which had a logical relationship to the trip purpose were examined In 

Paper sponsored by Committee on Origin and Destination and presented at the 46th Annual Meeting. 

l 

··. . . ··. 



2 

· .. · .. 

TABLE 1 

PERCENTAGE DISTRIBUTION OF TRIPS BY PURPOSE RELATED TO 

Trips Per 
Dwelling 

Place Home 

2 49 .9 
4 47.7 
6 45.9 
8 44.2 

10 43. 0 
12 41.5 
14 39. 5 
16 41. 1 
18 39.8 

Mean 43.7 

WOIK 

TRIP-MAKING PER DWELLING PLACE 

Work Shop 

37.2 2.1 
27.1 4.9 
20.5 5.9 
17.2 5.9 
15.7 6.9 
14.0 6.7 
12.6 7.1 
13.0 5. 2 
11.8 6. 4 
20.3 5.5 

Purpose 

School 

0.5 
1.4 
2.3 
2.4 
2.7 
1.8 
2.0 
3.1 
2.1 
2.0 

Social- Personal Eat, Ride, 
and Serve Recreation Buelneee Passenger 

3.7 6.1 0. 5 
9. 2 7.6 2.0 

11.8 10.2 3.4 
14.7 10.2 •5.4 
16.0 10.0 5.7 
12.9 14.0 9. 1 
17.3 12.7 8.8 
18. 2 10.4 8.9 
17.7 11.6 10.7 
13.0 10.1 5. 4 

addition to having a logical relationship to 
the trip purpose, the factors had three 
other constraints placed on them. Data 
for the factor either had to be readily 
available or collectible without undue ex
penditure of time and effort. There had 
to be acceptable and reliable forecast 
methods for the factor. Insofar as pos
sible, the factor had to indicate future 
changes in the destination of the trip pur
pose under consideration. 

MAJOR FINDINGS 

Figure 1. Percentage distribution of trips by 
purpose related to trip-moking per family. 

The derivation of acceptable estimating 
methods of trips by purpose is feasible, 
although the results of this study are un
even in deriving estimating methods for 
each and every one of the nine trip purposes. 
The estimating methods are best for total, 
home, and work trips. The methods are 
good for school, social, and personal busi
ness trips. Methods for estimating shopping 
trips do require further study. No methods 
were derived for the minor trip purposes, 
since they were combined with a major 

TABLE 2 

SELECTED CHARACTERISTICS OF INTERNAL PERSON TRIPS BY PURPOSE ' •., 

Average Trip Percent Distribution by Mode 

Purpose Total Percent Length 
Trips Distribution (airline miles) Auto Auto suburban Subway+ Bus Driver Passenger Rall Elevated 

Total 9,930,681 100.0 4.3 46. 5 27.2 2. 5 4.8 17. 0 
Home 4,328 ,569 43.6 4.4 45.9 28.0 2.8 5.3 18.0 
Work 2,033,035 20. 5 5.3 55. 0 11. 2 5. 1 8. 6 20. 1 
Shop 550,215 5.5 2.6 54.5 27.9 1.1 3.1 13. 4 
School 204,794 2.1 2.6 9.4 33.1 0.7 4.3 52. 5 
Soc. -recreation 1,251,785 12.6 4.0 41.6 44.7 0.6 1. 5 11. 6 
Eat meal 210,983 2.1 2.9 54.3 39.6 0.4 1.2 4. 6 
Pers. business 1,009,362 10.2 3. 5 51.9 28.2 1. 0 3.0 15.9 
Serve passenger 234,752 2.3 2. 1 96.1 3.9 
Ride 107,166 1.1 3. 0 0.1 99.6 0.1 0.2 
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trip purpose. Statistically, the methods are best at the district level. The poorer 
statistical results at the zonal level do not invalidate the method in the case of logical, 
causal factors, but rather indicate the probability of data input error. Poor statistical 
measures of reliability at both the district and zonal level do indicate the need for 
further study. 

The number of total trips and trips home to the place of destination can be estimated 
and forecast from knowledge of the number of automobil~s owned and net residential 
density. Total automobiles owned is a measure of the total number of trips involved. 
It also, together with net residential density, indicates the propensity of people to make 
trips. Furthermore, of the possible modes of travel, the automobile is used most 
frequently. Net residential density is an index of the availability and accessibility of 
trip destination places. With high net residential density many activities usually are 
close at hand, and it is possible to reach many destinations by walking. Congestion, 
which high net residential density often implies, also acts as a deterrent to making 
many trips by automobile. Low net residential density, on the other hand, usually is 
associated with fewer nonresidential activities. Travel, however, usµally is easy be
cause streets and highways are not ordinarily congested. More trips are required to 
fulfill the objectives, but it also is easier to make the trip. There are acceptable sub
stitutes for automobiles owned and net residential density, but either they re-express 
these resident characteristics or show a high degree of covariance with automobiles 
owned and net residential density. 

Trips to work are related directly to employment, for such trips are not made unless 
there are jobs. But because of illness, vacation, and other types of absences, the num
ber of work trips will be between 80 and 90 percent of total employment. 

Like work trips, trips to school have a compulsory element. They are related 
directly to school enrollment, but again an absenteeism factor must be applied. Enroll
ment ruita may be approximated from school size or capacity, or from the ·percentage 
of the school age population enrolled in school. Since many school trips will be made 
on foot, it is necessary to estimate the proportion of walking trips. Most trips ~o tl~e 
urban neighborhood elementary school and resident college will be pedestrian. 'Bel 
cause of the larger service area, trips to high schools and day institutions-academic, 
business, trade-will have transit and automotive modes. 

Approximately half of the social-recreation trips are social, that is, trips to visit 
friends and relatives. Automobile ownership is a good estimator of these trips, for it 
not only reflects trip-making propensity, but also the tendency of families to exchange 
visits with other families of like economic and social characteristics. Recreation 

·trips are affected by the season of the year, weather, and scheduling of events. Ap
proximate estimates of many of these trips can be made from automobiles owned, be
cause there are many local, neighborhood indoor and outdoor recreation facilities to 
which trips are made. Where the destination was a major spectator facility, such as 
a major-league ball park or race track, there was not only a small sample from which 
to derive the estimating method, but also there were several unpredictable elements, 
such as weather and season of year. Like horse betting, it was a gamble, and the odds 
were against the trip estimator. A more serious problem in recreation trip forecasts 
is the impact of the shorter work week or working day on recreation travel. The re
sultant recreation trips may be similar to weekend recreation trips, but it was not 
possible to derive an estimating method for weekend recreation trips, since the trip 
survey data were limited to weekday travel. 

Most personal business trips were local in nature, and for this reason it was pos
sible to use a resident characteristic in the district or zone of destination to estimate 
the total number of trips. The number of automobiles owned was used, but the numbers 
of dwelling units or population were acceptable alternatives. At the zonal level it was 
found desirable to add net residential density. For the nonlocal personal business 
trips, estimated employment in several of the service trades and professions were 
appropriate factors on which to base an estimate. Because the present distribution of 
employment in the service trades and professions exhibits covariance, employment in 
one of the service trades and professions gave a good estimate of all nonlocal personal 
business trips. Of these trades and professions, the employment in medical service 
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was recommended because it represented one of the more important destination places, 
current data on the number and location of this employment were obtainable, and be
cause it was believed that forecasts were feasible. There were acceptable alternatives. 

A reliable method for estimating shopping trips was not derived. There was logical 
evidence that shopping trips could be estimated from retail sales. While reasonably 
current data on sales were available, the techniques of forecasting retail sales by small 
areas left much to be desired. Other measures of retail activity, such as any measure 
of retail space, revealed that much of the existing retail inventory was built to serve a 
pedestrian shopper, and that while it continued to exist, it was inefficient and did not 
attract shopping trips in the same manner as the newer, competitive postwar shopping 
centers with their parking lots for the shopper who now arrives by car. A qualitative 
measure of retail activity is called for, but isolating and defining it requires further 
study. 

The minor trip purposes-eat meal, ride, and serve passenger-were combined with 
a major trip purpose. The combinations did not impair the estimating method of the 
major trip purpose. Conceivably, all should have been combined with personal busi
ness trips, since this group of trips included a number of different trip purposes. Only 
trips to eat a meal were so combined. There was evidence that many trips to serve a 
passenger had the objective of taking a child to school. From the principal type of 
destination of trips to ride, it was hypothesized that a child or friend was taken along 
for "a ride" on a shopping trip. On the basis of these theories, trips to serve a pas
senger were combined with school trips, and trips to ride were combined with shopping 
trips. The justification of other possible combinations is not denied, but they were not 
tested. It is strongly recommended that these trip purposes be consolidated with a 
major trip purpose in future trip surveys. The trip purpose of the person serving a 
passenger should be the same as the person served, and the trip purpose of the person 
riding should be the same as the person taking the rider along. Trips to eat a meal 
should be combined with personal business, unless there is a recreational element in 
the trip purpose. 

Summarizing, the factors which are required to estimate the number of person trip 
destinations by purpose are as follows: 

Factor 

Total number of automobiles owned 
by residents 

Net residential density 

Total employment in all industries, 
manufacturing and nonmanufacturing 

Estimated employment in medical 
service 

School enrollment by type of school 

Qualitative measure of retail 
activity 

Alternative Factors 

Population, dwelling units, licensed 
automobile drivers 

Estimated employment in government 
service, estimated employment in 
other service trade or profession 

School size or-capacity, school-age 
population 

Retail sales, classification of retail 

In addition, it is desirable to have knowledge of special trip generators. These 
facilities and places are few in number and the number of trips may be high in small 
localized areas. Trip estimating methods are difficult to derive because of the small 
number of such facilities, and because the generation of trips may be subject to such 
unpredictables as season of the year, weather, aJ}d scheduling of events at the facility. 

Finally, it should be remembered that these estimating methods are premised on 
the urban environment and traffic that we know today. Radical departures' from these 
conditions would invalidate many of the methods. For example, those methods which 
are based on automobile ownership are not applicable to conditions fifty years ago when 
the automobile was in its infancy, nor a future condition where the helicopter or other 
airborne vehicle has replaced the family car. Radical changes and shifts in the loca-
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tion of urban facilities will also affect the pattern and number of trip destinations. 
The principal tool used in deriving the estimating equations for the number of person 

trips to the district or zone of destination was regression analysis. With existing 
computer hardware it is possible to put in any number of independent variables and 
with appropriate manipulations derive complex estimating equations with impressive 
coefficients of multiple correlation. The practical use of such estimating equations is 
of a dubious nature. First, while the computer may be accurate to the fourth decimal 
place, the input data derived from trip and land-use surveys may contain considerable 
error as the result of human fallibility. As a consequence, the resulting high correla
tion coefficients may be spurious. Second, even assuming accuracy in the original data 
and reliability of the derived estimating equation, use of a complex equation probably 
will necessitate considerable time and effort in the collection of data which do not con
tribute significantly to the reliability of the estimate. 

Because of these considerations, the following principles were followed in the selec
tion of independent variables for the regression analysis of trips: 

1. The number of independent variables was held to a minimum, and the addition of 
second independent variables had to be justified by a significant increase in the statis
tical measures of correlation. 

2. Insofar as possible, the independent variable had a logical, causal relationship 
with the dependent variable. 

3. Data for the independent variables were obtainable from existing data collections, 
or from relatively simple surveys. · 

4. There were reasonably reliable methods for forecasting the independent variable 
under consideration. • 

5. The independent variable not only explained the existing trip destinations, 'but also 
explained future changes in the pattern of these trips. If it did not completely, then 
possible corrective factors were described. 

Reliability of Estimating Equations 

There are various statistical tests for the reliability of estimating equations derived 
from regression analyses, of which the standard error of estimate is one of the more 
important. While the standard error of estimate does indicate the reliability of the 
estimate, it should also be compared with the amount of error which can be to~erated 
in the subsequent use of the estimate. In general, it may be said that the estimating 
equations are more accurate for large areal destinations and a large number of trips. 
With small areas and a small number of trips, there is a greater chance of error. The 
estimating equations were derived in a large area, that is, the CATS study area, and 
for a variety of "average" conditions, but they do not include factors explaining the 
variation caused by a condition unique to one small locality. 

In deriving the estimating equations, the highest correlation coefficient and lowest 
standard error estimate was the objective, of course. But even where there was a 
logical causal relationship between the dependent and ir.dependent variables, the stand
ard error of estimate was frequently high in comparison to the mean number of trips. 

When the relationship between the independent and dependent variables was not 
directly causal, there was a corresponding decrease in the measures of correlation. 
Obviously, this was due to the inability to isolate the causal variable and define it. This 
was particularly true where the trip purpose was of a noncompulsory nature, and where 
many complex human motivations were involved 

In the regression analysis of trip destinations to the districts, correlation coefficents 
of 0.95 or better, and standard errors of estimate, which were 25 percent of the mean 
number of trips to the district of destination, were obtained At the zonal level, where 
smaller areas and a smaller number of trips were involved, the correlation coefficients 
dropped to the 0.85 level, while the standard error of estimate was approximately one
half of the mean number of trip destinations (Table 3 ). 

In some cases, the poor statistical relationships can be explained by error in the input 
data. That is, there existed a logical relationship between the dependent and independ
ent variables which hardly needed statistical proof, but in the statistical analysis, the 
measures of correlation were not perfect. It was known that error in the original data 

··. 
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TABLE 3 

RELIABILITY OF ESTIMATING METHODS 

Trip Purpose Mean 
Correlation 

standard 
and Place of Number Method 

Coefficient Error of 
Destination of Trips Estimate 

(a) District 

Total 225,719 Autos owned 0.91 51,796 
D. U. per acre 

Home 98,416 Autos owned 0.98 9,353 

Work (mfg.) 16,600 
Pop. per acre 
Employment 
(In mfg.) 

0.98 4,600 

Social-recreation 26,200 
(all districts ex-

Autos owned 0.95 4,400 

cept 01) 
Personal business 22,940 Med. serv. emp. 0.94 4,979 

Autos owned 

(b) Zone 

Total 20,913 Autos owned 0.86 9,507 
D. U. per 10 acres 

Home 9,188 Autos owned 0.97 1,971 
D. U. "per 10 acres 

Social-recreation 2,620 Autos owned 0.75 1,505 
D. U. per 10 acres 

Personal business 2,13·3 Med. serv. emp. 0.85 1,334 
Autos owned 
D. U. per 10 acres 

Personal business 2,580 Med. serv. emp. 0.86 1,495 
and Eat a meal Autos owned 

D. U. per 10 acres 

existed, but it could not be corrected easily. In the case of such trip purposes as per
sonal business and social-recreation, a number of minor trip purposes was included. 
The selected independent variable explained the primary component of the trip purpose, 
but it did not always explain the minor components. The addition of independent vari
ables to explain the minor trip components was assayed, but without notable success. 

l.. 
i 

I 
I 

Another approach, breaking the major trip purpose into its component elements, was 
feasible to a limited extent at the district level but at the zonal level the number of trip j 
destinations was frequently less than 1,000 at which point error in the trip survey data I 
increased significantly. Actually, at the zonal level it appeared more approp.riate to 
combine minor trip purposes, which constituted less than 5 percent of the total trips, I 
with a major trip purpose. Generally, there was no clear-cut, logical independent I· 
variable to explain the minor trip destinations. Further, it was known that data on the 
trip destinations contained considerable error both in the coding of the trip purpose 
and in the factoring of the sample. 

There is ample room to improve the derived estimating equations, notably those for 
shopping, recreation, and personal business trips. Primarily, it is a problem of iden
tifying the independent variables which explain these trip destinations. Obviously, there 
were other variables which should have been examined, but while the CATS files were 
a rich source of data, they did not contain all. There were, of course, other sources 
in the Chicago area, but the data had to be coded to the CATS zone and district system 
before they could be used. Where there was no conversion program, the data were 
essentially useless and unavailable. 

Sample Size 

The regression analysis of trip destinations by purpose was carried out at the district 
level and at the zonal level. Much of the preliminary analysis of district trips was done 
on a desk calculator. Subsequent district analyses and all of the zonal analyses were 
computerized. 

There were 44 districts in the CATS study area. These in turn were subdivided into 
582 zones. All of the districts were used, although the CBD district 01 was frequently 
omitted in the regression analyses to eliminate the effect of the CBD, or to isolate the 
independent variable which was needed to explain the variation created by the CBD. 

,· ... 
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Of the 582 zones, 113 were eliminated completely from the zonal analysis. In these 
113 zones the total number of trip destinations was less than 1,000, the number of trips 
to home was less than 500, or there was no residential land. The sample size of the 
zonal analysis was thus 469. The four zones in the CBD district 01 were again identi
fied and the analysis was made with and without the four zones. Where the independent 
variable involved a measure of floor area in a particular land use, zones in which floor 
area was inventoried were eliminated for that particular regression analysis. 

In the analysis of specific purposes, it was known th.at certain zones contained a 
major trip-generating facility. For example, the estimating equation for social-recrea
tion did not explain the variation in trips caused b~ the presence of a major-league ball 
park in a specific zone. As in the case of the four CBD zones, the regression analysis 
was made with and without the selected zones having a major trip-generating facility. 

In the analysis of shopping trips, the total sample size was reduced to 367 zones by 
eliminating zones in which the total number of shopping destinations was less than 100. 
Much of the shopping trip analysis was also made with 204 zones where retail floor 
area had been inventoried. 

Data Sources 

With a few exceptions, data for the regression analysis were taken from the CATS 
1956 trip and land-use surveys. The independent variable was the number of internal 
person trip destinations to the district and zone by trip purpose. The method for mak
ing the trip survey and factoring the sample is explained in CATS Final Report, Volume 
I, Survey Findings, and various supplementary reports on the trip survey. The sam
pling variability in the survey also is estimated there, and this was used as a basis for 
selecting zones in the zonal regression analysis. 

The trip survey data were originally recorded on home interview cards. Subse
quently, in 1964, these data were transferred to tape, but in the 8-year interval, 27 cards 
representing 957 trips either were badly damaged or were lost. The regression anal
ysis was based on data from old tabulations made from the home interview cards. · 
Many of the trip characteristics, particularly the land-use destinations and the district 
interchange of trips, were obtained from the tapes. 

The home interview of trips produced data on population and automobile ownership 
which were used extensively as independent variables. There also were other charac
teristics of the population, such as dwelling units, licensed automobile drivers, school 
age population, and automobile ownership ratios, which were examined as independent 
variables. 

In the 1956 land-use inventory, the amount of land area in six major categories of 
land use-residential, manufacturing, commercial, transportation, public buildings, and 
public open space-were inventoried. Floor area was inventoried for the inner built-up 
areas of the study area and summarized in detail. These data were used extensively 
in the shopping trip analysis and to varying degrees in the analysis of the other trip 
purposes. 

At the time of the 1956 survey, there were no available data on employment by small 
area within the CATS study area. Since that time, the ru:.nois State Employment Service 
began publication of biennial reports on employment covered by the Unemployment 
Compensation Act in the postal zones of Chicago and the larger municipalities of Cook 
and Du Page Counties. These data were used to obtain estimates of manufacturing, 
retail trade, wholesale trade, finance, and construction employment by district in the 
CATS study area. The problems of time, geographical area, and definition of employ
ment activity in these estimates of employment are outlined briefly in a later section. 

The other data sources which were utilized are noted under the appropriate trip 
purpose. None was used extensively. The suggestions for further study indicate that 
greater utilization of school enrollment and retail sales data would have been appropriate. 

TOTAL TRIPS AND TRIPS HOME 

From the 1956 trip survey, CATS estimated a total of 9,930, 681 internal person 
trips which had destinations in the 44 districts of the study area. Of the nearly ten 
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million total trips, 4,328,569 were for the purpose of returning home. Total trips are 
the summation of all trip purposes, and the destinations are many and varied. Trips 
home have only one type of destination, residential land, but these destinations are 
located throughout the study area. Because 469 zones out of 582 were used in the zonal 
analysis, the total internal person trip destinations was 9,808,353, while the number of 
trips home was 4,308,996. 

Because trips home constitute nearly half of the total trips, and because the trip 
home was frequently the return from another trip purpose, the average trip lengths 
and modes of travel were approximately the same for total and home trips. Nearly 
75 percent of both types of trips were made by automobile, either as a driver or as a 
passenger. Bus was the second most important mode. The mean airline trip length 
was slightly over 4 miles. 

To develop estimating and forecasting methods for total trips and trips home, the 
methods used previou1:1ly by CATS were readily suggested. The definitions of total trips 
were the same. Trips home and trips to residential land were approximately the same. 
Trips to r esidential land included all trips home, and a few other trips where the pur
pose was social, domestic work, or personal business. Trips home constituted 80 per
cent of the trips to residential land. 

The CATS forecast equation expressed total trips as a ratio-specifically, trips per 
dwelling unit. Similarly, the equation for residential trips was expressed in another 
ratio, trips per capita. In this analysis, the derived equations were expressed in terms 
of total trips to the place of destination. This difference may be considered minor, for 
it is possible to per form the neces sary algebra and convert either equation. What is 
relevant are the factors included in each equation. 

CATS selected cars per dwelling unit and the log of net residential density (dwelling 
units per acre ) as the variables from which to estimate total trips. Residential trips 
were estimated from cars per person and the actual net residential density (persons 
per residential land). 

The variables used by CATS and a few other alternative expressions for residential 
characteristics were tested in the district analysis. The tested resident characteristics 
were population, dwelling units, automobiles owned, licensed automobile drivers, resi
dential land, and ratios express ing net r esidential density, car ownership rate, and the 
percentage of the population licensed to drive. At the zonal level, the independent 
var iables were limited to the number of dwelling units, automobiles owned, dwelling 
units per acre, and autos per dwelling unit. 

The regression analysis at both the district and zonal level reaffirmed the CATS 
method, and that automobile ownership and net residential density were appropriate 
independent variables for estimating total trip destinations and trips home. In the dis
trict analysis, where additional independent var iables wer e tested, it was found that 
there were acceptable alternatives for automobile ownership and net residential density 
(Tables 4 and 5). The alternatives, however , were similar to the variables used by 

TABLE 4 

STATISTICAL MEASURES OF CORRELATION FOR TOTAL PERSON TRIP DESTINATIONS 
AND SELECTED INDEPENDENT VARIABLES 

Sample Regression Correlation Standard Mean 
Independent Variables Intercept Error of Number Size Coefficient Coefficient EsUmate of Trips 

44 Autos owned -14,171 7.036 0.711 86,431 225,719 
districts Dwelling units per acre 587 .026 0.909 51,796 

44 Population -189,310 1.874 0.763 79,415 225,719 
districts Percent of pop. lie. drivers 4,569.487 0.946 40,126 

44 Licensed auto drivers -5,179 4. 552 0.773 77,925 225,719 
districts Dwelling units per acre 532. 962 0.934 44,574 

44 Dwelling units -122,579 4.705 0.785 76,181 225, 719 
districts Percent of pop. lie. drivers 4,004.331 0.931 45,300 

469 Autos owned 1,855 5.811 0.710 13,314 20,913 
zones Dwelling unlts per 10 acres 9.101 0.865 9,507 

I 
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TABLE 5 

STATISTICAL MEASURES OF CORRELATION FOR TRIPS TO HOME 
AND SELECTED INDEPENDENT VARIABLES 

Sample Regression Correlation 
Standard Mean 

Independent Variables Intercept Error of Number Size Coefficient Coefficient Estimate of Trips 

44 Autos owned -5,424 3.268 0.979 10,211 98,416 
districts Population per acre 49.915 0.983 9,353 

44 Licensed auto drivers 4,633 2.068 0.991 6,842 98,416 
districts Dwelling units per acre -13.384 0.991 6,756 

44 Autos owned 4,338 3.193 0. 979 10,211 98,416 
districts Dwelling units per acre 211.887 0.164 10,195 

44 Population -63,600 0.846 0. 913 20,444 98,416 
districts Autos per dwe!Ung unit 68,782.134 0.956 14,842 

44 Dwelling units 58,276 2.197 0. 858 25,697 98,416 
districts Autos per dwelling unit 81,323. 655 0.934 18,055 

469 Autos owned -114 3.240 0.964 2,001 9,188 
zones Dwelling units per 10 acres 0.351 0.966 1,971 

CATS, and can be considered as redefinitions of essentially the same thing. There 
was also a high degree of covariance between these alternatives (Table 6). 
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The analyses were made with the central business district and without. The sta
tistical measures of correlation were approximately the same. There were, however, 
marked differences between the district and zonal measures of correlation The coef
ficient of multiple correlation decreased, while the standard error of estimate as a 
percent of the mean number of trips doubled. 

In conclusion, it may be stated that total trip destinations and trips home may be 
estimated from the number of automobiles owned and residential density. There are 
acceptable alternatives which can be recommended. Among the two or three best, the 
selection may be guided by such practical considerations as the availability of data and 
the ability to forecast the selected independent variables. That one method appears 
better from the statistical measures of correlation probably is due to chance and error 
in the basic data. 

TABLE 6 

SIMPLE CORRELATION COEFFICIENTS BETWEEN INDEPENDENT VARIABLES 
DEFINING RESIDENT CHARACTERISTICS 

Percent 

Dwe!Ung Autos Licensed Pop. Auto/ D. U./ Variable Population Units Owned Auto Lie. D. U. Acre 
Dr. to 

Drive 

(a) All Districts 

Population 1.000 0.976 0.862 0.916 -0.394 -0.367 -0.147 
Dwell!ng units 1.000 0.800 0.868 -0.330 -0.464 -0.040 
Autos owned 1.000 0.980 -0.202 0,011 -0.270 
Licensed auto 

drivers 1.000 -0.188 -0.077 -0.205 
Percent pop, licensed 

to drive 1. 000 0.110 0.735 
Autos per D. U. 1.000 -0.560 
D. U. per acre 1.000 
Population per acre 

(b) All Districts Except 01 

Population 1.000 0.979 0.851 0.908 -0.323 -0. 537 0.580 
Dwelling units 1.000 0.796 0.885 -0.338 -0.594 0.668 
Autos owned 1.000 0.979 0.094 -0.125 0.121 
Licensed auto drivers 1.000 o:es2 -0.204 0.237 
Percent pop. licensed 

to drive 1.000 0.890 -0. 760 
Autos per D. U. 1.000 -0.896 
D. U. per acre 1.000 
Population per acre 

·. .. 

Pop./ 
Acre 

0.231 
0.347 

-0.147 

-0.035 

0.167 
-0.909 

0.767 
1.000 

0.527 
0.594 
0.053 
0.165 

-0.829 
-0.920 
0.984 
1.000 

... 
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The relationships of automobiles owned and net residential density to total trips 
and trips to home or residential land have been described in CATS reports and in other 
transportation studies. This hardly needs repetition, except to mention that these two 
variables are better measures of trips home than of total trips. Total trips include 
other trip purposes which are not related to home, except as a place of origin. The 
non-home component of total trips is related to many nonresidential characteristics, 
such as the place of work. · 

The estimating equations derived from the 1956 trip survey in the Chicago area 
indicated that there was a total of approximately 7 person trips per automobile owned, 
2 per person, or 47'a per licensed automobile driver. In the case of trips home, there 
were approximately 3 person trips per automobile owned and 2 per licensed automobile 
driver. These ratios then were augmented by net residential density in the district of 
destination. Forecasts should reconsider these ratios and any conditions which may 
alter them. 

WORK TRIPS 

Of the trip purposes, those for the purpose of working can be ranked among the most 
important. In 1956 there were two million internal person work trips within the CATS 
study area. Approximately 20 percent of the total person trips occurring on a typical 
weekday were work trips. 

Only trips to home exceeded the number and proportion of work trips, but approxi
mately one-third of such trips home were return trips from work. The concentration 
of work trips during a couple of hours in the morning and their convergence on a small 
number of places, and their counterpart return trips home, created the highest weekday 
traffic volumes. Problems created by these daily work trip volumes make it imperative 
to have accurate estimates of work trips. 

It is obvious that the work trip would not be made unless a job existed, and that the 
best measurement of the number of jobs is total employment and its distribution by 
location. However, during its survey and analysis phase, CATS did not have access to 
employment data by small areas such as the districts into which the study area was 
divided. Only for the entire study area were estimates of employment prepared. Esti
mates of manufacturing employment density for small areas were made, but they were 
based on CATS own trip and land-use surveys. These estimated manufacturing work 
trip and employment densities subsequently were used to forecast trips to manufactur
ing land, because work trips constituted 90 percent of the total trips to manufacturing 
land. 

The estimates and forecasts of total employment in the Chicago SMA and CATS 
study area were prepared during the years 1957-58. Since then, the Illinois State 
Employment Service began to publish a series of reports on employment covered by 
the Unemployment Compensation Act by industry and postal zone in Chicago and the 
larger municipalities and sections of Cook and Du Page Counties. As an independent 
estimate of employment by small areas in the CA TS study area, it is the best, although 
there are a number of limitations involving time, geographic area, and definition of 
employment. 

The Problem of Time 

When the Employment Service began the compilation of covered employment data by 
postal zone, it was done biennially for the first quarter of the odd years. The 1956 
CATS trip survey fell between the first two reporting periods, specifically March 1955 
and March 1957. Covered employment data for 1957 were selected as the best approxi
mation of the 1956 employment picture, because estimates of total employment in the 
Chicago SMA showed little change between 1956 and 1957. There was a greater dif
ference between the 19 55 and 19 56 totals. 

The Problem of Area 

While CATS districts and postal zones were approximately the same in number and 
size, there was little agreement on boundaries. It appeared to be only by accident that 

_, 
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the same street was used as a boundary by both CATS and the Post Office. Because of 
the almost complete lack of coterminity in boundaries, it was necessary to develop a 
method for converting employment by postal zone to CATS district. The method which 
was developed assumed that employment in a postal zone was distributed in the same 
manner as the land or floor area of the land use which corresponded to the industrial 
employment under consideration. The CATS coordinate system used in the land-use 
inventory made it possible to compile reasonably accurate totals of land use in the 
postal zones, v,ihich then could be apportioned to the overlapping CATS district. (Only 
one major and unavoidable "error" is known. It affects the Central Business District, 
and for this reason any employment total for CATS districts 01and11 should be added 
together.) These portions or ratios then were used to subdivide postal zone employ
ment. In converting manufacturing employment from postal zone to CATS district, it 
was found that there was no significant statistical difference between using land area 
or floor area in the conversion method 

The Problem of Definition 

By definition, covered employment is not total employment; it is approximately 
three-fourths of total nonagricultural employment in the Chicago area. Jn the manu-

TABLE 7 

1956 JNTERNAL FJRST WORK TRIPS AND EXTERNAL 
WORK TRIPS TO MANUFACTURJNG LAND, AND 

TWO ESTIMATES OF 1957 COVERED 
MANUFACTURING EMPLOYMENT BY CATS DISTRICT 

(in thousands) 

CATS 
Dietrict 

01" 11 
21 
22 
23 
24 
25 
26 
27 
31 
32 
33 
34 
36 
36 
37 
'1 
42 
43 
44 
46 
46 
47 
61 
62 
63 
64 
66 
56 
57 
61 
62 
63 
84 
66 
66 
87 
71 
72 
73, 
74 
76 
76 
77 

Total 

Work Trips 
to Manufacturing 

151.9 
16. 7 
27.9 
21.4 
11.0 
22.3 
20.7 

6.7 
8.0 

28.4 
40.3 
37.0 
26.2 
16.8 
3.4 

11.2 
lli.4 
16.1 
26.6 
10.4 
12.2 
9.1 
7.9 

16.2 
20.8 
12.0 
24. 2 

2.4 
23.4 
0.6 
3.7 
8.7 
o.8 
3.7 

11.5 
18. 2 

1.3 
1.9 
1. 5 
1. 1 
0.8 
8.6 
7.7 

712.7 

Estimated Manufacturing 
Employment 

Land Area 
Method 

176.4 
8.7 

43.0 
26.9 
9.2 

26.9 
24.7 
7.8 
8.5 

33,9 
45.2 
28.7 
34.0 
19.1 
1.8 
8.6 

13.3 
13.4 
32.7 
30.8 
11.1 
8.9 
4.7 

16. 1 
18.9 
24. 2 
29.5 
2.7 

18.0 
2.0 
8.3 
9.9 
1.4 
6.4 

17.Z 
27.7 
0. 5 
7.5 
2.3 
1.0 
0. 2 
6. 6 

10.3 

827.6 

Floor Area 
Method 

182.7 
10.4 
39.9 
26.7 
11. 1 
24. 5 
25.6 
6.7 
8.6 

35.3 
45.0 
37.4 
33.4 
16.3 
2.1 

facturing industries, 99 percent of the 
employees are covered. In the con
struction, communication and public 
utilities, wholesale and retail trade, 
and mining industries, coverage is 
over 90 percent; 83 percent of total 
finance employment is covered, while 
50 to 60 percent is covered in trans
portation and service trades. Govern
ment is one notable nonagricultural 
industry where there is no coverage. 

The conversion of employment by 
postal zone to CATS district involved 
matching SIC industry definitions with 
the CATS definitions of land use. At 
the two-digit level of each, it was pos
sible to obtain a reasonable matching 
without serious discrepancies between 
definitions. 

A more serious problem arose in 
comparing definitions of employment 
and work trips. Covered employment 
is all covered jobs; it does not indicate 
the number of multiple job holdings of 
an individual worker, nor does it indi
cate normal absenteeism due to illness 
or vacation. Work trips were defined 
as first work trips. Trips to a second 
job or trips made subsequent to the 
first-trips of the traveling salesman
were omitted in this definition. By 
implication, persons staying home 
because of illness or other reason did 
not ·make a work trip. 

Estimated Employment and 
Work Trips 

Estimates of employment by CATS 
district were made for the selected 
industries of manufacturing, retail 
trade, wholesale trade, finance, and 



12 

TABLE 8 

ESTIMATES OF MARCH 1957 COVERED EMPLOYMENT FOR SELECTED NONMANUFACTURING INDUSTRIES AND 
1956 INTERNAL FIRST WORK TRIPS TO CATS DIBTRICTS 01 THROUGH 37 

(In thousands) 

CATS Retail Tradea Wholesale Tradeb Flnancec Constructlond 

District Employment Work Trips Employment Work Trips Employment Work Trips Employment Work Trips 

01 38,8 39.4 21.4 8.8 62.5 50.7 8.5 2.9 
11 36.6 34.4 68.7 15.3 13.7 4.7 11.9 3.1 
21 4.0 7.5 2.2 1.0 1.7 1.0 2.2 0.4 
22 3.0 4.9 3.4 1.1 0.8 0.3 2.5 0.9 
23 3.8 5.0 3.0 1.2 0.5 0.5 2.3 0.7 
24 10.4 11.4 1.2 0.3 0.2 0.4 0.9 0.3 
25 0.9 3.4 4.1 1.2 0.2 0.1 0.4 0.5 
28 3.0 5.5 3.9 1.6 0.3 0.2 0.2 0.4 
27 2.0 3.7 2.3 0.7 0.7 0.5 0.7 0.9 
31 3.2 5.6 1,2 0.5 3.4 2.0 1.8 0.5 
32 2,9 6.3 2.0 1.1 0.4 0.5 2.1 0.7 
33 5.7 8.4 4.0 1.2 1.0 1.1 3.7 1.2 
34 4.2 5.3 2.4 0.8 0.4 0.4 1.5 0.4 
35 2.2 3.1 3.5 1.4 0.4 0.3 1.0 0.8 
36 6.4 2.9 1.1 1.0 0.7 0.5 0.9 0.3 
37 3.9 7.5 0.6 0.3 1.8 1.3 0.6 0.3 

Total 131.2 154.6 125.0 37.5 88.5 64.5 39.2 14.3 

~SIC Code 53-59; CATS Code 50, 51, 52, 53, 54, 55, 56, 57, 58, 59. 
SIC Code 50-52; CATS Code 70, 71, 73. 

cSIC Code 60-67; CATS Code 60. 
dSIC Code 15-17; CATS Code 74, 75, 77. 

construction. Estimates for other industries were not prepared because of the low 
coverage in these industries. Because estimates for retail and wholesale trade, finance, 
and construction had to be based on the distribution of floor area, the estimates could 
only be prepared for the districts in the inner rings where floor area had been inven
toried. The estimates are given in Tables 7 and 8. 

The estimates of employment were· correlated with first work trips. In all cases 
the correlation coefficient was 0.95 or better. The regression coefficient, b, in the 
estimating equation, was a reflection of both normal absenteeism and the degree to 
which employment in the industry was covered (Table 9 ). 

The standard error of estimate was relatively high. It can be explained partially 
by the problems of matching dates, industry definitions, and the conversion of employ
ment data from postal zones to CATS districts. Another source of error was in the 
CATS survey of trips. A comparison of manuf?-cturing work trip densities in CATS 
districts and manufacturing employment densities by postal zones revealed some evi
dences of underreporting of trips and overfactoring of the sample. While the location 
of these possible errors can be described in considerable detail, they cannot be proved 
conclusively. 

The statistical analyses support the common-sense conclusion that work trips can 
be estimated from employment. While no specific estimating equation is offered, it 
can safely be assumed that work trips will be 80 to 90 percent of total employment. 
CATS used employment or rather employment density in estimating work and total 
trips to manufacturing land. The statistical analyses confirm the validity of this 
method. It is further recommended that not just manufacturing work trips but all 

TABLE 9 

STATISTICAL MEASURES OF CORRELATION BETWEEN ESTIMATED EMPLOYMENT 
AND WORK TRIPS 

Industry Nor Number Mean Number Regression Correlation standard Error 
of Districts of Trlpsa Coefficient Coefficient of Estlmatea 

Manufacturing 43 
(01and11; 

16.6 0.84 0.98 ±4.6 

21 thru 77) 
Retail and 16 12.0 0. 51 0.95 ±4.2 

wholesale trade (01 thru 37) 
Finance 16 4.0 0.60 0.99 ±1.4 

(01 thru 37) 

aThousands of trips. 
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work trips be estimated from employment. The implication of this recommendation is 
the necessity of preparing forecasts of future total employment by small areas. This 
is no easy task, but it should be noted that an industrial breakdown by small area is 
not required, although it might be obtained in the employment forecasting procedures 
as a check on reasonableness. 

The implication of this recommendation in land-use definitions appropriate to trans
portation is the identification of work places by number of employees and location. 
Work places mean all, not only manufacturing, but also commercial, government, and 
any other place where people work. 

While the employment estimates and statistical analyses were made at the district 
level only, there is no reason to question that similar relationships and conclusions 
could not be found for CATS zones. 

A Footnote on Employment Density and Work Trips. 

During the preparation of the employment estimates by CATS districts, considerable 
data on employment density became available. Since employment density is an alternate 
to total employment in estimating work trips, these derived densities were examined 
with the view of developing a second estimating method. Without going into the details 
of the specific analyses, it was concluded that the employment method was preferred 
because of its directness, although employment density could be used to supplement or 
to check the total employment method. There are a number of reasons for this: 

1. More work is entailed in collecting and forecasting land or floor area on which 
employment occurs. 

2. Forecasting employment density involves several pitfalls. Any forecast based 
on current employment density patterns will encounter such problems as employment 
definition (average annual or seasonal, total or main shift), possible greater variation 
of employment densities within an industry than between industries, and differences in 
the utilization of space, such as an establishment making do in old cramped quarters, 
or an establishment holding reserve space for future expansion. 

3. Forecasts of future employment density must consider the effects of automation 
and other similar changes which will affect employment de~ity. Automation will, 
naturally, also be a factor in any forecast of total employment. 

SOCIAL-RECREATION TRIPS 

Of the 9,930,681 weekday internal person trips surveyed by CATS in 1956, 1,251,785 
or 12. 6 percent were social-recreation trips. Social-recreation trips included two 
basic, although related, types of trips-social trips to visit friends and relatives, and 
recreation trips to go to the ball game, to attend the theater, or to play golf. If a resi
dential land use destination were reported, it was assumed that a social trip was made. 
The destinations of recreation trips were many and were dependent on the individual 
recreational objectives of the trip-maker, season of the year, and the weather. Summer 
suggested baseball, swimming at the beach, and escape from the heat to an air-condi
tioned movie. Cooler autumn weather suggested the opening of the new football and 
theater season. Winter snow and ice curtailed most outdoor recreation, except activities 
involving snow and ice. Social trips to visit friends, however, were a year:..round 
activity. 

These social and recreation activities were reflected in the land-use destinations, 
which during the six warmer months of 1956 received the following, proportion of trips: 

Residence 55.1 percent 
Indoor amusement 12. 3 
Eating and drinking places 5. 8 
Outdoor amusement, n. e. c. 5. 4 
Public parks 4. 7 
All other public buildings 

{primarily Y's and similar institutions) 2. 5 
Schools 2.4 
Swimming pools 1. 5 
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Golf courses 
Race tracks & stadia 
Churches 
Museums, art galleries, zoos, arboretums 
All other uses 

1. 5 percent 
1.5 
1.1 
1.0 
5.2 

In the CBD district 01, 56 percent of the social-recreation trips had indoor amuse
ment destinations, that is, first-run movies, legitimate theater, concerts, night shows, 
and similar facilities. No other land-use destination had a significant proportion of 
the total recreation trips. 

As might be expected, weekday recreation trips occurred primarily during the eve
ning hours, and Friday was the most popular day. The automobile was by far the most 
important mode of transportation in the social-recreation trips. The number of social
recreation trips per family increased with each increase in the total number of trips 
made by the family. 

Among these general characteristics of the social-recreation trip~, there were three 
which had relevance to the derivation of estimating methods for these trips: 

1. As a noncompulsory type of trip, the number of social-recreation trips depended 
on the availability of leisure time and income. During the week, work and school hours 
effectively reduced the time available for making social-recreation trips. Since most 
social-recreation activity also costs money-admission tickets, special clothing and 
equipment, or carfare-the number of social-recreation trips also was governed by 

I. 

• 
i" . 

family or individual income. It should be noted that the number of leisure hours during • ·, 
the week and on the weekend differed greatly. Since the CATS trip survey was made 
during the week, any estimating method derived from the data is applicable only to 
weekday social-recreation travel. The other constraint on social-recreation trips, 
income, can be approximated by automobile ownership. 

2. In the social trips, which constituted approximately half of the total social-recrea
tion trips, there was a strong tendency to exchange visits with friends in the same socio
economic level. This characteristic was particularly evident at the district level where 
some equilibrium in the district interchange of trips was observed. 

3. Some districts and zones had a unique recreational facility which attracted a 
large number of trips. The first-run movies, theaters, and night shows of the CBD 
district 01, and the major-league ball parks, race tracks, amusement parks in other 
zones and districts could be identified as spectator facilities which drew large crowds. 
Not to be overlooked were the museums, zoos, beaches, some schools and Y's which 
attracted trips from outside the immediate vicinity. Size of the recreation facility, 
measured in terms of land area or floor area, was not always relevant. The basement 
floor area of a night club was not easily compared with the 100 acres of a zoo. The 
hundreds of acres of a forest preserve do not attract as many trips as the opening game 
at the ball park located on one city block. Measures of capacity, such as seating capacity, 

TABLE 10 

STATISTICAL MEASURES OF CORRELATION FOR SOCIAL-RECREATION TRIPS 
AND SELECTED INDEPENDENT VARIABLES 

Standard Mean Trip Sample Independe.nt Inter- Regression Correlation Error of Number Purpose Size Variable cept Coefficient Coefficient Estimate of Tripe 

Soc .... rec. 43 districts Autos owned· 0. 075 0.90 0.95 4.4 28.2 
Social 44 districts Autos owned -0. 021 0.52 0.94 2.7 15.7 
Soc. -rec. 469 zones Autos owned 408 0.739 0.733 1,559 2,620 

Net res. density 0.402 o. 754 1,505 
Soc . ... rec. 449 zones Autos owned 268 0.759 0.842 1,101 2,456 

Net res. density 0.180 0.843 1,100 

43 districts: CBD district 01 omitted; all trip data expressed in thousands of trips. 
44 districts: all districts; all trip data expressed In thousands of trips; social trips are all eoclal

recreatlon trips to residential land, I.e., visiting friends. 
469 zones: all zones used In zonal analysis. 
449 zones: all zones except 20 with major recreational facility; these are: 01001, 01002, 01003, 

01004, 11013, 11015, 21023, 27045, 31051, 32055, 34071, 37087, 45160, 53216, 64225, 
62294, 65329, 71420, 72454, and 76540. 

·' ·" 



·. 

,· . .-

15 

appeared to be more appropriate, but the CATS files did not contain such data. Further
more, methods for measuring the capacity of recreation facilities were still in the 
preliminary stages of development in the field of recreation planning. 

Estimating Equations 

In the regression analysis of social-recreation trips, the first two characteristics
propensity to make social-recreation trips and the equal exchange of social trips-were 
utilized. In the absence of appropriate variables to explain trip destinations to major 
recreation facilities, the regression analyses were made by: omitting those trips at the 
district level, or by omitting entire zones with these recreation facilities at the zonal 
level The more important findings are summarized in Table 10. A number of obser
vations can be made from these findings: 

1. Statistically, the better equations are those for the district. At the zonal level, 
there was greater chance of data error, because of the smaller area and smaller num
ber of trips. 

2. Automobiles owned was a good index of income. It was, however, a residential 
characteristic of the district or zone of destination, and not necessarily a characteristic 
of the person making the trip. But because half of the trips were social, and because 
people had the tendency to visit others of a similar economic level, atuomobile owner
ship in the district of destination could represent the characteristics of the trip-maker. 
The district estimating equation for all social-recreation trips stated that, on an aver
age weekday, there was approximately one person trip per one automobile owned With 
nearly four resident persons per automobile, the average person made 11/.a social-rec
reation trips per week (Monday through Friday). This was not unreasonable. Not 
every a.utomobile was used on the social-recreation trip, for half of those using the 
automobile on the trip rode as a passenger. 

3. The computer program used in the zonal analysis was not set up for simple cor
relation. It was evident, however, that the addition of a second independent variable, 
net residential density, contributed little or nothing to the reliability of the estimating 
equation, and that one independent variable, automobiles owned, was sufficient. This 
is not to say that a second independent variable was not needed, but that the second in
dependent variable should not be another residential characteristic. 

4. The equations are best for estimating social and neighborhood recreational trips. 
They are most inadequate for estimating trips to a major recreation facility. 

5. While automobile ownership provided a good approximation of social-recreation 
trip destinations to large areas, use of automobile ownership in trip forecasts should 
be re-examined in view of two developments. First are the changes in the relationship 
between automobile ownership ratios and the number of social-recreation trips. Second, 
and more important, are changes in the number of leisure hours, such as would occur 
with a shorter working day or week. A 6-hour working day or a 4-day work week could 
easily mean more recreation trips whose number approached the scale of weekend 
recreation trips. 

6. It was evident that the equations were unsatisfactory in estimating trips to major 
recreation facilities. In transportation problems which involve estimates of trips to a 
particular major recreation facility, it is recqmmended that specific studies be made 
on that facility. There is no question of the need for additional analyses of recreation 
trips to the major facilities. Use of independent variables expressing the facility's 
capacity appears to be an appropriate approach, but the definition of capacity measures 
have not been developed fully. 

PERSONAL BUSINESS TRIPS AND TRIPS TO EAT A MEAL 

In the 1956 CATS survey of internal trips, there were 1,009,362 personal business 
trips and 210,983 trips to eat a meal. They constituted respectively 10 and 2 percent 
of the total internal person trip destinations. Both trip purposes were analyzed sepa
rately at the district level, but preliminary studies to combine the two trip purposes 
were made at the district level, and continued at the zonal level. 

As a group, the one million trips for personal business were a catchall which in
cluded such objectives as obtaining medical service, attending church, getting a haircut, 
applying for a job, and paying bills. The group also included all other trip purposes 
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TABLE 11 

PERCENTAGE DIBTRIBUTION OF PERSONAL BUSINESS 
TRIP DESTINATIONS BY LAND USE 

Reoldence 
Medical service 
Retail trade 
Personal service 

Land Use 

Finance, insurance, real estate 
Cburcb 
Hoopltal 
Business, auto, and miscellaneous service 
School and nonprofit Institutions 
Federal, state, and local government 
All other uses 

Percent 

16 
14 
10 
10 

9 
7 
7 
6 
5 
5 

11 

not classified elsewhere, and trips for 
which an inadequate response on purpose 
had been obtained. 

The nature of the personal business 
trip can be deduced from the land-use 
destination; that is, there is a strong pre
sumption that a person was visiting a 
doctor or dentist if the destination were 
medical service and that a person was 
obtaining auto servicing if the destination 
were a filling station or repair garage. 
All of the land uses can be a place for 
personal business, but no one land use 
was dominant. The variety of objectives 
and land-use destinations is illustrated 
in Table 11. 

Because of the variety and multiplicity of objectives and destinations, personal 
business trips cannot be characterized by one or two objectives or destinations. How
ever, most personal business trips were short, because many of the destination places 
were relatively ubiquitous. There were, however, some objectives and destinations 
which were few in number and specialized in character. Among these latter were 
offices of medical specialists, transportation terminals, and government offices. 

For these reasons it was theorized that most personal business trips were local in 
nature and that the number of trip destinations could be estimated from knowledge of 
the resident characteristics in the district or zone of destination. This theory was 
valid for the bulk of the personal business trips where the origin and destination were 
in the same district or zone, or where the interchange of trips was nearly equal. For 
the remaining nonlocal personal business trips, a description of the nonresidential 
destinations was required. 

Trips to eat a meal, as defined in the trip survey manual, were for the specific pur
pose of eating. If, however, there were social or recreational aspects, the trip was 
classified social-recreation. Trips to a friend's for dinner, or "to eat out" at the new 
restaurant should have been coded social-recreation. Because this distinction was 
not always clear, miscoding of the trip purpose was high. The noon-hour meal of the 
worker or school child, which involved travel, was a legitimate trip to eat a meal. So, 
also, was the businessman's two-hour luncheon. The primary land use at destination 
was retail, or, more specifically, eating and drinking places. The secondary destina
tion was home. 

It was possible to make some conjectures about the characteristics of the person 
making the trip to eat a meal, and thus to select appropriate independent variables to 
be used in the analysis. Workers and school children can make trips to eat a meal, 
but many workers-clerical, sales, skilled, and most school children-brought a lunch, 
ate at the cafeteria in the building, or walked to the nearest restaurant or lunch stand. 
By the CATS definition of trips, no trip was made. On the other hand, executives, 
managers, and professional workers may have the time and means for making a trip 
to eat a meal. It thus was logical to relate trips to eat a meal with this group of 
workers, or an index of income. 

Analysis 

Except for keeping a medical appointment or luncheon engagement, personal business 
trips and trips to eat a meal do not have an obligatory element. The motivations and 
objectives for making these trips, however, were many and not easily defined. It ap
peared that the total number of trips was related to total population rather than personal 
income of the trip-maker. The type of personal business trip may have been related 
to income. 

While measures of population or income were adequate for estimating the total num
ber of personal business trips and district trip destinations which were local in nature, 
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TABLE 12 

MULTIPLE CORRELATION OF PERSONAL BUSINESS TRIPS 
AND SELECTED FACTORS FOR ALL DISTRICTS 

(Mean Number of Trips: 22,940) 

Regression Coefficient standard 
Independent Variable Intercept Coefficient of Multiple Error of 

Correlation Estimate 

LicenBed auto drivers -2,484 0.480 0. 643 11,208 
D. U. acre 80.845 0.926 5,591 

Population -30,014 0.205 0.623 11,441 
Percent pop. Ile. to drive 679.874 0.935 5,259 

Dwelling units 13,091 0.364 0. 666 10,918 
Autos per D. U. -4,415.706 0.670 10,988 

Autos owned -3,010 0.729 0. 561 12,109 
D. U. per acre 86.109 0.898 6,578 

Medical service emp. 2,203 24.020 0.842 7,894 
Autos owned 0.413 0.942 4,979 

State and local govt. emp. -851 6.2'17 0.714 10,246 
Autos owned 0.615 0.958 4,348 

Retail trade emp. 805 0.148 0.828 8,199 
Autos owned 0.423 0.935 5,266 

Autos owned 6,601 0.421 0.561 12,109 
Hospital emp. 3.887 0.695 10,640 

Medical service emp. 0.842 7,894 
Autos owned 0.942 4,979 
State and local govt. emp. 0.957 4,366 
Hospital emp. 0.960 4,264 
Finance emp . 0.962 4,178 

other independent variables were required for nonlocal trips and for the number of 
zonal destinations. The land-use destinations of personal business trips provided clues 
to the selection of appropriate independent variables which explained nonlocal destina
tions. Land areas in the six major land-use categories were not used because they 
were gross aggregations of a number of activities which did not correspond to the ag
gregation of the personal business objectives. Floor area on which these activities oc
curred was limited to the central rings of the study area. Estimated employment, that 
is, first work trips to selected service activities, was used because data could be used 
in detail or in aggregate in the entire study area. Estimates of employment from 
covered employment were not used because, in a number of cases, the selected em
ployment category was not included under covered employment, or because the per
centage of coverage was low. The data on first work trips, on the other hand, were 
readily available in the CATS data files on trips. 

District Analysis 

Personal business trips to the district of destination were correlated with several 
resident characteristics and with combinations of resident characteristics and esti
mated employment in selected destination places. The better combinations are sum
marized in Table 12. Independent variables defining resident characteristics in the 
district of destination produced rough estimates of the number of trips to the districts, 
except the CBD district 01. The combination resident characteristic and estimated 
employment in one of the service trades or professions gave better results, aild it was 
not necessary to exclude the CBD from the analysis. The noteworthy finding at the 
district level was that two or more independent variables describing the destination 
places did not produce much improvement over automobiles owned and an independent 
variable describing one destination place. The reason was not difficult to discover
there was considerable covariance between the various places of destination. Table 13 
shows the simple correlation coefficients between estimated employment in selected 
service trades and professions. 

Because covariance between the places of destination existed at the distriCt level, it 
is recommended that one place be selected. Since the places of destination have been 

·. 



18 

TABLE 13 

SIMPLE CORRELATION COEFFICIENTS BETWEEN INDEPENDENT VARIABLES 

Employment In: Personal 1. 2. 3. 4. 5. 6. 9. Business 7. 8. 10. 11. 

(a) All Districts 

1. Medical service 0.642 1.000 0.928 0.787 0.498 0.694 0.736 0.858 0.821 0.884 0.921 0.955 
2. state and local govt. 0.595 1.000 0.696 0.383 0.609 0.665 0.963 0.548 0.957 0.963 0.922 
3. Finance 0.549 1.000 0.017 0.411 0.994 0.974 0.156 0.669 0.600 0.757 
4. Hospital 0.555 1.000 0.652 -0.057 0.195 0.874 0.392 0.558 0.574 
5. Education 0.758 1.000 0.348 0.490 0.596 0.569 0.660 0.702 
6. Legal service 0.479 1.000 0.959 0.086 0.842 0.757 0.700 
7. Offices 0.605 1. 000 0.363 0.945 0.908 0.842 
8. Post Office 0.588 1.000 0.549 0.705 0.667 
9. Federal 0.608 1. 000 0.956 0.884 

10. Non-profit 0.722 1.000 0.941 
11. Retail trade 0.828 1.000 

(b) All Dletrlcto Except 01 

1. Medical service 0.829 1.000 0.867 0.818 0.828 0.696 0.540 0.816 0.824 0.683 0.828 0.911 
2. state and local govt. 0.695 1.000 0.706 0.867 0.668 0.366 0.947 0.947 0.846 0.941 0.888 
3. Finance 0.830 1.000 0.712 0.700 0.566 0.689 0.674 0. 536 0.697 0.825 
4. Hospital 0.664 1.000 0.718 0.360 0.891 0.884 0.830 0.924 0.861 
5. Education 0.723 1.000 0.478 0.617 0.607 0. 563 0.688 0.691 
6. Legal service 0.559 1. 000 0.32'1 0.328 0.184 0.347 0.451 
7. Offlceo 0.621 1.000 0.996 0.892 0.985 0.859 
8. Poot Office 0.624 1.000 0.897 0.984 0.852 
9. Federal 0.453 1.000 0.908 0.774 

10. Non-profit 0.639 1.000 0.884 
11. Retall trade 0.792 1.000 

defined in terms of first work trips, which _can be regarded as employment, the selec
tion can be guided by such practical criteria as ease in collecting current employment 
data and the reliability of the forecasts. 

Trips to eat a meal were correlated with automobiles owned, and with an estimate 
of professional and managerial workers. With a correlation coefficient of 0. 83 and a 
standard error of estimate nearly one-half of the mean number of trip destinations to 
the district in each case, it can be said that a relationship existed, but that the esti
mating method was not particularly reliable. With the smaller number of trips and 
probably higher sampling error in the data, it was concluded that it would be futile to 
analyze trips to eat a meal at the zonal level, and that it was preferable to combine 
these trips with a major trip purpose. Combination with personal business trips was 
logical, for this group of trips included a miscellaneous group of trips. Combination 
with social-recreation trips was not illogical, if trips to eat a meal had a recreation 
element. 

·. 

Both combinations were examined at the district level and at the zonal level. Although 
the difference in statistical measures of correlation showed no appreciable change after 
the combination was made, there was an insignificant improvement when trips to eat a 
meal were added to personal business trips, while the measures of correlation remained 
the same or showed an insignificant decrease when trips to eat a meal were added to 
social-recreation trips. 

The combination of trips to eat a meal and personal business trips was based more 
on definition of the trip purposes. The statistical analysis did not justify the com
bination so much as it showed that the combination could be made without undermining 
the reliability of the estimating equations for personal business trips. 

Zonal Analysis 

The zonal analysis of personal business trips and trips to eat a meal was similar to 
the district analysis. The number of resident characteristics used was reduced, and 
the estimated employment in a few other destination places was examined. Tables 14 
and 15 summarize the important findings from the regression analysis. 

It will be noted that the measures of correlation are lower at the zonal level, but this 
had been anticipated. It had been expected that several independent variables would be 
required but, surprisingly, three variables produced the best measures of correlation, 
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TABLE 14 

STATISTICAL MEASURES OF CORRELATION FOR 
PERSONAL BUSINESS TRIPS IN 469 ZONES 

(MeBn Number of Tripe 2,133) 

Per. ser. emp. 
Med. ser. emp. 
Auto owned 
State and local govt. emp. 
Finance emp. 

Intercept 

Med. ser. emp. 121 
Auto owned 
State and local govt. emp. 
Finance emp. 
Hosp. emp. 

Pub. bldg. emp. 92 
Auto owned 
Comm. ser. emp. 

Med. eer. emp. 92 
Auto owned 
Net res. den. 

Med. ser. emp. 641 
Dwelling units 
Net res. den. 

Regression Correlation 
Coefficient Coefficient 

0.729 
0.796 
0.828 
0.874 
0.899 

11.206 0.678 
0.489 0.788 
1.757 0.860 
0.319 0.882 
0.954 0.890 

0.914 0.674 
0.549 0.817 
0.271 0.860 

14.091 0.678 
0.479 0.768 
0.841 0.861 

13.898 0.678 
0.245 0.781 
0.664 0.820 

Standard 
Error of 
Estimate 

1,737 
1,537 
1,426 
1,234 
1,164 

1,863 
1,563 
1,297 
1,199 
1,164 

1,874 
1,465 
1,297 

1,863 
1,563 
1,334 

1,863 
1,586 
1,453 

a All employment data are estimated employment, specUlcally first work 
trips to the land use corresponding to the employment activity. 
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while the addition of fourth and fifth variables could not be justified by the improve
ment in the measures of correlation. The desirability of a good fourth or fifth variable 
is not denied if significant improvements in the reliability of the equation can be made. 
But to collect data on a variable which contributes little to the reliability of the equa
tion is pointless. 

It will be noted also that there are alternative methods. Until a much better method 
is derived, the actual selection of one of the alternatives can be guided by such criteria 
as practicality and feasibility in gathering and forecasting data on the independent vari
ables. The resident characteristics are those which are needed 'in the estimates of the 
other trip purposes. As to employment data in the various service trades and profes
sions, some are more available than others. Current estimates of medical employ
ment are obtainable readily from directories of physicians, dentists, and relatedprofes
sions. Because there is a relation between total medical employment and population, 
a reasonable forecast of total medical employment can be derived Future zonal loca
tion of this employment is more difficult to forecast. At present the location of medical 
offices is undergoing change as more clinics for group and individual practice are 

. established. 
It is possible to obtain data on current public employment, although there are prob

lems in determining the place of employment of such categories as patrolling police, 
inspectors, and street maintenance crews. Again there is a relation between public 

employment and total population. 
Except for employees who work in 

TABLE 16 

BTATIBTICAL MEASURES OF CORRELATION FOR THE 
COMBINATION OP PERSONAL BUSINESS AND 

Variable 

Med. ser. emp. 
Auto owned 
Net res. den. 

EAT MEAL IN 469 ZONES 

(Mean Number of Tripe 2,580) 

Intercept 

194 

Regre8810n 
Coefficient 

17.694 
0.555 
0.898 

CorrelaUon 
Coefficient 

0.706 
0.811 
0.863 

standard 
Error of 
Estimate 

2,092 
1,730 
1,495 

the field, the future location of pub-
lic employees can probably be fore
cast with a reasonable accuracy. 

While the use of employment in 
the personal service trades is logi
cal, the problems of data collection 
and forecast are complex. Identify
ing the number and location of per
sonal service workers not covered 
by unemployment insurance com
pensation is difficult, and the problem 
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of forecasting is greater. Retail trade was one of the important destinations of per
sonal business trips, and there was correlation between personal business trips and 
various measures of retail activity. Ninety percent of the retail employment is covered 
by unemployment compensation insurance and data on the current location of this em
ployment is available by postal zone. The problem of forecasting retail employment 
is similar to the problem of forecasting employment in the personal service trades. 

Trips to eat a meal were combined with personal business trips and correlated with 
the same set of independent variables. Minor differences in the measures of correla
tion were noted, but the differences were of a nature to justify the combination on the 
basis of expediency and practicality, rather than any significant improvement in the 
correlation measures. On the other hand, the differences did not indicate that separa
tion was justified to maintain the reliability of the personal business trip estimate. 

It may be concluded that: 

1. Personal business trips and trips to eat a meal should be combined. 
2. A simple causal variable explaining personal business trips is difficult to isolate 

because a number of objectives are involved. Breaking this group of trips down into 
the component purposes is feasible only at the district level and where there is some 
assurance that input data errors are minimal. In aggregating minor trip purposes, 
the effect of data error is minimized. Aggregation is feasible also because of the co
variance between the independent variables, which are required to explain the com
ponent trip destinations. 

3. A relatively simple estimating equation is recommended in preference to an 
equation including definitions of all of the destination places. In these analyses, a 
complex equation did not give a more reliable estimate. 

4. Among the acceptable methods for forecasting personal business trips and trips 
to eat a meal, the methods which are based on resident characteristics and employ
ment in medical service are recommended. Data on the resident characteristics will 
be available if trip estimates for the other trip purposes are made. It is.believed that 
fewer problems will be encountered in obtaining data on current and forecast employ
ment in medical service by location. Medical service is also one of the more impor
tant objectives of personal business trips. Use of the alternatives, that is, those using 
employment data in another service trade or profession, can be justified if the employ
ment data are easier to obtain and to forecast. 

SCHOOL TRIPS AND TRIPS TO SERVE A PASSENGER 

There were 204,794 estimated school trips in 1956, or 2 percent of the total. These 
figures are deceptive in stating the relative importance of school trips. The estimates 
probably were low because the trip survey was made primarily during the summer 
months when most schools were not in session. By definition, the figures did not in
clude walking trips to school which in 1956 were estimated at approximately 400,000. 
Of the 200,000 trips using some form of vehicular transportation, approximately half 
used the bus. Because school trips are made during the morning rush hour, the impact 
of the school trips and, particularly, those having a bus mode, is important. 

School trips have a common characteristic with work trips: both are of a compul
sory nature and are regular in their occurrence. The worker makes a trip to perform 
certain functions at the place of destination in return for a paycheck; the school child 
is required to attend school between the ages of 7 and 16 (in Illinois). The hours of 
commencing work or school are usually fixed, so that the time of the work or school 
trip can be ascertained readily. While there are requirements to be at work or in 
school, there are absences, and thus no trip, because of illness, excused absence, vaca
tion, or truancy. 

There were 234,752 trips to serve a passenger. Trips to serve a passenger were 
those trips where the automobile driver took a passenger to the passenger's place of 
destination-public buildings (22 percent of the total land-use destinations), tr ansporta
tion (20 percent), r esidence (18 per cent), retail (12 percent ), or public open space (11 
percent ). While the trip purpose of the passenger is unknown, much can be conjectured 
from the land-use destinations. In the case of public buildings destinations, there was 
logic in assuming that the passenger was a minor unable to drive and was chauffeured 
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to a public building, or, more specifically, to a school by a parent. Trips to public 
open space could have involved the same type of passenger, although the purpose was 
different. Trips to transportation land probably included such objectives as taking a 
passenger to an airport or rail station where the passenger then left the area, or taking 
a passenger to a commuter station at which point the passenger changed modes and 
continued to work. Retail destinations may have involved taking the wife on the weekly 
grocery shopping trip. 

It is logical to assume that the trip would not have been made except to fulfill the 
passenger's objective, and that any method developed for estimating trips to serve a 
passenger should be based on the trip purpose of the passenger. However, it was not 
possible to obtain information on the passenger's trip purpose from the existing CATS 
trip tabulations, except by conjectures based on the land use at the place of destination. 
At the district level, trips to serve a passenger showed a relationship-that is, there 
was a simple correlation coefficient of 0.80-with those school trips having an auto
mobile passenger mode, residential land, and trips to ride. Because of these relation
ships, particularly the relation to school trips, and because schools were an important 
destination, it was decided to test the combination of trips to serve a passenger and 
trips to school. 

Methods for Estimating School Trips 

Methods for estimating the total number of school trips are obvious. There is no 
question that the number of trips with a school purpose to the district or zone of des
tination is the average daily attendance of the school at the place of destination. In lieu 
of average daily attendance, the number of school trips may be estimated as being ap
proximately 8 5 percent of the total enrollment. Variation in this percentage is due to 
absence, whether because of illness or truancy. 

The potential number of school trips having an origin in a zone or district is equiv
alent to the school-age population resident in the zone or district and enrolled in school. 
The proportion enrolled in school is related to age. In the older age brackets, above 
17, the proportion is not only related to age, but sex and race. There are standard 
demographic techniques for estimating the school-age population, and there is a wealth 
of data on the proportion of the school-age population enrolled in school While no 
significant change will occur in the proportion enrolled in school among the compulsory 
school-age groups, change can be expected in the older school-age population groups, 
particularly in the minority racial groups. Absenteeism will also reduce the total 
potential number of trips originating in a zone. In addition, a small and probably in
significant number of trips will start from a non-home origin. 

While these relationships are obvious and are easy to demonstrate, there remains 
one problem. Many of the school trips (approximately two-thirds) were pedestrian. 
To be counted as a trip in the CATS inventory, an automotive or transit mode was req
uisite. While one-third of the average daily attendance or school enrollment will yield 
an approximate estimate of the number of vehicular trips in large areas, this method 
is not satisfactory in small areas such as zones. 

School Systems and Service Areas 

The 'nature of the school system and its service area offer clues to the mode of the 
school trip, that is, whether a vehicular or pedestrian mode was used. In the Chicago 
area, there are two major school systems-the public school system and the Catholic 
parochial system. There are in addition the various colleges, universities, and tech
nical schools, and a few non-Catholic private elementary and secondary schools. Ap
proximately 30 percent of the elementary and secondary school enrollment of Cook 
County and Chicago is in Catholic parochial schools. Enrollment in other private 
schools is an insignificant portion of the total. In the 1964-65 school year there were 
455 public elementary schools and 75 general and technical high schools in the city of 
Chicago; the corresponding number of parochial schools in Chicago was 279 and 69. 
Many of the Catholic high schools were segregated by sex. 

Both the public and parochial systems have used the same general principles of 
school location. Elementary schools have been located in residential areas within 
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reasonable walking distance of the schoolchild's home. High schools have been located 
to serve several neighborhoods, and because of the larger service area, many are 
unable to walk to school. Schoolchildren making the trip to and from school by public 
bus ride at reduced fare. 

In recent years the neighborhood school has been challenged in many northern met
ropolitan areas because of de facto segregated schools in racially segregated residen
tial areas. Proposals have been made to change the attendance areas, to pair schools, 
or to establish schools on the Princeton plan or school village. The arguments pro 
and con stated in meetings of school boards, parent-teacher associations, and various 
civic organizations are not the concern of the transportation planner. The implication 
of some of the plans in bussing a greater proportion of school children does, however, 
lie within the province of the planner. Here, specifically, it has the implication of 
changing the proportion of vehicular trips. 

It should be noted in passing that rural neighborhood schools, i.e., the little, red, 
one-room school, has long since been replaced by the consolidated school and a sys
tem of buses. Many outlying suburban areas also provide bus transportation for ele
mentary schools where the schools cannot be located within walking distance of all. 

From the transportation viewpoint, there are two types of institutions of higher 
learning, be they academic, business or technical. The two are resident and commuter. 
Resident institutions are those colleges and universities which provide dormitories and 
married student quarters for most of the .student body. In general, students walk to 
class and may use a car only for nonschool purposes. Campus restrictions on student 
use of cars usually will reinforce these trip patterns. Resident institutions also may 
have another characteristic which should be noted in forecasts of school-age popula
tion-frequently, the student body may be drawn from outside the study area under 
consideration. 

Commuter, or day institutions-academic, business, technical-do not provide living 
accommodations. The number of such institutions is small, but their service area is 
the entire community rather than a school district or a segment of the area. Trips 
thus are drawn from the entire area and, because of the age of the student body, many 
will drive automobiles. 

Estimating Vehicular School Trips 

This general description of school systems and service areas suggests that most 
trips to elementary schools and resident colleges are pedestrian, and that trips to high 
schools and day institutions have some vehicular mode of transportation. This theory 
could not be tested with the CATS trip and land-use data. Neither the trip data nor the 
land-use data indicated the level of schooling at the destination. 

At the district level, all school trips-vehicular and pedestrian-were correlated 
with an estimated school-age population. Considering that the estimate of school-age 
population was approximate, the measure of correlation was satisfactory. The analysis 
demonstrated that most of the trips had an origin ·and destination in the same district, 
which was logical since two-thirds of the trips were pedestrian. It did not solve the 
problem of estimating the number of nonpedestrian trip destinations. 

At the zonal level, vehicular school trips at place of destination were correlated 
with school floor area. There was a correlation coefficient of 0. 64 and a standard 
error of estimate which equaled the mean number of trips to the zone. It can be shown 
that school floor area is related to school enrollment, although many examples of over
crowding or underutilization can be pointed out in specific schools. However, total 
school floor area does not indicate the proportion of vehicular school trips adequately. 
Further studies are indicated. It is suggested that these studies utilize data on aver
age daily attendance or enrollment, and school trips by type of school-specifically, 
elementary, secondary, and college. 

Estimating Trips to Serve a Passenger 

No attempt was made to derive a method for estimating trips to serve a pas
senger as .a separate trip purpose. They were combined with school trips, although 
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the land-use destinations of the trips to serve a passenger indicated that perhaps only 
20 percent had school destinations, and could be combined logically with school trips. 
The combination was feasible, however. It should be noted that trips to serve a pas
senger continued to show a relationship to residential land at the zonal level, that is, 
there was a simple correiation coefficient of 0. 67 between the trips and residential 
land. Ji this correlation was not due to chance, then a logical explanation is not easy 
to produce. 

Therefore, the following conclusions may be reached: 

1. Estimates of the number of trips with a school purpose to the zone or district of 
destination are best made from average daily attendance. Average daily attendance 
can be derived from school enrollments. Approximations of enrollment can be made 
from various measures of school size and capacity. If forecasts of school enrollments 
are not available from the school authorities, there are acceptable methods for prepar
ing enrollment forecasts. 

2. Determining the proportion of total enrollment or attendance using vehicular 
modes remains a problem. It is doubtful that a method can be derived from the 1956 
CATS data in their present form. Net residential density or ring of destination are 
not satisfactory methods at the zonal level. It is believed that the level of school is a 
relevant factor, but this cannot be tested with the 1956 CATS data. 

3. As a rough-and-ready method of estimating the proportion of vehicular trips, it 
might be assumed that elementary school trips are pedestrian, and that all other school 
trips are vehicular. Other common-sense rules of thumb may be used until better 
methods are developed 

4. Without a great deal of effort-far more than the relative importance of trips to 
serve a passenger warrants-it is doubtful that a logical and satisfactory method for 
estimating trips to serve a passenger can be found This is especially true at the zonal 
level. 

· 5. Trips to serve a passenger should be broken up and reclassified according to the 
trip purpose of the person being served._ This was not possible to do with the 1956 
CATS data, except in a crude manner. The combination of trips to serve a passenger 
with school trips cannot be justified completely, but it does demonstrate that the method 
derived to estimate the major trip purpose can be retained without loss of reliability, 
and that the problem of estimating trips to serve a passenger as a separate trip purpose 
is eliminated 

SHOPPING TRIPS AND TRIPS TO RIDE 

From the 1956 trip s.urvey, CATS estimated that there were 550,215 shopping trips. 
In another survey made during the same year, CATS estimated that there were an ad
ditional 618,592 pedestrian shopping trips. There was another group of trips, those 
with a purpose to ride, which were believed to be related to shopping trips. There 
were 107 ,186 such trips in 1956. 

The vehicular shopping trips constituted 5. 5 percent of the total trips, while trips to 
ride were 1.1 percent. In total number, both trip purposes may be considered minor. 
However, because shopping trips have destinations to retail land which is located in the 
central business district, outlying shopping ~eas, or on major traffic arteries, the 
traffic generation of shopping areas is important to transportation planning. Shopping 
streets are noted for their congestion; and the approaches to the planned shopping cen
ters have their traffic bottlenecks. The transportation planner is not the only one in
terested in the shopper and his (or her) trip; there are also the retail market analysts, 
land planners, and merchants. 

Approximately half of the vehicular shopping trips had an origin and destination in 
the same district, but the net district interchange of shopping trips indicated that con
siderable choice and selection were made in the destinations. As might be expected, 
the CBD district 01 had the highest net gain in shopping trips, but the net gain of a 
suburban CBD, such as Oak Park (district 43), or of a major shopping center such as 
63rd and Halsted (district 46), or Irving Park and Cicero (district 42), or Evergreen 
(district 56) were high. At the other extreme were districts 23, 34, and 37 where the 
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TABLE 16 

PERSON SHOPPING TRIP DESTINATIONS BY MODE, NET DISTRICT INTERCHANGES 
AND RETAIL UBE AT DESTINATION 

Dist. Pedestrlana Vehicular Shopping Trlpsb 

of Shopping Net Dest. & Orig. Deat. Trips Trips to Trips to 
Total Interchange In General 

(Dest. -Orig.) Same District Food I: Drug Merchandlae 

01 22,229 46,568 41,315 1,104 1,505 39,893 
11 45,162 12,740 -5,961 4,850 2,592 5,534 
21 20,945 9,357 398 3,167 1,929 5,418 
22 13,782 5,018 -833 1,654 1,945 1,730 
23 16,615 3,445 -3,989 1,009 1,613 345 
24 13,700 4,353 191 795 1,337 2,373 
25 9,693 1,727 -1 ,334 313 883 313 
26 8,116 1,760 -1,503 632 851 281 
27 11,619 3,073 - 1,915 1,272 1,796 219 
31 19,641 7,171 - 2,249 2,679 2,993 2,692 
32 27,016 10,005 -2,729 1,331 4,914 2,138 
33 28,316 12,785 888 1,382 4,371 5,095 
34 16,055 2,245 -6,298 863 1,213 190 
36 10,532 6,256 442 1,385 2,161 2,031 
38 17,170 4,928 -973 1,585 1,688 2,530 
37 29,994 3,883 -5, 282 1,826 1,820 853 
41 28,597 13,078 -3,787 8,196 7,249 2,464 
42 23,690 23,086 6,391 8,335 6,481 10,709 
43 17 ,171 46,165 14,956 22,035 17,602 24,020 
44 11,608 15,757 -2,397 10,070 9,704 2,316 
45 12,886 8,014 -4,362 2,970 4,523 218 
46 25,968 29,050 9,493 11,849 9,596 12,467 
47 41,690 17 ,879 - 4,733 11,370 10,317 3,808 
51 13,566 15,926 114 8,043 4,383 8,030 
52 13,777 18,571 -899 8,661 12,144 841 
53 12,568 12,970 -7,036 7,221 9,297 984 
54 3,000 8,618 -2,854 5,483 6,209 307 
55 4,214 8,688 -1,604 4,446 4,898 1,963 
56 11,172 27 ,905 5,314 13,753 12,477 7,808 
57 15,515 16,550 -2,278 10,891 9,981 2,685 
81 4,439 15,397 740 9,272 8,389 3,127 
82 6,010 12,256 -2,616 8,246 6,776 2,061 
63 2,432 14,882 -2,815 11,465 10,463 1,891 
64 3,645 15,823 889 10,202 9,691 2,407 
65 2,968 4,739 -2,907 2,266 3,434 184 
66 10,399 16, 559 -5,635 11,622 12,186 1,207 
67 14,330 15,838 2,001 8,821 6,646 8,707 
71 3,857 8,895 -1,043 7,304 5,153 1,169 
72 1,799 9,811 -2,442 8,873 6,457 706 
73 1,255 6,880 -989 4,997 5,249 698 
74 1,218 8,792 -1,929 5,317 5,003 643 
75 2,552 782 -498 782 500 60 
76 12,587 25,435 2,643 20,443 15,380 5,948 
77 8,337 3,697 -1,901 2,768 2,835 156 

Total 618,592 550,215 271,037 256,412 176,969 

:source: Walking Trip Survey. Total excludes shopping trips from shop. 
Source: Tape prepared from home Interview cards. District o! origin defined as district 

from which person started the shopping trip. 

net loss of shopping trips exceeded the mnnber of trip destinations to the district. The 
sum of these net district interchanges, signs disregarded, was 171,542, or approxi
mately one-third of the total vehicular trips. 

Since walking trips averaged two or three blocks, it can be assumed that the origin 
and destination of the pedestrian shopping trips were in the same district. 

With the exception of a negligibll'l number of trips, all shopping trips had destina
tions on retail land. However, there appeared to be a distortion in the reported retail 
destinations; 47 percent of the respondents reported a grocery or drug store destina
tion, while 32 percent gave a general merchandise destination. Other types of retail 
destination received small mention. Trips to other retail establishments were either 
forgotten or combined with the primary shopping purpose1 

Where there was a sizable proportion of general merchandise destinations in the 
district, there was also a large number of shoppers originating in that district and 
another large group entering the district from a second district. Conversely, a high 
proportion of grocery and drug store destinations usually indicated a net loss in shop
ping trips (Table 16). 
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TABLE 17 

SIMPLE CORRELATION COEFFICIENTS BETWEEN SHOPPING TRIPS 
AND SELECTED CHARACTEIIISTICS OF POPULATION 

AND RETAIL FACILITIES 

Sample Size 

44 districts 

24 districts 

24 districts 

24 districts 

367 zones 

204 zones 

33 zones 

Charo.cterlsilc 

Population 
Dwelling units 
Autos owned 
Autos owned 

Total retail floor area 

Floor area in: 
Food and drug 
Eat and drink places 
General merchandise 
Apparel 
Furniture 
Car sales 
Gas sales 
Hardware 
Liquor 
Miscellaneous 

Total retail establishments 

Number of establishments: 
Food and drug 
General merchandise 
Apparel 
Gas sales 
Liquor 
Miscellsneous 

Autos owned 
Number of department stores 
Commercial land 

Autos owned 
Number of department stores 
Commercial land 
Total retail floor area 
Food and drug floor area 
General merchandise floor area 

Autos owned 
Number of department stores 
Total retail floor area 
Retail sales 

44 districts: all districts. 
24 districts: districts 01 through 47, and 57. 

Shopping Trips 
by Mode 

Vehicular 

0.238 
0.214 
0.460 

0.483 

0,005 
0.343 
0.466 
0.694 
0.536 
0.172 

-0.054 
0.108 
0.476 
0.527 

0.309 

0.047 
0.336 
0.655 
0.396 
0.203 
0.596 

0.172 
o:108 
0.204 

-0.033 
0.761 
0.059 
0.458 
0.031 
0.494 

-0.107 
0.603 
0.232 
0.808 

Pedestrian 

0.828 
0.877 

0.859 

0.612 

0.609 
0.601 
0.234 
0.379 
0.867 
0.736 
0.100 
0.519 
0.891 
0.529 

0.855 

0.796 
0.848 
0.775 
0.628 
0.805 
0.785 

367 zones: all zones used In analysis of shopping tripe, Includes the 
four zones of the CBD district 01. 

204 zones: all zones where floor area was Inventoried; with a few 
exceptions, the 204 zones are the same zones In the 24 dis
tricts; the four zones of the CBD district 01 are Included. 

33 zones: selected zones used to analyze retail ealee and shopping 
tripe; no zone le located In the CBD. 

There are no data on the zonal destination of pedestrian shopping tripe. 
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Trips To Ride 

A trip to ride indicated that the 
person had no other purpose in mind. 
Nearly half of these trips had a re
tail trade land-use destination, from 
which it was hypothesized that the 
shopper took along her child, who 
thus became a rider, but not neces
sarily a ·shopper. There were two 
other important land-use destina
tions, residential land ,and public 
open space. In the case of public 
open space destinations, there may 
have been miscoding of the trip pur
pose. There were several hot days 
during the survey period when 
families took a ride in the parks to 
escape the heat. In response to the 
survey question on purpose of that 
trip, the family may have said, "to 
ride," where in fact the trip purpose 
was social-recreation. 

At the district level, with the CBD 
district 01 omitted, there was a 
simple correlation coefficient of 
0. 88 between trips to ride and shop
ping trips. Under the same condi
tions, trips to ride also had a simple 
correlation coefficient of 0. 8 2 with 
trips to serve a passenger' and of 
0. 72 with residential land. 

Combination of trips to ride with 
shopping trips is a tenuous one and 
other combinations may be offered 
with equal validity. The objective 
was the elimination of trips to ride 
as a separate trip purpose, for an 
estimating method for the number 
of trip destinations was not readily 
apparent. The time which would have 
been required to find a method was 
not justified by the relative impor
tance of the trip purpose. Essentially, 

it can be said that the combination with shopping trips was not illogical. Subsequently, 
it was found that the regression analysis of shopping trips alone and in combination 
with trips to ride were similar. The influence of trips to ride in the regression anal
ysis of the combined trips was relatively minor, since the trips to ride were approxi
mately one-sixth of the total. The subsequent discussion is related primarily to shop-
ping trips. -

The Pedestrian Shopper 

As mentioned above, there were two types of shoppers, the shopper who used some 
vehicular form of transportation, usually the aub>mobile, and the shopper who walked. 
The two are different in their trip patterns and destinations. 

The trip destinations of the pedestrian shopper were definitely local in character 
and could be related to a number of factors describing local conditions within the district 
of destination. For example, it was found that the number of pedestrian shoppers was 
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related to population or number of dwelling units in the district. The number of pedes
trian shoppers was also related to the 'number of retail establishments or floor area 
in the district (Table 17). 

The number and area of retail facilities also were related to population. This re
lationship was not surprising when it was remembered that much of the retail space 
inventory was old and retained many characteristics of the pre-automobile days when 
retail facilities were constructed to serve shoppers who were almost all pedestrian. 
The only important nonpedestrian shopper was the trolley rider for whom shopping 
facilities were provided at major street intersections and transfer points. 

These interrelationships between population, shopping facilities, and the trip des
tinations of the pedestrian shopper led to the finding of a high correlation between the 
pedestrian shopper and liquor stores. In turn this led to a question, one of the math
ematician's favorite problems, involving whether the drunk's random walk home might 
be reversed. Specifically, what were the chances of the pedestrian shopper arriving 
at the tavern? Apparently, they were good. 1 

The Vehicular Shopper 

The shopper who has access to a car was not as predictable. Even at the district 
level, the total number of trips could not be related to measures of population or crude 
estimates of income derived froin automobile ownership. Nor could the district des
tinations be related to gross measures of retail activity such as floor area and number 
of establishments. 

The regression analysis was taken a step further by using several independent vari
ables. At the district level these variables included various resident characteristics 
and indexes ofretail activity defined in terms of floor area and number of establish
ments by type. At the zonal level the measures of retail activity were reduced and 
two ratios of retail activity were tested. 

One ratio, derived by dividing general merchandise floor area by the floor area in 
grocery and drugs, gave an indication of the character of the shopping facilities in the 
zone. A high ratio indicated proportionately more general merchandise facilities, 
while a low ratio indicated proportionately more convenience retail facilities. The 
second ratio was retail floor area per dwelling unit. This ratio was used in both the 
district and zonal analyses. 

At both the district and zonal levels, combinations of independent variables defining 
resident characteristics and gross or quantitative measures of retail activity failed to 
produce estimating equations which could be recommended on the basis of a high cor
relation coefficient and a low standard error of estimate. 

It was evident that the shopper used discrimination and that the basis of discrimina
tion had qualitative rather than quantitative aspects. Ask a woman where she shops 
and she may reply, Jewel for meats, National for canned goods and trading stamps, 
Sears for children's clothes, and Marshall Field for a dress. Shoppers may not be 
aware· of gross measures of retail activity, but they are certainly aware of shopping 
areas, at least within their section of the city. They may be vocal in stating a pref
erence for Shoppers World to downtown Evanston because of the variety of purchases 
which can be made on one stop, or a preference for downtown Oak Park to downtown 
Chicago because branches of the leading stores are located in Oak Park. These qual
ities, however, are not easily reduced to definable terms which can be utilized in a 
regression analysis. 

There were, however, several studies of retail areas made in the Chicago area. In 
one of these, Commercial Structure and Commercial Blight, Brian J. L. Berry sur
veyed the various shopping areas in Chicago thoroughly and gave each center a nu
merical rank. The rank and classification of the shopping centers were based on a highly 

1But not in Evanston ond o few other suburban municipalities, which hod dry ordinances. Byconicidence, 
districts containing these municipalities were not included in the sample, because floor area had not 
been inventoried. 
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complex, sophisticated factor analysis which used data on the composition, employ
ment, and sales of the shopping center, and data on the population and personal income 
of the trade area. A sample of 32 of these ranked centers was selected where it was 
believed that most of the shopping trips to the CATS zone in which the center was 
located probably had destinations in the centers. There was a rank correlation of O. 76 
between the centers and the shopping trips. From this it can be said that there was 
some agreement between the statistical geographer and the shopper on the relative 
rank of the shopping areas. It also can be said that classification of shopping areas was 
a step toward developing qualitative measures of shopping facilities. But with all due 
respect to Berry, his classification system is not one that can be recommended. Not 
only is the data collection a formidable task, but forecasting of the shopping center's 
future rank by this method is an even greater task. If classification of shopping cen
ters or all shopping facilities in a zone is an appropriate consideration in trip estimates, 
then the classification system should be one where data collection and analysis can be 
made within the normal time and budget limitations of the transportation agency. 

Another type of qualitative measure was tried in the zonal analysis. This measure 
was the number of major department stores in the zone. Number of establishments is 
a quantitative measure, but the method of collecting data had discriminatory aspects. 
Rather than use such criteria as the SIC four-digit code classification system, the 
selection was based on what was believed to be the consensus of opinion of what stores 
were the leading major department stores in the Chicago area. The selected stores 
were Fields, Carsons, Sears, Wards, Goldblatts, and Wieboldts. The stores ranged 
from those with quality merchandise to those with the more inexpensive, bargain mer
chandise, but each carried a full line of merchandise. In 1956, there were 39 main and 
branch stores, which were located by their zonal location. In the zonal regression 
analyses, those analyses which used number of department stores as an independent 
variable were the best. Some of the findings are shown in Table 18. Again, this may 

TABLE 18 

STATISTICAL MEASURES OF CORRELATION BETWEEN 
SHOPPING TRIPS AND SELECTED 

INDEPENDENT VARIABLES 

Sample Mean Correlation standard 
Number Independent Variables Error of 

Size of Trips Coefficient Estimate 

44 12,505 Dwelling units per acre 0.465 9,228 
districts Autos owned 0.749 6,950 

43 11,713 Autos owned 0.737 6,085 
districts Dwelling units per acre 0.820 5,221 

24 12,649 Retail floor per D. U. 0.622 10,968 
districts Autos owned 0.852 6,878 

24 12,649 Apparel floor area 0.694 9,263 
districts General merchandise floor area 0.698 9,413 

Furniture floor area 0.701 9,603 

367 1,483 Number of department stores 0.708 1,647 
zones Autos owned 0.714 1,636 

Gross population density 0.741 1,570 

204 1,740 Number of department stores 0.761 1,869 
zones Autos owned 0.762 1,870 

204 1,740 Number of department stores 0.761 1,869 
zones General mdse./food floor area 0.798 1,741 

Distance from CBD 0.806 1,714 

33 2,983 Retail sales 0.808 1,747 
z.one.s Number of department stores 0.838 1,646 

44 districts: all districts. 
43 districts: district 01 omitted. 
24 dletrlcts: districts 01 through 47, and 57. 
367 zones: all zones having more than 100 shopping trip destinations. 
204 zones: zones In which floor area Inventoried, Includes CBD zones. 
33 zones: zones for which retall sales data obtained, does nat Included 

CBD zones. 
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be said to be a step toward definition of qualitative measures, but additional analysis 
is required before a reliable estimating method is derived. 

In addition to the independent variables defining the quantitative and qualitative 
characteristics of retail facilities, there was another characteristic-retail sales. 
After eliminating mail order and similar types of sales, it can readily be demonstrated 
that sales represent shopping trips, and that, on the average, one shopping trip represents 
a dollar's (or some multiple) worth of sales. With respect to current estimates of 
retail sales, there were the quadrennial Census of Business Reports on retail sales by 
census tracts, although there were, of course, technical problems in adjusting dis
crepancies between time periods and geographical areas. Some of these adjustments 
had already been made by Berry in his sfudy, so that it was possible to draw a small 
sample from his study and test the relationship between sales and shopping trips. The 
sample was composed of 33 of Berry's shopping centers which lay completely within a 
CATS zone. Sales data for the center were assumed to be the retail sales of that zone. 
With such a small sample and method of data collection, the chance of data error was 
high. Nevertheless, the simple correlation between trips and sales was 0.81. While 
no estimating equation is recommended from this small sample, it can be recommended 
that further consideration be given to the relationship between sales and trips. How
ever, before extensive study is started, attention should be given to the thorny problem 
of forecasting retail sales by location. Simple projection of trends may be satisfactory 
for short periods of time into the future. Twenty-year forecasts are hazardous. Fur
thermore, it is conceivable that the same types of problems encountered in seeking a 
trip estimation method will be found in reta:ll sales forecasts. 

Conclusions and Recommendations 

1. Trips to ride should be combined with the purpose of the driver. In this analysis 
they were combined with shopping trips, since .there appeared to be some relationship 
between the two trip purposes. Other combinations, such as a combination of trips to 
ride with personal business trips, are not ruled out, but these other combinations were 
not tested 

2. Reliable estimating methods for shopping trips were not derived from resident 
characteristics or such quantitative measures of retail facilities as floor area and 
number of establishments. A good portion of the existing retail inventory was built 
with the pedestrian shopper in mind and not the shopper who arrives by car. 

3, It is apparent that a qualitative measure of retail activity is needed. The two 
qualitative measures-classification of shopping facilities and number of major depart
ment stores-indicate that further analysis along these lines may be fruitful. Both 
measures require additional study before they can be utilized in the derivation of a 
reliable estimating method. Other qualitative measures should be examined and tested 
for their appropriateness in estimating shopping trips. The major problem encountered 
in these analyses was the problem of defining and obtaining qualitative data on shopping 
facilities. The CATS land-use data files were lacking in such information. Other data 
sources were not readily adapted to the CATS division of the Chicago area into districts 
and zones. Even much of Berry's data could not be used directly, despite the fact that 
he had identified the shopping centers' location by the CATS coordinate system. 

4. Retail sales appear to be a logical independent variable from which to estimate 
trips. It is possible to obtain current data on sales, but forecast of sales by small 
areas such as zones is no easy problem . 

... 
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Appendix A 

ESTIMATING EQUATIONS 

From the 1956 CATS data on trip destinations by purpose and the analysis 
of these trips, the following equations may be recommended: 

a. Total trips to place of destination. 

District= -14, 171+7.036(Autos Owned)+ 587. 026(Dwelling.Unit per Acre) 

Zone 1, 855 + 5. 811(Autos Owned) + 9. lOl(Dwelling Unit per 10 Acres) 

These equations may be compared with the CATS equation for trips per 
dwelling unit in the zone: 

= 682. 84 + 3. B109(Autos per 100 DU) - . 1939 log(DU per 10 Acres) 

b. Trips to home. 

c. 

d. 

District = -5, 424 + 3. 268(Autos Owned) + 49. 915(Population per Acre) 

Zone -114 + 3. 340(Autos Owned) + . 35l(Dwell,ingUnitper lOAcres) 

Work Trips. 

No specific equation was derived. However, work trips can be estimated 
to be approximately 85 per cent of the total employment in the district or 
zone of destination. The percentage may range from 80 to 90 per cent of 
total employment. There are several definitions of employment of which 
average annual is appropriate for most trip estimating purposes. Seasonal 
and main shift employment may be required for special trip estimates. 

Social-recreation trips. 

The following equations are recommended for estimating social and local 
recreation trips: 

1, 000 trips to all 
districts except 01 

Zones except those 

= . 075 + . 90(1, 000 Autos Owned) 

with major recrea- = 268 + . 759(Autos Owned)+ . lBO(DU/10 Acres) 
tion facility 

Additional analyses are required before an equation can be recommended 
for all social-recreation trips or trips to major recreation facilities. 
The equation for all trips to all zones can be listed, if it is understood 
that the reliability is poor. 

Zone = 408 + . 739(Automobiles Owned) + . 402(Dwelling Unit per 10 Acres) 

··. ... 
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e. Personal business trips and trips to eat a meal. 

There are several acceptable equations for estimating personal business 
trips to the district of destination. They are of about equal reliability, 
and the selection may be base.Ii on the availability of data. 

District = 2, 203 + 24. 020(Med. Serv. Emp.) + . 413(Autos Owned) 

-851 + 6. 277(Local Govt. Emp.) + . 615(Autoe Owned) 

= -2, 484 + . 480(Lic. Auto Driver) + 80. 845(DU per Acre) 

At the zonal level, the following equation is recommended for personal 
business tripe: 

Zone= 92 + 14. 091(Med. Serv. Emp. ) .. . 479(Autos Owned) + . 841(DU/10Acree) 

For the combination of personal business tripe and trips to eat a meal, 
the recommended equation is: 

Zone= 194 + 17. 694(Med. Serv. Emp.) + . 555(Autos Owned) + . 898(DU/10 Acree) 

At the zonal level, there are acceptable alternatives which substitute 
other types of service trade and professional employment for employ-
ment in medical service. 

f, School trips and trips to serve a passenger. 

The total number of school trips to the district or zone of destination is 
average daily attendance or approximately 85 per cent of,total enroll
ment. It is believed that most elementary school trips and many trips 
to resident educational institutions are pedestrian, and that all other 
school trips have a vehicular mode of transportation, bus, or automobile 

It ts recommended that trips to serve a passenger be coded according to 
the trip purpose of the passenger. There was evidence that many ofthes• 
trips were for the purpose of taking a child to school. Combination of 
all trips to serve a passenger with school t:rips is a feasible alternative. 

g, Shopping trips and trips to ride. 

Additional analyses are required before a reliable equation can be 
recommended. There is evidence that shopping trips can be estimated 
from retail sales, and this method would be recommended, if sales 
forecasts for small areas can be made. Vehicular shopping trips can
not be estimated from the number or amount of retail facilities, most 
of which were built to serve pedestrian shoppers. It appears that a 
qualitative measure of retail facilities is required, Classification or 
ranking of shopping facilities is one approach. 

Trips to ride should be classified according to the purpose of the person 
giving the ride. There was evidence that the purpose of many trips to 
ride was going for "a ride" with the shopper. Combination of shopping 
trips and all trips to ride was feasible, 
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Appendix B 

SOURCES OF ERROR IN EMPLOYMENT ESTIMATES AND WORK TRIP DATA 

From a statistical viewpoint, the regression analysis of work trips and 
employment was not entirely satisfactory. There was no doubt that there was a 
logical causal relationship between employment and work trips. This relationship 
was borne out by the high correlation coefficient, but there was also a relatively 
high standard error of estimate. Rather than casting doubt on the validity of the 
relationship between work trips and employment, input error was indicated. Ex
tensive studies were made to determine the location of the error. Possible error 
in the employment estimates. were relatively easy to locate. Possible error in 
the work trip data was not so easy to find, for the information had been assembled 
several years before and many of those who had dealt directly with the trip survey 
and the factoring of the sample had left CA TS employ. However, conjectures could 
be made about the location an~ type of errors in the work trip data. 

It appeared that error existed in both the estimates of employment and the 
work trip data. Both series of data, however, were probably the most reliable of 
any of the various sets of data used in the analysis of trips by purpose. The errors 
in the employment estimates and work trip data merely illustrate the underlying 
problem which existed in the analysis of the other trip purposes. Where there was 
a logical relationship between the trip purpose and the selected independent variable, 
poor measures of correlation could be discounted by saying that input data error 
existed. Where the relationship was secondary and not directly causal, there was 
the problem of determining whether the resultant measures of correlation were 
due to poor selection and definition of the factor, or data error. 

There were three basic types of error in the employment and work trip 
data: time, definition, and estimating method. Errors resultirig from the differ
ence in dates were unavoidable. Errors resulting from definition could be con
trolled to some extent in the employment data. There was evidence of definition 
errors, such as miscoding of the work trips, but the data could not be corrected. 
The method of estimating employment by CATS district was probably the best, 
given the time and personnel limitations, but error was possible. 

PROBLEM OF TIME. 

The problem of time arose from the fact that the CATS survey of trips 
was made during the second and third quarters of 1956, while the Employment 
Service data on covered employment was for the first quarter of 1955 and ;1.957. 
Since dates could not be matched, a compromise solution of selecting 1957 to 
represent 19Q6 was made . 

The Illinois Department of Labor estimated that total employment in the 
Chicago standard metropolitan area was 2, 565, 300 in 1955; 2, 642, 700 in 1956, 
and 2, 645, 700 in 1957. Total employment in 1957 was higher than in 1956, but 
the difference between these two years was less than the difference between 1955 
and 1956, It was for this reason, primarily, that 1957 data on covered employ
ment were selected. The poor shape of the Employment Service's records for 
1955 was 11. secondary reason for selecting the 1957 data. 
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The amount of error resulting from time cannot be quantified accurately. 
One check on the reasonableness of the data could be made, however, and that 
was a comparison of the total 1957 covered employment data with the estimates 
of 1956 total employment prepared by Dr. ·Irving Hoch for the CATS study area, 
With the exception of a few industries, the two sets of employment data are similar. 
More important is the comparison of the wor)s trip data with either set of employ
ment data. While some differences may be due to differences in dates, it appears 
that many of the differences may be due to definition. 

PROBLEMS OF DEFINITION. 

The problem of definition and the resultant error existed in both the em
ployment and the work trip data. There were several problems. 

... 

a. Definition of employment. 

The employment estimates were based on covered employment, which 
is not total employment. However, in the manufacturing industries, 
99 per cent of the total employees were covered. For all practical 
purposes, it may be sai~ that covered employment was total manu
facturing employment. In construction, communications and public 
utilities, wholesale and retail trade, and mining the coverage was 
over 90 per cent. Eighty-three per cen~ of the total finance employ
ment was covered, while approximately 50 to 60 per cent waa oovered 
in transportation and the service trades. Government employment was 
one notable nonagricultural industry where there was no coverage. On 
the average, for all nonagricultural employment, 77 per cent of the total 
was cnvered. No attempt was made to adjust covered employment to 
total. 

District estimates of employment were made only for those industries 
where the percentage of covered employment was high. Since the con
version method of postal zone employment data to CATS district also 
involved matching definitions of employment industry with the CATS 
land use classifications, further limitations were placed on the number 
of employment estimates made. In general, it was possible to match 
the CATS two digit land classification with the SIC two digit industrial 
classification, but it should be noted that CATS land area was summa
rized by a one digit code,· and that the floor area was summarized by 
the two digit code in the inner built up areas. Estimates of manufac
turing employment by district could be made for the entire CATS study 
area, but estimates of other types of employment were made for only 
districts 01 through 37. 

b. Multiple job holding. 

The covered employment figures represented number of jobs. A worker 
holding two jobs would thus be counted twice. First work trips, on the 
other hand, represented one worker and one job. The magnitude of 
multiple job holding is unlmown . 
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c. Absenteeism. 

It is obvious to expect that the number of work trips will be lower 
than the number of employed workers because of absenteeism for 
vacation, illness, and other reasons. The average rate is unknown, 
although it appeared to be around 10 to 15 per cent of employment, 
with the possibility of being as high as 20 per cent, or as low as 
5 per cent. Comparison of the employment and work trip data in 
Table 19, page 56, shows variation in the rate of absenteeism be
tween industries. Normal expectation would lead one to believe 
that the rate of absenteeism should be approximately the same from 
industry to industry. Scheduling of summer vacations, strikes, 
and layoffs IIUl.Y have affected the rate of absenteeism, but without 
appropriate data it is not possible to estimate the effect of such 
causes on the rate of absenteeism. 

d. Miscoding of work trip by industry. 

Because of the similarity of titles of some pairs of industry groups, 
and because one industry in the pair had a high proportion of work 
trips, and the other a low proportion, it is believed that some mis
interpretation and miscoding occurred in the work trip data. The 
paired industries are: 

Non-electrical machinery and Electrical machinery 

Textile and Apparel 

Printing and Paper 

Transportatii:>n manufacture and Transportation industry 

Retail trade and Wholesale trade 

e. Sampling error in the work trip data. 

Work trips to the manufacturing industries of mining, tobacco, lumber 
petroleum, and rubber were less than 6, 000. With such a low number 
of trips, it was possible for sampling error in the work trip data to 
be high. Such sampling error would explain discrepancies between the 
number of work trips and employment. 

f. Place of work. 

Errors in determining the place of work can occur in both the employ
ment data and work trip data. The Illinois Employment Service had 
problems in assigning employment to the appropriate postal zone in 
the case of establishments with several locations and of industries 
where the emi>loyees had no fixed place of work. This problem was 
of critical tmportance in the employment'data for small geographical 
areas. The problem should be minimal in the total covered employ
ment data for the metropolitan area. 
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TABLE 19 -- 1956 Internal First Wor k Trips ln OATS Study A:rea.; T otal Mllrch 1957 
Cov ered Employment in Chlcngo, Cook County, and D11 Page CoWlty; 

o.nd 1956 QA TS Estimate of Total Employment in the Study Area 

1956 CATS 
Internal 1957 Covered Employment Estimate of 

First Work Trip Employment 
111dust-ry in Study Area Total % Covered (thousand8\· 

Residential 88,983 . .. 0 88. 4 

Agriculture 3,411 ... 0 7.9 

Lumber 5,313 8,458 97.1 8.4 
Furniture 16,519 18,659 99. 0 19.4 
Stone 9,851 12,384 99.1 13.1 
Primary Metal 60,005 65, 114 99. 9 62.7 
Fabricated Metal 78, 971 93, 778 99.4 96.3 
Machinery 61,025 119, 681 99.l 128.5 
Elect. Machinery 122, 790 128,818 99.8 133. 9 
Transportation 43,430 42,534 99.7 39. 5 
Professional 13,744 22, 867 99.4 22. 8 
Miscellaneous 34, 721 36, 552 98. 8 39. 7 

Total Dur. Mfg. 446,401 548,845 99.4 564.3 

Food 81,832 91, 076 99. 6 97. 7 
Tobacco 921 486 90.2 o. 5 
Te:itile 7, 168 7,251 99. 6 42. 3 
Apparel 21, 380 33,734 98. 6 
Paper 20,403 22,555 99. 6 23. 1 
Printing 61,707 79, 015 98.7 81.3 
Chemical 29,919 31,210 99.1 29.3 
Petroleum 5,553 4, 294 99. 8 3. 5 
Rubber 5,047 4,485 99. 6 4. 7 
Leather 9,372 9, 567 99.0 10. 3 

Total Nondur. Mfg. 243, 648 283,673 99.2 292.7 

Rall and Tr,ansit 61,283 ... 71. 9 
Trucking 29,766 ... 50.0 
Warehousing 17, 966 ... 10.5 
Air Transportation 9,015 ... 8.4 
Water Transportation 1,662 ... 2. 9 
Highway Transportation 2, 852 ... 28. 5 

Total Transportation 122,544 68,900 57. 1 172.2 

utilities & Comm. 45,293 50, 739 96.2 55. 1 

Mining 558 2, 935 98. 8 2. 5 

Retail Trade 275, 244 260, 074 90. 8 391. 9 

Finance 88,132 113, 670 83.4 149.3 

Service 205, 808 175, 795 52. 1 250. 5 

Wholesale 51, 332 168, 688 95.3 171. 6 

Construction 51,525 89, 733 94. 5 153. 3 

Public Buildings 163,859 ... 0 249.1 

Public Open Space 17, 364 .. . 0 ... 
Grand Total 1,804,102 1, 763, 052 76. 7 2, 548. 8 
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With respect to the work trip data and place of work, there was another 
problem. An employee in a given industry may not necessarily work 
at a place with a corresponding land use. Itinerant service personnel 
and door-to-door salesmen are obvious examples. Under this line of 
reasoning, the seemingly underreported work trips to construction 
may be explained if construction workers went to a coll,itruction site, 
which was classified as residential or commercial. 

g. Metropolitan area. 

The Employment Service defined the Chicago metropolitan area as the 
City of Chicago and the Counties of Cook and Du Page. The boundaries 
of this area were not coterminous with the CATS study area, but the 
difference probably was immaterial with respect to nonagricultural 
employment. 

While problems of definition can be described as a source of error, it was 
not possible to quantify these explanations and make appropriate corrections. Many 
of the discrepancies which can be seen in the total work trips and total employment 
data probably are due to these problems of definition. These problems persisted 
in the subareas of the metropolitan area and could have been magnified. 

PROBLEM OF ESTIMATING METHOD. 

There were several ways of obtaining employment estimates for tlle CATS 
districts, the most accurate being examination of the Employment Service files on 
the individual records of some 50, 000 firn:is, posting the appropriate CATS zone 
and district location, and tabulating the total covered employment by CATS district. 
Because of the considerable time and personnel this procedure would have involved, 
this method was not used. 

The Service's tabulations of covered employment by postal zone and industry 
could not be used directly. Within the Chicagd metropolitan area there were some 
fifty postal zones in the City of Chicago and nearly forty suburban municipalities 
for which covered employment was reported by the F.,mployment Service. Neither 
the po~al zones nor the suburban municipalities corresponded to the CATS districts . 
In the case of the municipalities, this was expected. Despite the fact that many of 
the Chicago postal zones were approximately the same size as the CATS districts 
and used some of the same boundary streets, there was no postal zone or combina
tion which encompasse'd the same area as a CATS diskict. It was not possible 
even to assemble groups of postal zones and CATS districts because of the ex
tensive overlapping of postal zones and CATS districts. Even· CATS zones were 
split by the postal zones. It was not. until the next lower level, quarter mile sec
tions that postal zones could be defined in terms of the CATS division of the Chicago 
area. 

The conversion method assumed that employment was distributed in the same 
manner as the corresponding land us~ measured in terms of either land area or floor 
area. This required a matching of employment and land use definitions, and the 
assumption of a uniform employment density in the postal zone . 
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Manufacturing was the only industry where it was possible to prepare 
district employment estimates based on both land area and floor area. Estimated 
employment in the other industries was based on floor area. A statistical test of 
variance was made with the two sets of manufa.otu.ring employm.ent estimates to 
determine whether there was any significant differenc~ in using land area or 
floor area. A ou"rsory examination of the two sets of employment estimates 
showed great 11im1larity between the two sets. See Part IV, Work Trips, Table 
7. And this indeed was the case as the statJ.Rtical analysis of variance demon
strated. 

With two bases of classUication, dlstrict and eetlmation method, the foUow
ing data were assembled: 

r: x.i = 42, 522. 60 

Lxi = 42, 447. 87 

[xi = 3. 99 

Lx~ = 70. 74 

The estimates of variance were: 

si = 42, 447. 87/111 ~ 2, 829. 86 

si = 3. 99/1 = 3. 99 

s~ = 10. 74/15 c: 4. 12 

The variance ratio for districts was: 

and for the estimating meth~ds: 

FK ·- 3. 99 - , 845 
- 4. 72 -

t =-V. 845 = . 92 

F 05 1 15 = 4• f>4 . '. ' 
v = 15 and(X.10 

ta- t. \o = 1. 341 

There was variance in employment between distl'iots. The variation between 
the two estimating methods was not signiiicant . 
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In estimating employment in the CATS district from postal zone employ
ment, the basic assumption was made that the employment density was uniform 
throughout the postal zone. It was obvious, however, that there were variations 
in employment density, and that error could have ·occurred, if there were extreme 
variations in the employment density among firms in the postal zone whose em
ployment was assigned to two or more CATS districts. There was no way of check
ing the location and amount of this possible error without pinpointing the exact em
ployment location of some 50, 000 firms. It was pose'ible to compute the average 
postal zone employment density, but this did not point out errors which might 
have resulted from the assumption of uniform density. A comparison of the 
postal zone employment densities with the work trip densities in overlapping CATS 
districts revealed some possible under and over reporting of work trip destinations. 

TECHNIQUES FOR MATCHING AREAS IN POSTAL ZONES AND CATS DISTRICTS. 

Of interest to those famiHar with the CATS land use inventory, is the actual 
method of allocating land use data to the postal zones. The problem is familiar to 
anyone who has been confronted with a metropolitan area which has been divided 
into as many ways as there are agencies collecting and publishing data on metro
politan characteristics. Full use of much data is lost when a second agency cannot 
use the data without first converting the data to its own division of the metropolitan 
area. 

The land use information used to distribute employment was the CATS 1956 
survey of land use. The CATS survey inventoried floor area by its two digit land 
use classification in the City of Chics.go and selected suburban municipalities. Land 
area was inventoried in the entire study area, but it was generalized by six uses: 
residential, manufacturing, transportation and public utilities, pub)ic buildings, 
and public open space. · 

While'the block was used for measurement, the smallest unit of area for 
which tabulations were made was the quarter square mile. From the quarter 
square mile, summaries were made for the zone, district, ring, sector, and 
total area. · 

As a step in distributing postal zone employment to the CATS districts, the 
quarter square mile totals were used to find the total amount of a particular land 
use in a postal zone. In a few cases the postal zone boundary split a quarter square 
mile, and it was then necessary to assign the entire quarter square mile to one 
postal zone. In most instances this arbitrary assignment was not serious. It 
did, however, affect the final estimates of employment in CATS districts 01 and 
11; 01 being low and 11 being high. The four quarter square miles in CATS 
district 01 were split by postal zones 1, 2, 3, 4, 5, 6, 7, 10, and 11. These quarter 
square miles were assigned to the sum of postal zones 1, 2, 3, and 4, but this 
meant that a portion of the employment in postal zones 5, 6, 7, 10, and 11, prop
erly belonging to CATS district 01, was assigned to CATS district 11. An 
easy method for correcting this error was the addition of the employment in CATS 
districts 01 and 11. 
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After the CATS land use survey was coDJpleted, several corrections were 
made on the land area tabulations at the zonal level. No recorda were left, how
ever, on how these corrections affected the quarter mile totals on land area. In 
some 25 CATS zones it was necessary to estimate the manufacturing land area 1n 
the quarter mile square before an allocation of land area could be made. The 
estimate.was made arbitrarily by dividing the total land area into equal quarters 
and assigning the quarters to the appropriate postal zones. 
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