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Integrating Land Use and Traffic Forecasting 
CHARLES F. BARNES, Jr., Connecticut State Highway Department 

• a TWO-YEAR STUDY of the transportation needs of the Greater Hartford Area was 
recently completed as a result of the combined efforts of the Connecticut Highway De­
partment, the City of Hartford and the Bureau of Public Roads under the guidance of 
the Automotive SaJfety Foundation. As a consequence of this study there is a much 
clearer picture of the travel needs and desires of the area, and a better understanding 
of the changing urban travel patterns. Also, the study represented a wedding of the 
separate disciplines of the city planner and the traffic engineer, which in turn resulted 
in a new method of land-use analysis which may be the beginning of a better under­
standing of the factors affecting the growth of metropolitan areas, particularly with 
respect to the relationship between land use and highway development. This, in fact, 
may be the most important long-term outcome of the study, rather than the development 
of design traffic volumes which was the immediate study objective. 

Actually, the study to date is only the f i rs t phase of a larger program which has as 
its aim the testing of alternate land-use patterns in an attempt to arrive at the most 
desirable arrangement from the standpomt of both highway and land-use development. 
This latter project is made possible only because of the basic information which has 
been derived from the land-use study. 

The land-use analysis developed during the course of this study is actually a mathe­
matical procedure (1.) which can be used to forecast the future zone-by-zone distribu­
tion of population and employment areas. This information is a necessary prerequisite 
to and is used as input data for the traffic analysis. 

The principal purpose of this paper is a discussion of the procedures used and the 
basic information learned during the development of the land-use analysis for the 
Hartford Area Traffic Study. However, because the purpose of the land-use study was 
to supply data for the traffic analysis, many of the procedures used are aimed strictly 
toward that end. Therefore, before discussing the details of the land-use study, it is 
necessary to explain briefly the traffic analysis to show just what land-use information 
I S required. 

TRAFFIC STUDY 
The traffic analysis used for this study employed the Gravity Model technique devel­

oped by Voorhees (2). The gravity model derives its name from the fact that vehicle 
trips are distributed by a formula which closely resembles Newton's formula for the 
law of gravity. Newton's law states that objects attract each other m proportion to 
the mass of the objects and inversely as the square of the distance between them. 
Similarly, the gravity model distributes vehicle trips in proportion to the drawing 
power of an area which represents the mass, and inversely as some power of the dis­
tance between the areas. The distance is usually expressed in terms of travel time 
rather than in miles. 

The actual formula can be expressed as: 

Trip Attraction^ X Travel Time Factor 
Trips = Trip Production. X 

^ y > " (Trip Attraction X Travel Time 
Factor) 

The traffic model being used by Connecticut is a four-purpose model; that is, sepa-
1 



rate distributions are made for each of the four trip purposes, these being: work, 
social, commercial, and non-home-based trips. Separate land-use information is 
required for each trip purpose, and for both trip production and trip attraction for 
each zone as described in the following. 
Work Trips 

Work trip production is based on the labor force which, in turn, is related to the 
population of the zone. For the distribution of work trips a measure of attraction 
for each zone must be developed. This measure can be any one of a number of fac­
tors: employment, floor area, gross sales, etc. Total employment was used, inas­
much as employment figures were readily available. The factors used for the distri­
bution of work trips then, are: labor force (which is derived from population) and 
total employment, each on a zone-by-zone basis. 
Social Trips 

Social trips are defined as those trips made for the purpose of visiting friends. 
They are trips between residential zones and are therefore attracted by people. The 
trip production for social trips is based on car ownership which is directly related to 
population. Hence, the information required from the land-use analysis for the dis­
tribution of social trips is population and car ownership. 
Commercial Trips 

Commercial trips are those trips which are made between the home and an area of 
commercial land use. The attraction factor for commercial trips must be some mea­
sure of the intensity of commercial activity of the zone. Retail trade employment 
was used for this measure. As with social trips, the trip production factor for com­
mercial trips is car ownership, so the only new information required of the land-use 
analysis for the distribution of commercial trips is retail trade employment. 
Non-Home-Based Trips 

Non-home-based trips are defined as trips which have neither origin nor destina­
tion at the home. They are composed of housewives shopping from store to store and 
salesmen or doctors traveling between calls, as examples. It is seen that some of 
these trips are related to commercial areas as with the housewife and, in part, the 
salesman. However, some salesmen's trips are to industrial areas and some are to 
residential areas. Doctors and home delivery trucks on non-home-based trips are 
related to residential areas. To account for these diverse trip types an index includ­
ing population, total employment and retail employment was developed for their dis­
tribution. Note that no new information is required for this distribution. 

In summary, the information to be derived from the land-use analysis is the loca­
tion of: (a) labor force, (b) total employment, (c) car ownership, (d) retail trade em­
ployment, and (e) population. These factors and their function in the gravity model 
are given in Table 1. 

TABLE 1 
TRIP PRODUCTION AND ATTRACTION FACTORS 

Factors Related to: 
Trip Type Trip Production Trip Attraction 
Work Labor force Total employment 
Social Car ownership Population 
Commercial Car ownership Retail employment 

Retail employment Retail employment 
Non-home-based Total employment Total employment 

Population Population 



This information wi l l supply the trip production and trip attraction information; in 
fact, all the data necessary for the gravity model formula except the travel time fac­
tors. A brief discussion of the use and derivation of the travel time factors follows. 
Travel Time Factors 

Travel time factors are used to measure the resistance of motorists to travel 
time. For example, if travel time were of no significance, there would be as much 
likelihood of a resident of Hartford working in Boston as in Hartford, and the travel 
time factor would then be "one" for all trips. Realistically, it is known that people 
attempt to minimize travel time by living near their jobs and shopping near home. 
What needs to be known is the distribution of travel times between people, in general, 
and their places of employment and shopping. 

It can be recalled from the formula that the travel time factor, as used in the 
gravity model, is the value comparable to the mverse square relationship in Newton's 
formula. K these two formulae were exactly comparable, there would be no need 
for travel time factors and the square of the travel time could simply be placed in the 
denominator of the equation. This, for many years, was the approach used but with 
little success. 

Actually, the exponent of the travel time is not two; further, it is not the same for 
all trip purposes, and in fact, may not even be a constant exponent. For this reason 
it has been necessary to develop a factor for each interval of time for each trip pur­
pose. 

Travel time factors can be developed in several ways. The traditional method, 
and perhaps the most straightforward way of developing travel time factors, is to 
conduct a small home-interview survey designed for this purpose. This was one 
method used for checking the Hartford Area Traffic Study. Actually, however, it 
has been found that travel time factors are so nearly similar nationwide that very 
little error would be introduced by the use of standard curves. This suggests another 
way of checkmg—using standard curves to make the gravity model computations and 
then checking the trip length distribution thus obtained against known values from, 
for example, a roadside interview origm-destination survey. By grouping inter-zonal 
movements by travel times and comparing the volumes produced by the model with 
those shown by the roadside survey, a ratio of actual to theoretical values can be 
developed. A plot of this ratio versus the travel time wil l readily show any significant 
bias. 

Figure 1 shows a plot of the travel time factors which were used; one curve for 
each of the four trip purposes. From these curves it can be seen that the average 
trip length varies by trip purpose, and even that the trip length distribution is different. 
Although these curves do not necessarily represent trip length distribution, they do 
give an mdication. For example, the shortest trip type is the non-home-based trips, 
with commercial trips a close second. The longest trips are work and social trips, 
but even these are rarely as long as 50 mm, with the vast majority less than 20 min. 
Note also the steepness of the curves for all trip types, accentuatmg the low values 
of travel time. This indicates the tendency for very short trips, and the attempt on 
the part of the motorist to minimize travel time. Although these curves do not con­
sider terminal time at either end of the trip, there is some mdication that they could 
be made more flexible by adding terminal time. 

The gravity model method has been well covered in recent publications; the AIP 
Journal (3), the Civil Engineering Journal (4), as well as the various reports publish­
ed by the municipalities which have used this method. Of course each time the method 
I S used, the researchers add to and/or refme the method. It is this latest refinement, 
the land-use analysis, which is the primary purpose of this paper. 

LAND-USE ANALYSIS 
The basic determinant for the generation and distribution of traffic is the land use 

and intensity of land use of the area. Therefore any studies of traffic must, of neces­
sity, begin with a study of land use. Furthermore, it is the projection of future land 



use which wi l l determine the future traffic characteristics. In the Hartford Area 
Traffic Study a method of land-use analysis was developed which attempts to recognize 
the many diverse factors which influence metropolitan growth. Once these factors 
are known, objective analysis of them wi l l produce much more reliable predictions 
of future travel. 

The study of land use was based on analyses of past growth patterns for the period 
between 1947 and 1958. On the basis of these growth patterns, hypotheses were made 
of the factors influencing the trends and then these hypotheses were tested to check 
their validity and reliability, and to determine weights to reflect the relative magni­
tude of each variable. In this way the relative importance of the many factors involved 
was checked, and for the projection into the future, these weights were varied as 
necessary to adjust for changing trends. 

The f i r s t task in studying land use was to determine which land-use categories 
would be included in the analysis; that is, which land uses should be studied separately. 
In order that a workable procedure be developed, i t was necessary to keep the cate­
gories to a minimum, and to group the various factors by similar characteristics. 
At the outset, therefore, it was determined that population would be handled as a 
single factor. Employment, on the other hand, can be divided into any number of 
types depending on the particular characteristics involved. To determme just how 
many categories were required, a pilot study was made by the City of Hartford withm 
the three major employment towns: Hartford, East Hartford and West Hartford. 
From this study it was recognized that at least three types of employment must be 
studied separately: manufacturing, retail, and service; the last category actually to 
include all types not covered by the f i rs t two. This seems to be a very realistic 
breakdown in that each of the three groups does include factors distinct from the others. 

WORK 
SOCIAL 
COMMERCIAL 
NON-HOME BASED 

30 40 50 
TRAVEL TIME (MINUTES) 

60 70 

Figure 1. Travel tune factors, Hartford Area Traffic Study, 



For example, manufacturing employment (industry) may be dependent on rai l service, 
whereas service employment (office buildings, principally) is relatively mdependent 
of i t . 

Generally, manufacturing employment wi l l include blue-collar workers whereas 
service employment wi l l include the white-collar workers, employees of insurance 
companies, utility companies, government agencies, etc. Retail employment must, 
of course, be studied separately because this is one of the categories used in the 
distribution of trips. 

The fmal breakdown of land-use factors for the study was then: (a) manufacturing 
employment, (b) service employment, (c) retail trade employment, (d) population, 
and, as a by-product (e) car ownership. This breakdown seemed to work well in the 
Hartford area; however, some other city may require a more (or less) detailed break­
down, or perhaps different category divisions. It is expected that a larger city would 
require more categories. 

Each of these five separate categories, which mdicate land-use activity, was 
studied separately. The following is a discussion of the procedures used and the in­
formation derived from this study as well as the methods developed for predicting 
the future distribution of land use activities. 

Manufacturing Employment 
Study of the factors related to the distribution of new manufacturing employment 

began with a series of multiple correlation analyses in an attempt to determine pre­
cisely what variables affect this growth. For these analyses a number of variables 
were correlated with the known past growth in new manufacturing employment. Ulti­
mately nine variables were used, these being: 

Highway Accessibility to the Labor Force (1.). — This is measured by the equation: 

A - ^2 , , ^n 

' ^Ll ' "^-2 "^ -n 
in which 

A = accessibility mdex of a zone to population; 
P = zone population at beginnmg of projection period; and 
T = travel time between employment zone and residential 

zone as measured by the assumed highway network 
at end of projection period. 

Availability of Industrial Land or "Holding Capacity". — This is the additional acre­
age in each zone which is available for industrial development. 

Tax Rate. —Reduced to a common base. 
Sewer Facilities. — Primarily a consideration of the capacity of the sewer system 

in the zone. 
Rail Service. —A subjective rating based on the adequacy of service. 
Water Facilities. —Related primarily to the capacity of the system in the zone. 
Travel Time to Airports. —There is only one major airport in the area and this 

rating varied inversely with the travel time from the airport. 
Promotion. — Primarily a measure of the town's activity in promoting industrial 

development. 
Industrial Land Bordering Expressway. —This rating was obtained by giving a nu­

merical weight of "one" to each acre of industrial land within V4 mile of a freeway, 
a weight of 72 for acreage between and Vz mile, and a weight of % for industrial 
land between Vz and 1 mile of a freeway. The expressway system at the end of the 
study period was used. This factor is not a measure of highway access but rather a 
measure of the importance of the advertising potential and prestige of being located 
near an expressway. 
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Some of the variables used in this analysis, such as sewer facilities, water faci l i ­
ties and promotion, must be based primarily on subjective judgment. However, 
most can be rated objectively by numerical analysis. Al l ratmgs were reduced to a 
scale varying from 1 to 50 before they were entered into the multiple correlation 
equation. 

The coefficients developed from the multiple correlation for the three most success­
ful analyses are shown in Figure 2. The shaded band represents the coefficient of 
each variable, this being the relative importance of the various factors. Shown next 
to each shaded band is a black band which represents the level of significance of each 
variable. A value of one or more (that is, above the horizontal black line) indicates 
a highly significant correlation; below the value of one indicates questionable signifi­
cance. 

The f i r s t analysis, shown at the top, considered only six variables; that is, high­
way access, availability of land, tax rate, sewer facilities, water facilities, and 
rai l service. For the second analysis the factor for water facilities was deleted and 
airport accessibility and promotion were added. The third analysis considered all 
nine factors. The absolute magnitude of the weights for the various analyses differ; 
however, the relative size of the weights is nearly identical. 

Perhaps the most significant finding from this analysis is that transportation is not 
the dominant or controllmg factor in shaping cities. With the mobility provided by 
the automobile, mdustries have been freed of distance limitations in choice of location 
and are now able to give more attention to other factors. 

From these data i t is evident that of prime importance to the location of new indus­
try are availability of land, and sewer facilities. Highway access, ra i l service and 
airport access are second in order of importance. Of relatively minor importance 
are tax rate, water facilities, industrial land bordering freeways, and promotion. 

INDUSTRIAL 
LAND BORDERH 
ING FREEWAYS 

SEWER 
FACILITIES 

HIGHWAY 
ACCESSIBILITY 

WATER 
FACILITIES 

AIRPORT 
ACCESSIBILITY! RATE 

ANALYSIS I 

MOT USED NOT USED NOT USED 

ANALYS S 2 

NOT USED NOT USED 

ANALYSIS 3 

Figure 2. Mvatiple correlation analysis, Hartford Area Traffic Study. 



From the formula developed through this analysis it is possible to calculate a 
growth index for each zone which, when compared to the sum of the growth mdices 
for all zones, represents the percentage of total growth which can be expected in 
each zone. This formula is: 

Growth Index = 12xi + 37x2 + 6 x 3 + 34x4 + 12x5 + 2x6 + 19x7 +1x8+ 6x9 + 120. 
in which the "x" values represent the magnitude of each of the 9 variables previously 
described and the coefficient of the "x ' values is the relative importance of that vari­
able, the height of the shaded bars m Figure 2. 

The true test of an analysis such as this is how closely the formula thus derived 
can predict the actual growth of the area. To test this the actual known growth on a 
town-by-town basis was compared with the theoretical growth predicted by the for­
mula. From this comparison it was found that m one more or less continuous cor­
ridor the actual growth was considerably higher than the theoretical growth predicted. 
Inasmuch as this particular corridor was the area where most of the industrial develop­
ment was occurring, this higher than anticipated growth was attributed to a prestige 
factor for mdustrial development. To account for these differences a ratio of the 
actual to theoretical values was taken, these values were grouped by areas, and the 
resulting weights were used as adjustments in the formula for future predictions. 

Actually, with further analysis, it is now believed that there may be a factor miss­
ing in the equation. This factor might be called a "self-generation factor" for manu­
facturing employment and could be related as a weight to the existmg employment of 
the zone. The next step m the analysis of manufacturing employment must therefore 
be to study this in greater detail in an attempt to enter this factor in the multiple cor­
relation analysis. This, it is believed, wi l l be a significant addition to the equation. 
Service Employment 

Actually, relatively little is known about service employment except that it must 
be accessible to population for its labor supply and that, to a certain extent, it is re­
lated to commercial areas and tends to locate near them. Therefore, an index was 
developed which included both highway accessibility to population and a factor for holdmg 
this increase close to the retail areas. The highway accessibility index is the same 
as was used for the distribution of manufacturing employment in the preceding step. 
This mdex was multiplied by the retail trade employment for the preceding period 
and the product was used as a distribution factor for the distribution of the new 
service employment. 
Retail Employment 

For the study of retail trade employment the hypothesis was made that the future 
distribution was dependent solely on the distribution of the new increase in population. 
This was checked by projecting the increase from 1947 to 1955 on the basis of the 
hypothesis, and comparing the theoretical distribution thus obtamed with the actual 
growth. The resulting comparison is plotted on a map of the study area (Fig. 3). It 
is seen that generally this is a good check; however, some of the towns in the core 
area have a disproportionate share of the increase, mdicating that these may be de­
veloping into regional shopping areas. 

Although this may be the case, as shown by this comparison, there is no past 
trend data to support this assumption—and m one case at least, all indications point 
the other way. Whereas it is recognized that there are some discrepancies m the 
assumption that retail trade employment follows population exactly, it is believed that 
this is as far as present knowledge can logically be expected to extend, and for the 
future prediction no adjustment was made. 

An attempt was made to carry through this study the basic theme of using as 
few arbitrary correction factors as possible. It would be possible to account for all 
discrepancies noted in the past trend analysis simply by applying correction factors 
to the theoretical values. However, although such a procedure would result in good 
checks for past trends, each factor would have to be evaluated to determme if it would 
remain constant for the period of future projection, or whether, m reality the dis-
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Figure 3. Retail employment change, 19U7-195?, by towns—Hartford Area Traffic Study. 

crepancy is not simply the result of an isolated change such as the opening of a new 
shopping center. For this reason no factors were used to account for small localized 
differences unless there was a very definite trend, and one which appeared to be 
stable and long term. 

Similarly, no attempt was made to predict the location of new shopping areas as 
it was felt that realistically this was little more than a guess, and that the procedure 
used would result in a smaller error of estimate. 
Population 

As a f i rs t approximation m developing a rational method of distributing population 
growth it was hypothesized that the new population would distribute itself in accord­
ance with highway accessibility to employment at the end of the study period and the 
"holding capacity" of the zone. In a manner similar to that used for manufacturing 
employment, predictions of the population growth were made for each town on the 
basis of accessibility and holding capacity only, and-this theoretical value was then 
compared with the actual known growth. These values, for each town, are plotted on 
a map of the study area (Fig. 4). It is seen that there is considerable variation be­
tween these actual and theoretical values. 

In an attempt to determine the unknown factors causing these differences, the aid 
of the residential developers in the area was sought. Questionnaires were mailed to 
all developers in the area with a request to rate any or all of the towns with which 
they were familiar. An over-all rating from one to five was requested for each town 
and m addition, the questionnaires requested that unfavorable conditions be noted. 
These returns, together with the researchers' knowledge of the area, formed a basis 
for explaining the variations noted on the map. 
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Figure U. Population change, 1950-1958, by towns—Hartford Area Traffic Study. 

For example, it was found that poor sewer and/or water facilities, or prohibitively 
costly installation, reduced the potential growth of a town by 50 percent. Unreason­
able lot size, or house size controls, each resulted in a growth of only 75 percent of 
that which would have occurred under more reasonable conditions. Land shortage, 
or high land cost, reduced growth to 75 percent of that which might have occurred. 
Likewise, lack of large development tracts—that is, divided ownership—reduced 
growth by a factor of 0. 75. In two towns it was noted that large land areas were 
being held for speculative purposes in the hope that prices would increase. This 
seemed to reduce growth to only 50 percent of that which would have normally occur­
red. On the plus side, the factors increasing growth appeared to be (a) lax building 
codes which triple growth, (b) picturesque home sites which double growth, and 
(c) prestige which may double or triple the rate of growth depending on the strength of 
this factor. 

By studying the area on a town-by-town basis and applying these weights it was 
possible to account for most of the disparity between the actual and theoretical values 
to produce the comparison shown in Figure 5. This was the extent of the investigation 
as this provided a very close check. For projection into the future, these weights 
were investigated in an attempt to predict which could change, and more importantly, 
which were likely to change, with time. Perhaps the most important of the changing 
weights is prestige. Over a period of time it was observed that the prestige areas 
for residential development do change, generally moving toward the west as the 
suburban sprawl continues. 
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5CALC ACTUAL THEORETICAL 

Figure 5. Population change, 1950-1958, by towns—Hartford Area Traff i c Study. 

Car Ownership 
Although car ownership is not a land-use category, i t is nevertheless a measure 

of land-use activity, and inasmuch as it is such an important part of the analysis, 
the study of these changing patterns is included here. Car ownership increases as 
a result of two factors: (a) more cars in the future due to a greater population, and 
(b) a higher rate of car ownership. 

For the last 10 years or so, real income has been mcreasing at a rather constant 
rate of about 2 percent per year, nationally. This increase in buymg power has en­
abled more families to own cars, and has also resulted in more two-car families. 
Of course, the car ownership rate wi l l not continue to rise indefinitely; in fact, 
investigations in Beverly Hills and Washington, D. C., have shown that there appears 
to be a very definite ceiling on car ownership, above which it wUl not rise. This 
ceiling is different for various residential density classes. Figure 6 indicates the 
mterrelationship between these factors for four densities of residential development. 
This chart shows that the rate of car ownership increases up to an income level of 
$8,000 to $ 10,000 per year, at which point it levels off at 0.6 cars per person for 
estate areas, 0. 5 for suburban areas, 0.4 for two family residential development, 
and as low as 0.3 cars per person for apartment house developments. These ceilings 
check very well with the actual rates now noted for the high income level areas around 
Hartford for the corresponding density classes. In accordance with these curves, it 
is assumed that the car ownership rate for the present population wi l l increase at a 
rate of three percent per year up to the ceiling car ownership rate for the particular 
density class. 
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The increase in the number of cars 
due to increases in population was 
handled simply by adding the new popula­
tion to the zone at the maximum car own­
ership rate for that particular zone. 

These assumptions on car ownership 
were checked by makmg a projection 
from 1950 to 1958 and comparing the 
projected estimates with the known 
growth. The theoretical and actual in­
creases are plotted side by side on a 
map of the study area (Fig. 7). This is 
without doubt the best correlation made 
for the entire study, and it was felt that, 
at this stage, the technique could not be 
improved. 

Land-Use Forecasting Technique 
The way in which the various pieces 

of the land-use puzzle f i t together into a 
whole for purposes of projection is an 
important part of the analysis. During 
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F i g u r e 6. Car ownership c e i l i n g f o r 
d i f f e r e n t r e s i d e n t i a l d e n s i t y p a t t e r n s . 
(Source Alan M. Voorhees, paper presented 

a t Nice, France, September i960.) 
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Figure 7. Car ownership change, 1950-1958, by towns—Hartford Area T r a f f i c Study. 
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the course of the study it was found that some of the categories of land use were more 
"alert" to the influences of future change than others. By treating each category in 
the order of its "alertness", a very logical chain reaction of development resulted. 

Increases in new employment—that is, the location of plants and offices—are the 
most alert to future changes which wi l l affect their business interests. For this 
reason the increases in manufacturing and service employment were distributed f irs t , 
and the factors determining these distributions were related to the future year. For 
example, the travel times reflected the assumed highway system for the target years. 

After the new employment was "located" the population was distributed in relation­
ship to i t . The highway accessibility index for this distribution reflected the relation­
ship cf highways and employment in the target year. 

Finally, the increase in retail employment was distributed in accordance with the 
increase in population just determined. Car ownership, of course, is also related 
to the new population distribution. 

Briefly, then, the increases in employment were distributed f i rs t , i t being assum­
ed that this category was most alert to change. Second, because people choose their 
places of residence in relationship to their places of employment, the increase in 
population was distributed in this manner. Finally, the increase in retail employment, 
which follows population, was distributed last. 

PROJECTION PROCEDURE 
It is becoming apparent to the researchers close to the field of traffic forecasting 

that to obtain realistic estimates cf future traffic, the feedback effect of changes in 
the highway network on the future land-use distribution must be considered. To 
accomplish this i t is necessary to build the city up in steps over time. For example, 
instead of projecting from 1960 as a base year directly to the design year, 25 years 
or so hence, i t is necessary to consider intermediate points and make projections in 
perhaps 5-yr intervals. The Hartford Area Traffic Study considered the years 
1965, 1975, 1990 and the "horizon year", which in the Hartford area is about the 
year 2010. In this way the procedure was able to recognize the effect of the changes 
occurring throughout the period, such as the radically expanding highway system, 
which influences the future distribution of land use. 

Such a procedure requires working through the entire projection process f rom 
beginning to end for each projection period and would result in a time-consuming, 
expensive operation unless a systematic, efficient flow of data from one process to 
the next were obtained. One advantage of the system developed for the Hartford Area 
Traffic Study is the complete interrelationship between the land-use and the traffic 
analyses. Figure 8 shows the.flow of 
data through the process. 

This diagram shows the continuous, 
orderly flow of land use and travel-time 
information toward the gravity model 
where the inter-zonal trips are calculat­
ed and thence into the traffic assignment. 
It is seen that in virtually every phase of 
the analysis, including the land use, 
travel-time information is required. 
The key to the process then is the tree 
building program, used to develop the 
inter-zonal travel times and trip traces, 
which is used over and over a g ^ , f i r s t 
in the land-use analysis for calculating 
the accessibility indices, again in the 
gravity model for calculating the distri­
bution of trips, and finally in the assign­
ment prc^am for cumulating the link 
volumes. The feedback, previously Figure 8. Flow digram for Hartford Area 
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mentioned, is readily apparent from Figure 8 also, for it is obvious that a major 
change in the highway network, such as the addition of a new expressway route, wi l l 
have a profound effect on the entire process. 

CONCLUSION 
These investigations have shown that the traffic portion of the analysis—that is, 

the gravity model—is very reliable and given accurate land-use information wi l l ac­
curately predict the future distribution of trips. The land-use analysis, on the other 
hand, is probably the weakest link in the entire projection process. For this reason 
the major portion of the investigation for the Hartford Area Traffic Study was centered 
about the study of land use in an attempt to supply the most reliable information possi­
ble to the gravity model. 

Although the work to date is a f i rs t step toward complete understanding, neverthe­
less, through this analysis many of the complex and diverse variables which affect 
the growth of metropolitan areas have been quantified. It is believed that the method 
is a vast improvement over previous methods, a step in the right direction which, 
with further work and study, can ultimately predict the future distribution of people 
and jobs with the same certainty with which population growth is now predicted. 

In conclusion, the important part of the Hartford Area Traffic Study is the method 
of land-use analysis and the basic information learned from this analysis. Through 
this analysis the growth of a metropolitan area has been simulated mathematically, 
and it has been shown that cities grow as a result of rational decisions made by 
individuals which, when grouped together as a whole, are predictable. This study 
has afforded a great deal of insight into the future growth patterns and has, it is 
believed, pointed the way for future analysis. It is hoped that the work to date wi l l 
form a base for additional research in this field which wi l l be even more productive. 
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Traffic Interactance Between Cities 
JAMES S. BURCH, Planning Engineer, North Carolina State Highway Commission, 
Raleigh 

The majority of research work in traffic-demand evaluation 
and projection in the United States naturally and properly 
has been based on a given large city or a single metropoli­
tan complex. The unique feature of the study covered by 
this paper is that it evaluates the traffic "interactance" or 
exchange between five independent cities and towns, remote 
from each other, but in the same vicinity. 

A group of mdependent cities in the central Piedmont 
section of North Carolina are expanding and growing to­
ward each other, tending to form a metropolitan complex. 
Their mutual economic and sociological affinity is great 
and is increasing. These cities are Greensboro, Winston-
Salem, High Point, Thomasville and Lexington, varying in 
population from 125, 000 down to 16, 500 (est. 1958). Their 
nature is primarily industrial and distribution. Combined, 
they seem to be forming a new interrelated but multi-cen­
tered commumty. 

In cooperation with the Urban Studies Program (Institute 
of Research, University of North Carolina), an area origin-
destination study was made to reveal the traffic "interactance" 
between these cities. A reliable expression of the gravity 
model was developed involving only population and distance, 
and this formula was applied to all city pairs in the state 
for long-range traffic estimation purposes. Coordinate 
studies by the USP include other aspects, mcluding land 
use, urban development, economic, governmental, and 
sociological trends and relationships. 

# THE traffic study was accomplished by means of a special type of origin-desti­
nation traffic survey and analysis. Some 35 roadside interview stations were selected 
to intercept all movements into, out of, and between the five cities (at the 35 stations). 
Station locations were purposely chosen at expected "traffic valley" points between 
the centers, to avoid the mass of short "commuter" trips, these not being of mterest 
in the stated purpose of the study. A total of 118, 603 roadside interviews were made, 
this bemg a 98 percent sample. 

Special techniques were required in the analysis to avoid duplication of trip data 
brought about by interviews of equivalent trips at different points on different inter­
view dates. These exhaustive and intricate adjustments removed the equivalent of 
about one-third of the total trips, and reduced the adjusted net trip summary to 
98, 277 total daily trips. 

Although the five cities varied widely in size, with populations of 16, 500 up to 
125,000, there was a very close relationship in their traffic mterchange in proportion 
to combined population and in mverse relation to distance. This fact is developed 
more fully in subsequent discussions. 

Perhaps the major result of the traffic study was the development of an expression 
of the "gravity" formula indicating the values for traffic interaction between city pairs 
in terms of population and distance. The report on the Origin-Destination Traffic 
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Survey at Five-City Crescent Area (N.C. State Highway Commission and U.S. Bureau 
of Public Roads, November 1959) discussed both the strength and the weakness of 
such a formula approach. 

After much t r ia l and mathematical exploration, Eq. 1 was derived as the best ex­
pression to f i t the basic data, this being a quadratic type of equation: 

in which 
T= 0.04m' + 4.9m + 160 

T = number of 24-hr (September-October 1958) weekday 
trips starting in City A and ending in City B, plus 
vice-versa; excluding any partial or through trips; and 

m = square root of the product of the population of City A 
and City B, divided by the square of the travel distance 
between chosen centroids in Cities A and B. To 
clarify: 

Vpop. A X pop. B 
m 

(distance A to B)' 

(1) 

(2) 

Eq. 2 has been developed and used for many years and is commonly referred to 
as an expression of the "gravity model." It was discussed and used by Willa Mylroie 
in HRB Bulletin 119, and in "Highway Traffic Estimation," by Schmidt and Campbell, 
published by the Eno Foundation for Traffic Control, 1956. For a given situation, 
the value "m" in Eq. 2 becomes a constant for "T" in Eq. 1. 

Eq. 1 represents a quadratic adaptation of this relationship to more nearly f i t 
the refined intercity data from the Five-City Crescent Origin-Destination Traffic 
Survey. It is likely that other adaptations might f i t other conditions in other locali­
ties equally well. 

Having been derived as the relationship giving the best " f i t " to the O-D data for 
the optimum number of city pairs, Eq. 1 was applied f i rs t to these pairs, with 
results given in Table 1. 

TABLE 1 
No. Trips 

City Pairs O-D Data Formula Difference 
Greensboro - Winston-Salem 3,037 2,825 -212 
Greensboro - High Point 5,257 5,317 60 
Greensboro - Thomasville 659 710 51 
Greensboro - Lexington 401 390 -11 
Wmston-Salem - High Point 2, 040 2,375 335 
Winston-Salem - Thomasville 751 998 247 
Winston-Salem - Lexington 1,293 1,142 -151 
High Point - Thomasville 6,138 6,676 538 
High Point - Lexington 830 912 82 
Thomasville - Lexington 1,316 1,253 -63 

Totals 21,722 22, 598 
Totals of differences, arithmetic 

Gross arithmetic differences 
Total of differences, algebraic 

Gross algebraic difference 
Average of individual percentage errors 

1,750 
8.1% 
876 

4.0"/. 
10. 2% 

It will be observed that one of the largest percentage differences is for the 
Winston-Salem - High Point combination, with 335 fewer actual O-D trips than the 
formula would indicate. These cities are in different counties. High Point's "tradi-
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tional" affiliation has been with Greensboro, its county seat and main line neighbor, 
rather than Wlnston-Salem which is farther away, and largely self-contained. Win­
ston-Salem's major working force is in the manufacturing of cigarettes and other 
tobacco products for world-\fride distribution. High Point's major industry is the 
manufacture of furniture. It may be that the difference in skills and material 
serves to further depress the traffic interaction which would otherwise be expected. 
This theory is supported also in the Winston-Salem - Thomasville pair. Similar 
reasoning might be applied to other variations. 

It was foimd that the quadratic form of expression was advisable, as contrasted 
with the linear, to damp or minimize the effect of these variations. 

FURTHER TESTS OF FORMULA 
Following this test of the formula, and desiring further verification, Eq. 1 was 

applied to data on trips between the five cities and more remote coimties outside the 
five-city area. These included comparisons with trip data having termini in Wake, 
Alamance, Durham, Rowan, Mecklenburg, and Iredell Counties. Each of these 
counties contains a sizable city near its center, with the city dominating the traffic 
pattern for the whole county, and representing an acceptable centroid for the purpose 
of population and distance determination. It was foimd that the formula provided 
equally satisfactory results when compared with trips having one terminus in the 
five cities and the other terminus in these counties as listed above. This further 
verified the value of the formula as a tool for prediction of traffic interaction. 

The formula was put to stil l a third test. Data obtained from the 1959 Concord, 
N.C. , Origin and Destination Traffic Study, involving trips between many North 
Carolina cities and covinties were compared with the interaction indicated by the for­
mula. In cases where there were as many as about 175 trips between places, the 
formula provided values with differences of less than 20 percent as compared to 
origin-destination values. The accuracy was best where the distances between points 
being compared were less than about 50 miles. With distances of over 100 miles, 
the formula could not be compared, due to the small number of long trips. Population 
data for 1959 was of necessity estimated, but seems to be reliable, based on 1960 
census data since obtained. 

In general, the tests on the formula showed that the level of confidence in its use 
is better than 80 percent for any pair of cities in North Carolina which are reasonably 
near each other, imder normal seasonal conditions. This relationship may hold in 
other states. 

There is some indication that the existence of a sizable third town C, between 
two major towns A and B, may decrease the amount of interaction between A and B 
below the value which would be indicated by the formula. 
Limits 

It should again be emphasized that the formula is not intended to develop total 
traffic to be covmted or expected at any point, unless it is applied in increments to 
all overlapping pairs of trip loci which may be involved. 
Adaptation of Formula 

The significance of the survey lies mainly in the possible use of the formula in 
trip prediction for long-range planning for highway expressway and arterial street 
design. If land-use predictions may be made in terms of future residences, work 
sites, shopping centers, etc., even in rural areas involving clusters cf independent 
cities and towns, the formula or some form of i t , could be used with reasonable con­
fidence in forecasting the traffic interaction demand between such areas and between 
cells within these areas. 

Such an adaptation has been made for statewide long-range highway planning in 
North Carolina. Using a digital computer to handle the enormous bulk of the arith­
metic involved in applying the formula, together with manual adjustments and adapta­
tions of the formula values for every pair of places in and near the state, traffic 
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volume projections to 1980 were obtained on every corridor-segment of the entire 
state highway system. 

Using this and other data, internal state systems have been developed in terms of 
relative importance as a guide in the establishment of design standards and construc­
tion programming for the next 15 years. A complete statewide needs study to the 
year 1975, based on these data, has recently been published and adopted by the 
North Carolina State Highway Commission. j 

Other corollary reports, including much of the traffic data developed in this study, 
are to be published by the Urban Studies Program relating to land use, and to eco­
nomic and sociological interaction in a metropolitan complex believed now in process 
of formation. i 



Forecasting Transit Use 
ARTHUR SCHWARTZ, Pittsburgh Area Transportation Study 

This paper presents a discussion of some of the 
procedures available for forecasting transit use. 
In particular, it f i r s t demonstrates that transit 
trips are not a single category within the universe 
of person trips, but are, in fact, several distinct 
subcategories. It then breaks down a group of 
variables into three types. Major variables, 
namely automobile ownership and net residential 
density, are those characteristics of the environ­
ment in which trips are made, that most strongly 
affect transit use. Supplemental variables are 
those characteristics of the environment which 
have a less strong effect on transit use. Finally, 
transit service itself is considered as a variable 
which has an effect on transit use. 

Then, the application of the results of this in­
vestigation to the forecasting of transit use in the 
Pittsburgh area is described, along with the re­
sults of this forecast. 

# IN forecasting future travel in the Pittsburgh Area Transportation Study area, i t is 
necessary to divide the previously derived total person trips by mode of travel. 
Three generalized mode groups have been used: automobile driver; automobile, 
truck and taxi passenger; and transit passenger. The forecasting of the amount of 
travel by this last mode group (transit passenger) is the subject of this paper. 
Transit trips are defined as those made on public carriers of persons, locally within 
the study area. This includes trips by bus (both commercial and school), streetcar, 
suburban railroad, and inclined plane. Travel on inter-city bus and railroad oper­
ations is excluded, as are all types of air travel. 

Transit trips, i t is thus assumed, have distinctive properties that set them apart 
from the population of all trips. The identification of these properties and their use 
in forecasting are the subjects of this paper. At f i r s t glance, the population of transit 
trips appears to resemble the total trip population, except that it is smaller; but 
several structuring elements soon become apparent (Fig. 1). The inner areas re­
ceive a higher proportion of transit destinations than do the outer areas. The CBD is 
a much more dominant feature of the distribution of transit trips. Certain areas 
that do not immediately appear to have any particular identifying characteristics 
have unaccountably large numbers of transit trips. On closer examination, these are 
found to contain large schools. 

It thus appears that a high degree of concentration of activity on land is the princi­
pal organizing factor in the distribution of transit trips. However, certain t3^es of 
transit trips, namely school trips, have a pattern of concentration different from that 
of the population of all trips. Therefore i t was decided that school trips would be 
treated separately from the remainder cf transit trips. The exceptionally high number 
of transit trips to or from the CBD also appears to require further examination. 
This fact is made even more obvious when it is known that 51.4 percent of all report­
ed trips to the CBD are by transit, whereas only 15.2 percent of all other reported 
trips are by transit. The CBD has more than twice the proportion of all of its trips 
by transit as does the next innermost ring (ring 1 with 23.3 percent of person trip 
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F i g u r e 1. Model de p i c t i n g mass t r a n s i t t n p d e s t i n a t i o n s , by ^ - s q mi g r i d . 

destinations by transit). Therefore it was decided to treat transit trips to the CBD 
separately. Also, i t is possible that other breakdowns of transit trips would be usabU 
For example, 66 percent of all transit trips except school trips are to or from work, 
whereas 43 percent of all internal trips (by all modes, but excluding school trips) 
are to or from work. This suggests another possible specialization that could be 
used as a breakdown. However, detailed subdivision by land use, trip purpose, 
special areas, population characteristics and many other possible characteristics is 
limited by the need to malntam adequate sample size so that the detailed subdivision 
wi l l produce meanmgful results. For example, figures for school trips by two-car 
households in ring 1 would be based on a sample of only five trips (unexpanded). 

With the principle of subdivision of transit trips decided on, the variables to be 
examined had to be determined. From preliminary examination of Pittsburgh Area 
Transportation Study (PATS) travel survey information it was felt that the various ex­
pressions of automobile ownership and residential density were the most significant 
independent variables available for forecasting transit. Automobile ownership was 
chosen as an important variable because it is the best measure of the availability of 
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a usually preferred alternate mode of travel. Availability of an automobile normally 
implies its use. A non-auto-owning household is dependent on transit for all trips 
except when travel times and destinations happen to coincide with those of an automo­
bile driver among friends or relatives. Given the usual household and automobile 
sizes, transportation capacity is available for all members of an automobile-owning 
household. The use of this capacity is again dependent on the coincidence of time 
and destination of trips. The ownership of more than one car simply increases the 
probability of automobile transportation being available to any member of the house­
hold at a given time. 

Net residential density is the most valuable measure of concentration of persons 
on land. Although it does not measure concentrations of persons in an area directly 
(something that would be almost impossible to do, because this would be constantly 
changing) it measures the concentration of persons at the place where they can per­
haps best be enumerated, their place of residence. Not only is residential density 
valuable as a measure of the intensity of residential activity, i t is a very good index 
of the over-all intensity of land development, which is even more important in influenc­
ing mode choice. 

However, several other variables were felt to be worthy of examination. These 
include measures of the characteristics of the trip maker, the trip, and the service 
provided. Although the concentration of persons, and the availability of alternate 
forms of travel are most important in mode choice, these "minor" variables act to 
modify the effects of the major variables, and to account for residual variation after 
the effects of the major variables have been determined. 

SUBDIVISION OF TRANSIT TRIPS 
The f i r s t step in the preparation of a transit use forecast was to divide transit 

trips into three categories—CBD trips, school trips, and the remaining transit travel 
or other trips. Aside f rom the fact that each category of trips constitutes about 
one-third of the total number of transit trips, they have many distinctive properties. 

School trips (trips made to or from trip purpose "school"), for example, are 
largely noncompetitive with the automobile. For instance, 64.1 percent of school 
trips are made by transit, 27.5 percent as auto passengers, and only 8.4 percent 
are made by auto drivers. Because most school trips are made by children under 
the age at which a drivers' license is obtainable, i t is unlikely that many of these 
trips wi l l be convertible to automobile driver trips. In addition, school trips are 
usually everday occurrences, characterized by extreme specialization in time and 
definite geographical concentrations. These occur both at the school end and within 
the system of school districts with limited areas, and are the most favorable to 
transit operations. 

CBD trips (all trips to or from the CBD plus intra-CBD trips) characterize a situa­
tion in which transit is competitive with the automobile. The high trip density 
(302,875 tr ip ends reported in 1958 on an area of 472 acres) makes possible volumes 
of travel to this area sufficient to support transit service from most parts of the 
study area that have urban residential density characteristics. This high travel 
volume concentrated over a small area, plus a definite peaking effect in time, make 
automobile travel on the approaches to the CBD generally less convenient than it is 
in most portions of the study area. High volumes converging on a limited area result 
in congestion, and high land values tend to put a limit on the amount of parking space, 
as well as increasing the cost of providing such space. Despite these difficulties, 
43. 5 percent of internal trips to or from the CBD are by automobile and only 56.5 
percent are by transit, as contrasted with Chicago's 70.9 percent. 

Unfortunately, it is nearly impossible to examine adequately the influence of area 
size and over-all density, and the density and size of the CBD, in determining the 
modal split of CBD trips in a report based only on information from a study of one 
metropolitan area. 

The remaining transit use is largely of a noncompetitive nature. Except for a 
few concentrations of commercial and manufacturing activity, transit service to the 
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remainder of the study area is provided incidental to service to the CBD. Trip densities 
are usually low and trip patterns show relatively little concentration in time or space. 
This pattern of travel favors the automobile. Low trip densities make relatively imcon-
gested movement possible. Parking can be provided easily, as land costs are low. 
Transit travel, except between points on the same CBD radial or to a few secondary 
concentrations, requires the use of an often indirect and time-consuming route. The 
low volume of travel between most origins and destinations makes effective transit 
service over much of the study area unlikely. This is indicated by the fact that 
although the "other" transit trips form the largest portion of transit travel, they are a 
very small proportion of all non-CBD and non-school travel (Table 1). 

TABLE 1 
DISTRIBUTION OF TRANSIT TRIPS 

Trip Amount Percent 

Percent of Total In­
ternal Survey Trips 
in This Category by 

Al l Modes 
CBD 155, 563 32.8 56.5 

School 152, 559 32.2 64.1 
Other 165, 628 35.0 9.7 
Total 473,750 100.0 21. "7 

MAJOR VARIABLES 
Automobile Ownership and Residential Density 

Automobile ownership is the most important single variable in the determination of 
the demand for transit. Automobile ownership is the best measure of the availability 
of an alternative mode of travel. As can be seen from Table 2A, households without 
cars make about twice as many transit trips per capita as do households with cars. 
The difference between one- and multi-car households does not show up in the transit 
trip rate per capita, as the decrease in the proportion of trips by transit for multi-car 
households is almost exactly balanced by the increase in total trip making. Thus the 
effect of increasing automobile ownership from one car to more than one car is to in­
crease total trips substantially. At the same time it reduces the proportion of transit 
trips so that the net demand for transit remains approximately the same. 

TABLE 2A 
TRANSIT TRIPS PER CAPITA BY CAR OWNERSHIP GROUP 

Autos Transit Trips Percent of 
per per Total Internal 

Household Capita Person Trips 
0 0.74 64.3 
1 0.30 17.6 
2 0.26 10.8 

Over-all 0.32 21.7 

The availability of automobile transportation obviously is not measurable solely by 
automobile ownership. The probability of the automobile or automobiles being in use 
by another member of the household, as well as the ability to drive, restrict the 
choice of travel mode. This is most evident in school trips, where age is the control­
ling factor. 
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Automobile ownership is also very valuable in determining what type of transit 
trips are made. For example, only 9. 7 percent of all transit trips by 0 car house­
holds are to or from school, whereas 51. 8 percent of all transit trips by multi-car 
households are to or from school. Due to the fact that there is such a wide variation 
between the transit use patterns of car-owning and non-car-owning households, and a 
much smaller variation between one- and multi-car households, (that is, the relation­
ship between automobile ownership and transit use is nonlinear), the usual measure of 
automobile ownership as an average (cars per household, car per 1, 000 persons, etc.) 
has been discarded in favor of stratification of transit trips into zero car, one car, 
and multi-car household categories for analytic purposes. 

Net residential density, as the basic measure of concentration of people in a given 
area, acts in two ways on the behavior of persons when they choose a mode of travel. 
One, i t serves as a measure of the ability to satisfy a travel desire by walking. Ob­
viously, in a more densely developed area, more potential destinations wil l be within 
walking distance and less use wil l be made of vehicular travel of one type or another. 
This is particularly noticeable for school trips. The fixed-fare characteristics of 
transit make this travel mode particularly subject to competition from walking for 
short trips when an automobile is not available. Conversely, net residential density 
influences the relative convenience of automobile and transit use. Increasing density, 
by increasing the number of automobiles within a given area makes automobile trans­
portation less convenient, both because of the increase in congestion caused by con­
flicts of movmg vehicles, and by the attendant reduction in the availability of parking 
space (that is, in a more densely developed area, a person is less likely to be able to 
park near his destination). At the same time increased density makes transit service 
more available, as the densely developed areas are able to support more frequent 
service, both in terms of headways and in terms of route spacing, thus reducing both 
walking distance and waiting time. It must be noted that the effects of the two variables 
are not independent, as density and automobile ownership are fairly closely related. 
With increasing density, average auto ownership decreases, and the proportion of 
households not owning automobiles increases. 

Table 2B indicates that residential density has only a negligible over-all effect on 
per capita transit use. It is known that the total number of trips per capita increases 
with decreasing density. Thus the percentage of transit to total trips must decline at 
a rate equal to the increase in total trips. However, because residential density acts 
in different ways on the three segments of transit travel, the over-all figures mask 
the true effect of density (Table 3). 

TABLE 2B 
TRANSIT TRIPS PER CAPITA BY DENSITY CLASS 

Net Residential Density (persons per acre) Transit Trips per Capita 
0 - 14,9 0.36 

15 - 29.9 0.32 
30 - 59.9 0.32 
60 - and over 0.31 
Over-all 0.32 

The f i rs t consideration was the general effect of automobile ownership and residential 
density; the influence of these variables on the three categories of transit trips is the 
next concern. School trips, unlike the other types, seem negatively associated by 
residential density. In part 1 of Table 3 i t can be seen that a rapid rise in the rate of 
school transit trips per 1,000 population occurs with declining net residential density 
in the automobile-owning households and a less rapid rise occurs in non-automobile-
owning households. This difference appears to be due to the existence of a larger 
proportion of one- and two-person households (households without children) in the zero 
car group (Table 2C). A slightly lower rate of school trips per 1,000 population is 



23 

TABLE 2C 
AVERAGE PERSONS PER HOUSEHOLD BY AUTO OWNERSHIP CLASS 

Autos Owned Persons per Household 
0 
1 
2 

Over-all 

2.35 
3.52 
4.00 
3.26 

TABLE 3 
TRANSIT TRIPS CONTROLLED BY DENSITY AND CAR OWNERSHIP 

Trip Types Cars per Persons per Net Residential Acre 
Household 60+ 30-60 15-30 0-15 Over-all 

School transit 0 28 54 82 88 46 
tr ips/1, 000 1 39 73 166 286 117 
population 2 36 56 155 250 127 
Total 35 66 157 267 104 

CBD transit 0 145 197 138 109 163 
tr ips/1, 000 1 104 110 90 64 98 
population 2 92 90 55 43 69 
Total 117 126 87 59 106 

CBD total 0 159 221 170 177 187 
tr ips/1, 000 1 202 196 164 142 182 
population 2 334 248 177 148 214 
Total 195 209 167 145 188 

Transit as per­ 0 88.2 89.1 81.5 61.5 87.5 
cent of CBD 1 51.3 55.9 55.2 45.3 53.8 
total 2 27.6 36.4 30.1 28.9 32.1 
Total 59.7 60.1 51.9 40.5 56.5 

Other transit t r ips/ 0 239 290 284 136 263 
1,000 popula­ 1 108 91 69 38 82 
tion 2 92 74 38 22 50 
Total 156 126 87 59 113 

evident for multi-car households than for one-car households, because in these house­
holds there is a greater opportunity to drive or be driven to school, particularly as 
the usual multi-car household has more drivers than the usual one-car household. 
The behavior of school transit trips is quite different from that of other types of trans­
it trips. This is because school transit trips are made largely by non-drivers, and 
except for those who are able to obtain rides, the usual choice between automobile 
travel and transit is not availabele. 

The CBD presents another special case. Looking at Table 2, part 2, it is fairly 
obvious that CBD (here including all trips with one, but not both, ends in the CBD) 
transit trips are influenced by both automobile ownership and residential density. 
(A word of caution is in order here. Because, unlike the other two categories, trips 
to the CBD are trips to one small portion of the study area, and because residential 
density is quite closely related to distance from the CBD, much of the apparent effect 
of change in density is probably due to change in distance from the CBD.) The rate of 
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CBD transit t r ip making per 1,000 population declines both with increasing automobile 
ownership and with decreasing density. However, in looking at parts 3 and 4 of Table 
2, the different relationships that make up the distribution of trips shown in part 2 are 
obvious. In part 3, the distribution of all CBD (here including all trips with one, but 
not both, ends in the CBD) trips (auto drivers, auto passengers and transit riders) 
per 1, 000 population is shown. Density appears to be the more significant variable in 
this case, although a uniform pattern is not present. (A more uniform result is present 
when distance from the CBD is used.) With regard to auto ownership, zero- and two-
car households appear to make more trips to the CBD per 1,000 population. Looking 
at simply the percentage of CBD trips made by transit, automobile ownership is the 
predominant factor. In fact, the similarity of the percentages for the four density 
groupings within each auto ownership class is very striking, although there appears to 
be a slight decline with decreasing density. The slightly lower percentages for the 
highest density class as compared with the next lower class are due largely to the in­
clusion of four zones less than one mile from the CBD. Trip desires that are satisfied 
by transit in other zones may be satisfied by walking from these zones to the CBD. 
Excluding these zones, the percent of transit trips to total CBD trips becomes, for the 
density group 60 persons per acre and over, 89.1 percent, 52.6 percent and 36.1 per­
cent, respectively, for the three-car ownership classes. 

While "other" transit trips, as shown in part 5 of Table 3, show the expected decline 
in trips per 1, 000 persons with both increasing auto ownership and decreasing density, 
the most s t r ik i i^ fact about these trips is the major difference in the rates for aU 
density classes between car-owning and non-car-owning households. In fact 46.9 per­
cent of all "other" transit tripjs are made by the 20.7 percent of the population in zero-
car households. Persons in zero-car households make "other" transit trips 3.2 times 
as often as persons in one-car households, whereas persons in multi-car households 
make "other" transit trips only 0.6 times as often as persons in one-car households. 
Apparently "other" transit trips are made largely by those who have no alternative 
means of transportation available. 
The Supplemental Variables 

The minor variables are those that, although they are not of universal application, 
are valuable in the forecasting of the various subdivisions of transit trips. Also in­
cluded in this category are variables which are not suitable for forecasting purposes 
because of the difficulty of application to a future situation or because their effects 
are almost completely masked by another factor. However, they are valuable In that 
their examination improves one's understanding of the reasons behind the mode choice. 

The f i rs t of the minor variables to be considered are those that act as modifiers to 
net residential density. Net residential density is a measure of the concentration of 
residential development on the land allotted to such development. However, other 
density measures may be more appropriate for some purposes. Total trip density, 
which is a measure of the concentration of all tr ip making activities on the land, seems 
to be a suitable measure in cases where nonresidential trips are principally under con­
sideration. In dealing with the concentration of population, net residential density is 
in imperfect measure, as i t deals only with land actually used for residential purposes. 

Net residential density is not always the best measure of the concentration of per­
sons or trips. Inasmuch as i t is a measure of the concentration of people on residential 
land, i t does not take into account the relationship of residential development to the 
total land of an area. The most direct means of doing this is by simply measuring 
the percent of residential to the total land. Another useful measure of this is the per­
cent of developed land to total land. For certain purposes, a combination measure, 
containing both the relationship of people to residential land and of residential to total 
land, is useful. Such a measure is gross residential density, or the relationship of 
people to total land. 

Measures of t r ip type are useful, particularly in determining the nonresidential 
ends of trips. Certain trip-type classifications are inherent in the stratification 
procedure. The school trip, for example, is a classification by purpose and also in­
herently by land use. Also contained in this particular breakdown is a tying of the non-
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school ends to residential land, since 98.5 percent of the nonschool ends of school trips 
are to residential land. CBD trips are an example of stratification by tr ip concentra­
tion. The zones with the highest trip density are here taken as a special case. "Other" 
transit trips are the remaining transit trips after these two special cases are removed. 

Although "other" trips are not selected as to any category, they also have significant 
properties. Most important is that 65 percent of them are to or from work as compared 
with 40 percent of all internal person trips; 16.5 percent of these trips are to personal 
business—a sort of catch-all tr ip purpose, although trips for medical and legal-govern­
mental reasons predominate. Therefore "other" transit trips, aside from the 53 per­
cent destined to residential land (as compared with 50.3 percent destined to home), 
wi l l principally have their destinations at work places, public buildings and offices. 
Transit Service as a Variable 

Transit service as a variable in forecasting transit use has to be restricted to those 
measures that can be quantified readily and which are not subject to rapid change. 
Measures of transit capacity, unlike those of highway capacity do not meet the latter 
test. In most cases (some rapid transit lines in the largest cities of the country are 
exceptions) capacity can be adjusted to volume simply by the addition of vehicles to a 
route. Although in these days of generally declining transit patronage, service is not 
often increased, most transit companies attempt to adjust service to demand as closely 
as possible. 

Transit speed is a better measure of transit service. To test the effects of transit 
speed four test areas were chosen. The f i rs t test area consists of eight zones (area 
one in Table 4, also see Fig. 2), served by a moderately high-speed, private right-of-
way electric railway line. This is 12.8 miles long, with a branch of 10.8 total route 
miles. The average scheduled speed on the line (in the midday period) is 17. 7 mph 
on the main line and 16.6 mph on the branch. Being entirely on private right-of-way 
except for about one mile downtown, the line is largely free from traffic tieups which 
occur in this area at the slightest hint of bad weather. Test area two consists of two 
zones served by an electric railway line that is largely on private right-of-way except 
for the downtown area and a short distance on minor streets. The 5.0 miles of line 
are covered at an average speed of 13.0 mph, only slightly higher than the street lines 
in the area. However, the line, being largely on private right-of-way, is largely 
free of delays caused by traffic congestion. Test area three is actually two areas—one 
consisting of two zones served by express bus service along the Penn Lincoln Parkway 
east and the other consisting of three zones served by express bus service using the 
Penn Lincoln Parkway west. Scheduled (midday) speeds of these lines are 24.1 and 
21.8 mph for the lines using the Parkway east. These lines are, of course, not free 
from congestion problems. The fourth test area is in the same direction from the 
CBD as are test areas one and two and part of area three. It, however, is served 
by bus service operating over arterial streets with limited stops between this area 
and the CBD. This route operates at an average speed of 13.6 mph. This area was 
included for the purpose of a control, to see if the south and southwest areas of the 
city, with their restricted auto travel facilities, do have a higher level of transit use 
than does the study area as a whole. This portion of the city is restricted in its high­
way access to the CBD by the need for all major highway routes to either tunnel through 
the ridge just south of the CBD or to go through one of the few natural openings in the 
ridge, some of which are characterized by quite steep grades. As a result, the 
principal highway routes from the CBD to the south and southwest operate over capacity, 
which, in Itself, seems to make transit more attractive, even when operated over the 
same streets as used by most automobile traffic. 

The detailed results of these tests are given in Table 4 and the generalized results 
in Table 5. The expected values given in Table 5 were calculated by applying the 
method used to forecast CBD trips (as shown in the section on forecasting techniques) 
to the total CBD trips given in Table 4. This procedure is designed to control both 
auto ownership and residential density, as well as total trip volumes. Looking at 
Table 4, i t can be seen that the combination of higher than average transit speed and 
freedom from congestion produces almost a 40 percent increase over the expected 
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number of transit trips. Freedom from congestion and higher than average free 
running speed alone produce about a 20 percent increase over the number of transit 
trips, while the control area has only an 8 percent increase over the average level 
of transit trips, despite the advantages to transit riders of good service (this area 
is served by one of the most progressive suburban bus companies) and relatively 
difficult automobile access. Of course, these comparisons were made only for CBD 
trips, as all the lines involved are CBD oriented. Increased speed probably has some 
effect on trips between points other than the CBD that are directly connected by superior 
transit service. However, the effect on "other" and school trips in these zones is 
minimal, as the difficulties of multiple transfer and indirect routings override the 
time savings on the one leg of the trip, for trips outside of the local area. School 
trips being largely noncompetitive with auto driver trips, as well as being very short 
(1.9 mile average), are not affected by transit speed. 

This test examined only one portion of transit travel time, that time which is 
actually spent on the vehicle. The total transit trip actually includes walking time at 
origin and waiting time at origin and at any intermediate transfer points. What portion 
these parts are of the total transit journey (at least to the CBD) is given in Table 6. 



T A B L E 4 

E F F E C T S OF TRANSIT S E R V I C E - F O U R CASES 

27 

Zone 

CBD 
Transit Trips 

CBD 
Total Trips 

Car/Household Car/Household 

Percent Transit 
to Total 

Car/Household 
Net 

Res'd 
0 1 2+ 0 1 2* 0 1 2+ Density 

Area 1 

24022 561 1,288 354 561 1,806 645 100.0 71 3 54 9 49 6 
34042 484 1,049 172 512 1,612 316 94 5 65 1 54 4 42 3 
44067 309 711 84 309 1,491 483 100 0 47 6 17 4 33 9 
44070 56 904 87 66 1,327 344 100 0 68 1 25 3 22 5 
54113 290 627 86 319 945 400 90.9 66 3 21 5 15 2 
55115 - 654 112 62 880 426 0 0 74 3 26.3 8 8 
64169 - 776 367 - 21 483 - 84 3 76 0 10.1 
64170 116 488 56 116 544 140 100.0 11 _7 40 0 10 5 

Total 1,816 6,497 1,318 1,935 9, 526 3,237 93 9 68 2 40 7 

Area 2 

35044 439 1,225 382 439 1,723 616 100 0 71 1 62 0 38 5 
35045 1,352 2,066 548 1,409 3,720 1,002 96 0 55_ _5 54 7 52 4 

Total 1,791 3,291 930 1, 848 5,443 1,618 96.9 60 5 57 4 

Area 3 

52095 596 1,138 163 677 1,893 461 88.0 60 1 35 3 71.0 
52097 513 972 272 621 1,460 380 82 6 66 6 71 6 56 8 
55118 84 168 28 112 398 84 75 0 42 2 33 3 20.1 
55119 56 593 28 56 985 114 100 0 60 2 24.6 38 9 
65173 58 369 114 58 514 228 100 0 11 50 0 21.8 
Total 1,307 3,240 605 1,524 5,250 1,267 85.8 61 7 47 8 

Total of 
15 zones 4, 914 13,028 2,853 5,307 20,219 6,122 92.6 64 4 46 6 

SA Avg. - - - - - - 87 5 53 8 32 1 

Area 4̂  

45073 202 1,502 401 202 2, 328 1,023 100 0 64 5 39 2 17 9 
55116 - 141 230 - 456 514 - 33 1 44 8 14.4 
55117 - 620 140 56 1,328 388 0 0 46 7 36 1 22 0 
Total 202 2,263 771 258 4,112 1,925 78 3 55 0 40 0 

Control. 

TABLE 5 

DIFFERENCE BETWEEN ACTUAL AND EXPECTED TRIPS FOR 
CAR-OWNING HOUSEHOLDS IN FOUR TEST AREAS 

Test 
Groups 

Actual 
Tr ips 

Expected^ 
Trips 

Percent 
Difference 

1. Pittsburgh Rai l - 7,815 
ways (Route 
35-36-37) 

2. Pittsburgh Ra i l - 4,221 
ways (Route 
42-43) 

3. Pittsburgh Rai l - 3,845 
ways (Bus 
Routes H-J) 
Community 
Transit Service 

4. Bigi Bus Lines 3,034 

5,590 

3,422 

3,208 

2,806 

+39.8 

+23.3 

1-20.2 

+ 8.1 

-kjalculated on the basis of the car ownership, density and distance class rates used in 
the forecast of CBD t r i p s . 
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TABLE 6 

DISTRIBUTION OF CBD TRANSIT TRIPS BY TRIP LENGTH AND 
TRAVEL TIME 

T r i p No. of Average MPH^ 
Length Samples Time (min) MPH (-20-min base) 

0 - 0 . 9 209 20 1.5 
1- 1.9 779 29 3.1 10.0 
2- 2.9 841 31 4.8 13.1 
3- 3.9 1,103 34 6.3 15.2 
4- 4.9 856 37 7.3 15.5 
5- 5.9 712 41 8.0 15.3 
6- 6.9 435 43 8.8 17.1 
7- 7.9 260 44 10.1 18.3 
8- 8.9 122 47 10.8 18.5 
9- 9.9 117 54 10.6 16.7 

10-10.9 77 55 11.4 17.8 
11-11.9 59 53 12.9 20.5 
12-12.9 30 52 14.5 23.6 

Total 5,600 

Mean 36 7.1 15.6 

^Thle speed was derived by subtracting ao-mln base time frem the mean travel time for 
each t r i p length c l a s s . 

From this, i t can be seen that an average transit journey that, over-a l l , consumes 
36 min at an average speed of 7.1 mph can be broken down into a non-CBD running 
t ime of 16 min at 15.6 mph and a walking, waiting and intra-CBD t rave l period of 20 
min or 54 percent of total t ravel t ime . Thus, cutting running time in half would de­
crease elapsed t ime to 28 min and increase average speed to 9.1 mph. Cutting the 
walk and wait t ime in half would decrease elapsed t ime by 10 min and increase average 
speed to 9.83 mph. From Table 7, i t can be seen that the average total (origin and 

TABLE 7 

TRANSIT TRIPS-BLOCKS WALKED BY AUTOS OWNED AND 
DRIVER/NON-DRIVER 

Cars per Average 
Household Dr iver /Non-Dr iver Total Blocks Walked 

0 Dr iver 2.57 
0 Non-driver 2.46 

1 Dr iver 2.73 
1 Non-driver 2.02 

2 or more Dr iver 2.61 
2 or more Non-driver 1.66 

A l l t r ips 2.30 

destination) distance walked (for a l l t ransit t r ips) i s under three blocks. In terms of 
t ime, this means approximately 7 to 8 min. This would be very d i f f i cu l t to decrease. 
Thus, the major decreases i n the base t ime of 20 min could be obtained by shortening 
the wait t ime and t ime spent traveling within the CBD. (Another note of caution: In 
many studies, waiting t ime is taken as one-half of the average route headway. Carry­
ing this to its logical conclusion, waiting t ime on a route that runs once per day is 12 
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hours. This is an absurdity. Obviously, persons tend to schedule their t r ips so that 
waitmg t ime is minimized, especially on lines with infrequent service.) 

Table 7 gives a rather surprising distribution of average walking distance f o r trans­
i t t r ips by availability of automobile transportation. The figures given are very regu­
lar , and do not show that walking distance decreases regularly with automobile avai l­
abili ty, as might be expected. For dr ivers , the average walking distance remains 
practically constant, whereas f o r nondrivers, the average walking distance decreases 
with increasing auto ownership. If school bus t r ips could be excluded, nondriver t r ips 
would probably show the same lack of variation as t r ips by dr ivers . 

Transit costs f o r m another variable that may have some significance in mode choice. 
However, within one metropolitan area i t would be d i f f icu l t to test the significance of 
this variable. Cost can be shown to be important, though, in the choice between trans­
i t modes. Table 8 gives the effects of cost and t ime, among railroad, express bus 
and streetcar t ravel between Pittsburgh and Wilkinsburg. Although there is low com­
muter fare, this is available only to everday r iders; however, other factors may also 
be important, such as the poor location of the railroad station with respect to the CBD. 

TABLE 8 

Transit 
Alternative 

J w « * 

Fare 
Number of Tr ips 
in P. M , Peak Hr . 

Travel 
Time 

Volume 
of Riders 

Railroad 

Express bus 
Streetcar 

44 i (cash) - ZXVU 
(monthly ticket) 

Z\% i (ticket) 
26y4 i (tokens) 

4 

4 
9 

20 min 

29 min ( 
39 min i 

135 

1,762 

Of course, many other variables could be introduced. Part icularly, supposed 
measures of the quality of transit service, such as the percentage of standing passen-: 
gers, have been suggested. However, most of these are of a subjective nature and are 
not particularly suited to measurement or forecasting. 

FORECASTING TECHNIQUES 

The forecast of transit use was broken down into three parts, as described pre­
viously. The three parts were forecast i n quite diss imilar ways. 

CBD Tr ips 

CBD t r ips were forecast as percentages of a previously determined total number of 
CBD t r ips by a l l modes. The effects of four variables have been taken into account. 
F i rs t a basic forecast of CBD tr ips was made. This assumed that transit service in 
1980 would be of an adequate amoimt to meet the calculated demand, but that no ser­
vice of an improved nature (rapid transit or express bus) would exist. This estimate 
was calculated on the following basis: 

PERCENT OF CBD TRIPS BY TRANSIT 
Autos per 
Household 

Zones Under 
1 M i f r o m CBD 

Zones Over 1 M i 
NRD 12 or More 

From CBD 
NRD Under 12 

0 77.0 88.0 61.0 
1 35.5 53.5 36.0 

2 or more 13.5 31.5 20.5 

The two special cases (zones under 1 m i f r o m the CBD and zones with a net residen­
t i a l density of under 12) can be readily accounted f o r . The four zones under 1 mi f r o m 
the CBD tend to have CBD transit t r ips replaced by walking t r ips , as the fixed fare 
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nature of transit acts as a deterrent to very short t r i p s . Also these zones have a 
much higher percentage of t r ips between the CBD and nonresidential land (71.3 percent 
as compared with 10.1 percent f o r the study areas as a whole), which tend to be by 
automobile (27.9 percent of nonresidential t r ips are by transit as compared with 56.5 
percent of a l l internal CBD t r ips ) . The 39 zones with a net residential density of under 
12 persons per acre were found to comprise the outer suburban areas where i t is i m ­
possible to provide complete transit service because of low densities. 

A f t e r this estimate had been made a generalized estimate of the effects of improved 
transit service was made. For this purpose the following routes were assumed: r a i l 
rapid transit between Mt. Lebanon and Swissvale, with feeder bus service on the Park­
way East—east of Swissvale; private right-of-way streetcar service to Library , Drake, 
and Dormont; and express bus service over aU or parts of the Penn Lincoln Parkway 
East and West, Ohio River Boulevard, East Street Expressway, and Route 28 Express­
way (Fig . 3). Zones served by these routes had their transit t r ip s by car-owning house­
holds increased 30, 20 or 10 percent depending on the type of service and the distance 
of the zone f r o m the high-speed fac i l i ty . 

The results of this forecast are given in Table 9. The colunm marked 1980-A shows 
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the forecast without additions due to improved transit, while the forecast with these 
additions is shown in column 1980-B. 

T A B L E 9 

1958 AND 1980 CBD TRANSIT TRIPS BY NON-CBD RING 

Ring 1958 1980-A' Change % Change 1980-B' Change % Change 

1 9,545 8,322 -1,223 -12.8 8,322 -1,223 -12.8 
2 22, 692 16, 725 -5,967 -26.3 17, 383 -5,309 -23.4 
3 39, 569 31,215 -8,354 -21.1 34, 087 -5,482 -13.9 
4 33, 825 32,611 -6,214 -16.0 37, 601 1,224 - 3.2 
5 29, 929 30, 053 124 0.4 33,667 3,738 12.5 
6 11,508 16, 666 5,158 44.8 17,381 5,873 51.0 
7 3,135 6,813 3,678 117.3 6,990 3,855 123.0 

Total 155, 203 142,405 -12,798 - 8.2 155,431 228 0.1 

Intra-CBD 360 360 0 - 360 0 -
Grand Total 155,563 142,765 -12, 798 - 8 2 155,791 228 0.1 
^Transit t r ips vithout Ijaproved trans i t service . 
^Transit t r ips with improved trans i t service . 

School Tr ips 
The second part of the transit forecast was the forecast of school transit t r ip s . 

Because there was no previously determined population of school t r ips , the problem 
was to forecast school transit t r ips independently of the total number of school t r ips . 
Thus the t r ips were forecast on a per capita basis. 

Two relationships were developed that satisfactorily described the variation in 1958 
school transit t r ip s . These were based on net residential density and gross residential 
density. Both relationships can be described by fi t ted curves. These are: 

Log Yc = 3. 30 -0 . 91 Log X2 X2 = net residential density 
Log Yc = 3.02 -0.60 Log Xi Xs = gross residential density 

Yc = school transit t r ips per 1, 000 population 

The Xz equation has an r of -0.75 and an s of 0.33. 
The Xs equation has an r of -0 . 78 and an s of 0.31. 

Although the gross density equation produces a slightly better statist icji l result, the 
two are almost equivalent. However, i t was decided to use the net residential density 
equation to forecast 1980 t r ips f o r several reasons (Fig. 4). One, i t appears that net 
density is the more stable relationship. The rate of school t r ips per 1, 000 population 
by r ing is given in Table 10. It should be noted that the gross density equation has a 
much greater tendency to flatten these rates, while the net density equation maintains 
them at much nearer their 1958 levels. Part icularly in the inner rings, which are 
fu l ly developed in 1958, the rates should not change greatly between 1958 and 1980. 
The change in rates produced by the gross density equation in the outer rings implies 
that as a low density area is more completely developed, tr ips that were fo rmer ly made 
by school bus become walking t r ips . However, while at f i r s t glance, this hypothesis 
seems reasonable, i t has several major faults . One i t assumes that additional school 
needs are met by increasing the number of schools and decreasing school spacing, 
rather than by enlarging existing schools. The latter seems to be just as popular an 
alternative as the fo rmer . Second, with increased development, t r a f f i c on suburban 
roads w i l l increase. This w i l l make more and more roads that do not have sidewalks 
(and the suburban communities in the Pittsburgh area are extremely reluctant to build 
them) too hazardous f o r school children to walk along, thus requiring school buses 
fo r shorter t r ips than are usually provided f o r . Finally, the maximum walking distance 
that is acceptable fo r school children has been declining over t ime, and w i l l probably 
continue to decline in the future . 
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Figure k. School transit t r i p s as related to net residential density. 

T A B L E 1 0 

S C H O O L T R A N S I T T R I P S P E R 1 . 0 0 0 P O P U L A T I O N B Y R I N G - 1 9 5 8 A N D 1 9 8 0 

Ring 1958 1 9 8 0 - N R D * 1 9 8 0 - G R D ' 

1 2 5 . 8 2 6 . 3 3 8 . 0 
2 4 8 . 0 4 6 . 4 4 5 . 4 
3 5 7 . 0 5 8 . 9 4 8 . 2 
4 8 9 . 1 7 8 . 3 5 4 . 9 
5 1 1 8 . 9 1 0 8 . 7 7 4 . 0 
6 1 5 9 . 2 1 3 9 . 6 9 6 . 6 
7 1 8 0 . 0 1 7 5 . 1 1 2 1 . 4 

Study Area 1 1 0 . 8 1 0 4 . 1 7 4 . 5 

^Trip calculated on the basis of the net residential density equation. 
2Trlps calculated on the basis of the gross residential density equation. 

Other Transit Tr ips 

These include a l l transit t r ips not covered in the foregoing two categories. These 
were forecast as a per capita rate on the basis of automobile ownership and residential 
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density. The relationships are shown in Figure 5. (Figure 5 does not show the d i s t r i ­
bution of t r ips by 2-car households. As only 443 other transit t r ips by 2-car house­
holds were reported, no distribution by dis t r ic t was prepared. Instead, the parameters 
of a curve s imi lar to those fo r 0- and 1-car households were obtained by using 6 den­
sity class values.) Although a wide variation in t r i p rates exists, much of this varia­
tion is removed when these rates are strat if ied by auto ownership class. Much of the 
remaining variation can be accounted f o r by residential density. The relationships 
shown indicate that fo r a given auto ownership class, transit t r ips rise with increasing 
density up to a maximum point and then begin to decline slowly at higher densities. 
This shows the influence of several forces. The increasing t r i p rates are undoubtedly 
a fimction of the increasing convenience of transit and the decreasing convenience of 
automobile t ravel as density increases. However, above a certain point, the influence 
of density in reducing the number of total t r ips also appears fo r transit t r ips . Accent-
u a t i i ^ this effect is that imposed by the fixed fare nature of transit which tends to 
discourage very short t r ip s . (In fact, transit is the only mode which has fewer t r ips 
under 1 mile in length than between 1 and 2 miles i n length.) Within high density areas, 
where i t is possible to meet many travel needs within a short distance, fewer transit 
t r ips w i l l , therefore, be made, as short t r ips w i l l either be by automobile or walking 
t r ips . 

SUMMARY OF FORECAST 

Tables 9, 11 and 12 present the results of the forecast of transit use by analysis 
r ing, as compared to t r ips reported in 1958. Table 13 is a summary of over-a l l r e ­
sults. I t should be noted that even with extensive transit improvements, transit t r ips 
to the CBD remain almost unchanged in number, although the total person miles of CBD 

I C M 

I CAR 

L C A R 

90 60 70 W 90 100 

NET RESIDENTIAL DENSITY (PERSONS PER A C R E ] 

Figure 5. other transit trips by car ownership and net residential density. 
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transit t ravel w i l l increase with increasing average CBD t r i p length. School t r ips 
show a substantial increase, largely in the outer r ings. In the category of other transit 
t r ips an absolute decline is evident. This i s to be expected, as these t r ips are part icu­
la r ly sensitive to automobile ownership. Only the outermost r ing shows an increase, 
due to its very large increase in population. The forecast therefore can be seen as a 
continuation of existing trends. A general decline in transit t ravel , except fo r school 
t r ips , is the result. However this decline is forecast to be slower than in the past 15 

TABLE 11 

SCHOOL TRANSIT TRIPS BY RING OF NON-SCHOOL TRIP END 

Ring 1958 1980 Change % Change 
1 1,713 1,586 -127 -7.4 
2 7,348 7,128 -220 -3 .0 
3 13, 748, 15, 537 1,789 13.0 
4 24,538 24,208 -330 -1.3 
5 39, 719 48,482 8,763 22.1 
6 46,959 63, 111 16,152 34.4 
7 18, 534 37, 703 19,169 105.9 

Total 152,559 197, 755 45,196 29.6 

TABLE 12 
-

OTHER THAN SCHOOL OR CBD TRANSIT TRIPS BY RING OF RESIDENCE 
Ring 1958 1980 Change % Change 

1 9,427 7,997 -1,430 -15.2 
2 22,804 18,675 -4,129 -18 .1 
3 30,421 29, 529 -892 - 2.9 
4 30, 083 28, 645 -1,438 - 4.8 
5 36,121 33,102 -3,019 - 8.3 
6 29, 883 28, 942 -941 - 3 .1 
7 6, 889 10, 914 4,025 58.4 

Total 165, 628 157. 804 -7, 824 - 4.7 

TABLE 13 

SUMMARY OF TRANSIT FORECAST 
T r i p Type 1958 Trips % of AU Tr ips 1980 Trips % of A l l % Change 

Tr ips 1958-1980 
CBD 155, 563 51.4 155,791 47.1 0.1 
School 152,559 ( 197, 755 ( „ 29.6 
Other 165,628 ( 1 0 . z 157, 804 I ^""^ -4 .7 

Total 473,750 19.8 511,350 13.3 7.9 

years, as the c r i t i ca l transfer of population f r o m non-car-owning to car-owning house­
holds has already taken place fo r 80 percent of the population. School transit t r ips are 
forecast to act substantially as they have i n the past; that i s , r i se rapidly in the outer 
areas and remain nearly stable in the inner areas. Thus i t is apparent, that fo r plan­
ning purposes the population of transit t r ips can be regarded as one that is stable or , 
even declining slightly. Even with major transit improvements, the number of transit 
t r ips to the CBD was not noticeably increased over the 1958 level. Under the condi­
tions of rapidly increasing automobile ownership and a slowly growing central area, 
this condition appears to be inevitable. 
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CONCLUSION 

Because the objective of the transit planning work to be done at PATS is to locate 
major transit facilities needed between now and 1980, the three types of transit trips 
are of varying importance in this problem. CBD trips constitute the basis for the de­
mand for major transit improvements. Other trips and school trips serve only to add 
to this demand. Although other trips can do so in substantial numbers, being largely 
concentrated in the inner rings, school trips, due to their largely peripheral location 
and their short average length, cannot substantially add to the demand for major facili­
ties. 
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Results of Pre-Interview Contacts in 
Philadelphia 

GEORGE V. WICKSTROM and RICHARD ESTES, respectively. Supervising Tra f f i c 
Engineer and Transportation Planning Technician, Penn-Jersey Transportation Study, 
Philadelphia, Pa. 

# CHECKS of t ravel data obtained f r o m home-interview t ra f f i c surveys have confirmed 
that total daily t r ips are under-reported by household members. To minimize the 
amount of under-reporting, a pre-interview travel log had been used in New Orleans. 
A significant gain In t r i p reporting seemed to result, with households f i l l i n g out the 
log averaging 8.5 tr ips/day, and those not f i l l i n g i t out 6.0 tr ips/day. The results 
obtained in New Orleans were encouraging enough to warrant i ts use in the Philadelphia 
area and the Penn-Jersey Transportation Study (PJ) decided to use such a log. 

New Orleans had suggested that the original log used be greatly s implif ied, in order 
to increase response. I t was found that the log used in Philadelphia by PJ and the 
simplif ied log later used in New Orleans were remarkably s imi lar , although designed 
independently. 

PJ LOG FORM 

The log f o r m used in Philadelphia area is shown.in Figure 1. Two or more logs 
were lef t with, or mailed to, adult household members p r io r to interviewing. The 
f o r m was not intended to substitute f o r Interviewing, but rather to act as a reminder 
f o r the respondent. 

I t was small enough to be carr ied conveniently, and the respondent was asked to 
note a l l t r ips made on a certain day by or igin, destination, mode(s) of t ravel , and 
time of day. 

METHOD OF TESTING 

At the suggestion of G. Wi l l i am Blake, PJ's Data Processing Supervisor, i t was 
decided to give the log a ful l -scale controlled test rather than delivering i t to a l l 
households scheduled fo r interviewing. One-half of the households scheduled fo r inter­
viewing each day were to receive the log, the other one-half were not. Five hundred 
and twelve interviews were scheduled daily. In practice, the f i r s t four of the eight 
interviews selected for each interviewer per day received the log, the last four did 
not. 

The f i r s t test was to involve a pre-interview contact by the interviewer, where he 
would deliver the log, explain i t s use, and later re turn to collect i t and conduct the 
normal home interview. 

The second test was to mai l the log with the pre-interview letter and did not involve 
any direct pre-interview contact by the interviewer. 

OVER-ALL RESULTS 

As the data fo r the f i r s t test came in , total t r ips reported for the f i r s t four inter­
views each day were compared to the total t r ips reported fo r the last four interviews 
each day fo r each interviewer. A 6-week test involving 15,360 households was made. 
The results of this test are given in Table 1. 

The 7,680 households that received the log produced 40,697 reported t r ips and 
1,184 non-interviews. 

The 7, 680 households that did not receive the log produced 43, 562 t r ips , 2,865 
more t r ips than households that had received i t , and 1,143 non-interviews. 

36 



37 

P E N N - J E R S E Y T R A N S P O R T A T I O N S T U D Y 

. i l Mr<-<-l . m i l I ' . - i r k - K l c \ > C I I H C . I ' l i i l j < l < ' t | i l i i . i < l . I V i i i l > % l \ . l i i i . i . IKl l i l l> )t-<ilflO 

Dear Neighbor: 
The Penn-Jersey Transportation Study, an official agency, is asking members of several 
families in each neighborhood to keep track of all trips made on a certain day. This informa­
tion is needed to improve roads and rail service in the Penn-Jersey area. You con help greatly 
by filling in the other side of this card. Please show each trip you moke on 

Your PJ interviewer will call at your home on the following day to pick up this card. If no one 
will be home, please call and let me know so that we can set a more convenient time. 

/nterviewer's Nome. . Telephone No. 

T H A N K Y O U F O R Y O U R H E L P 

Note: Regulations require us to keep all information confidential. 

L I S T E A C H T R I P M A D E 
/OIVE ADDRESS OR NEAREST \ 
V STREET INTERSECTION I 

HOW DID YOU T R A V E L ? 
/AUTO,RAILROAO,EL-SUBWAY, BUSA 
V STREETCAR,TAXI, ETC. I 

T I M E O F DAY 
/YOO L E F T 0R\ 
I ARRIVED / 

(START) ??Zaumj^t'^k/unio7i^ 
ARR: 9:fOAM 
LEFT: / / -75 - / » y 

FROM 
(START) 

LEFT-. 

TO: 
ARR: 

TO: L E F T -
THEN 
TO: 

ARR: THEN 
TO: LEFT: 
THEN 
TO: 

ARR: THEN 
TO: LEFT: 
THEN 
TO: 

ARR: THEN 
TO: L E F T : 
THEN 
TO: 

ARR: THEN 
TO: L E F T : 
THEN 
TO: 

ARR> THEN 
TO: L E F T : 

Pigxire 1. Pre-interview log form. 

The results were consistent week by week, with non-log households constantly pro­
ducing more t r ips . The over-a l l average was 5.30 t r ips/ interview with the log and 
5.67 t r ips/ interview without the log. Af te r removing non-interviews, the figures were 
6.27 trips/household and 6.67 trips/household, respectively. 

With these rather surprising results, completely contrary to what had been expected, 
the mai l log test was started and delivery of logs stopped. 

Week after week, the mai l log test produced almost identical results. Af te r six 
weeks of testing involving 14, 848 households (512 less than the previous six weeks due 
to a holiday), 7,424 households receiving the mailed log produced 41,438 t r ips and the 
same number of households not receiving the log produced 42, 757 t r ips , or 1, 319 t r ips 
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TABLE 1 
COMPARISON OF NUMBER OF REPORTED TRIPS AND NUMBER OF 

(a) Delivered hog Vs No Log 
Total Delivered Log No LoR 

Week 
No, Interviews Trips 

Non- Non-
Interviews Interviews Trips Interviews 

Non-
Interviews Trips Interviews 

1 
2 
3 
4 
5 
6 

Totals 

2,560 
2,560 
2,560 
2,560 
2,560 
2,560 

15 360 

14,045 
14,800 
14,388 
13, 716 
14,028 
13,282 
S4 259 

387 
380 
395 
443 
379 
343 

1,280 
1,280 
1,280 
1,280 
1,280 
1,280 
77555 

6,413 
7,186 
6,957 
6,783 
6,918 
6,440 

i(),m 

214 
187 
207 
219 
186 
171 

T7T5? 

1,280 
1,280 
1,280 
1,280 
1,280 
1,280 
t m 

7,632 
7,614 
7,431 
6,933 
7,110 
6.842 

3055 

173 
193 
188 
224 
193 
172 

(b) MaUed Log Vs No Log 
Total Mailed L o r No. Log 

Week 
No. Interviews TrlDs 

Non-
Interviews Interviews Trips 

Non-
Interviews Interviews Trips 

Non-
Interviews 

1 
2 
3 
4 
5 
6 

Totals 

2,560 
2,560 
2,048 
2,560 
2,560 
2, 560 

14 MS 

14,001 
13,448 
12,023 
15,041 
15,162 
14,520 
84,195 

332 
379 
222 
270 
275 
315 

1.793 

1,280 
1,280 
1,024 
1,280 
1,280 
1,280 

6,878 
6,611 
5,940 
7,434 
7,498 
7,077 

4M35 

169 
173 
106 
126 
144 
157 
?75" 

1,280 
1,280 
1,024 
1,280 
1,280 
1,280 

7,123 
6,837 
6,083 
7,607 
7,664 
7,443 

4i, W1 

163 
206 
116 
144 
131 
158 
515" 

more. Non-interviews totaled 43 less with the log, the figures being 875 with and 918 
without. T r i p averages were 5.57 t r ips/ interview with, and 5.75 t r ips/ interview wi th­
out the log. Af te r removing non-interviews, the averages were 6.32 trips/household 
and 6.56 trips/household, respectively. 

SIGNIFICANCE OF RESULTS 

Assuming a normal distribution of t r i p reporting, the differences in mean values 
were shown to be highly significant. The standard e r ro r of the mean was less than 
0.1 t r ips in a l l cases. The differences between means were significant at the 0.01 
level f o r the delivered log and at the 0.05 level fo r the mailed log. Rather than i m ­
proving t r i p reporting, the results indicate a significant decrease in t r i p reporting 
for those households where the log was delivered or mailed. These decreases amounted 
to 0.40 trips/household for the delivered log and 0.24 trips/household fo r the mailed 
log. 

Differences in the non-interview rates were shown to be insignificant. 

SAMPLE ANALYSIS 

To find out why the logs failed to produce more t r ips in the Philadelphia area, a 
20 percent sample of the interview days involved in the test was drawn at random. 
Households which did not make any t r ips were separated, because these households 
could not have f i l l ed out the log even i f they wished to. T r i p averages reported in this 
sample analysis are therefore averages of households which made t r ips . 

The number of samples obtained by income group (low, medium, high, or not re­
ported) are given in Tables 2 and 3. 

Because of the low number of samples (232) obtained f o r households completing the 
delivered log, an additional sample of six days was drawn to provide a more reliable 
t r i p average f o r this group. This sample produced 262 more households completing 
the log, so that these averages could now be based on a total of 494 interviews. 

The average number of t r ips per household (for families who made t r ips) are given 
m Tables 4 and 5. For the delivered log, households completing the log reported an 
average of 1.4 t r ips more than those which received the log and did not complete i t . 

The latter group had an average of 0.6 trips/household less than those not receiving 
a log. 
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TABLE 2 

NUMBER OF SAMPLES BY INCOME GROUP 

Households 
Log Delivered Making No Tr ips 

Household Not Log Not Log Log Not 
Income Group Completed Completed Total Delivered Delivered Delivered 

Low ($0-4999/ 
year) 55 244 299 300 108 92 

Medium ($5000-
7999/year) 83 304 387 397 17 17 

High (over $8000/ 
year) 53 131 184 214 4 6 

Not reported 41 171 212 211 40 42 
Totals 850 1,082 1,122 T57 

Non-interviews 285 257 
Total interviews 1,536 1,536 

TABLE 3 

NUMBER OF SAMPLES BY INCOME GROUP 

Log Mailed 

Household Not Households 
Income Group Completed Completed Total Making No Trips 

Low 22 342 364 121 
Medium 52 363 415 23 
High 34 165 199 6 
Not reported 14 158 172 40 
Totals 122 1,028 1.150 T50 

Non-interviews 196 
Total interviews 1,536 

Population standard deviations were estimated f r o m sample data and the standard 
e r ro r of the means calculated. These differences in t r i p averages were shown to be 
significant at the 0.01 level. A significant difference was also shown within each i n ­
come group fo r those completing the log. 

The mail log comparison indicated that famil ies completing i t averaged 1.8 more 
t r ips than families fa i l ing to f i U out the log. 

Over-al l results were s imilar to the two 6-week tests. No increase in t r i p reporting 
could be attributed to the log. The famil ies f i l l i n g out the log simply made more t r ips 
than those that did not when compared to households not receiving a log. 

RESPONSE TO THE LOG 

Table 6 shows the variation in response (percent of households completing the 
log) by income group. This variation in response was even more marked in the mai l 
log than the deliver log samples. 

About one in f ive households completed the log where i t was delivered, and only one 
in ten when i t was mailed. 

The difference in response by income group were highly significant (at the 0.05 
level). Households with higher incomes make more t r ips than those with lower incomes 
and also complete more logs, percentagewise. 
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TABLE 4 

TRIP REPORTING BY INCOME GROUP 
(AVERAGE TRIPS PER HOUSEHOLD^) 

Log Delivered 

Household Not Log Not 
Income Group Completed Completed Total Delivered 

Low 6.2 4.6 5.1 5.1 
Medium 7.8 7.4 7.6 7.6 
High 9.6 8.7 9.1 9.8 
Not reported 9.6 7.2 8.1 7.7 
A l l groups 8.1 6.7 7.2 7.3 

'For households that made t r ips . 

TABLE 5 

TRIP REPORTING BY INCOME GROUP 
(AVERAGE TRIPS PER HOUSEHOLD*) 

Log Mailed 

Household Not 
Income Group Completed Completed Total 

Low 7.5 5.1 5.2 
Medium 8.2 7.0 7.8 
High 9.4 10.2 10.1 
Not reported 10.5 7.4 7.7 
A l l groups 8.7 6.9 7.4 

'For households that made t r ips . 

\ TABLE 6 

RESPONSE TO DELIVERED AND MAILED LOGS 
BY INCOME GROUP 

(PERCENT OF HOUSEHOLDS COMPLETING LOG) 

Income Group Delivered Log, % Mailed Log. % 
Low 
Medium 
High 
Not reported 
AU groups 

18.4 
21.4 
28.8 
19.3 
21.4 

6.0 
8.0 

17.1 
8.2 

10.6 

TABLE 7. 

REASONS FOR NON-RESPONSE TO DELIVERED LOG 

Households 

Reason No. (%) 
Did not bother or did not have t ime 496 58 
Forgot 89 10 
Did not receive log 89 10 
Did not understand log 71 9 
Lost log 65 8 
Other reasons 40 5 
Total 850 100 
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Slightly over 60 percent of family members (over 5 years of age) making trips com­
pleted logs in households where at least one log was filled out. Trips reported on logs 
represented 53 percent of the total trips reported for households filling out logs. No 
significant variation by income group could be found in either statistic. 

Reasons for the low response were analyzed and are presented in Table 7. 
Almost SIX of every ten households failing to fill out at least one log gave as a rea­

son that they "did not bother or did not have time." Less than one household m ten 
claimed failure to understand the log. These percentages did not vary significantly by 
income group. 

SUMMARY 

Pre-interview contacts through the use of a travel log failed to produce additional 
trip reporting by households in the Philadelphia area. Although households completing 
logs had a significant increase in average number of trips over those that failed to 
complete them, this Increase Is apparently due to a bias in household response to the 
log. 



Results of Use of Pre-Interview Contacts in 
Pittsburgh 
S.W. SULLIVAN andC.E . PYERS, Pittsburgh Area Transportation Study 

The purpose of this report is to give an evaluation 
of the use and value of pre-interview contacts in 
connection with a home-interview origin-destina­
tion survey. These pre-interview contacts are 
fo r the purpose of distributing and explaining the 
use of t ravel report cards on which the respondents 
are requested to record their t ravel f o r a specified 
day. 

Although this study does not attempt to measure 
precisely the value of the pre-interview contact 
and travel report cards, i t points out several 
advantages and develops certain conclusions re ­
garding the use of this procedure. These con­
clusions, the reasoning behind them, and the 
pre-interview techniques used are presented. 

• A HOME-INTERVIEW STUDY was set up in Pittsburgh by the Pennsylvania Depart­
ment of Highways and Bureau of Public Roads (BPR) as a cooperative research project 
to provide intensive data fo r testing various t ravel formulas. One phase of the study -
was a test of the value of pre-interview contacts and the use of t ravel report cards 
furnished to the householders in advance of the day f o r which t ravel information was 
desired. 

The Pittsburgh Area Transportation Study (PATS) was selected to supervise this 
project because of the opportumty fo r comparison with data compiled f r o m the 1958 
study at PATS, and also, because PATS could offer the nucleus of an experienced staff 
to operate the project. The study was operated i n accordance with "PATS Home Inter­
view Manual 1958." 

Dwelling places in 13 zones were interviewed in A p r i l , May, and June of 1960, f o l ­
lowing PATS' major study of the complete area in 1958. These zones were picked to 
give a variety of socio-economic backgrounds to the research project (Table 2 and 
Fig . 1). The total area of these zones is 19.4 square miles and the total population is 
112,107 (1). Home interviews were taken at 4, 254 households in the 13 zones with the 
sampling rate varying f r o m 1 in 3 to 1 in 10. (The 1958 sampling rate was 1 in 25 
f r o m a l l zones.) 

The staff of the Pittsburgh Research Project (PRP) consisted of ten interviewers, 
four editors (two of whom were also substitute interviewers), a clerk-typist , and a 
supervisor. Of these, the supervisor, three editors, and four interviewers had pre­
vious experience in the 1958 interviewing phase at PATS. 

A period of nine days was used to t ra in the new interviewers, to famil iar ize ex­
perienced interviewers with several changes in the questions on the schedules, and to 
t ra in a l l interviewers in the use of the t r i p report cards. After interviewing commenced, 
the same tight controls and checks set up by PATS in 1958 were maintained to insure the 
highest possible standard of reporting. A l l questionable information was checked with 
the respondents by telephone, and each schedule was edited twice by separate editors 
before a quality control was n m on the interviews. Personnel working on the quality 
control operation checked at least an additional 12.5 percent of a l l schedules by calling 
householders and verif jr lng a l l information given in the interviews. Af te r completing 

k2 
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TABLE 1 

A L L INTERVIEWS WITH TRIPS, BY ZONE 

Completed Interviews With Tr ips Avg. No. of Tr ips 

Households Persons Total Tr ips 
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010 275 55 3 1 96 6 21 538 47 6 1707 43 9 49 0 3 269 3.085 +0.184 
013 332 29 8 1 67 4 70 555 25 0 1560 21 0 27.0 3.036 2.736 +0.300 
028 202 42 6 1.90 5 98 383 38 6 1207 38.1 44 3 3.615 2.860 +0.755 
037 241 43 1 2 04 6 05 491 35 4 1457 38 2 41.9 3 511 2 669 +0.842 
061 266 59.4 2 39 9.20 635 52 1 2448 48 9 56 2 4.160 3.523 +0.637 
068 253 65 6 2 37 8 30 599 59 4 2101 53 4 58 7 3 463 3 572 -0.109 
073 283 47 0 2.14 6 45 606 35 6 1826 38.1 42 9 3 630 2.672 +0. 958 
083 247 57 1 2 43 8 40 601 '48 4 2076 47.0 51.1 3.649 3.271 +0 378 
093 243 58 4 2 36 9 23 574 49 6 2243 48 3 55 7 4 386 3.436 +0.950 
149 354 43 8 1 79 5 15 634 36 7 1822 34 2 40.3 3.154 2.711 +0 443 
155 253 38 7 2 02 7 16 511 30 9 1812 27.0 32 9 3.778 3.442 +0.336 
169 277 35 0 2 27 8 45 630 32 0 2342 32.3 38.3 4.445 3.374 +1.071 
187 219 72 1 2 37 8 97 520 64 6 1964 62.6 71 4 4.175 3.049 +1 126 
A l l 3,445 

zones 
49 0 2 11 7 13 7, 277 S45fi5 " 41.8 47.8 3 758 3.088 +0.670 

'In addition to the number of persons using cards in this f igure, there were 259 persons who used the cards stating that they made 
no t r ips It is reasonable to infer that, had they made t r ips , they would have used the cards 

the editing and quality controls, the schedules and pre-interview trip cards were coded, 
punched, and the necessary card work done at PATS. The data was then forwarded to 
the Washington office of the BPR for analysis. 

USE OF PRE-INTERVIEW CARDS 
Each interviewer was assigned eight listed households for each travel day. About 

one week before the "travel day"—the day for which the household was to report its 
travel—a "Dear Householder" letter was mailed to the sample addresses explaining the 
general purposes of the survey, the type of information needed, and also telling occu­
pants of the interviewer's impending visit. The day preceding the travel day, the 
households were contacted and the trip report cards were delivered and their use ex­
plained by the interviewer. These cards were picked up the day following the travel 
day when the interview was being completed. Therefore, after the interviewing began, 
the interviewer was required to (a) deliver trip report cards to eight households for 
the next day's travel, and (b) pick up the completed trip report cards and complete the 
home interviews for the eight samples of the previous travel day with the respondents' 
help. This was done in an 8-hr period, the interviewers being allowed to work the 8 
hours between 9 a. m. and 9 p. m. best suited to their particular zone. 

When delivering the trip cards, the interviewer left a sufficient number of cards to 
cover the trips of each person in the household five years of age or over. A letter of 
instructions was also left, which detailed the travel information desired, the day for 
which travel data were needed, and gave specific examples of the proper method of filling 
out the cards. The interviewer spent, in addition, an average of 10 to 15 minutes ex­
plaining the use of the cards. (Figures 2 and 3 show the front and back of the instruction 
letter. Figures 4 and 5 show the front and back of the travel report card.) 

When the occupants of the sample address were not at home on the first call, the 
interviewers were instructed to make at least one other attempt during the evening 
hours to deliver the cards in person. Failing to find anyone home on the evening call, 
the interviewer left the cards and the letter of instruction either in the mailbox or with 
some responsible neighbor who promised to deliver them. Thus, even when the in­
terviewer delivered the cards without personal contact, the household had two sources 
of information on filling out the trip report cards—the letter of instruction and the 
instructions on the back of the trip report cards. The interviewers reported that the 
cards were delivered directly to a member of the household about 80 percent of the time. 
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Figure 1. Selected PATS analysis zones for special BPR project. 

When completing the home Interviews, the interviewers reviewed with the respondent 
the information on the travel report cards. If this information was complete and 
accurate, the interview time was cut down by a few minutes to one-half hour or more 
(dependii^ on the number of trips), because the interviewer could transcribe trip 
information to the regular interview schedule after the interview. The pre-interview 
cards and completed interview schedules were then sent in to the office where both 
were checked for completeness and accuracy of trips reported. After the schedules 
and cards were checked and rechecked, the pre-interview cards were separated and 
filed for reference in case of further questions. 

COST OF PRE-INTERVIEW PROCEDURE 
Scheduling of interviews was arranged to have each interviewer deliver pre-inter-
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S ™ L , P I T T S B U R G H AREA TRANSPORTATION STUDY 
Sponiorvd by 

PENNSYIVANIA MPARTMENT OP HIGHWAYS 
ALIEGHCNY COUNTY end CITY OP FITTSSURGH mwbwh cohmkm 

Sir-lCCiJ"*™" IN COOPERATION WITH U S WREAU OP POUIC ROADS l oouom e»««i • 
P T , ' " " ' ^ Sury.v O f f i c 14 Wood Sir .* hnibwah 22, Pa „ 

Toltphoiw EXprau 1-38S0 iou«i amt 

Dear Householder 

As explained in the letter recently sent you, your household 
IS one of a number selected from which to obtain vitally needed travel 
information in connection with the Pittsburgh Area Transportation 
Study. 

Each member of your family is being asked to record, on 
the attached forms, the trips which he or she makes during the day of 

Our interviewer will return to your 
home on the following day to collect the information contained on these 
trip records We realize that this is an inconvenience, but so is the 
traffic problem. It is only with your complete cooperation that your 
State and local government can take effective action toward solving this 
difficult problem. 

The requested information is completely confidential and will 
be used for statistical purposes only 

Thank you in advance for your contribution of time and infor -
mation 

Very truly yours. 

Study Director 

(See General Instructions and example on back of this letter. ) 

Figure 2. Letter of Instructions. 

view trip cards to eight samples and obtain an average of eight interviews for each day 
worked. This schedule was maintained without difficulty. When one of the regular 
interviewers could not work because of sickness or personal reasons, one of the edi­
tors would take his place so that there would be no gap in the interviewing schedule. 

At the beginning of the study it was necessary to deliver pre-interview cards for the 
first two travel days, and this time was charged to interviewing. The final report 
showed that an average of 0.96 completed interview per interviewing hour was main­
tained for the study, contrasted with the 1958 study in which the cards were not used 
and an average of 1.01 completed interviews per interviewing hour was obtained. 

Inasmuch as the interviewers were able to deliver the pre-intervlew cards and to 



46 

G E N E R A L INSTRUCTIONS 
I . Each person in this houaehold 5 years of age or older. Including maids, roomers, 
and out-of-town guests, should keep a separate record of his or her trips. 
Z. Record al l trips for a 24-hour period beginning 4;00 a.m. on , 
3. Record no walking trips E X C E P T walking T O work. 
4. Identify each person by his or her relationship to the head of the household, such 
as wife, son, mother-in-law, roomer, etc, 
5. P L E A S E READ INSTRUCTIONS ON T H E BACK O F T H E T R I P RECORD FORM. 

Example: Refer to Tr ip Record form and instructions on back. 

Mr. Jones drove to the bus stop with his wife. After reaching the city by bus, 
he walked two blocks to his offict. At noon he took a taxi to and from lunch. He was 
driven home by a friend. Mrs . Jones rode with her husband to the bus stop in order 
that she could have the car during the day, driving the car home from the bus stop. 
Later she took her 4-year old son to the barber shop, waited for him, then drove to 
her daughter's home. From her daughter's home she drove to the grocery store and 
then home, her son accompanying her on these trips. 
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Figure 3- Letter of instructions (reverse side). 

average eight completed interviews per 8-hr day, it is reasonable to say that 
very little, if any, extra cost resulted from the use of the pre-interview cards in the 
field. 

Compared with a district office having a similar work load in the 1958 study, an 
additional editor was the only difference in the staff of this project. It might be stated 
then, that the difference in cost in the two office staffs was the salary of this one edi­
tor, and this is probably attributable to the additional work imposed by the use of the 
cards. 
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Figure h. T r i p card. 

INSTRUCTIONS 

A TRIP IS THE ONE-WAY MOVEMENT OF A PERSON BETWEEN TWO POINTS BT A SINGLE MODE OF TRAVEL. 
IF TOO ARE EMPLOYED AS A N OPERATOR OF A VEHICLE (ku . , U x l , truck driver) DO NOT INCLUDE TRIPS 
MADE WHILE ON DUTY. 
TRIP ORIGINS AND DESTINATIONS- Record • c t t u i i treet •ddresi , for eumplc . 1120 Keller Drive. Nemee of 

prnnlnent bulldinga are aatiefectory. The word "home" ia aufficietit when the t r ip begina or enda mt your pUct 
of reaidencc. 

PURPOSE OF TRIP! Deacribe why you made the t r l p i for example, to go to work, return home, buy a box al 
candy, catch bua, pay a b i l l , to eat lunch, go to doctor, pick up aon. 

ESTABLISHMENT AT DESTINATION- Give a deacriptlon of the type of eatabliahment at the deatlnation end of the 
t r i p ; f o r example, high achool, grocery atore, department atore, park, inaurance office, bank, ateel m i l l , 
fabricating plant, gaa atation, houae or dwelling. Note whether the atore la a wholeaale or retail atore and the 
kind of office or plant. 

TIME OF START AND END- Record to the neareat minute the time you begin and end a t r i p . INCLUDE THE TIME 
IT TAKES TO PARK CAR AND WALK TO YOUR ACTUAL DESTUIATION. 

BLOCKS WALKED- Record the number of blocka walked at each end of the t r ip (such aa home to bua or auto, at 
origin of t r ip , and f r o m the location parked to your deatination at the end of the t r ip ) . 

MODE OF TRAVEL- Uae the abbreviation for one of the following claaaificatlone-
Auto Driver (A. D r . ) Railroad Paaaenger (R. R.) Taxi Paaaenger (Taxi) Walked to Work (W. W.) 
Auto Paaaenger (A. Paa. ) Bua, Streetcar, Paaa. (Bui) Truck Paaaenger (T r. Paaa.) Truck Driver (T r. D r . ) 

PERSONS IN CAR: I f you drove, give the total number of people in the car, including youraelf. 
PARKING TYPE: Uae the abbreviation for one of the following claaaificationa: 

Street (St.) Garage(Gkr.) Reaidential Property (Rea.) Not parked (N. P.) 
Lot Service and repair (Serv.) Crui8ed(Cr.) 

PARKING RATE! Uae the abbreviation for one of the following claaaificationa: 
Hour (Hr . ) Day (D) Month (Mo.) Meter (Met.) Free (F) 

IF YOU HAVE DIFFICULTIES IN RECORDING A PARTICULAR TRIP OR SEQUENCE OF TRIPS, MAKE A NOTE ON 
THE FACE OF THIS FORM DESCRIBING THE SITUATION. THE INTERVIEWER WILL ASSIST YOU IN PREPARING 
THE FORM WHEN HE RETURNS TO COLLECT THE TRIP INFORMATION. 

LEAVE THIS FORM HOME THE DAT FOLLOWING THE 24 HOUR PERIOD DURING WHICH YOU RECORDED YOUR 
TRIPS. • 

Figure 5. T r i p c a r d (reverse s i d e ) . 
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RESULT OF USE OF CARDS 
The information contained in Table 1 summarizes the results obtained in the use of 

the trip report cards. In 12 of the 13 zones, the average number of trips reported by 
persons using the cards was greater than that recorded for persons not using the cards; 
the differences ranging from 0.18 to 1.13 trips per person. The over-all average 
shows that card users report two-thirds of a trip per person more than did the noncard 
users. 

It will be noted that Table 1 gives both the percent of trips reported on the trip re­
port cards and the percent of trips made by the persons using the cards. The difference 
between these figures (41. 8 to 47. 8 for all zones combined) represents additional trips 
obtained by the interviewers and editors when reviewing with the respondent the infor­
mation they had recorded on the trip report cards. The value of having the trip re­
port card as a lead in conducting the interview is discussed later. 

Finally, it was found that the average number of trips per household obtained by 
this special survey was 0. 5 trips per household higher than that obtained for these 
same zones by the 1958 origin-destination study conducted by PATS. This is an in­
crease of about 9 percent. 

Card use, that is the percent of persons using the cards, varied considerably from 
zone to zone. Table 2 shows that, in general, the higher income zones had the higher 
percentage of card users. Inasmuch as family income was obtained by this study (of 
all completed interviews, 86 percent of the household reported their annual gross in­
come) it was possible to examine card use as related to family income. The results 
of this examination show that the proportion of card users increases as income increases 
and that in the lower income ranges card use was very low (Fig. 6). 

OPINIONS OF INTERVIEWERS AND EDITORS ON USE OF TRIP CARDS 
The interviewers were asked to give their opinion of the advantages and disadvan­

tages of using the pre-interview card. Their answers are summarized as follows: 
Advantages of Pre-Interview Trip Card 

1. Interviewer was able to set up appointments for call-backs when delivering the 
cards, thus eliminating repeated calls. 

2. Broke the ice for the regular interview. 
3. When the cards were used correctly, they not only shortened the time spent on 

the interview, but prevented taxing the patience of the respondent. 
4. When the household letter was not delivered by the post office for some reason, 

the delivery of the pre-interview card set up the interview. 
5. Because of the way the trip card and instructions were set up, the wording of 

T A B L E 2 
RATE OF CARD USE BY ZONAL CHARACTERISTICS 

Household Data 

Persons 
Average Net 

Persons •A of Earnings, %of Total Residential Distance 
5 Years b uver %of Multi. Family Persons Area Density from 

Zcne Sample '/•Mkg. Car Car Income Using in (persons CBD 
Rate No. Trips Owners Owners (») Cards Acres per acre) (ml) 

010 1- 7 983 55 68 11 4,900 47.6 607.4 46.39 1 1 
013 1-10 1169 48 52 5 3,400 25.0 304.6 142 87 1 1 
028 1-10 612 63 65 14 5,500 38.6 688.5 48 22 2 5 
037 1- 9 784 63 75 10 6,700 35.4 648.9 SO 83 3.1 
061 1-10 869 73 81 24 9,000 52.1 644 0 34 84 5.0 
068 1-10 820 73 81 19 8,700 59.4 917.1 23.78 4.1 
073 1- 8 918 66 94 33 7,600 35.6 991.3 17 90 5.4 
083 1- 3 755 80 96 22 8,600 48.4 1,100.9 15.76 4.5 
093 1-10 752 76 95 24 8,600 49.6 953 5 24.08 7 0 
149 1-10 1326 48 55 9 4,300 36.7 912.1 99 S3 7 6 
155 1- 8 869 59 82 15 5,500 30.9 991 2 38.63 9.5 
169 1- 5 886 71 92 19 6, 700 32.0 2,168.5 10.10 8.0 
187 1- 3 663 78 100 41 7, 700 64.6 1,484 9 7 97 8.3 
AU (avg.) in 64 75 17 «, 100 42.9 dS4 i i l .AS 
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the trip purpose, stated in the respondent's own terms, became more explicit; that is, 
to school for P. T. A. meeting. 

6. Filling out the card in advance of interview enabled the respondent to reflect on 
his answers and to remember travel both during and after filling out the card. 

7. Even if the cards were not used, they made the respondent aware of the infor­
mation needed. 

8. When an interview was made without the cards, very often the information was 
taken from only one person. This person might not have been aware of all the trips of 
everyone else in the household; whereas, with the cards, each household member had 
the opportunity to record his own trips. 
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9. The cards were particularly effective in households where one or more persons 
made a great number of trips (that is, doctors, salesmen, etc.). 

10. The cards stressed the importance of the project to the householders and gave 
them a feeling of personal participation in the study. 
Disadvantages of Pre-Interview Card 

1. Some people could not understand the card and became suspicious, making an 
interview more difficult to obtain. This condition occurred infrequently, however, and 
mostly in low-income areas. 

2. Some people would consider the interview complete after fill ing out trip cards, 
and would therefore be hard to contact a second time; this was probably due to lack of 
explanation by the interviewer. 

3. Some people objected to filling out the pre-interview trip card because they felt 
i t would require too much time. 

The opinions of the editors on how the pre-interview trip card affected their work 
could be summarized as follows: 

1. The clues provided on the trip cards, when checked against the information on 
the schedules, enabled the editors to find and correct trips on the schedules. For 
example, sometimes the trip card of a driver showed passengers on trips, with no 
mention of these passengers' trips on the cards of other members of the family or on 
the schedules. Very often these trips were made by members of the family or car 
pool passengers, and because of the trip cards, quite a large number of these were 
picked up by the editors. The type of trip missed on the card to the greatest extent 
seemed to be (a) returning home after listing a trip to some destination, and (b) "serve 
passenger" trips. 

2. When checks were being made by telephone, the people whose information was 
being checked could remember the information on the cards, if nothing else. 

3. When the trip cards and completed schedules agreed or were corrected to agree, 
the cards furnished documentation of the schedules. 

CONCLUSIONS 
The advantages in using the pre-interview cards in the Pittsburgh Research Project 

were numerous. Although the additional number of trips obtained over a like number 
of samples from the same zones in PATS 1958 study was considerable, this does not 
represent the total value of the pre-interview contacts. 

There can be no doubt that the use of the pre-interview cards was responsible for 
obtaining a greater number of trips. Table 1 shows that the reported trip average of 
trip card users exceeded the trip average of noncard users by better than one-half trip 
per person. If the trip average of the card user m each zone is applied to all persons 
making trips in the zone, a net gain of 2, 517 trips, or 10. 24 percent, results. By 
the same token, if the tr ip average of the noncard user in each zone is applied to al l 
tripmakers in the zone, a net loss of 1, 859 trips, or 7.57 percent, results. This 
represents an over-all difference of 4, 376 trips, or 16.16 percent. Here is strong 
evidence that the pre-interview card was a potent instrument to use toward the goal of 
obtaining an accurate and complete record of trips. 

However, there were other advantages to the use of the cards. These were intangi­
bles that do not show up in the cold light of tables, summaries, and statistics, and these 
factors played an important role in strengthening the study as a whole. The fact that, 
each household member responded for himself when using the card was an improvement 
over the situation where a wife, for instance, possibly unaware of all of her husband's 
trips, reported for him without using the cards. That additional trips were obtained 
when the schedules were edited from clues furnished by the cards, that respondents 
were more likely to record all of their trips when using the cards, that they were more 
responsive and more aware of the information needed as a result of the pre-interview 
visit—these were all intangible factors that cannot be measured by conventional means. 

Also, interviewers' travel time and interview time were reduced by the ability to 
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make appointments when delivering the cards; and time was saved by completing in­
terviews from the cards after checking them out with the respondents. 

It was felt by the staff that a greater degree of data accuracy was obtained through 
the ability to check out items of information from the schedules with the information 
recorded on the cards by householders. The members of the staff who had participated 
in the 1958 PATS study agreed that, despite the extra work involved in delivering the 
trip cards, they would prefer to interview with the cards rather than without them. 

One suggestion for future use of the pre-interview cards would be that the interviewer 
make a note of whether cards were delivered in person or were simply left with the 
letter of instruction. This factor probably has an effect on the percentage of card users 
and degree of completeness of those cards that were filled out without personal instruc­
tions. 

Another suggestion is that the letter of instruction, which shows examples of the use 
of the card and therefore is a valuable tool, should be left for each person in the house, 
rather than one letter per household. 

REFERENCE 
1. "Interim Technical Report Number HI: Home Interview Summary Data." PATS 

(1959). 



Cartographic and Design Work for a 
Comprehensive Origin-Destination Survey 
GEORGE A. LUSTER and WADE G. FOX, Pittsburgh Area Transportation Study 

•COMPREHENSIVE origin and destination (O-D) studies such as the Pittsburgh Area 
Transportation Study (PATS) are st i l l relatively new; consequently many of the problems 
confronting these studies are new also. Maps, charts and related items required for 
the collection, processing, analysis and presentation of the Study's data have a direct 
bearing on many of these problems. Although one study's requirements may differ 
slightly from those of another, the experience gained at PATS may prove generally 
helpful toward a solution to many difficult situations. 

This paper is presented, then, in a twofold manner. First, an accoimt is given of 
the methods and procedures found suitable for the Cartography and Design (C&D) Divi­
sion of the Pittsburgh Area Transportation Study. Second, there are suggestions 
throughout the paper on additional procedures for perfecting the methods used at PATS. 

At PATS, i t is the responsibility of the C&D Division to: provide maps, manuals, 
visual aids, and forms for data collection and to assist in the land-use measurement; 
establish a complete system of geographic identification, to be used for the collection, 
coding and analysis of study data; prepare a series of maps for the arterial and mass 
transit inventories and assignments; visually present the data collected and projected; 
illustrate, edit, collate, have printed and distribute all study publications; and estab­
lish and maintain a technical library. 

The organization of the C&D division and each of these general responsibilltes is 
discussed and the total contribution that can be made to an O&D study by an effective 
C&D division is summarized. 

ORGANIZING AND ESTABLISHING THE C&D DIVISION 
The number of personnel needed in the C&D division wil l vary according to the size 

and scope of the study. However, basically, the organization of most comprehensive 
O&D studies is similar. For example, no matter how large a study's area is, the 
methods and procedures followed in the division are fundamentally the same. Conse­
quently, the basic personnel requirements of the C&D division do not change to a great 
extent in any given study. 

There are three key positions that make up the nucleus of the PATS C&D Division. 
They are: the cartographer, a graphic designer, and an editor-librarian. It is the 
cartographer's responsibility to set up and supervise the drafting of all maps required 
by the study. The cartographer should also be familiar with photogrammetry so that 
he can give technical assistance for the land-use measurements and highway location 
planning. The job of the graphic-designer is to lay out and prepare all forms, displays, 
illustrations and publications needed for the proper functioning of the study. Both of 
the aforementioned positions are of equal importance and the selection of personnel to 
f i l l the jobs is very important. It would be a great asset to the division and the study 
if experienced O&D personnel could be recruited for any of these key positions. A l ­
though neither must be a college graduate, extensive training and experience in each of 
the fields is essential. There are some experience requirements that would be helpful 
to either or both of the persons filling the positions. They are: experience in super­
vision, technical writing, photocopy work, printing, negative stripping and other re­
lated procedures. The C&D supervisior should be selected from either the carto­
grapher or the graphic designer, depending on schooling, experience and ability. The 
editor-librarian is responsible for the editing of all publications turned out by the study. 
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The editor-librarian must also be familiar with basic printing procedures and must 
be capable of setting up and typing originals for printing by xerox or other direct 
methods. Also, it wi l l be his (or her) responsibility to build up and maintain a 
technical library for the study's use. In a small study, the public relations may also 
be handled by the editor-librarian. (In a larger study, the public relations may have to 
be handled as a separate operation.) The editor-librarian must have a college back­
ground with a major in English or the equivalent in editorial experience. 

Because the tasks assigned the C&D division vary greatly, personnel versatility is 
very important. For this reason, care must be taken when selecting employees. It 
is far better to select a person with a well-rounded background than a "specialist" in 
any of the fields. 

Al l three of these positions should be filled early in the study. The cartographer 
should be the f i rs t of the three hired and must begin his job before field work starts. 
This is necessary for preparation of the required data collection maps. Soon after, 
so that forms and manuals may be prepared, the graphic designer and the editor-
librarian positions must be filled. 

The division's supporting personnel should consist of cartographic draftsmen, 
illustrators, and clerical help. Where feasible, i t would be to a study's advantage to 
have its own photographer (copy camera), printer, and related eqmpment. 

After recruiting the personnel necessary for proper function of the C&D division, a 
brief but intensive training program must be conducted. The instructions should in­
clude a thorough explanation of the purpose and procedures of an O&D study. A review 
of manuals and reports on similar studies could be helpful. Also, to enable a better 
understanding of reproduction and printing procedures, a tour of at least one local 
printing house is encouraged. Time should also be taken to familiarize the division's 
personnel with the topography of the area under study. In addition, training must cover 
all phases of the study's internal procedures, inasmuch as, the C&D division is a 
supporting unit for all other sections. 

In conclusion, it may be said that the more familiar the division's personnel are 
with the goal of the study and the methods necessary to attain this goal the more efficient­
ly the C&D section wil l operate. 

PREPARATION FOR DATA COLLECTION 
The most important pre-field duty of the C&D division is to obtain a complete set of 

maps covering the area under study. The scale of the maps should be a minimum of 
1 in. = 800 f t , to allow completeness of detail without cluttering the maps to any great 
extent. Due to the large map scale required for adequate coverage, a series of maps 
wil l generally be necessary to represent the complete study area. The maps should 
distinguish and name: (a) existing expressways, roads, streets, and alleys; (b) streams, 
rivers, and lakes; (c) railroad lines; (d) civil divisions; (e) cemeteries and major parks; 
(f) bridges, tunnels, etc.; and (g) local place names (other than civil divisions). The 
following details are also worth mentioning: (a) A map numbering system should be in­
corporated for control purposes, (b) The map sheets should be standardized at a good 
workable size, (c) A geographic identification system (grid coordinate system) should 
be included, (d) Contour lines, representing relief, are not necessary for the pur­
pose of O&D work. 

Although streets are not drawn at scale, i t is helpful to the field listers and home 
interviewers to show alley widths at a smaller scale than major streets. 

Field listers, as referred to in this paper, are the persons who manually accoimt 
for all parcels of land within the study area, and classify each parcel into its particular 
land use. The field lister also obtains the street address of each building within the area. 
The data is collected by block and gec^raphically identified by the block's grid coordi­
nate values. From this list, samples are selected for home interviewing. 

Home interviewers are the persons who make personal contact with the sample 
households and obtain the trip information required for the O&D study. Another aid in 
the interpretation of map detail is the representation of hard surface roads by solid 
Lines and dirt roads by broken lines. 
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In addition to the study's map coverage there is a definite need for complete aerial 
coverage at a minimum scale of 1 in. = 800 f t . These aerials are necessary for proper 
land-use measurements. If insurance maps are used for these measurements, in all 
probability there wi l l not be complete study area coverage. Therefore, the aerial 
photos may be used to supplement these measurements. The aerials are also useful 
as an aid in highway location planning, as well as for use in updating, checking, and/or 
drafting the series of maps required for the study's field work. When obtaining these 
enlarged aerials, it would be helpful to acquire a set of stereo matched prints and a 
complete set of single-weight photographs to be used in making an aerial mosaic of the 
study area. 

The major circumstance influencing the procedure to be followed in acquiring maps 
and aerial photographs is availability from local sources. If satisfactory materials 
cannot be obtained locally, other courses of action must be taken. (It is unlikely that 
the survey wil l have at its disposal the equipment necessary for adequate aerial cover­
age. Therefore, it wi l l be taken for granted that the aerials must be acquired from 
their government sources or a private concern.) 

The f i rs t alternative is for the C&D division to draft the maps needed. Due to the 
detail required for adequate mapping of the study area, a great amount of drafting work 
I S necessary, creating a need for additional draftsmen prior to the study's field work. 
But, inasmuch as a tighter control can be maintained when the mapping is done in­
ternally, a very good series of maps can be produced. Following is a suggested pro­
cedure for preparing a series of maps suitable for the work of an O&D study. 

The f i rs t step is to obtain the black color separations for the USGS 1%- by 7y2-ft 
quadrangles covering the area under study. (Also, a complete set of colored USGS 
topographic quadrangles at the same scale should be acquired.) Using the black sepa­
rations, reproduce a Cronaflex print of each of the quadrangles. (Cronaflex is a trade 
name for a polyester base material which has the following desirable characteristics: 
sensitized for photographic process; durable, matte surface for ink work; very stable, 
thus very important in the mapping field.) Next draft onto the Cronaflex prints (using 
the colored topographic quadrangles as a base) all of the drainage within each quad­
rangle. (For clarity use the standard stream symbol.) This procedure wil l be follow­
ed on each quadrangle throughout the study area. 

Then, add onto the Cronaflex prints a grid coordinate system to be used for geo­
graphic identification. After determinmg the axis of the grid system (usually at the 
area's central business district), the north-south line should run parallel to the nearest 
set of longitude marks on the Cronaflex prints. The east-west axis line should then be 
drawn perpendicular to the north-south line. From these axis lines plot out, in Vz -mi 
increments, a complete grid coordinate system. Great care must be taken when plotting 
these grid lines from one sheet to another so that a uniform coordinate system may be 
realized. 

An exception to this method is a study area with a predominantly "checkerboard" 
street network. The grid system in this case may be orientated to correspond with the 
street pattern, A slight deviation of the grid system from north wi l l not affect the 
accuracy of the geographic identification. However, the degree of deviation from north 
must be noted. 

The foregoing wil l result in a complete set of maps ( l in . = 2,000ft USGS quadrangles) 
on Cronaflex f i lm containing much of the detail needed for the data collection map 
series. Before proceeding any further, the drafting scale must be determined. This 
scale is governed by the aerial photograph enlargements. If, for instance, the enlarged 
aerials are at the scale of l i n . = 400 f t , then the Cronaflex prints would be photo­
graphically enlarged to that scale. A similar scale for both the aerials and the maps 
is necessary so that the photographs may be used for updating purposes. Also, because 
the maps, and not the aerials, wi l l contain the geographic identification system, the 
maps must be used for control purposes when measuring the land uses from the aerial 
photographs. To facilitate this correlation between map and aerial, the Cronaflex 
prints are laid out for sheet size comparable to the aerial enlargements. (There is a 
five time enlargment required to obtain the map's desired scale 1 in. =2,000 f t to 
1 in. = 400 f t . ) 
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Because the line weight of the map's detail at this enlarged scale is distorted to 
some extent, redrafting is necessary. Before the tracing can begin, a considerable a-
mount of detail must be added to the enlarged maps. First, the maps should be over­
laid on the aerials and the street network updated. Besides the addition of streets to 
the maps, a vast amount of supporting mformation must also be obtained. For in­
stance, al l available street maps from throughout the study area should be used to 
identify the streets represented on the maps. Also, all civil division boundary changes 
must be noted and made on the enlarged maps. When this updating is completed and 
thoroughly checked, the maps may be drafted in final form. The maps should contain 
all of the map detail as listed in the beginning of this section. (PATS required 60 maps 
at the scale of 1 in. = 400 f t for complete coverage of the study's 450-sq mi area.) 

If the C&D division is not in a position to prepare the map series Itself, a second 
alternative is to let the preparation of the maps out on bid. It Is essential, when the 
contract is drawn up, that the person responsible for the C&D division assist in the 
writing of the required specifications. In most cases the company preparing the maps 
wi l l also be in a position to supply the aerial photographs requiried by the study. If 
the preparation of the maps is contracted out, the C&D supervisor should have the 
prime responsibility for establishing liaison as well as insuring |that adequate maps 
are prepared. I 

Whichever procedure is followed in obtaining the map series,| it is imperative that 
the maps be as complete and accurate as possible and contain all of the data necessary 
for proper geographic orientation. Obtaining these maps and aerial photographs must 
be one of the first activities of the study. It is imperative that ample time be given for 
completion of the map series before the study begins field operations. 

An additional check on the accuracy of the map series can be carried out during the 
field listing process. The field personnel should be instructed to verify all streets and 
street names. Any corrections or additions found by the field listers should be noted 
and forwarded to the C&D division for entry on the map originals. By following this 
procedure, the study can insure a more accurate map to be distributed for land-use 
measurement and home interviewing. 
Geographic Identification 

Before any of the study's data collection phases can begin, a complete system of 
geographic identification must be incorporated into the map. There are two major re­
quirements of this system: f i rs t , i t must express an easily understood relationship 
between the data obtained and its geographic location; and second, i t must permit the 
application of data processing for rapid geographic summarization. 

As previously stated, a plane-coordinate grid system is superimposed onto the Cronaf lex 
prints (uses quandrangles) and subsequently enlarged and drafted at 1 in. = 400 f t . This 
/2 -mi grid system is the basis of all geographic identification. That is, all of the units 
of area used for data collection and summarization are related directly or indirectly Va-
mi grid network. Following is a brief outline of a geographic identification system 
suitable for a comprehensive O&D study (Fig. 1). 
The Block 

The smallest unit of area used for data collection is the block, similar in size and shape 
to the common census block. It is identified by the coordinate values of the block's geo­
graphic center. The blocks are determined f i r s t on the 1 in. = 400 f t base maps. Their 
size is determined, somewhat by the development of the area. For example, where popu­
lation is dense, the blocks are small; in the more rural areas, the block's area is general­
ly larger. Where feasible, the block is bounded by actual on-the-ground features, such 
as roads, streams, railroads, paths, power line rights-of-way, or other terrain features. 
Durmg the block layout procedure, the 1 in. = 400 f t aerials must be referred to constantly. 
Where terrain features are absent, an imaginary line must be drawn to limit the block 
size. These arbitrary lines must begin and end at a definite spot on the map and be easily 
identifiable on the ground (such as road intersections, sharp bends, etc.). 

When practical, an attempt to relate census blocks with the study's blocks is recom­
mended. This possibility should be kept in mind and the census blocks referred to 
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Figure 1. PATS' geographic Identification progression. 

when determining the study's block boundaries. By following this procedure an easy 
correlation can be made between study findings and census information. This method 
wi l l necessitate an additional master deck of machine processing cards containing the 
study's block geographic identification and its census block counterpart. (This master 
deck wi l l not interfere with the normal function of the block as used by the study, but 
wi l l be used for the checking and updating of population, dwelling unit and related in­
formation. ) 
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The Grid Square (Superimposed Grid) 
To summarize the data collected during the study, a larger unit of area should be 

used. For this purpose the "grid square" is incorporated. The grid square is formed 
by the intersection of the Va-mi grid network, resulting in uniform Vi-sq mi areas. 
The grids are identifiable by assigned numerical "X" and "Y" grid coordinate values. 
As previously stated, the block is identified by its geographic center. Assigned to each 
grid square are all of the blocks whose centers fal l within the superimposed grid's 
lines. Due to the dissimilarity between the superimposed grid and the block boundaries, 
a "modified grid" is required for reconciliation of areas. The modified grid is bounded 
by the perimeter of the block grouping and is geographically identified by the coordinate 
value of the superimposed grid from which i t was formed (Fig. 1). 

At PATS (with the exception of the central business district, where data is summariz­
ed by block) all information obtained during the data collection phase was summarized 
by grid square (modified grid). Thus, it was imperative that an adequate geographic 
itientification system be used. For all intents and purposes, the system outlined was 
found satisfactory. 
Forms 

Another major function of the C&D division, particularly in the early stages of the 
O&D study, is the designing, draftir^, and printing of forms. Although this may seem 
rather tr ivial contrasted with many of the division's other duties, it is of great impor­
tance to the collection, processing and controlling of the study's data that the forms be 
prepared correctly. It is a good practice for the person requesting the form to pre­
pare a sketch of its contents, after which the actual designing is accomplished in con-
jvinction with the C&D division's personnel. (A source used many times as a guide in 
the preparation of forms is the Bureau of Public Roads standard home interview form.) 
This cooperation is essential to insure that the maximum amount of usefulness be ob­
tained from a form. With a thorough understanding of its purpose, the graphic design­
er can prepare a form suitable to the study's needs. Following are some suggestions 
for preparing the study's forms (especially adaptable to the home-interview-type forms). 

1. Design form to minimize the amount of writing that must be done by the inter­
viewer. That is, where possible, design the form so that a check or circle may be 
used to answer questions, rather than written answers. 

2. Where writing is essential, allow adequate room so that the words need not be 
cramped. 

3. On forms that contain areas for coding, as well as the recording of data, the 
coding block can be made more prominent by shading the block's area. This is 
accomplished during the photographic process with a 10 or 15 percent of black screen. 

4. Shade areas in the body of the form that do not require the recording of any 
written data. 

5. Draft form at a scale larger than that intended for the finished printed form, 
to insure a neater looking form. 

Although the actual content of a form is the responsibility of the person or division 
requesting its preparation, there are some details that are many times overlooked. 
FoUowmg are some suggested methods of improving the efficiency of the form. 

1. Where practical, squares should be provided on interviewing forms so that all 
of the coding required may be done directly on the form. That is, the coders (a coder 
is the person responsible for translating the written information obtained from the inter­
view into a code suitable for machine processing) should work on the same forms used 
by the interviewer. 

2. When the code used for an answer to a form's question is the same as the answer 
itself, the form should be designed so that the interviewers can enter the answer direct­
ly into the coding block. This wil l eliminate unnecessary work by the coder. (Example: 
"Number of cars owned?" Answer: "2". The "2" should then be placed by the inter­
viewers directly into the coding block provided for that question.) 
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3. Much of the information obtained during interviewing has only a limited number 
of possible replies; for example, "mode of travel, " "type of parking," and "trip 
purpose." The possible answers to each of these questions should be listed in a con­
venient place on the form along with their assigned codes. The interviewer may then 
use this listing as a guide for recording answers to the question. 
Manuals 

Manuals covering office procedure, field listing, home interviewing, roadside inter­
viewing, and land-use measurements must be prepared before the field work begins. 
The coding manual, although not needed for field work, should be prepared as soon as 
possible following the other manuals. It is not the C&D division's responsibility to 
write these manuals, although they may assist in some of the technical sections con­
cerning map reading or related information. The division should set up a standard 
format to be followed in preparing the manuals and should prepare the required illus­
trations. 
Miscellaneous 

Along with the particular projects mentioned, there are numerous minor duties that 
must be completed by the C&D section. First, the division must acquire aU available 
maps of minor civil divisions within the study area. Also, if possible, postal route 
maps should be obtained from post offices throughout the area. These maps can be 
used as an aid in preparing the map series needed for data collection, and can be used 
as reference for local zoning ordinances and land use. In addition, during the early 
stages of the study, local agencies can be approached for maps containing information 
pertinent to the study area. 

Also included during this phase of the study is the setting up of the library. Ref­
erence material useful to all phases of the study should be obtained, indexed and filed. 

PREPARATION FOR CODING AND ANALYSIS 

Coding Requirements 
After the data collection phase of the study is under way, the C&D division duties 

include the preparation al source data for the coding procedures. A study's analysis 
wil l be inadequate unless trip ends can be precisely located. Therefore, there is a 
great need for accurate coding guides which geographically locate the trip end possibili­
ties. It should be the duty of the C&D division to assist in the preparation and checking 
of all such guides. 

At PATS, there were five coding guides: the trip generator f i le , local place name 
guide, street guide, intersection guide, and adjacent area guide. The procedures follow­
ed in obtaining the required guides were foimd satisfactory; therefore, these methods 
are described. First, to compile the trip generator file and local place name list, 
the study's grid coordinate system was plotted on a set of USGS topographic quadrangles 
of the study area. (Local place names as referred to here pertain to those areas other 
than civil divisions known by school districts, predominant geographic feature, old 
"stand-by" names, etc.) Next, for the generator f i le , the names of as many large tr ip 
generators as possible were obtained. Each generator was then located on the USGS 
sheets and assigned its grid coordinate value. A similar method was used for the 
geographic identification of the local place name coding guide. When these lists were 
completed, they were then turned over to the machine processing division and an 
alphabetical ksting of each guide was then printed. 

The street guide was initially processed from field lists by the machine methods 
division of PATS. These lists contained all street names by the lowest-highest ad­
dress in each block within the study area. It should be the C&D section's duty to 
verify all streets from the data collection map series. 

The street intersection guide was prepared in an effort to pinpoint trips in rural 
areas. For example, i f the interviewer could not obtain a suitable address or location 
for a tr ip, he was instructed to get the road names of the nearest intersection. There­
fore, to code trip ends such as this, a street intersection guide was prepared. The 
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guide geographically identified a l l street intersections by both streets involved. A l ­
though the l i s t i s prepared by the machine processing division, the C&D section must 
veri fy each intersection, thus insuring an accurate means of assigning trip ends that 
might otherwise be lost. 

In order to allow adequate accountability of trip information beyond the immediate 
study a r e a and to create a buffer zone for future predictions, an adjacent area s u r ­
rounding the study's cordon line was plotted. Detailed maps, such as the 1 in . = 400 
ft data collection maps, were not needed in this area . Instead, the 1 in . = 2, 000 ft 
USGS quadrangles were used for adjacent areas coverage, and the grid coordinate 
system was extended to take m this area . In this way, a means of geographic identif i­
cation was possible. An adjacent area coding guide was then prepared. In this guide, 
each c i v i l division was assigned the grid coordinate values of the "superimposed 
grid" located at its geographic center. Also , to as s i s t coding, a l l place names within 
each c i v i l division in the adjacent a r e a were assigned the grid coordinates for that 
c iv i l division. (For coding purposes, a l l tr ip ends in the adjacent a r e a were coded to 
these c i v i l d iv i s ions . ) 

The C&D division may also help the coding procedure by preparing coding conver­
sion tables and large coding charts , (for example, s m a l l tables converting normal 
time to the mi l i tary numerica l system—5:30 P M t o 1730; also, coding progress charts ) . 
Analys i s Requirements 

The block, the superimposed grid and the modified grid have been described. The 
block IS the unit of a r e a used for the collection of data, the modified grid is used for 
summarization (being formed from blocks and identified by its superimposed grid counter­
part) . Now for more general analys is , it becomes necessary to enlarge the units of a r e a . 

The system used at P A T S to define "zones" and the reasoning behind this system 
wi l l be described, because the c r i t e r i a followed could be used as a guide for any given 
area . 

The analysis zones within the study a r e a were set up to provide workable units of 
a r e a for the anlaysis of collected data and the forecast of future population and land 
use. Zones are composed of one or more modified grids and vary in s ize from ap­
proximately / i - s q mi in the C B D to 4/̂ 2 sq mi in the more r u r a l areas . The variation 
in zone s ize i s , in part, an attempt to equalize trip ends. Other factors pertinent to 
the selection of zone boundaries a r e : the extent of the a r t e r i a l network, the degree of 
urbanization, continuity of the area , and the existence of topographic b a r r i e r s . 

The zones were f i r s t plotted on boards containing P A T S ' a r t e r i a l street new-work 
system on an overlay of the i^k- x TVz-ft USGS quadrangles. (The making of the USGS 
boards and plotting of the a r t e r i a l system on them are explained in the next sect ion.) 
C l e a r acetate was placed over the USGS topographic maps which, in addition to the 
a r t e r i a l system overlay, also contained the superimposed grid and a modified grid 
overlay. Because the grouping of the modified grids into analysis zones i s somewhat 
of a t r i a l and e r r o r procedure, the init ial plotting of the zones was done with grease 
pencil on the c lear acetate. A s stated, there are certain factors that control the 
zone s ize and these factors must be taken into consideration when plotting the zones. 
Some of the factors previously mentioned may be found in part or in whole on the USGS 
TVZ- X TVz-ft quadrangles themselves. F o r example, the topographic b a r r i e r s are 
quite evident on these maps. When additional base data are used in conjunction with the 
USGS maps, some of the other factors, such as the degree of urbanization and the con­
tinuity of the area , are apparent. The extent of the a r t e r i a l system, which i s already 
plotted on the maps, i s readily access ib le . Another point to take into consideration is 
the zonal loading node. (The zone loading node i s the single point at which tr ips to and 
from the zone enter or leave the a r t e r i a l network in the traff ic assignment p r o c e s s . ) 
A l l major a r t e r i a l intersections are considered potential loading nodes; therefore 
zones to some degree are so constructed that their centroids are located near a major 
intersection. The remaining factor, and one of the most important, i s the problem of 
equalizing tr ip ends. A valuable asset to have when considering this important point i s 
a "tab map" (to be explained in detail later) containing the number of trip ends in each 
modified grid (grid square) . 
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Although satisfying a l l of these c r i t e r i a i s generally impossible, each must be taken 
into consideration when selecting the grouping of modified grids which make up the 
zones. In F igure 1 the growth of a zone f r o m block to modified gr id and f inal ly to 
analysis zone can be seen. When a satisfactory s e r i e s of analysis zones had been set 
up at P A T S , the modified grids' coordinate values within each zone were l isted and 
punched into cards for machine process ing. A tabulation was prepared and checked 
back against the original zone layout for completeness. The zones were then number­
ed consecutively from the C B D in a clockwise manner within r ing and sector. 

Ana lys i s zones were also c a r r i e d out beyond the study a r e a and into the adjacent 
a r e a but were formed on the bas is of l e s s detailed inspection. These zone boundaries 
were formed by incorporating the Pennsylvania Department of Highways' statewide 
coding system. However, because the c i v i l divisions were used for assigning tr ip data 
in the adjacent area , the zone boundaries could have been formed to correspond with 
the c i v i l division boundaries. (Because the adjacent a r e a zones were large at P A T S , 
grouping of the c i v i l divisions would have been necessary in most c a s e s . ) By using 
these c i v i l divis ion boimdaries, a tighter control of the tr ip data would have been 
possible. Also , estimates of population distribution and land use would have been 
simplif ied a great deal . 

F o r broader and more general ana lys i s , there was prepared a sys tem of "rings, " 
concentric about the central business d is tr ic t , and "sec tors ," or wedges with the 
s m a l l ends focused at the C B O . General ly speaking, where two ring l ines and two 
sector l ines encompass an a r e a , a "district" i s created. 

Rings are plotted in t ime-distance increments starting at the C B D and ending at the 
study's cordon l ine. P r i m a r y r ings a r e f i r s t plotted in uniform progress ion f r o m the 
C B D . But, since a l l units of a r e a used for analys is must be related to allow machine 
summarization, the zone boundaries nearest the plotted r ing l ines a r e followed. At 
P A T S there were eight such rings within the study a r e a , numbered f rom 0, in the C B D , 
to 7 at the perimeter of the study a r e a . A l l of the adjacent a r e a surroimding the 
cordon Ime was considered r ing 8, everything beyond was assigned to ring 9. 

The sectors at P A T S were f i r s t plotted in roughly at a 45-deg angle from the C B D 
and aligned so that each of the three r i v e r val leys was straddled by the sector 's boimda-
r i e s . T h i s procedure was followed in an attempt to group types of land uses and environ­
ments into sec tors . Again, the zones nearest the plotted sector l ines were used for 
the actual sector boundaries. The P A T S study a r e a i s split up into a total of eight 
sec tors . These sectors are continued beyond the study's and adjacent area ' s extremities 
and c a r r i e d throughout the United States, Canada and Mexico. 

And analys is d i s tr ic t i s created by the Intersection of two ring and two sector l ines . 
Due to the construction of the rings and sectors , it i s only reasonable that the a r e a of 
the d is tr ic t s w i l l enlarge as the distance f r o m the C B D i n c r e a s e s . Since the requ ire ­
ments for the d i s tr ic t are s i m i l a r to that of the analys is zone, great care must be 
exercised in plotting each ring and sector . When these controls (for the forming of 
zones) a r e considered during the selection of the r ing and sector, the init ia l uniformity 
of tr ip ends and land use (urban and otherwise) i s not lost. 

P R E P A R A T I O N O F A R T E R I A L AND MASS T R A N S I T A S S I G N M E N T MAPS 

A s the tr ip maps needed for the highway and mass transi t tr ip assignments are 
virtually the same, only the procedures followed in preparing adequate maps for the 
highway assignments i s described. In the following paragraphs, the methods used at 
P A T S to prepare this map ser i e s wi l l be explained, beginning with the origin of the 
highway sys tem. 

F o r the purpose of selecting an adequate highway network, a complete set of 
1%- X T'/z-ft USGS topographic quadrangles covering the study a r e a and the adjacent 
a r e a was obtained. These USGS maps were then mounted in p a i r s on heavy-duty c a r d ­
board and the predetermined superimposed grid was plotted onto the maps exactly as it 
i s on the data collection map. E a c h board was then numbered for indexing and covered 
with matte acetate and protective c l ear acetate over lays . (The c l ear acetate was also 
used for pre l iminary layouts in grease penc i l . ) The matte acetate was used for a more 
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permanent record of the a r t e r i a l network plotted. Although these boards were p r i m a ­
r i l y used for the network layout, they had many other uses , as for example, the plotting 
of the analys is zones described in the preceding section. 

The USGS boards were, at this stage, then turned over to the traf f ic engineering 
divis ion for plotting of the highway network. While the a r t e r i a l sys tem was being laid 
out by the traf f ic engineering division, the C&D division began preparing the maps needed 
for the assignment s e r i e s . F i r s t , the black separations of the 7%- x 7%-ft quadrangles 
were acquired f r o m the United States Geological Survey, after which a f i l m negative 
print of each of the sheets was reproduced. The negatives were then matched together 
(east to w.est) forming three s tr ips covering the study area . (Strips, as re ferred to in 
this part , are the USGS 7%- x 7%-ft quadrangles matched side by side, covering the 
study a r e a from east to west with one 7ya-ft quadrangle north to south. T h r e e such 
str ips covered the P A T S a r e a , ) The negative s tr ips were then screened and a contract 
Cronaf lex print reproduced f r o m each of the s t r i p s . The screemng procedure subdues 
the image of the USGS map's detail so that the more pertinent information, such as the 
a r t e r i a l street network and the study's analys is zones (added later by the C&D division 
personnel), stands out on the f inished product. T h i s subdued a r e a i s r e f e r r e d to as the 
supporting detail of the assignment maps. 

When the a r t e r i a l street network was exammed, it was decided that the a r e a s u r ­
rounding the C B D was much too congested for an adequate posting of assignment r e ­
sults . Therefore , this portion of the study a r e a was photographically enlarged and 
placed on a separate Cronaf lex print . Although this enlargement was sufficient for 
the a r e a surrounding the C B D , i t s t i l l was not detailed sufficiently for the C B D itself . 
Consequently, a s t i l l larger sca le map was required for the a r e a . In a l l , three separate 
map sca les were used for the P A T S traf f ic assignment s e r i e s : f i r s t , bas ic USGS s tr ips 
at the scale of 1 in . = 2, 000 ft; second, the enlarged a r e a surroimding the C B D at the 
scale of 1 in . = 1, 000 ft; and third, the C B D itself at the scale of 1 in . = 500 ft. A 
separate Cronaf lex s tr ip was also prepared with line diagrams of the expressway inter­
changes to i l lustrate the complex coding of the interchanges required for traf f ic ass ign­
ment problems. i 

When the aforementioned procedures were completed, the C&D division had five 
map s tr ips showing the supporting detail within the study a r e a . T h r e e contained the 
USGS black plate at scale , one consisted of both the enlarged maps of the central por­
tion of the study area , and one contained the expressway interchanges. 

A point worth emphasizing i s that the supporting detail should be printed on the 
reverse side of the Cronaf lex s t r ips . T h i s allows changes and additions to be made 
on the f i r s t side without distorting the supporting detail on the back. A l so , when 
contacting additional Cronaflex prints , a sharper image i s achieved. The importance 
of this method wi l l become more evident in later parts of the discuss ion. 

When a l l of the maps containing the supporting detail were completed, the a r t e r i a l 
network was added to the Cronaf lex s tr ips , using the prepared USGS boards as a guide. 
When plotting of the a r t e r i a l s was finished, black and white prints were reproduced and 
del ivered to the t ra f f i c engineering divis ion to be used in making the a r t e r i a l s treet 
inventory. On completion of the inventory, a l l additions and correct ions to this high­
way network were noted and submitted to the C&D division for revis ion of the Cronaf lex 
s t r i p s . Then reproducible sepia prints were made f rom the Cronaf lex s t r ips . P e r t i ­
nent a r t e r i a l inventory data could be added to the sepias, and black and white prints 
reproduced when needed. T h i s completed the mapping needed for the a r t e r i a l inven­
tory; however, there i s additional information that must be posted on the Cronaf lex 
s tr ips before the set of assignment maps i s adequate. 

Sometime between the selection of the a r t e r i a l network and the completion of the 
network's inventory, the analys i s zones should be defined. ( F o r the method followed, 
see the section on, "Preparation for Coding and A n a l y s i s . " ) 

At this point, a l l of the basic detail needed to set up the assignment maps was ava i l ­
able. T h e r e i s a complete set of Cronaf lex s tr ips (with the USGS map information s creen ­
ed and printed on the back) of the study area , including the existing highway network 
(drawn m ink on the front s ide) . Also , the analys is zones were completed and posted 
on USGS board over lays . These zones were then added to Cronaf lex s tr ips for use in 
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the assignment coding. Inasmuch as the zones, l ike the USGS map detail , w i l l not 
change with each new assignment, they were drafted on the back of the Cronaf lex prints 
and black and white prints made. The traf f ic engineering division devised a numerica l 
identification system (node numbers) for a l l a r t e r i a l intersections on these prints which 
were then returned to the C&D divis ion. Af ter editing, the node number and symbol 
for each intersection were added to the Cronaf lex s t r ips . 

Although a major portion of the Study's planning effort concentrates on traff ic move­
ment within the study area , consideration was also given to the adjacent a r e a . A 
simplif ication of the type of map needed for traff ic assignments was used. A l l that 
was required was a single line drawing, showing the a r t e r i a l network, the a r t p r i a l 
intersection identifications, and analys is zones. The scale of this adjacent a r e a map 
was much s m a l l e r than the study a r e a map, thus enabling the complete adjacent a r e a 
to be shown on one map. 

Before future traff ic assignments can be made, there i s a t r i a l and e r r o r period 
used to test different methods of assigning traf f ic on the original a r t e r i a l street system 
(revis ing the computer program as necessary) . Using this procedure, the resul ts of 
the different methods may be checked back against known ground coimts, as obtained 
by the a r t e r i a l inventory (or, if interchanges have been calculated by computer, check­
ing back against known interchanges). Once an adequate program i s devised, there i s a 
need for additional sets of assignments to test various a r t e r i a l and expressway propo­
s a l s . T o eliminate the need for preparing a new set of maps for each assignment, 
the following procedure i s recommended: reproduce auto-positives (on Cronaflex 
prints ) of the complete set of assignment maps containing the existing highway network. 
These should then be f i led. The original Cronaflex s tr ips (containing the a r t e r i a l s and 
their intersection identification on the front side in ink, and the zones and USGS maps' 
detail on the back) were used for the next assignment and each additional assignment 
thereafter . On black and white prints of the original s t r ips , the traf f ic engineering 
divis ion can make the necessary highway changes and highway proposals . The new 
a r t e r i a l intersections formed may then be identified, checked, and coded into the 
highway sys tem. These changes can be made on the original Cronaf lex prints and a 
sepia print reproduced. The sepia print may then be labeled and fi led as a permanent 
record of that part icular assignment. Also , black and white prints can be made tor 
posting the assignment resu l t s . 

F o r the next assignment and each assignment thereafter, until an adequate highway 
system i s decided on, the mapping procedures wi l l be the same as the ones previously 
outlined. That i s , the highway changes required for each new assignment should be 
made on prints of the previous assignment, and the change made on the original C r o n a ­
f lex pr ints . E a c h time the original Cronaf lex prints are changed, a sepia print should 
be made and filed as a record of the highway system used for that assignment. 

The great difference m cost i s the reason for usmg sepia prints m place of C r o n a ­
flex prints for immediate assignments. However, the sepia prints are not very durable. 
Therefore , for the definite a r t e r i a l networks ( f irs t and last assignments) the Cronaf lex 
prints are preferable . Also , the Cronaf lex prints are much more suitable for corrections 
and additions, because the init ia l a r t e r i a l roads set up by the study can be altered and 
added to without any distortion or mutilation of the zones and supporting data on the 
back. 

F r o m t ime to t ime there i s a need to display the assignment resu l t s . T h i s need i s 
most evident in the ear ly stages and for the late stages of the tr ip assignment phase. 
While the maps described ful f i l l the purpose for which they are intended, any attempt 
to display the entire study a r e a at one time would prove very difficult. To overcome 
this difficulty, the s tr ips were photographically reduced to a desirable scale and joined 
into a composite map. F r o m this, a Cronaf lex map was reproduced (and subsequently 
black and white prints) , on which a color coding system was used to display the ass ign­
ment re su l t s . 

A properly prepared s e r i e s of assignment maps i s of the utmost importance to a 
comprehensive O&D study. Assigned tr ips to proposed plans represent the culmination 
of many months of data collection, forecasting, and planning. These resu l t s are there­
fore of v i tal interest to both study staff and sponsoring agencies and deserve the best 
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presentation possible. It i s felt, at P A T S , that the method outlined wi l l satisfy a l l the 
requirements of an adequate s er i e s of assignment maps. 

P R E S E N T A T I O N O F S T U D Y D A T A 

During the life of a comprehensive O&D study, a vast amount of information i s ob­
tained. It i s the C&D division's duty to graphically present this data in an accurate and 
concise manner. Not only i s the pictorial representation of data an aid to the study's 
planners, but it i s also an important public relations factor. In many cases , a person's 
initial opinion of the study (gained through personal contact or through publications) i s 
the most lasting. People, although they wi l l not admit it, do attempt to tel l a book by 
its cover. Consequently, to favorably impress the vis itor or reader, graphic i l l u s t r a ­
tions must be presented in an attractive manner. Along with attractiveness, the infor­
mation must be accurately displayed by the s implest method possible. 

There are two p r i m a r y means of presenting the study's data. One i s the perma­
nent display housed at the study's office. These displays may be used for presentation 
at lectures , conventions, and the l ike. They are also used by study personnel and 
other interested agencies for analytical purposes. The second method of graphically 
presenting information i s through written technical reports, monthly publications, and 
the study's f inal report. 

The following sections outline the procedures followed by the P A T S ' C&D division 
in completing some of the more important displays . Also noted i s the use of these 
displays as i l lustrations in publications. 

Base Map 

The P A T S ' base map can be defined as a picture of the study area , showing selected 
study data and geographic features necessary for orientation. On this base, a l l data 
collected and a l l future predictions may be visual ly presented. In this way, there i s 
formed a c lear and definite pattern to as s i s t in f inal analys is . 

The base map is composed of ten separate overlays , five of which represent the 
following major geographical features: the P A T S ' a r t e r i a l road network; c iv i l divisions; 
c i v i l division names; drainage; and major ra i lroads and a irports . The remaining over­
lays present the imaginary boundaries that were set up for the collection and analysis 
of data and include: /2 -mi grid coordinate system; modified grid; analysis zones; 
dis tr icts ; and cordon and screenline stations. 

Although these two types of detail had different origins, the process of compilation 
was s i m i l a r . E a c h item was laid out on a suitable reference map. A pre l iminary 
check was made for completeness and accuracy . The next step was to trace the items 
separately on overlays registered to one another. E a c h overlay was then reduced 
photographically to the working scale of 1 in . =1 mi . The reductions were drafted in 
ink on a polyester base drafting f i l m . After the drafting work was finished, each item 
was thoroughly checked for completeness, accuracy , and neatness. A s work was con­
cluded on the individual features, they were compared to one another for perfect r eg i s ­
tration of detail . 

F o r most analys is and display purposes P A T S used the base map at a sca le of 1 in . 
= 2 mi . To facilitate the availability of the required base map combination, a l l overlays 
were reduced to this scale and filed in negative form. E a c h overlay was reproduced 
in line and screened form, so that the item of importance to the user would stand out 
(line) on a background (screened) of related information. A l so a few composites were 
prepared in anticipation of maps needed for analys is . F r o m this pool of overlays and 
composites, most of the study's reference maps could be prepared without any additional 
drafting. 

To explain further, an example would be a user interested pr imar i ly in the a r t e r i a l 
road network. He would want to associate the network with the Va-mi grid, the c i v i l 
divisions, and the drainage. The a r t e r i a l road network would be printed in line form, 
the Va-mi grid in line form, and the c iv i l divisions and drainage in halftone. T h i s 
would give the user the a r t e r i a l road network, with which he i s working, and the Vg-mi 
grid; the background, providing orientation, would be the c i v i l divisions and the drainage. 
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To accomplish this , each of the four overlays must be combined photographically to a 
single reproducible from which prints can be made. 

In addition to the overlays , special ized overlays were also prepared as requested. 
F o r example, an index of the a e r i a l photograph coverage was drafted as wel l as a mass 
transit system overlay. 

F o r presentation of data in the P A T S ' f inal report, a simplif ication of the base map 
was required. The map is a composite of many of the base map overlays and contains 
the minimum amount of detail required for proper orientation. 

Another phase of the base map s e r i e s at P A T S was the preparation of a C B D map. 
T h i s map contains a l l streets within the C B D with overlays defining its a r t e r i a l streets , 
blocks, analys is zones, and census blocks. 

Tab Map Display 

Tab Map. —A tab map, as prepared by P A T S , may be defined as a geographic table. 
In real ity, it i s a gridded r o l l of tabulation paper containing data collected or projected 
by the study, originating in the machine processing division. The grids printed on the 
tabulation paper are set up to correspond with the superimposed grid coordinate system 

STRIP 1 STRIP 2 STRIP 3 

Figure 2. layout of machine-printed tab map. The Study's cordon line and rivers were 
added to this reduction to c l a r i f y the relationship between the study eurea and the tab 

map. 
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used for geographic identification. The information to be printed on the maps i s on 
punched cards and arranged in such order that the data pertaining to a part icular grid 
square (modified grid) i s printed in a % in . square representing that grid on the tab 
map. The Vz-mi gr id i s the smal les t unit of a r e a summarized for the printing of the 
tab map. These maps break the study area ' s 1, 692 grids into three s tr ips ( F i g . 2) at 
the scale of 1 in . =1 mi . 

Although the grid square i s the basic unit of a r e a used for presenting data collected, 
i t becomes necessary to decrease the number of geographic units for the study's fore ­
casting, therefore, the analys is zones are used. T o present this projected data in 
tab map form, the same machine procedure i s used, with the exception that only one 
grid out of each zone i s used for printing information pertaining to the whole zone, 
this gr id being the geographic center of the zone, whenever possible. ( F o r a d e s c r i p ­
tion of how analys is zones are formed, see the section on "Analys i s" . ) 

When the three s tr ips making up the maps, either the zone or grid type have been 
printed and checked for accuracy by the machine process ing division, they are turned 
over to the C&D divis ion. Af ter the three sections have been stripped together and 
a l l of the X and Y coordinates labeled, an appropriate title i s put on each map, and the 
data i s then reviewed ( F i g . 2). 

Although a l l the tab maps printed at P A T S are important as reference mater ia l , 
the tab maps thought to be most useful were reduced from 1 in . = 1 m i to 1 in = 2 m i 
and prints reproduced. T o facil itate reading of the grided tabulations, they are used 
with transparent over lays of the P A T S ' base map. In this way pertinent information 
may be readily correlated with c i v i l divis ions, the P A T S ' a r t e r i a l system, or the 
F A T S ' analys is zones. 

Presenting the data on tab maps with different overlays i s sufficient for reference 
purposes, but i s ineffective for o v e r - a l l effect and legibility. It i s pract ical ly i m ­
possible to look at a group of maps, each containing hundreds of grids , with anywhere 
from one to five digits printed in each grid , and try to form a complete picture. T h i s 
i s the major factor that necessitated the presentation of P A T S ' data in display form. 
Here the old saying "One picture i s worth a thousand words" (or digits in this case) 
was never more true. 

In choosing the data to be presented, s e v e r a l factors a r e to be considered. F i r s t , 
the data should be comprehensive enough to contribute to the general idea the study 
wishes to convey. Another consideration i s the analytical value and appearance of 
the finished display weighed against the cost of producing it . With a decision based 
on these two points, the process used for data presentation was the problem next at 
hand. 

At P A T S two methods of displaying the data printed on the tab map were employed. 
By the f i r s t method, a model was built with the values in each sq mi a r e a (grid 
square) represented by the height of wooden s t i cks . The data best presented in this 
manner was tr ip information. The second method used was the isoline map. T h i s 
type of display i s compiled by enclosing areas (grid squares) of s i m i l a r values . 
Both of these methods are explained in detail in the following paragraphs. 

T r i p Models. — Inasmuch as the data to be shown was reduced to the standard display 
sca le of 1 i n . = 2 m i , each % - i n . gr id became V i - i n . square. Consequently, wooden 
st icks Vi-ia. square were used. F r o m these s tr ips , 7,000 wooden blocks were cut in 
Va-in. mcrements , in s i z e s ranging to 4 in . in height. 

The procedure followed in making a l l models whose data are summarized by grid 
square i s exactly the same . F o r this reason, the process used in preparing the model 
shown in F igure 3 w i l l be explained. 

The reduced tab map, "Mass T r a n s i t T r i p Destinations" (by % sq mi) , was scanned 
to set up a suitable sca le that would best point out the concentration of mass transit 
tr ip destinations within the study a r e a . The ver t i ca l sca le decided on was 1, 500 
tr ips per Vs in . of ver t i ca l height. A conversion table was then prepared using this 
increment range. F o r example, a l l grids with values between 1, 000 and 2, 249 were 
rated 1, 500 tr ips (Va i n . ) ; l ikewise, a l l grids with tr ips ranging from 2, 250 to 3, 750 
were rated 3,000 tr ips (% in.), e tc . With the conversion table a s a guide, the reduced 
tab map was gone over very careful ly and each grid that f e l l within one of the values was 
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Figure 3- Typical model depleting mass transit t r i p destinations, by •J'-sq mi grid. 

marked. When this step was completed, a transparent base map overlay (the same 
kind that w i l l be used in the f inal display) was aligned on the tab map and the proper 
s ize wooden blocks were placed on the grids they represented. F o r example, a l l % - i n . 
blocks were placed on the grids that fe l l within the range of the 3,000 trip value. 
Whenever the blocks were adjacent to one another, they were glued together, but not to 
the overlay. On completion of the positioning of the blocks, a very carefu l check was 
made to asure that each grid was represented by the proper s ize block. After a l l 
adjustments were made, the blocks were painted and varnished. (If the models are to 
be photographed, do not varnish the s t icks imtil after the photographs have been taken.) 

A photoprint of the same type of map that was used to set the wooden blocks on was 
then mounted on an 18-in square board, and the study a r e a was tinted in . Next, the 
blocks were transferred f rom the overlay to the photoprint and glued down. It was 
necessary to exerc ise great care in this process , so that there would be no geographic 
distortion of the work tr ips represented by the blocks. T h i s was the major reason for 
using the same map for both the tab map overlay and the photoprint used for the display. 
To complete the model, the title, legend, and border were then added, and as a pro­
tective measure, the model was covered with a plastic dome. 
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At P A T S , the preparation of the models used to represent the study's tr ip fore ­
casting i s s i m i l a r to the method previously described. There i s , however, one major 
difference between these two models. The difference l i e s in the preparation of the base 
map on which wooden st icks are positioned for display. The base map contains, in 
addition to the c i v i l divisions, a l l of the analys is zone boundaries. T h i s i s neces sary 
because the wooden s t icks , in most cases , represent an a r e a niuch larger than the 
st ick i s square. (In the case of the models summarized by grid,! the wooden s t i cks , 
which are % in . square, are exactly the same s ize as the grid square they represent . ) 
Also , because the a r e a being defined i s larger , a st ick may be used to represent 
current tr ip data in the same zone with a st ick representing the|pro]ected tr ips; thus 
the relationship between present and forecasted tr ips may be better compared. 

Bes ides these displays representing data pertaining to the study a r e a as a whole, 
models were also constructed representing Pittsburgh's C B D tr ip destinations and 
floor a r e a data. In the C B D , data was summarized by block in place of gr id , therefore, 
the models were prepared direct ly from table print-outs and not f rom tab maps. T h e ' 
preparation of the wooden st icks was s i m i l a r to that of the study a r e a models. 

The completed t r i p models at P A T S axe used by the study for three different p u r ­
poses. F i r s t , they are used by the study personnel and other interested agencies for 
general reference and analys i s . Second, the models are photographed and presented 
as i l lustrations for the f inal report . The third way the models are used at P A T S i s 
for pubUc relations purposes. They are displayed at conventions and meetings outside 
the study to fami l iar i ze other agencies and public with the study's functions and findings. 

Isoline Maps .—In the case of the isoline maps, as with the tr ip models, the data to 
be displayed are printed out on a tab map and reduced to 1 in . = 2 mi . (The word 
"isoline" s imply means a line of equal value and the compilation of an isoline map may 
be described as s i m i l a r to the "logical contouring" of re l ie f features. The isoline map 
as used here, however, i s compiled by enclosing areas of s i m i l a r values rather than 
connecting an infinite number of equal-value points . ) The information printed in the 
tab map's grid square (or superimposed grid) i s f i r s t "color coded" by grouping the 
data on the map into logical value ranges. Then the color given each abstract gr id i s 
t ransferred to its modified grid counterpart on another map. "This transformation i s 
necessary because of the variation between the superimposed and modified grids and 
resul ts in better orientation of the information and the a r e a which it re'presents. After 
checking, the color-coded modified grid map i s overlaid with a'drafting f i lm containing 
a base map for f inal drafting. The perimeter of each color grouping i s then traced . 
T h i s type of isoline i s used at P A T S to represent the percentage of a modified gr id 
used for a part icular land use. 

F o r presentation of data relating directly to population, another step i s incorporated. 
By v i sua l reference to>actual population concentrations, the perimeter of each grouping 
i s shaped somewhat, instead of s imply following the modified grid boundary. (S imi lar 
shaping i s done at the major r i v e r s and prominent t erra in features on a l l isoline m a p s . ) 
T h i s method conveys a more rea l i s t i c picture of the distribution of population, c a r 
ownership, res idential density, etc. 

T h i s type of Isolming requires individual interpolation; therefore, it i s doubtful 
that two persons would ever draw the same isoline map. However, the difference 
in interpretation may be lessened somewhat by the addition of more reference matter. 
At P A T S , to attain greater accuracy and a more rea l i s t i c picture, an overlay containing 
a l l large plots of used land (other than residential) and the vacant imusable a r e a s was 
prepared. T h i s overlay was used in conjunction with each of the color-coded modified 
gr id maps for forming the i so l ines representing data relating to population. 

A properly prepared isoline map i s a valuable contribution to a study's analyt ical 
ability. Also , it provides an excellent means by which an area ' s land use and population 
charac ter i s t i c s may be defined. ' 

I 
T r i p D e s i r e L ine Maps 

A complex problem in every O&D survey has always been the presentation of tr ip 
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desire data. F o r the data to be a useful tool to the analyst, it must be presented in 
such a manner that it can be read and understood. One graphic method of displaying 
tr ip des ire data would be to plot every t r ip by hand. T h i s method requires many man-
hours of labor and the finished product would not be easy to read and understand. 
Severa l methods have been used to reduce this problem to manageable t e r m s . Probably 
the most commonly used method has been to group tr ip ends by zones and display the 
volume of interzonal tr ips by varying width bands. T h i s method shows grouped tr ip 
des ire l ines . Another method which has been developed and i s used by severa l 
agencies i s to compute the direction each tr ip moves on a grid, punch a card , for each 
grid square traversed by the tr ip as it moves f rom origin to destination, summarize 
the c a r d s , and make a tab print-out (tab map). T h i s print-out can then be taken to the 
drafting table and isolined, producing a tr ip des ire density chart . 

A l l of these methods have one bad characteristic—the amount of man-hours and machine 
time necessary to complete the display. E a r l y in 1958, the Chicago A r e a Transpor ta ­
tion Study, in conjunction with the A r m o u r R e s e a r c h Foundation of Chicago, developed 
a machine that w i l l help to solve the problems associated with the presentation of tr ip 
des ire data. Cal led the Cartographatron, (1), this machine i s an unbelievably swift 
X - Y plotter. 

The Cartographatron process involves three steps. Step one involves converting 
the original punched card deck for each survey to magnetic tapes. Step two i s the 
actual operation of the machine in which the records taken from the tapes are converted 
to light traces , and recorded on a photographic plate. T h i s plate acts a s a memory or 
summariz ing device. Step three involves the photographic plate, which i s removed 
from the c a m e r a and developed. The negative can, by use of a densitometer, be 
electronical ly split to find the range of densities depicted by the data. T h i s information 
can then be used by the photo lab to "sl ice" the negative into high contrast prints of 
different densities, which, in turn, can be drafted to form an isoline map. T h i s method 
produces possibly the truest t r ip isoline that can be made, because the density patterns 
depicted in this manner are products of a mechanical application and not of human judg­
ment. 

If isoline maps a r e not des ired , the negative i s s imply combined photographically 
with an overlay of the c i v i l division map (for orientation) and printed to form a display. 
The machine can also be wired to show only origin of t r ips or destination of tr ips for 
part icular tr ip purposes. 

T o estimate the amount of man-hours necessary to plot each origin and destination 
for an entire study a r e a i s next to impossible; to group tr ip ends by zones and plot 
them that way would take s e v e r a l months. However, the Cartographatron can, alter 
the tapes are made, r im a complete display in l e s s than four hours. T h u s , with 
approximately 4 ,000,000 combinations f rom one complete tr ip f i le and because of the 
speed at which they can be put in readable form, the analyst has'many more des ire line 
maps in highly selective f o r m s . 

Growth Map 

A growth map may be described as a p ictor ia l way of expressing progress ive devel­
opment in a certain a r e a . St i l l another description might be that, in essence, it i s 
much like looking at a cross - sec t ion of a large tree that shows its growth pattern in 
the annual r ings . The growth map compiled by P A T S , for example, shows the develop­
ment of the Pittsburgh a r e a from 1760 to 1958. 

The major source of h i s tor ica l maps required for plotting the growth map was the 
Carnegie L i b r a r y of Pittsburgh. Any source that might contain information on the 
placement of population for a part icular year was closely examined. A l l maps that 
were found and thought to be of value were then traced exactly as printed in the source . 
Showing as much detail as possible at this stage proved to be a great help later when 
the different maps were collated. T h e r e was an abundance of mater ia l available on 
the growth of Pittsburgh proper; however, very little data were to be found on the a r e a 
now known as metropolitan Pittsburgh. 

Other sources were then sought for more recent maps showing population trends. 



The United States Geological Survey (USGS) quadrangle, dated 1904, and a map showii^ 
development, dated 1930, were obtained—the latter f rom the Allegheny County Planning 
Commiss ion . F o r the most recent information on development, the P A T S ' a e r i a l 
mosaic was used. T h i s was made from photos dated 1958. 

After the basic data was compiled, it was analyzed so that an accurate picture of 
growth could be presented. Certa in maps were discarded due to insufficient informa­
tion or because they were dated too close together to show a noticeable difference in 
growth. After analys is , the following maps were chosen for f inal use: 1760, 1795, 
1830, 1875, 1910, 1930, and 1958. 

The 1904 USGS map was used as a basis for compiling the collected data inasmuch 
as much of the street network at that time corresponds with that of today. Roads, a l o i ^ 
with r i v e r s , s treams, ra i l roads , and general contour of the land, constituted very good 
reference points for the plotting of the newer developments. At the same t ime, the 
1904 base map helped in the location and plotting of the older settlements. 

The 1904 map was then overlaid and, starting with the ear l ies t date, each growth 
year was drawn in isoline form. After the growth map was drafted in f inal form, it was 
photographically reduced for use in P A T S ' f inal report. The original was used as a 
permanent display. 

The growth map, besides being a display and i l lustration in the f inal report, w i l l 
serve other functions. It may be helpful, for instance, in the prediction of future 
development in commerc ia l , industrial , and residential areas . The map may also 
be used for analys is in conjunction with the area ' s economic status. Aside f rom these 
reasons, there w i l l be even more uses for the growth map, because knowledge of what 
has happened in the past i s a great factor in predicting what i s to happen in the future. 

A e r i a l Mosaic 

An a e r i a l mosaic provides a more complete and concise picture of a study's a r e a 
than any other means of v i sual presentation. Although it cannot be used for exacting 
measurements, it i s an excellent source for general references during a l l phases of 
the study. The mosaic wi l l contain a l l existing topography at the beginning of the study. 
This IS important for two reasons: F i r s t , it i s very doubtful that there w i l l be any 
map available containing a l l recent developments throughout the study a r e a . T h i s i s 
extremely important for pin-pointing locations for land use and large tr ip generators. 
The mosaic w i l l a l so afford a permanent record of the study a r e a a s i t existed during, 
or immediately before, the data collection phase. Bes ides being valuable as a reference 
tool, the a e r i a l mosaic i s a very impress ive permanent display. 

T e r r a i n Model 

A t e r r a i n model (a three-dimensional map) of the study a r e a i s definitely an interesting 
display. The value of the t e r r a i n model as an aid in the study's planning procedure 
i s dependent on the t erra in features dominant in the a r e a . In Pittsburgh, where the 
terra in i s quite i rregu lar , a model of this type was found necessary to properly grasp 
the actual lay of the land for traff ic planning. 

If the t erra in model i s decided to be an asset to the study, a method of obtaining it 
must be decided on. T h e r e a r e two procedures that might be followed. F i r s t , the 
model could be made by study personnel; second, the preparation of the model can be 
contracted. The construction of an accurate model i s a very tedious operation requiring 
tools not common to a drafting room. F o r this reason, it i s very xmlikely that the C&D 
division would attempt to build the t erra in model. Therefore , the second method i s 
more desirable. If the building of the model i s let out on contract, the amount of detail 
shown on the map i s dependent direct ly on the amount of money allotted for construction. 
Regardless of the amount of detail on the model, there are certain bas ics that are 
common to any model that might be made. F o r instance, the model should be constructed 
of a lightweight durable materia l that i s capable of maintaini i^ its shape. Also , con­
sideration should be given to the possibility of updating the model's detail (new roads, 
developments, e t c . ) . That i s , the model's original detail should be set up so that 
additions can be made by the study's personnel or, if done outside the study, at a mini ­
mum of expense. 
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Miscellaneous Disp lays 

At P A T S , it i s felt that by varying the method of displaying study data a more effect­
ive o v e r - a l l result may be achieved. F o r this reason, in addition to the displays men­
tioned in the preceding sectidns, numerous other displays w i l l be constructed by the 
C&D divis ion. To date, P A T S has prepared approximately twenty displays by methods 
other than those previously described. These include such items as "Data Collection 
Stations, " "Rapid T r a n s i t Proposals in the Pittsburgh A r e a , " "Centroids of Selected 
P A T S D a t a , " "Station to Station T h r u T r i p s , " " C B D Accumulations of Persons and 
V e h i c l e s , " "Study P r o g r e s s Char t , " "Study Organization Chart , " " T r a f f i c Flow 
Map," and many more . 

I l lustrations for Publications 

Due to the complicated nature of the data and the constant use of s tat is t ics , graphic 
i l lustrations are necessary to support the text of study publications. Well-planned 
i l lustrations a s s i s t the author in tell ing his story and provide additional interest for 
the reader . 

At P A T S the type of i l lustrations used in publications, except the f inal report, con­
s i s t namely of charts , graphs and simple maps. Due to the expense involved most of 
these i l lustrations are printed in black and white. However, if the information or a r e a 
defected appears to be congested, then a colored overlay i s added to c l a r i f y the situation. 
When over lays are used, extreme care must be taken to insure proper registration 
during the drafting and printing process . 

Although neatness and accuracy are essent ial for a l l i l lustrat ions, a little more 
effort should be exerted when preparing the f inal report's maps and f igures . E a c h 
i l lustrat ion should be thought out carefu l ly and the end product visual ized before it i s 
drafted. Where possible, especial ly for the f inal reports graphs, a standard base i s 
des irable . F o r example, at P A T S most of the graphs are to be printed at a 3- x 3. 3-
in . s i z e . T o standardize the line weights of each of these i l lustrations, a base graph 
containing the borders and three horizontal l ines was drafted at 10 in . x 11 in . (to 
a r r i v e at the des irable printing s i ze , a reduction of 30 percent of the original 's s i ze 
i s needed). T h i s base graph (contaimng five equal spaces f rom top to bottom) was 
then overlaid and the required l ines representing given information were drafted. The 
overlay was then registered to the base graph. When an additional color was necessary , 
another overlay was drafted and registered to the f i r s t two. In the next step, a l l of the 
over lays and base graph were photographically reduced to the printing s ize on f i l m 
negative pr ints . The original base graph was then used for a l l s i m i l a r i l lustrations 
and the same procedure was followed, except that only the overlays were reduced. The 
one reduced base graph w i l l be used with a l l i l lustrations of this type. 

A l so , to facil itate orientation of the isoline maps, the same base map i s used for 
a l l i l lustrations depicting information by the isoline method. 

The previously described tr ip models are also used as i l lustrations for the P A T S ' 
f inal report as we l l as in this publication. The models selected are photographed and 
a halftoned f i lm negative reproduced at the des ired s i ze . The halftoned negative i s 
then used for printing the model. 

In general , a good rule to follow when preparing i l lustrations for any publications i s 
that a completed i l lustration with suitable caption should be self-explanatory. In other 
words, it should not be necessary to describe the f igures in the text. E a c h i l lustration 
must be an aid to the author and not another point to be explained. 

Summary 

C e r t a i n displays have been described in detail , whereas others have only been men­
tioned. It i s the opinion at P A T S that the displays described in detail are of the type 
that w i l l probably be used by other agencies conducting a comprehensive O&D study. 
The displays mentioned as "other d i sp lays ," a r e equally important, but methods and 
procedures used to produce them may vary greatly f rom one study to another. Usefu l ­
ness versus cost i s a major factor in determining what data wi l l be displayed. The 
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decision on the method of display that would best present a part icular type of data should 
be the responsibil ity of the C&D division, subject to approval of the study director . 

Space necessary for display purposes was acquired by using the P A T S ' conference 
room. T h i s served a dual purpose. F i r s t , the displays are readily available for com­
mittee discussions and, second, when the committees are not meeting, the room i s 
used to receive v i s i tors . 

The importance of good displays and i l lustrations cannot be over-emphasized. 
Collecting, coding, summariz ing and analyzing data requires the expenditure of a vast 
amount of money and labor. Attractive, well-planned and prepared displays and 
i l lustrations lend themselves to the justification of these expenditures. They also 
compliment the efficiency of the study organization. 

P U B L I C A T I O N S AND L I B R A R Y 

The publications prepared by the Pittsburgh A r e a Transportation Study are the only 
contact many persons or organizations have with the Study; therefore, their preparation 
I S a vital part of the Study's operation. A great amount of interest i s created by P A T S ' 
procedures, as they represent a relatively new approach to the O&D study. P A T S ' 
findings have also been found useful by local agencies because of their application to 
the surrounding a r e a . By reporting the Study's facts and figures through publications, 
it i s hoped that the method suggested and the data presented may aid other interested 
agencies. 

The printed matter wi l l fa l l into one of the following two categories: that information 
which a s s i s t s the study personnel in the completion of their duties; and that information 
which reports the findings of the study. In preparing publications for the f i r s t category, 
the main concern i s to present the information c lear ly , as these are manuals of proce­
dure. Manuals used at P A T S were the Land Use, the Home Interview, the T r u c k and 
T a x i Interview, the Home Interview Office Procedures , the Coding and Roadside Inter­
view. The text should be prepared by the division requiring the manual. The C&D s e c ­
tion must then edit, prepare i l lustrations, collate, and prepare the text for printing. A l ­
though manuals need not be elaborately printed, they should have a durable cover, so 
that they w i l l hold up under the constant use they wi l l rece ive . The second category 
consists of publications designed to report the study's findings, as well as the procedure 
followed to a r r i v e at these conclusions. At P A T S there were four types of publications 
prepared for this purpose: the R e s e a r c h Let ter , Inter im Technica l Reports , Technical 
Papers , and the Study's F i n a l Report. Following i s a description of each publication. 

R e s e a r c h Letter 

T h i s i s a publication of general Study information prepared and distributed monthly 
to interested agencies. Because most of the art ic les are written by Study personnel 
soon after completion of that phase of the study described, an excellent, s implif ied 
account of the methods followed i s recorded. (For more detailed accounts of individual 
phases, the Study prepares Technica l P a p e r s . ) 

At P A T S the C&D division set up style specifications to insure the uniformity of 
each R e s e a r c h Le t t er . The division's ed i tor- l ibrar ian was responsible for editing and 
preparing the copy for printing and on completion of the printing, the edi tor- l ibrar ian 
also handled distribution. A l l i l lustrations required for the art ic les were prepared by 
the C&D section in cooperation with the author. 

The R e s e a r c h L e t t e r s prepared by P A T S have met with favorable response and, at 
the present time, approximately 250 copies are distributed monthly. 

Interim Technica l Reports 

When information was considered (by the Study) important enough to warrant special 
attention, the data was presented in an Interim Technica l Report. The content of these 
reports was less general than the Researvh Letter; therefore, the distribution was 
limited to persons interested in the part icular subject covered. 
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The C&D division i s responsible for editing, i l lustrating, printing, and distribution 
of these reports . At the present time, P A T S has prepared four Interim Technica l 
Reports , with about as many more in sight. 

Technica l Papers 

The Technica l Papers , as prepared by P A T S , are used as background for the Study's 
F i n a l Report, and to record many of the Study's more complicated methods and pro­
cedures for analys i s . Distributing these papers before or with the F i n a l Report e l i m i ­
nates a considerable amount of explanation that would otherwise be necessary in the 
text of the report. 

There are a total of thirteen Technica l Papers , to date, and more to come as 
needed. 

F i n a l Report 

The F i n a l Report wi l l consist of two volumes. The f i r s t volume i s concerned only 
with conditions as they were during the data collection phase of the Study. The second 
volume w i l l present the Study's 1980 forecast of Study conditions as wel l as its r e c o m ­
mendations for an integrated transportation system (transit and highways). 

In the latter part of the Study, the preparation of the F i n a l Report i s the C&D div i ­
sion's most important function. 

Due to its importance, a considerable amount of planning i s required. Technica l 
problems concerning the F i n a l Report should be taken into consideration early in the 
study. 

P r i o r to the printing of the F i n a l Report, a proof copy of each chapter is distributed 
to the Study's supporting agencies for approval. T h i s proof copy i s prepared by the 
Study before a printer i s contacted, to eliminate the need for distributing galley proofs 
(which are run for editing purposes by the printer preparing the report) . Moreover, 
if a proof copy i s prepared as each chapter i s completed, one part can be written while 
another i s distributed for approval. If galley proofs were used, the writing of the 
report would have to be finished (due to contract diff icult ies) before It could go to the 
printer . The printer then would set the type and run galley proofs, after which the 
completed report would have to be distributed for approval and rewri te . In a l l probabil­
ity the whole report would then have to be typeset again; consuming a great amoimt of 
time and money. 

L i b r a r y 

A technical l i b r a r y was established at P A T S soon after the start of the Study. The 
books and periodicals collected by the l i b r a r y are to be used by staff members a s 
reference mater ia l and also as a means of keeping up to date on current developments 
in f ie lds related to the O&D study. 

The edi tor- l ibrar ian i s responsible for ordering the publications requested by P A T S ' 
staff and for cataloguing this material when it i s rece ived. At P A T S , ' l ibrary mater ia l 
i s grouped on shelves, alphabetically, according to general subject c lass i f icat ion. 
A card f i le i s also kept, containing the appropriate information for each publication, 
and cross- indexed by author, title and subject. Reports ordered for staff members 
Included resul ts of other O&D studies, procedural manuals, s tat is t ical compilations, 
economic studies, planning reports , and technical periodicals . The l ibrar ian also r e ­
quests that P A T S ' name be placed on the mailing l i s t of agencies related to the t r a n s ­
portation and planning f ie lds . 

T o save the typing time that would be required if a separate order were prepared 
for a l l new acquisitions, an order letter and a thank-you card were printed, with a 
copy of the order being kept on f i le for control and reference . 

An additional libraj:7 function i s a newspaper clipping s erv i ce . A r t i c l e s on traf f ic 
plans or changes, mass transit , land use, and a r e a development are put into s c r a p -
books and circulated among members of the Study staff. New publications are also 
routed to interested Study employees and, at intervals , l ibrary acqvusition l i s t s are 
compiled and distributed. 
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C O N C L U S I O N 

T h i s report has described the organization and the methods used to discharge the 
duties and responsibil i t ies of the C&D division at the Pittsburgh A r e a Transportation 
Study. Also included throughout the text are suggestions which the authors feel would 
improve some of the methods and procedures. Although some point or points may not 
be applicable to every study a r e a and study group, generally the contents of this paper 
could be used as a reference by those agencies about to engage in O&D work. 

During the study phases of data collection, coding and analys i s , the C&D division 
aids and a s s i s t s a l l other study divisions by supplying the "graphic tools" necessary 
for the completion of their tasks . These tools must be designed to cause or allow 
the data to be recorded with accuracy and dispatch. 

After data i s collected, coded, summarized and analyzed, it becomes the duty of 
the C&D division to transform this data so that the findings of the study can be c lear ly 
and explicitly conveyed to the study's sponsoring agencies and other interested part ies . 

So that these duties and responsibil i t ies can be performed in the best interest of 
a l l concerned and the objectives of the study prosper thereby, thoughtful consideration 
must be given to the establishment and organization of the C&D division when the study 
i s being formed. L a c k of proper planning and foresight can seriously hamper the effect­
iveness of this divis ion. The role of the C&D division in a comprehensive O&D study 
must not be underestimated or slighted. A well-organized division, adequately staffed 
with qualified, responsible personnel i s a definite and necessary asset to the study. 

R E F E R E N C E 

1. C a r r o l l , J . D . , J r . , and Jones, G . P . , "Interpretation of D e s i r e L i n e Char t s 
Made on a Cartographatron. " H R B B u l l . 253 (1960). 



Holiday and Summer Weekend Traffic Survey 
A N D R E W V . P L U M M E R , L E O G . W I L K I E , and R O B E R T F . G R A N , respectively. 
Administrative Engineer, T r a f f i c Engineer, and Statistician, Cook County Highway 
Department, Chicago, I l l inois 

• C O N S I D E R A B L E information both quantitative and qualitative related to weekday 
automobile trave l habits has been generally available for planning and improving the 
highway system. During the past s evera l years the Cook County Highway Department 
has gathered quantitative data in the form of machine volume counts during the Memoria l 
Day, July 4th, and Labor Day holiday periods. 

However, there has been little qualitative traf f ic data for summer weekends and 
extended holidays. 

To provide such data the staff of the T r a f f i c Engineering Divis ion of the Cook County 
Highway Department designed and conducted a s e r i e s of roadside interview surveys . 
During these s e v e r a l surveys more than 12, 000 motorists were interviewed. 

D E S I G N O F S T U D Y 

Two s i tes were selected for conducting roadside interviews ( F i g . 1). These study 
sites were chosen to represent holiday and non-holiday character i s t i c s for northern 
Cook County. Site 1, on Rand Road, US 12, i s approximately 35 mi les northwest of 
the Chicago C B D and site 2 on Edens Expressway i s 14 mi les east of site 1. 

Rand Road, near the Cook County line, was selected because it i s one of the better 
routes used in going into the northern I l l inois and southern Wisconsin lake a r e a s . 
Interviewing was scheduled for the hours between 2 P M and 8 P M on F r i d a y , July 1 
and between 7 A M and 1 P M on Saturday, July 2 for the outbound (northwest) traff ic 
only. These hours were selected because it was felt they would c a r r y a large portion 
of the outbound holiday tra f f i c . A s a cr i ter ion for typical non-holiday summer weekend 
trave l , a s i m i l a r survey was planned at the same location for the corresponding hours 
two weeks later , July 15 and 16. Enough interviewers were provided to as sure a 20 
percent sample. 

In drawing the sample a flagman directed traf f ic into an interview lane to provide 
each interviewer with one vehicle . The flagman then directed traff ic into a bypass 
lane until such time as the interviewers were ready for another set of vehicles . 

Randomness in sampling was strived for by channeling a l l traf f ic into a single lane 
and then either selecting a charge of vehicles for interview or allowing traff ic to by­
pass until the interview lane was ready for a complete recharge. 

Manual and machine counts were made of a l l t ra f f i c passing through the station so 
that the data could be factored up to the total ground count. No trucks or commerc ia l 
vehicles were interviewed because the p r i m a r y purpose was to determine the nature 
of holiday trave l . 

The second site was surveyed in mid-August pr ior to the Labor Day weekend. The 
location of this site was on Edens Expressway just north of the Dundee Road interchange. 

T h i s location differed markedly f r o m the f i r s t . It i s located on a s ix- lane expres s ­
way coming north from the Chicago C B D . The part icular site selected i s just south 
of an entrance to the Northern I l l inois ToUway going north toward Milwaukee. It was 
known that a substantial portion of the total traff ic entered the Tollway at this point. 
The physical set-up of this station differed slightly from the f i r s t to allow for the t r e ­
mendous difference in traff ic volume ( F i g . 2). 

Lane 1 was used for interviewing. Lane 2 was blocked off for interviewers . Lanes 
3 and 4 were used for by-pass . A study on the Saturday before Labor Day was done at 

7U 
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Figure 1. Survey sit e locations. 

Rand Road site for the inbound (southeast) direction. It was felt that this would give 
some qualitative data on holiday trips into the Chicago area. 

INTERVIEW FORM 
The basic questions on the interview schedule were those pertaining to origin, desti-
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Figure 2. Interview s t a t i o n — s i t e 2. 

nation and trip purpose. For recreational trips, additional questions as to the frequency 
of trip and return date were also included. In addition, there were several questions 
relative to occupation and quitting time. 

The site 2 schedule also included a question regarding toUroad use. 
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FIELD PORTION OF STUDY 
The station requirements varied from site to site depending on the physical nature 

of the site and the traffic volumes expected during the survey hours. No attempt was 
made to obtain a constant sample size. Rather, a charge of vehicles was channeled 
into the interview lane so as to provide each interviewer with one vehicle. When the 
last of this group of vehicles left the station after being interviewed, another group of 
vehicles was immediately channeled into the interview lane. 

This method maximized the sample size while maintaining randomness and minimiz­
ing motorist delay time. Because of the fact that the sample size was a variable per­
centage of the total traffic, it was necessary to factor all data up to the total passenger 
traffic volume. This was accomplished by computing factors for each 15-min intervals. 

Figures 3 through 10 portray some of the initial findings. A considerable portion 
of the analysis remains to be done. Figure 3 shows the holiday weekend travel beginning 
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Figure 3. Recreation trips in relation to tot a l t r a f f i c volume by time of day on holi­
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at 2 PM on Friday preceding the three-day 4th of July weekend. The lower portions of 
the bar graphs indicate the number and percent of recreational trips for each of the sur­
vey hours. Between 2 and 6 PM the number or recreational trips was fairly constant 
but the percentage ranged from 22 percent to 44 percent. However, after 6 PM the num­
ber and percentage of recreational trips increased significantly to a maximum of 70 
percent. 

The percentage of recreational trips for the next day, Saturday, ranged from 74 per­
cent to 80 percent. The peak hour for the number of recreational trips was between 
11 AM and 12 noon. The average percent of recreational trips for Friday was 42 per­
cent and for Saturday was 78 percent while the number of trips was slightly more than 
double on Saturday. 

The hourly pattern for trips oh the non-holiday portion of the survey are shown in 
Figure 4.' The absolute number as well as the percentage of recreational trips were 
both significantly less for the non-holiday weekend. 
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RECREATIONAL TRIPS FOR A NON-HOLIDAY SUMMER WEEKEND 
BY TIME OF DAY 

Figure 5 shows the Friday portion of the site study and shows that the percentage of 
recreational trips ranges from 25 to 48. In absolute number the peak for recreational 
trips was between 6 and 7 PM. This represents a significant difference from the 
characteristics found at site 1, Rand Road, during a non-holiday summer weekend. 
Another difference is in the relative percentage of recreational trips, site 2 carrying 
a larger percentage of non-recreational trips. 

Figure 6 shows the Saturday portion of the non-holiday summer weekend study, and 
shows that the general recreational trip characteristics are quite similar to that for 
site 1. Again, however, site 2, on Edens Expressway carries substantially larger per­
centages of non-recreational trips for each survey hour, compared to site 1, Rand 
Road. 
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RECREATIONAL TRIPS AS A FUNCTION OF DAY OF RETURN TRIP FOR 
HOLIDAY AND NON-HOLIDAY SUMMER WEEKENDS; SITE 1, OUTBOUND 

The two sets of bar graphs on the left side of Figure 7 indicate the number and per­
centage of recreational trips by return day. The lower portion of each graph repre­
sents same day return. The left portion is for holiday trips and the right for non-holi­
day. On Friday at Rand Road, for the holiday portion, 20 percent of the recreational 
trips indicated a return on the same day and 80 percent a longer recreational stay. 
The corresponding non-holiday, Friday, showed 36 percent with same day return trip 
and a 64 percent longer stay. 

On Saturday similar differences were observed between holiday and non-holiday 
weekends, although for each a much larger percentage indicated same day returns. 

Statistically, the differences between holiday and non-holiday recreational trips 
with respect to return date were highly significant. 
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RECREATIONAL AND NON-RECREATIONAL TRIPS BY DESTINATION FOR 
TOLL ROAD AND NON-TOLL ROAD USERS; SITE 2, OUTBOUND 

Figures 8 and 9 pertain to toll road selection. Figure 8 relates toll road selection 
to destination of trip and breaks each indicated destination into recreational and non-
recreational trips. 

The left portion of each set of bar graphs is for recreational trips and the right for 
non-recreational. 

Of the outbound recreational trips to the Chicago suburban area, 37 percent used 
the toll road while 63 percent did not. Of the non-recreational outbound trips only 19 
percent used the toll road. 

Of the recreational trips to the Illinois resort areas beyond suburban Chicago, 77 
percent used the toll road. Only 58 percent of the non-recreational trips to the Illinois 
resort areas used the toll road. 
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trip drivers. This percentage on Friday was 85 percent of the frequent trip users to 
64 percent of the occassional trip drivers. On Saturday the percentage was 65 for the 
frequent toll road recreational trip users to 54 for the occassional toll road trip users. 

The data shown in both of these figures were found to be highly significant. 

RECREATIONAL TRIP FOR A HOLIDAY SUMMER WEEKEND BY 
TIME OF DAY; SITE 1, INBOUND 

It is generally believed that there is a substantial exchange of population between 
city and country for recreational purposes on a holiday weekend. To ascertain the de­
gree of this exchange, a study was made of inbound traffic at site 1 on the Saturday 
preceding Labor Day. 

Figure 10 shows that this exchange is not nearly as marked as had been expected; 
for instance, the total recreational trips passing through this station was only about 
one-third as large as the number leaving during comparable hours of the July 4th 
weekend. The percentage of recreational trips for the total of the five survey hours 
was 48 percent as compared to 78 percent for the outbound study during the Saturday 
portion of the July 4th weekend. 
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Although there is no direct trip comparison for both directions of flow at a given 
station for the same day, an examination of traffic volumes during the survey hours 
shows that there was more than twice as much traffic outbound than there was inbound 
and that the peak volumes both inbound and outbound occurred between 11 and 12. The 
actual peak hour for the 24-hr day was between 11 AM and 12 noon for the outbound 
traffic and between 7 PM and 8 PM for the inbound. This inbound peak can be largely 
accounted for by the recreational trip returns from Friday and Saturday trips. 

Further analysis of these studies is in progress and a report is expected to be 
completed shortly. 



Forecasting Traffic with a Modified Growth 
Factor Procedure 
W.S. POLLARD, Jr., Partner, Harland Bartholomew and Associates, Memphis, 
Tenn. 

• THIS paper presents a comparison of three methods of traffic projection and reduc­
tion to 1975-level desire lines. The basic origin-destination (O&D) data which were 
used were obtained in 1944; supplemental O&D data were obtained in 1950 from which 
the earlier information was up-dated to 1950. This adjusted 1950 O&D data are those 
which have been used in all traffic projection and assignment work in the Memphis 
Metropolitan Area. During the course of the last seven years there has been occasion 
to work with the basic O&D data in preparing a major street and highway plan, in pre­
paring interstate route location studies, in preparing the 108(d) and 104(b) 5 cost esti­
mates, and in preparing final construction plans. As this data has been processed, 
varying techniques of projection and of assignment have been used intentionally to give 
a cross-check of the one method against another. By virtue of their inconsistencies 
it has been found both proper and necessary to apply considerable engineering judg­
ment in the use of this material. 

This paper presents a comparison of total trip-end desires for each O&D zone in 
1975 (Table 1), a comparison of a random selection of zone-to-zone travel desires for 
1975 (Table 2), a comparison of the semi-assigned 1975 desires by corridors in 1975 
(Table 3), a graphic comparison of the trip-ends by zones and physical location within 
the metropolitan area (Fig. 1), and semi-assigned cardinal corridor design hour traffic 
vs capacity (Figs. 2 and 3). The assigned desires by cardinal corridors are the de­
sires as obtained by the judgment-applied factors method. 

This presentation does not purport to be a learned discourse on the relative merits 
of the three projective techniques. It is the sincere belief of the writer that, among 
the several projective techniques which are now in existence, some light needs to be 
shed. It is felt that this light can best be shed by a comparison among all of the 
techniques for a selected group of large, medium and small urban areas wherein, using 
the same basic data, the several techniques are applied, their end products carefully 
compared, and the significance of their differences explored and resolved to ultimate 
meaning. It is felt that such an approach could well lead to a demonstrably valid and 
grossly simplified and more economical approach to determining reasonable future 
traffic desires for planning and design use. It is maintained that the final test of 
necessary level of accuracy of the final projected product is that level which wil l always 
clearly establish the individual lane call. Working upward from peaking percentages 
and directional distribution percentages to the equivalent average daily desire served 
by the capacity of a lane, it may be seen that a reasonably sizeable variation in aver­
age daily desire wil l , when reduced to corridor orientation for analysis, not necessarily 
be unusually significant. The likelihood of this significance bemg unusually great is 
also mmimized by the fact that the semi-assignment to corridors of the individual 
zone-to-zone trip values results in a necessary grouping of a number of separate val­
ues, some of which are high and some of which are low—hence a further dampening 
effect. 

As work continues with O&D data and its projection in various parts of the nation, 
incorporation of as much research as possible in this matter of the most intelligent and 
logical use of O&D data is attempted. A demonstrably sound rationale has been obtain­
ed which allows forward movement from traditionally obtained O&D data to a reason­
ably valid projected set of desires with trip-end balance, to the assignment of these 
desires to corridors for reduction to peak period desires, to the comparison with 
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existing capacity availability, and hence to the final guide to area-wide street and high­
way planning—a capacity-deficiency determination by location and orientation within 
the community. It is believed and hoped that traditional approaches from further 
analyses of these procedures wil l be simplified. It is admitted that these procedures are 
somewhat cumbersome and more time consuming than some of the techniques which 
are now in existence. However, it is believed that the basic validity of these more 
cumbersome techniques warrants their continued application to a satisfactory point of 
proof and to an ultimate reduction to a greatly simplified technique which is machine 
applicable. A corollary benefit m using these cumbersome techniques is that of being 
able to inculcate into young traffic engineers and planners a true understanding of 
relationships which bear on the entire matter of traffic generation. 

This brief paper does not set forth the detailed step-by-step procedure which is 
currently being used because it would not seem to be germane to the action which this 
paper hopes to seek. This area of traffic projection, assignment, and ultimate ana­
lytical use is an area which constantly seems to become more complicated as each 
investigator applies himself to this area of thought and investigation. The basic ques­
tion of whether the theorists are indeed making significant contributions or whether 
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they are, conversely, "straining at nits" is the next most significant determination to 
be made in this area of exploration. 

DESCRIPTION OF THREE METHODS OF TRAFFIC PROJECTION USED 

Judgment-Applied Factor Method 
Expansion Method. - This procedure uses the best of the averaging method and the 

Fratar Method. The method does not adapt directly to machine methods which are 
purely mechanical; however, a computer program is being worked on to apply a close 
approximation of the method. The adjustment to create trip-end balance requires 
time and study, letting sound judgment (guided by intimate local planning and engineer­
ing information) be the basis for the addition or subtraction of trips from the move­
ments. The method is as follows: 

1. Apply an increase factor to the 1950 trip ends for each zone-to-zone movement. 
This increase factor is an average of the increase factors for each of the two zones 
unless one of the zones in question possesses a strong bond of attraction. This strong 
bond should be recognized and adjustments made to give a more realistic presentation 
of the future desires between the two zones. 
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2. Prepare the trip-end projections obtained by applying the appropriate expansion 
factors for each zone with the trip ends totaled from the expansion of each zone-to-
zone movement. 

3. Adjust the total trip ends for each zone to meet the desired total. This can be 
accomplished by studying each zone-to-zone movement—with respect to the growth 
expected in each zone, the proximity to each other, the land use, and location within 
the city. In most cases the high growth areas will be the outlying areas of the city. 
These areas are spotty as far as 1950 O&D Information is concerned. There are 
many zone-to-zone movements which did not have any movements in the 1950 O&D 
survey, but due to the land use, proximity, development, etc., there should be trips 
between them. In most cases this will help both zones In achieving trip balance. The 
zones which require some reduction m trips are studied in the same manner and the 
reductions made in light of these factors. It may take two or three run-throughs to 
balance the system. 

Expansion Factors.—(a) vehicle ownership, 1.58 (city wide); (b) vehicle use, 1.10 
(city wide); (c) population, computed for each zone (1. 76 city-wide average); and (d) 
CBD, 1.25. 
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TABLE 2 
COMPARISON OF SELECTED ZONE-•TO-ZONE TRAVEL DESIRES FOR 1975 

Average Average Judgment-Applied 
Zone of Three Fratar Method Factor Method Factor Method Land 

From To Methods ((%)' (%) (%) Use 
42 4 357 164 -59 468 +31 440 +23 C-1 
42 14 272 109 -60 388 +43 320 +18 C-R 
42 109 1088 564 -48 1350 +24 1350 +24 C-R 
42 72 716 338 -53 905 +26 906 +26 C-R 
42 94 841 1654 +97 445 -47 1646 +96 C-R 
42 46 651 245 -62 855 +31 854 +31 C-R 
42 96 279 325 +16 205 -26 306 +10 C-R 
42 114 1115 586 -47 1380 +24 1378 +24 C-R 
42 31 1004 607 -40 1155 +15 1250 +25 C-R 
42 55 436 298 -31 505 +16 506 +16 C-{I-R) 
42 99 319 356 +12 264 -17 336 + 5 C-R 

113 27 94 100 + 6 91 - 3 92 - 2 R-R 
113 38 582 564 - 3 316 -45 866 +49 R-R 
113 12 64 72 +12 59 - 8 60 - 6 R-R 
113 94 280 315 +13 62 -78 462 +65 R-R 
97 24 180 218 +21 161 -10 160 -10 R-R 
94 41 932 1962 +110 267 -71 566 -40 R - I 
55 32 53 44 -17 75 +42 40 -25 (I-R) -R 
1 70 0 0 0 0 0 0 0 I-R 

67 106 13 40 +200 0 -100 0 -100 R-R 
104 10 244 377 +55 174 -29 180 -26 R - I 
106 41 566 802 +42 448 -21 448 -21 R-I 
101 33 9 29 +200 0 -100 0 -100 R-R 
56 60 0 0 0 0 0 0 0 R-R 
56 115 966 1202 +24 696 -28 1000 + 4 R-R 
7 25 840 876 + 4 795 - 5 850 + 1 R-R 

73 35 0 0 0 0 0 0 0 R-R 
47 92 8 0 -100 0 -100 25 +200 R-R 
70 36 134 171 +28 92 -31 140 + 4 R-R 
69 91 39 53 +36 32 -18 32 -18 R-R 

119 117 872 914 + 5 987 +12 724 -17 I-R 
53 75 107 123 +15 84 -22 114 + 6 (I-R) - R 
18 98 97 110 +13 82 -15 100 + 3 R-R 
50 98 8 9 +12 7 -12 8 0 a - R ) - R 

101 3 63 189 +200 0 -100 0 -100 R-R 
102 17 28 84 +200 0 -100 0 -100 R-R 

2 23 113 107 - 5 123 + 9 110 - 3 R-R 
104 9 182 231 +27 174 + 4 140 -23 R-(I-R) 
106 109 134 228 +70 87 -35 88 -35 R-R 
45 75 84 90 + 7 75 -11 86 + 2 R-R 
6 10 130 147 +13 96 -26 146 +13 (I-R) - I 

20 12 88 98 +11 77 -13 90 + 2 R-R 
17 7 779 855 +10 702 -10 780 0 R-R 
33 34 373 443 +19 257 -31 420 +13 R-R 
29 92 156 75 -51 38 -76 355 +128 R-R 

Average variation +20 -20 + 4 
'Percentage variation from the average of the three m^ods. 

Average Factor Method 
Expansion Method. —The 1950 O&D desires between zones were expanded to 1975 by 

applying an Increase factor that was the average of the two individual increase factors 
for each zone. Undeveloped zones in 1950 were compared with developed zones having 
similar land use and orientation to obtain the 1975 desires. In this expansion no 
attempt was made to attain trip-end balance. 

Expansion Factors.—(a) vehicular registration, 1. 58 (city wide); (b) gasoline con-
sumption, 1,10 (city wide); (c) population growth computed for each zone (1.76 city-
wide average); and (d) CBD, 1.26. 
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TABLE 3 
CORRIDOR ANALYSIS COMPARISON 

1 Average Percent Average Percent 
Judgment-Applied Variation of 1 With Variation of 1 With 

Factor Method Fratar Method Average Factor 
Corridor Assignment Within Corridor Method Within 

Corridor 
E-W-"E" 30,000 +10 -10 
N-S-"0" 17,100 - 2 - 3 

Fratar Method 
The Fratar Method of traffic projection has been described elsewhere (I). The 

basic elements are as follows: 
1. For each zone the estimated future traffic volume is distributed to the move­

ments to and from it and within it, in proportion to the relative attractiveness of those 
movements. 
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Figure 2 . 
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Figure 3. 

Reasonable indicators of relative attractiveness are existing traffic movements and 
estimated zonal traffic growth factors. 

As a practical matter, the Intrazonal movement of the zone may be treated In the 
same way as an interzonal movement, with due regard to the difference between a 
trip and a trip end. 

2. At the end of the first distribution, each movement—except intrazonal movements-
has two volumes resulting from the zonal distributions at each end of the movement. 
The pairs of volumes are averaged to obtain a first approximation of zone-to-zone move­
ments and intrazonal movements. 

3. The averages for the interzonal pairs of trips radiating from each zone and the 
first approximation of intrazonal volume are summarized to determine adjustment 
factors for the zones to be used in the second approximation. 

4. For each zone the originally estimated trips are again distributed to interzonal 
movements and to movements within the zone in proportion to the volumes and adjust­
ment factors obtained by the first approximation. The pairs of tentative volumes ob­
tained for Interzonal movements by this distribution are averaged as before, and the 
process repeated imtil the desired conformity is obtained. 
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It was found that for the procedure outlined, the convergence was very rapid and 
otherwise satisfactory. With punched cards and IBM equipment the mechanics of the 
procedure are relatively simple. 

The successive approximations method, with some refinements, was used for the 
traffic study recently completed for Detroit under J.D. Carroll's direction. 

A computer program was borrowed from the IBM Library by the State of Tennessee 
for use in this analysis. Three iterations were accomplished with this program to 
attain trip-end balance. The expansion factors used in this program were: (a) vehicle 
ownership, 1. 58 (city wide); (b) vehicle use, 1.10 (city wide) (c) population, computed 
for each zone (1. 76 city-wide average); and (d) CBD, 1.25. 
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Review and Evaluation of Electronic Computer 
Traffic Assignment Programs 

W I L L I A M L . M E R T Z , Techn ica l D irec tor , Washington Regional Highway Planning 
Committee, Washington, D . C . 

# T H E automation of traf f ic assignment procedures began, of course , with punched 
card tabulating equipment for which some very sophisticated techniques were develop­
ed (1). 

& electronic computers began coming Into use in the highway f ie ld, developments 
in the areas of s tructural design, roadway design, surveying, hydraul ics and related 
fields progressed rapidly. T r a f f i c assignment programs were a l so developed but 
they were modest Improvements on e a r l i e r punched card tabulating procedures . They 
were limited to an analys is of segments of Isolated freeway routes. They were for 
the most part tabulating programs that summarized the data that the eng^eer prepared. 
The interzonal movements had to be routed through the highway system visual ly by 
using a map and such elements a s distance, t ime, e t c . , had to be coded and punched 
for each movement. The computers mere ly aggregated the parts for a f inal resul t . 
In one such program, the engineer furnished the routings in t e r m s of map inches at 
various speeds along with a map scale factor. The program converted f rom m ^ sca le 
to mi les and t ime, determined the percent divers ion to the freeway route by consulting 
a stored table that represented a t ime-rat io diversion curve . It then accumulated the 
diverted volumes on the various elements of the freeway that were also stored as a 
table. At the conclusion, the accumulated volumes were summarized in various ways 
and punched into cards for further process ing. Such developments were significant 
steps forward in rel ieving the engineer of burdensome work and in speeding up the 
assignment process but much manual labor and judgment was s t i l l required. The 
selection of the routings s t i l l had to be done by hand. T h i s could r a r e l y be delegated 
to c l e r i c a l help so the horsepower of the analys is staff was severe ly l imited. 

The A m e r i c a n Associat ion of State Highway Off ic ia l s ' Po l i cy Manual states that the 
t rave l time ratio i s the t r a v e l t ime v i a the freeway divided by the t r a v e l time for the 
quickest alternate routing. T h i s statement c l ear ly indicates that the cr i t er ion for 
route selection sha l l be minimum t ime. Usual ly the development of a computer progran 
to solve any part icular problem can proceed in an order ly fashion once the cr i t er ion 
for solution of the problem has been c l ear ly stated. The route selection problem 
languished, however. Fortunately, others working in a f ield quite unrelated to highways 
had the same problem. The telephone people were faced with the problem of route 
selection for direct-dial ing long distance telephone c a l l s . It i s not obvious how the 
c i rcu i t i s selected without human intervention for a c a l l f r o m Washington to St. L o u i s , 
for example, when one considers that the most direct c i rcu i t may be busy. The num­
ber of possible c ircu i t routings to St. Lou i s i s pract ica l ly unlimited if the imagination 
i s given free r e i n . 

The breakthrough came in 1957 with the presentation of two papers . One was by 
Edward F . Moore, titled "The Shortest Path Through a M a z e , " presented at the Inter­
national Symposium on the Theory of Switching at H a r v a r d Univers i ty . The other was 
by George B . Dantzig, titled "The Shortest Route P r o b l e m , " in Operation R e s e a r c h 
5:270-3. About this t ime, J . Douglas C a r r o l l , J r . , was searching for a solution to 
the problem to help in the assignment of the Chicago A r e a Transportat ion Study. The 
s erv i ce s of the A r m o u r R e s e a r c h Foundation were retained and J . G . Haynes and 
F . C . Bock were assigned to work on the problem (2). 

T h i s investigation resulted in an electronic c o m p i l e r program for an intermediate 
s ize computer for finding the minimum time (or distance) paths through a network. 
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The program i s something of a laboratory novelty in that it i s l imited to 18 nodes 
(intersections) and i s quite extravagant of memory storage. It provided the beginning, 
however, for further development. 

Morton Schneider and others on C a r r o l l ' s staff further refined the method through 
many evolutions on an intermediate s ize computer to the point where they were able to 
accommodate enough nodes to encompass a s m a l l section of the Chicago Metropolitan 
A r e a . These efforts were s t i l l in the r e s e a r c h and development category. C a r r o l l 
decided that the method was feasible but f a r greater computer storage capacity and 
computing speed was needed to do the job for the highway system for the whole 
Chicago a r e a . 

At this point, a computer programming development was imdertaken by the Chicago 
staff for the largest and fastest electronic computer then available in the country. The 
wr i ter had the good fortune to be associated with the project in a minor consulting 
capacity. T h i s resulted in an operational program to ass ign traff ic to the existing 
a r t e r i a l streets as wel l as the proposed freeways and expressways for the entire 
Chicago Metropolitan A r e a . 

About this t ime, Albert Mayer and his staff of the Detroit A r e a Transportation 
Study took up the development along slightly different and independent l ines , but using 
what has come to be universal ly known as "The Moore Minimum Path Algorithm". 
T h e i r development was also success fu l but for a s m a l l e r but equally speedy machine. 

The Washington Regional Highway Planning Committee, whom the wri ter now r e p ­
resents , was also searching for a solution for their assignment problems. A joint 
development project was undertaken involving G . E . Brokke of the Divis ion of Highway 
Planning, Office of R e s e a r c h , Bureau of Publ ic Roads; Wi l l i am F . Boardman, Acting 
Techn ica l Direc tor , of the Washington Regional Highway Planning Committee, The 
Genera l E l e c t r i c Computation Laboratory, Phoenix, Ar izona; and the wr i t er , who was 
then representing the Divis ion of Development, Office of Operations, Bureau of Publ ic 
Roads . Paul Jennings of the Genera l E l e c t r i c Company deserves much credit for his 
unflagging efforts in bringing the computer programming to a success fu l conclusion. 
Many assignments have been made for the Washington a r e a with this sys tem. 

The Washington system was further developed by the Minnesota Highway Department, 
the Bureau of Public Roads, and the Genera l E l e c t r i c Company to provide greater 
f lexibiUty. 

Many developments have followed in qxilck success ion with many technical r a m i f i c a ­
tions and for different types of computers. Interest in the electronic computer approach 
to traff ic assignment i s now widespread. 

The Divis ion of Development, E l e c t r o n i c s Branch of the Bureau of Public Roads 
has prepared a non-machine language computer program manual for traf f ic assignment 
patterned after the Washington and Minnesota developments. Its purpose i s to aid those 
who wish to develop their own programs. The principles of the Moore Algorithm a r e 
c l ear ly set forth. 

V e r y little has been published, however, concerning the technical details of the 
assignment programs now in existence that use the Moore Minimum Path Algorithm. 
T h i s led the Origin and Destination Surveys Committee of the Highway R e s e a r c h Board 
to initiate the preparation of this report . T o aid in the gathering of the necessary i n ­
formation, a questionnaire was sent to each of the known developers for their cons idera­
tion. A l l graciously repUed. E a c h of the developments are brief ly d iscussed. 

D E F I N I T I O N O F T E R M S 

The following t e r m s have become quite standard among developers and u s e r s of 
traf f ic assignment programs that'use the Moore Minimum Path Algorithm: 

Node—A node i s defined as a point of intersection in the highway network. 
L i n k — A link i s the one-way portion of the highway network connecting two nodes. 
Centroid or Loading Point—A node in the network that i s considered to be the point 

of origin or destination of tr ips for a geographical a r e a or zone. Often centroids are 
connected to the highway network by hypothetical l inks that do not represent segments 
of r e a l highway fac i l i t i es . In other developments, the centroids are considered to be 
at intersections of the highway network. 
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Tree—A tree is the aggregate of all the minimum path routings from a node to all 
other nodes in the network. Usually the interest is in the trees from centroids to all 
other nodes in the system. 

Routing or Trace—A routing is a part of a tree. It is the minimum path through 
the network from one node to another. 

Tree Building—The use of the Moore Algorithm for computing minimum paths is 
generally referred to as tree building. 

Network Description—The network description is the highway network under con­
sideration described in tabular form as nodes, directional links, link impedances, 
link distances, turn restrictions, etc. 

Loading the Network—The process of assigning the interzonal volumes to the net­
work as dictated by the routings determined by tree building has come to be known as 
loading the network. 

Directional Loading—Each one-way link in the network description is loaded with 
the volumes assigned to it from a so-called square table of directional interzonal 
movements. 

Non-Directional Loading—This is the result when a so-called triangular table of 
non-directional (sometimes called two-way) interzonal movements is assigned to a 
network. To prepare such a table, the trips between a pair of zones are added together 
without regard to direction. For this kind of interzonal movement table, the volumes 
are usually listed only once, normally from the low-numbered zone to the higher. 
For example, the trips from zone 1 to zone 50 and those from zone 50 to zone 2 are 
added together and are listed as being from 1 to 50, there being no movement listed 
from 50 to 1. When assigning this form of table, the volumes are generally accum-
mulated on only the links whose direction is from low-numbered nodes to high, 
regardless of the direction indicated in the tree trace. For example, i f a trace indi­
cated that a routing passed through a link defined as being from node 500 to 499, the 
interzonal volume would be accumulated on its complement; that is, links 499 to 500. 
This system dictates that there can be no one-way streets. At the conclusion of load­
ing, only one-half of the network description has been loaded. 

Link Volumes—The total interzonal volumes assigned to a link in the network. These 
are sometimes referred to as leg volumes. The physical analogy is the traffic volumes 
occurring at mid-block between intersections. 

Non-Directional Turning Movements—The turning movements at the intersections 
are considered to be two-way. The straight-through movements are also considered 
to be turning movements in the context that they are part of the movements within the 
intersection. In this case then there are six possible turning movements within a 
four-way intersection where all the connecting streets are two-way. 

Directional Turning Movements—As explained, there can be a maximum of twelve 
directional turning movements in a four-way intersection. 

Capacity Restraint—Some developments have incorporated what has come to be 
known as capacity-restraint or capacity feedback. This is a process whereby assigned 
volumes are related to the capacity of the highway facilities in such a manner that 
overloaded routes become less attractive as minimum path candidates. This requires 
that the link impedances in the network description be automatically changed by the 
program as links become overloaded. This feature is regarded by some as a form of 
diversion assignment. 

Link Impedance—Some impedance value must be assigned to each link in the net­
work description for the minimum path algorithm to select minimum routes. This 
impedance may be some average value for travel time. It may be distance if minimum 
distance routes are desired or i t may be a combination of the two. It is generally 
agreed, however, that travel time alone wil l not give balanced assignments inasmuch 
as there are many other factors besides travel time that influence the motorist in 
route selection. Travel time is probably the strongest single factor, however, and 
thus furnishes a good point of beginning for defining link impedances. 

Diversion Assignment—This term is usually reserved for time ratio diversion in 
the sense that it is defined in the AASHO policy manual on urban design. Some use a 
combination of time and distance as the criterion for diversion to proposed facilities. 
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Divers ion requires that there be at least two routes through the network found for each 
interzonal movement and the volume split according to some diversion cr i ter ion . 

AU-Or-Nothing Assignment—This i s the t e r m applied to the process of assigning 
100 percent of an interzonal movement to the minimum path with no divers ion. 

I ^ d - U s e Feedback—This i s a t e r m coming into more frequent use. It i s generally 
recognized that the assignment process cannot be regarded as a separate element of 
highway planning that i s insulated f rom other variables . When the location of a pro­
posed system of highways has been fixed by virtue of assignment and other considera­
tions, it i s recognized that the building of the proposed system w i l l in itself a l ter land-
use patterns which in turn affect the forecasts of interzonal movements. T h i s defini­
tion implies then that the whole highway planning process i s a continuing iterative 
sys tem. 

C H I C A G O A R E A T R A N S P O R T A T I O N S T U D Y 

The Chicago system i s programmed for an I B M computer containing 32,000 words 
of memory storage. The system w i l l accommodate a maximum of 700 centroids (zones) 
and 4,095 nodes. The total number of directional network l inks cannot exceed 14,000, 
Any part icular node may have any number of l inks connected to it . 

The program i s for direct ional assignment (a square table of Interzonal volumes) 
by the so-cal led all-or-nothing method. Turning movements are not computed at a 
single node representing a street intersection. Turning movements a r e obtained where 
des ired by describing each turning movement a s a link in the network. T h i s procedure 
requires that more than one node be used to describe each intersection for which turn­
ing movements a r e required. 

There are two major options that may be invoked when using this program as follows: 

1. The program w i l l forecast the interzonal volumes as an integral part of the 
assignment process , if des ired, by the Chicago method or sometimes cal led the 
opportunity model (see H R B B u l l . 253). If this option i s invoked, the minimum path 
trees are used in the dual role of forecasting and assignment to the network. If the 
option i s not invoked, the program w i l l accept tables of interzonal movements a s input. 

2. Capacity restraint i s also an optional feature. It functions in the following way: 
After a tree has been built f rom one centroid to a l l other nodes, the forecasted inter­
zonal volumes with an origin at that centroid are accumulated on the l inks of the net­
work as indicated by the routes in the tree . The accumulated volumes on each link in 
the network are then compared with the capacity of that l ink. The impedance of the 
link i s automatically adjusted according to a volume-capacity cr i ter ion . After this has 
been done for the whole network, the next tree i s built and the process repeated until 
a l l interzonal volumes have been assigned. When the option i s not invoked, the link 
impedances remain constant throughout the process . 

Machine running time for one assignment i s about 5 hours for a sys tem of 650 
centroids, 4 ,000 nodes and 13,000 l inks . T h i s i s with interzonal volumes being gen­
erated internally but without the capacity restraint option fvmctionlng. Capacity r e ­
straint increases the running t ime between 5 and 20 percent depending on the system. 

The staff requirements a r e reported as two draftsmen, four coders to prepare the 
network description and later to post the resu l t s , three punched c a r d machine operators, 
an economist, two traf f ic engineers and the programmer . 

At present the program i s not documented in such form that it i s ready for d i s t r i ­
bution to other prospective u s e r s . Schneider reports that i t could not be n m without 
his help. 

F r o m the beginning, a machine installation located in another city has been used. 
Scheduling, trave l , shipment of mater ia l s , and communication a r e considered to be 
nuisances but not r e a l impediments to the orderly prosecution of the work. 

WASHINGTON, D . C . , AND MINNESOTA S Y S T E M 

The Washington and Minnesota developments are discussed together because the 
Minnesota development i s an extension of the Washington sys tem. 
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There i s a total of eighteen programs in the development package. A l l the programs 
a r e stored on a magnetic l i b r a r y tape in such a fashion that any of the programs can be 
eas i ly cal led f rom the l i b r a r y and put mto action to do the specif ic job indicated at any 
part icular phase of the assignment process . The system was programmed by the Gene­
r a l E l e c t r i c C o . to function on any s i ze I B M 704 without any program modification. 
The s ize of machine required i s dictated only by the s i ze of the network under study. 
The maximum s ize , however, i s 4, 000 nodes, any number of which may be centroids, 
which requires a 32,000-word 704. There can be a maximum of four l inks exiting f rom 
or entering a part icular node. More than one node must be used to describe more com­
plex intersections. 

The sys tem w i l l accommodate the following options: 

1. Non-directional assignment: 

(a) By the al l-or-nothing method. 
(b) B y the t ime-rat io diversion. 

2. Direct ional assignment: 

(a) By the al l-or-nothing method. 
(Jo) By the t ime-rat io method. 

3. Forecast ing by the F r a t a r method either directionally or non-directionally. 

A l l turning movements are obtained at a l l intersections that the user designates. 
The system does not incorporate any capacity restraint at this t ime. 

Unique features of the sys tem a r e : 

1. The program l i b r a r y concept. 
2. T h e r e i s a program to update the network description. T h i s program has the 

ability to add, delete, or change l inks in the network in such a manner that alternate 
systems can be analyzed by only changing the affected parts . 

3. Any tree or trees may be built separately and also any centroid may be loaded 
separately. 

4. Selected l inks in the network can be separately loaded. T h i s feature i s generally 
used after an assignment has been completed in situations where part icular problems exist . 
F o r example, suppose that the assignment shows that a part icular section i s congested 
The l inks in the congested a r e a can be designated as selected l inks . The output i s : 

(a) An assignment to the entire network but only of the volumes that passed 
through the selected l inks . 

(b) The origin, the destination, the link of entry, the link of exit and the volume 
of every movement that passed through each selected link. 

There are many other uses such as investigation of interchange spacing, weaving 
movements, etc. 

5. A complete analys is of vehicle hours and vehic le -mi les i s computed by highway 
systems and polit ical jurisdict ions within the network a r e a . 

6. After bas ic network descriptions and interzonal volume tables are established, 
c a r d handling i s l imited to network changes. 

Machine running time v a r i e s with the options selected but a typical assignment run 
for a system of 500 centroids and 3,500 nodes i s three to five hours . Running time r e ­
duces about inverse ly as the square of the number of nodes. 

Washington's staff requirements are one draftsman, three c l e r k s for coding the net­
work and posting resul ts , and two engineers. Minnesota reports essential ly the same 
staff requirements. 

The programs are not yet available for general distribution but w i l l be in the not too 
distant future. 

D E T R O I T A R E A T R A F F I C S U R V E Y 

D A T S has two traf f ic assignment programs. Inasmuch as they a r e quite different, 
they w i l l be discussed separately. 
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Expressway Assignment 
The expressway assignment program is for the IBM 650 computer with two tape 

units and an external Ramac disc storage unit. As the title implies, the program 
assigns only to the expressway system. The maximum capacity is 400 zones (centroids), 
75 expressway interchanges and 425 ramps. 

The assignment method is non-directional, utilizing minimum distance paths and 
time ratio diversion. Turning movements are computed at all ramps. 

Machine running time for a system of 15 expressway interchanges and 4, 300 inter­
zonal movements is about 7 hours. For 30 interchanges and 20,000 interzonal move­
ments, the time is 20 hours. 

The staff requirements are one professional and 4 non-professional people to pre­
pare the input and analyze the results. 

At present the program is not available for use by others but wi l l be documented 
shortly. 

Arterial Assignment 

The arterial assignment prc^ram is for the IBM 704. The system has a maximum 
capacity of 999 nodes, any number of which may be centroids. 

The method of assignment divides interzonal volumes over alternate minimum time 
paths. Non-directional interzonal volumes are assigned. No turning movements are 
computed. 

Machine running time is approximately 4^2 hours for a single assignment to the 
maximum size network. Forecasting is not an integral part of the system. 

A unique feature of the program is that after a "Desire Assignment" the volumes 
are distributed over alternate paths by subsequent assignments with the aim of bringing 
assigned volumes to within 20 percent of capacity on originally over-assigned links. 
The alternate paths are computed through networks with link values adjusted according 
to capacity restraints. 

The staff requirements are one professional and four non-professional people in 
addition to computing center personnel for data preparation and analysis of results. 

This program is considered to be stil l in the development stage. Documentation 
wil l begin in 1961. 

SERVICE BUREAU CORPORATION 
The Service Bureau Corporation assignment programs were written to fu l f i l l the 

needs of a traffic study for the City of Boston. They were developed for the IBM 704 
with 8, 000 words of memory storage. The maximum number of nodes is 1, 350 of 
which a maximum of 300 may be used for centroids. Each node may have a maximum 
of seven outbound links and any number of inbound links. A gravity model forecasting 
phase is part of the package. It use is optional, however. Directional interzonal move­
ments may be supplied as input. If the gravity model option is Invoked, the time func­
tion of the gravity model is derived from the minimum path trees. 

No turning movements are computed at a single node. Turning movements may be 
obtained where desired by describing the movements with pseudo nodes and links. 
The all-or-nothing method (no diversion) is used. 

Machine runmng time for a network consisting of 1, 300 nodes, of which 250 are cen­
troids, is slightly over six hours including generation of the interzonal movements by 
the gravity model. Without the gravity model, the time is reduced by about 20 minutes. 

No information concerning the staff requirements for analysis and coding was re­
ported because the Service Bureau supplied only the programming and data process­
ing services. The data coding and analysis was done by outside consultants. 

These programs offer three unique features. 
1. The gravity model has provision for optionally generating movements for a 

period that actual ground count traffic volumes are available. The program statistical­
ly compares the two sets of data. On the basis of the analysis, changes may be made 
in the gravity model parameters. 
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2. T h i s i s the only reported development for which the nodes are identified by map 
coordinates rather than by arb i t rar i ly assigned numbers. 

3. The programming was done using the F O R T R A N system of automatic program­
ming which allows for rapid program development. Programs written in F O R T R A N 
are usually slower running than the same program written in the conventional manner. 
They have the advantage however of easy translation to other I B M computers. 

The programs are not available for general distribution but inquiries concerning 
them w i l l be welcomed by the Service Bureau Corporation. 

T R A F F I C R E S E A R C H C O R P O R A T I O N 

The assignment program i s presently operational for the I B M 650 equipped with 
magnetic tape units. The system, as now functioning, w i l l accommodate 100 centroids 
(zones) and 1, 800 nodes for directional assignment. Machine running time for a 
system of 100 centroids and 250 nodes i s 50 to 60 hours . 

The development thus far has been considered as a pilot model pr ior to being pro­
grammed for an I B M 7070. It i s therefore not available for use by others. 

The system has many unique features so it i s d iscussed in some detail . 

T r i p Generation 

Interzonal t r ips are generated by mode of t rave l , purpose and time of day using a 
gravity model developed from basic O - D data. 

Route Generation 

A highway system composed of nodes and l inks i s f i r s t described. E a c h link i s 
assigned a distance, legal speed l imit , number of lanes, turning res tr ic t ions , capacity 
and trave l t ime. The minimum time path principle i s then vised to find the shortest 
routes between a l l pa i r s of zones or loading centroids. 

T r i p Assignment 

The interzonal trips are f i r s t assigned to the minimum paths based on the legal 
speed l imit . The capacity-volume relationship i s then evaluated and the route t rave l 
t imes rev i sed accordingly. The system i s then "fed back" to the route generation 
phase and new routes generated. The old routes are kept on record however. The 
tr ips are now assigned between the new routes and the old routes in inverse proportion 
to their trave l t imes . T h i s process i s continued until the system stabi l izes . A s many 
as four routes are kept on record for any O - D pa ir . If and when a fifth route i s found 
that i s shorter than the longest on record , it replaces the longest. 

Gravity Model Feedback 

Once the route generation and assignment loop stabi l izes , the system may be fed 
back to the tr ip generation phase to regenerate and redistribute tr ips according to the 
new trave l t imes found due to capacity res tra ints . 

The whole process continues until road user time i s optimized within the capacity 
of a transportation plan. The system can s t i l l further be fed back to the land-use plan 
to take into account changes in land use due to the transportation plan selected. P r o ­
vision i s also made for balancing of auto and transit use due to capacity res tra ints . 
The parking function can also be taken into accoimt. 

Although s t i l l in the development stage, this system i s the most comprehensive of 
a l l those reported. 

C O N N E C T I C U T S T A T E HIGHWAY D E P A R T M E N T 

The Connecticut assignment programs are written for the Remington Rand F i l e 
Computer—Model 1, which i s c lass i f i ed a s an intermediate speed machine, but has 
large storage capacity. The development was initiated originally for an analys is of a 
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transportation plan for the City of Hartford, but has now been extended to six other 
Cities within the state. 

A maximum network size of 10, 000 nodes of which 165 may be centroids is reported. 
It is interesting to note that tfiis is more than twice the maximum number of nodes re­
ported for any other development. 

The program is for either directional or non-directional assignment by the all-or-
nothing method and has been used primarily with a gravity model program that uses 
the minimum path trees for the time function in generating the interzonal movements 
but the system wil l accept movements from any other forecasting method as input. 

Turning movements are calculated at selected intersections or all intersections 
as desired. Distributions of time and distance versus assigned volumes may be ob­
tained for the whole system or for selected routes within the system. An additional 
feature provides for obtaining the origin and destination of all movements passing 
through selected links or all links. 

For a system of 120 centroids, 1,400 nodes and 2, 500 links, the machine running 
time is 39 hours, data preparation and analysis is reported as about 180 man-hours. 

The programs are not presently available for distribution but are in the process of 
documentation. 

CALIFORNIA DIVISION OF HIGHWAYS 
The California assignment program is developed for the IBM 650 computer but wi l l 

shortly be revised for an IBM 704 with 8, 000 words of memory storage. The present 
development wil l accommodate a maximum of 699 nodes and 1, 000 links. Any node 
may be either a loading centroid or a street intersection or both. Turning movements 
are available for all intersections. 

Most assignment programs have been developed around the Moore Minimum Path 
Algorithm. California however developed their assignment program prior to the mini­
mum path development. So-called "by-hand" routings were supplied as input. Now 
routes are calculated by the minimum path principle and supplied to the original assign­
ment program as input. For small highway system analyses, hand routings are stil l 
used. 

The system uses the California freeway diversion formula which incorporates both 
time and distance as the criterion for diversion to the freeway routes. As many as 4 
different routes between a pair of centroids may be compared: 

1, The existing street system route. 
2, The basic route (this is interpreted as being the modification of the existing 

route caused by the superimposing of a proposed freeway system). 
3, The best time freeway route. 
4, The second best time freeway route. 
The diversion formula assigns 50 percent of the interzonal movement to the free­

way portion and 50 percent to the basic route if the two are equal in time and distance. 
If there is both a best and second best freeway route, the freeway portion is further 
split between them by a ratio of their time and distance. The percentage assigned to 
the freeway route is further reduced if the percent assigned is less than 50 percent of 
the total movement and the difference in distance between the freeway and basic 
routes is less than two miles. For economic comparisons, 100 percent of the inter­
zonal movements may be assigned to the existing routes. The program accommodates 
non-directional (so-called two-way) movements only. 

Forecasting is not an integral part of the assignment program. California uses a 
gravity model, the Fratar method-or a multiple regression method (which is their own 
development) for forecasting. 

For a network of 699 nodes of which 210 are centroids, the machine running time 
for a complete analysis is 125 hours. It is estimated that the machine time varies 
directly as the square of the network size. 

The map work and analysis is done by the district offices so staff requirements 
and time estimates were not reported. The programs are available for distribution 
through HEEP, an organization of highway users of IBM equipment. 
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MISSOURI S T A T E HIGHWAY COMMISSION 

The Missour i assignment program is developed for the I B M 650 computer and wi l l 
accommodate a highway network composed of 791 nodes and 200 centroids. F o r net­
works requiring a greater capacity, a technique has been developed such that the net­
work may be divided into two parts . The minimum path trees a r e developed separately 
for the two parts and then combmed (3). 

Another unique feature i s what i s called a "speed f latterner curve" that optionally d i s t r i ­
butes tree paths to para l l e l s treets in a grid network. T h i s has the effect of spreading the a s ­
signed volumes over a l l the para l l e l streets within a corr idor movement. The system i s non-
directional and uses the al l-or-nothing method or a time ratio diversion curve . The mimimum 
path principle of route calculation i s used. Forecast ing i s not an intergral part ofthe system. 

The output i s punched c a r d s in the form of minimum path trees or "loaded trees" 
which may be combined by punched card equipment to accumulate the total link volumes 
or turning movements. 

Machine nmning time for a system of 1,300 nodes and 270 centroids, which requires 
the trees to be computed in two parts , requires about 120 hours for the al l-or-nothing 
method. F o r time ratio diversion, the time i s doubled. 

The staff requirements are one engineer and two technicians to prepare the input and 
analyze the resu l t s . 

The programs are documented in such f o r m that others may use them. Copies 
may be obtained by writing to the Missour i State Highway Department. 

B R I T I S H R O A D R E S E A R C H L A B O R A T O R Y 

England i s a lso making excellent progress in the traf f ic assignment f ie ld . T h e i r 
development i s for the F e r r a n t i Pegasus Computer. The system w i l l accommodate a 
maximum of 44 centroids and 255 l inks for completely direct ional assignment by the 
al l-or-nothing minimum time or cost paths. A l l turning movements are computed. 

The Engl i sh development i s unique in two respects in that each link in the system 
i s considered as a centroid or loading point and that t r a v e l may be stratif ied by cost 
of t rave l . 

Machine running time i s one hour for a system of 100 l inks , each of which i s con­
sidered as a traf f ic origin. 

The program i s available but of course would have to be reprogrammed for use on 
computers in this country. 

DISCUSSION 

P r o g r a m Avai labi l i ty 

Only two of the respondents to the questionnaire stated without any qualification 
that their programs were available for general distribution. T h i s i s not because any 
of them wish to maintain any proprietary rights in their developments. It would be 
most difficult, therefore, for any prospective user to acquire and use any of these 
programs without a great deal of consultation with the developer. The reasons for this 
situation are many and not generally understood. T o d i scuss the problem, there must 
be a c l e a r definition of what constitutes a computer program in its finished f o r m . 
Such a program consists of three major parts , as follows: 

1. A careful ly written u s e r ' s manual which descr ibes the programs in detail f rom 
the engineer's point of view including such i tems as data preparation, staffing requ ire ­
ments, suggested sequence of program util ization, interpretation and analys is of r e ­
sults , common pitfal ls , experience of pr ior u s e r s , e t c . , so that the prospective user 
may decide whether the program i s applicable to his part icular needs, and, if it i s , to 
proceed to use it without undue study and delay. 

2. A programmer's manual which descr ibes the programs f r o m a programmer's 
point of view. Such a manual includes general and detail flow charts , copiously anno­
tated program listings accompanied by symbolic program cards . The test of the 
completeness of the programmer's manual i s that any competent programmer exper-
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ienced with the machine in question should be able to very quickly understand in de­
tail any part of any of the programs so that he could modify them for special needs 
without a great deal of study. Without adequate documentation, it often takes longer to 
understand someone else's program than it took to write it originally. 

3. A machine operator's manual should contain all that an experienced machine 
operator needs to know to successfully operate the programs and to deal with unusual 
operational problems without a programmer being present. The operator's manual is 
accompanied by the actual machine language program cards. 

Programs documented in this fashion would be almost ready for distribution, but 
not quite. There must be facilities for reproduction and program maintenance. Pro­
gram maintenance is something that hasn't received much publicity in the highway field 
but we wil l hear more about i t as computers become more commonly used. No program 
is perfect. Most of them are not completely de-bugged. It is not unusual for "latent 
bugs" to be discovered in a program even after i t has been in heavy use for months and 
even years. Programs are constantly being improved and modified. Large computer 
installations have a staff devoted exclusively to program maintenance. For programs 
to be successfully distributed, then, there must be adequate documentation and pro­
vision for the issuance of errata sheets and the latest changes and modifications. The 
programmers are not to blame for the lack of documentation. Most programs are de­
veloped under a great deal of pressure, usually with a deadline to be met. Usually, 
at the time of development, no thought is given to sharing the programs with others. 
When the programs do become operational, the sponsor usually assumes that because 
they are running, they are complete, and the programmer is assigned another job just 
as urgent as the f i rs t . Probably only the programmer is aware of the "patches" and 
modifications that had to be made to get the programs to run. Six months later even he 
has trouble in remembering what was done. Program development is an expensive 
business. The Washington and Minnesota developments came to more than $50, 000 
before they became completely operational. Minor troubles st i l l are being discovered. 
The writer believes that these developments must be shared, but i t would be unfair to 
burden the original developer with the job of distribution, reproduction and follow-up. 
The Highway Engineering Exchange of Programs (KEEP), an organization of highway 
users of IBM computers, is doing a good job in this field, but only one assignment 
program is reported as having been submitted to them. Perhaps there is a need for a 
central exchange of programs used only in the highway plaiming field without regard to 
the manufacturer of the machine. No central distributii^ agency can function, however, 
unless the programs are documented according to clearly set forth rules. It is the re­
sponsibility of the sponsor of the development to state clearly to the programmer 
that documentation wil l be required and to give him the time to do i t after the develop­
ment is operational. 

Large Versus Small or Intermediate Machines 
The larger the machine, the less it costs to operate for a particular assignment 

job. This assumes of course that the user is being charged for the machine only for 
the actual running time. Two of the respondents reported about 125 hours of inter­
mediate size machine time for an assignment to a system of about 250 zones and about 
800 nodes (these are average figures). Forty dollars an hour is a fair charge for the 
machine involved. This is neither the lowest nor the highest figure for the machine. 
At this rate, the cost is about $ 5000 for machine time for an assignment. The large 
high-speed machines wil l handle much larger networks with a machine running time of 
about 3 to 5 hours for a complete assignment at a cost of about $1,000 to $2,000. 
Here again, these are median figures. Even with no adjustment for network size, 
the cost is less than one-half. This is not to imply that the users of intermediate 
size machines should abandon their developments in favor of the larger machines. 
There are many advantages to being able to work locally. But to those who are consid­
ering entering this field, the following facts are pertinent. There is already pressure 
for assignment systems to accommodate larger networks than the largest now available. 
The so-called second generation of faster all-transistor machines is now here. When 
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assignment systems become available for them, the machine costs wi l l probably be cut 
to one-half of the best now operating. Even larger and faster machines are just over 
the horizon. Programming for the larger machines is considered by many to be less 
difficult than for the smaller machines. It is most unlikely that any state highway de­
partment or planning group wil l be able to afford installations of the large machines 
in the foreseeable future. 

Usually then, if the larger machines are to be used, travel, shipment of equipment 
and data, scheduling and communication problems wil l be involved. Those who now 
operate that way report that the problems are nuisances but not real obstacles to the 
prosecution of their work. 

The writer also believes that the highway planning staff should include people train­
ed in computer programming and to a limited extent, machine operation. 
Program Use 

There is general agreement among the users of assignment programs that many 
assignments are necessary before a balanced system for any urban area can be achieved. 
The Washington Regional Planning Committee has completed their twenty-third system 
analysis. Short-range assignments have been made, as well as long-range, to answer 
questions concerning stage construction. In one case, a complete assignment was 
made to answer questions about one particular ramp. New assignments reflecting 
changes in land use are needed. The mass transit problem must be solved. The 
writer knows of no group who has been willing to settle for a single assignment once 
they have placed themselves in a position to do them quickly and inexpensively with 
electronic computers. The trend is now toward continuing studies in urban areas. 
The highway planner must be active over a broad range from land-use planning on the 
one hand to geometric design on the other. No one assignment can answer all the 
questions simply because there is no single solution to a transportation problem. 

Capacity Restraint 
Al l of the respondents to the questionnaire agree in principle that some sort of 

capacity restraint is necessary to achieve balanced assignments. Two of the respon­
dents, Chicago and Toronto, have capacity restraint built into their assignment programs 
now. Others are actively working on the problem. Chicago has made several assign­
ments to very large networks using this feature and very favorable results are report­
ed. 

There is a reluctance, however, on the part of many to rely on a completely auto­
matic procedure to bring assigned volumes into agreement with highway capacity. 
Also there is not agreement as to the procedure to be used. The Chicago system varies 
link impedances as a network is loaded. 

The Toronto method loads the whole network before any adjustment of impedance 
takes place. New routes are then calculated but the old are kept on record and the 
volumes split according to the travel time on the new and the old. This process is con­
tinued until the system stabilizes with as many as four alternate routes sharing a 
particular interzonal volume according to the travel time on each. 

Others believe that trip time length should be a factor such that long trips would be 
assigned first and impedance adjustments made, then the next shorter trips and so 
on, so that the shorter trips wi l l be forced to seek existing street routes if the desired 
freeway routes are functioning at capacity. Others argue that the intermediate length 
trips should have the first opportunity to use the freeways because the longest trips are 
more likely to have equal time freeway choices and so can be easily diverted to an 
alternate freeway route. 

To say the least, capacity restraint is a controversial subject. Those who are 
pioneering in this field are to be commended. Proven techniques are bound to emerge 
from their efforts. 

Land-Use Feedback 
It is obvious that a transportation plan, if developed, wil l affect land-use patterns 
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which wi l l , in turn, affect the transportation system. Excellent developments in this 
area are under way and more can be expected. 

It is interesting to note that since comprehensive assignments to entire highway 
networks have become a reality, the emphasis is returning to the area of traffic fore­
casting. 
Network Size 

The maximum size of networks that can be accommodated varies from a few hund­
red nodes to several thousand. The question arises as to what node and link capacity 
is required for cities or transportation plans of various sizes. This also, is a con­
troversial subject. There is general agreement that the minor streets that can be 
classified as local service need not be defined in the network. Al l agree that the 
proposed freeways should be included. The arterial streets lying between the two 
extremes are the facilities that some say should be included sparingly if at all . Others 
maintain that a very comprehensive arterial system is required. 

Network size depends on the size of the city and the needs of the particular study. 
If the problem is limited to a general system location study, inter-district movements 
may be assigned to a rather grossly defined system to obtain meaningful results. If 
locations are fixed within narrow limits and information is required concerning inter­
change spacing and number of lanes, interzonal movements should be assigned to a 
system that includes a fairly comprehensive arterial network. If information is re­
quired as to ramp configuration, ramp capacity and modifications to the existing 
street system to insure that the proposed system will function adequately requires a 
well-defined arterial system as well as relatively small assignment zones. 

Assignments for various years for the purposes of establishing a schedule of priori­
ties for stage construction of an established plan also require detailed definition of 
the network to avoid distortions. The Washington Regional Highway Planning Commit­
tee has been able to serve all needs in the area (forecast population 3, 000, 000) com­
fortably with a 4, 000-node system. 
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Developing a Traffic Model with a Small Sample 
ROBERT G. DAVTDSON, Seminar Research Bureau, Boston College, Boston, Mass. 

• FOR YEARS the Boston Metropolitan Area has accomplished too little in its efforts 
to create and keep up-to-date reasonably good data dealing with the pattern of daily 
travel origins and destinations of its residents and visitors. The first and last com­
prehensive O-D study was undertaken in 1945 at a time when travel patterns were ab­
normal because of World War n . The study must now be considered useless. In more 
recent years partial O-D surveys have been made, but these have consisted of Cordon 
Count O-D surveys and studies of industrial plan commutation patterns (such as along 
Route 128). These surveys cannot be classified as the type necessary to properly 
guide a comprehensive public transportation policy. 

Nevertheless, the construction of highway and expressway facilities has progressed 
with moderate speed. The process has been somewhat confusing, sometimes mixed 
with politics, and not always in the best interests of economic development of the re­
gion. More seriously, the highway program has progressed (with Federal financial 
help) unilaterally—and not with the parallel development of related transportation faci l ­
ities such as parking lots, transit, local streets, and frequently other highways imder 
other governmental jurisdictions. 

For those reasons, and the simple fact that those highways already built exceed 
estimated 1970 traffic volumes, the great need for good and up-to-date O-D data and 
estimates of future traffic flows is intensified. And of course it was obvious that the 
traffic engineering profession should have a bigger role in the decision-makii^ pro­
cess. 

At this time Boston College, with Ford Foundation help, had formulated a "Seminar 
Research Bureau" to carry out programs of research and citizen education on Metro­
politan Boston Problems. The f i rs t problem identified and investigated was urban tran­
sportation. It quickly followed that the Boston College research program would consist 
of investigation and use of the Gravity Model as a means, f i rs t of making (hopefully) a 
small contribution to the science and progression of traffic engineering, and second, 
making a contribution to the process of data collection and analysis in Boston. It was 
intended, and st i l l is, that the Boston College Study could create a good, reliable 
and inexpensive traffic analysis and estimation process that would be adopted by appro­
priate official agencies. 

The general procedure of the Boston College Study was, as follows: 
1. To undertake a small, carefully designed sample home interview. 
2. To use the resultant data to verify that the daily travel frequency characteristics 

of Boston residents are of similar magnitudes and characteristics as has been demon­
strated to be the case by other O-D studies in other cities. And in this case the sample 
data were designed to allow establishment of relationships between social-economic 
characteristics of the Boston residents, and then the amount of travel taking place 
each day. 

3. To use the sample survey data to check the general validity of the O-D distribu­
tion of daily trips as calculated by the Gravity Model formula (the model used was that 
developed by Alan Voorhees). 

4. The remaining steps of the procedure have less to do with the use made of the 
sample data, but are distinctly related to the conclusions of this paper; (a) Calculating 
the 1959 and 1980 O-D's with the Gravity Model. The Boston College Study made 1980 
calculations based on 2 alternative patterns of future regional employment—one empha­
sizing the downtown as a job center and the other emphasizing the suburbs near Route 
128. (b) Assignment of trips to the major transportation facilities, and here i t must 
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be noted that some six alternative assignments and systems of transport have been 
analyzed. 

The sample home survey was designed to interview 100 families in each of ten com­
munities. Therefore, 1, 000 families were interviewed out of a total of 850, 000 in the 
entire Boston Metropolitan Area (a 0,12 percent sample). The ten communities were 
selected at random from among the 84 traffic zones of the region—with the qualification 
that 5 of the 10 were selected intentionally from the suburbs and 5 from the inner area. 
The 1, 000 families were also selected at random. 

The interviews were carried out by senior students majoring in marketing at the 
Boston College School of Business Administration. About 40 students participated and 
were paid for time and expenses. Each student was assigned 2 homes per day for 2 or 
3 days a week. The interviews were conducted during the late afternoon and evenings 
of October, November and early December. The questions asked of the residents were 
essentially the same as those asked in regular O-D surveys. The professor of the 
marketing course acted as consultant on interview techniques. 

The sample size was small by statistical design. Because others making more ex­
tensive studies of this kind had established that the travel habits of groups of people had 
distinct patterns and magnitudes, and that these patterns were related to various social 
and economic characteristics of the people, i t was necessary to verify only that these 
patterns and relationships also applied to the Boston region and then to modify the rela­
tionships to be somewhat more accurate and applicable. Statistically speaking, other 
studies had considerably narrowed the areas of uncertainness—they had defined the de­
grees of variability and deviation. It was statistically expected that a sample of the de­
sign carried out would allow estimation of the amount of total daily trips, and the amount 
of daily work trips for each community within - 10 percent, two out of three times. 

The results of the survey proved capable of doing just that. If they had not, this 
study would have come to an abrupt halt. 

The results provided data that allowed the formulation of travel and socio-economic 
relationships noted, as follows: 

1. Correlation between total trips per family and persons per family and cars per 
family. This multiple correlation has a coefficient of 0.944 and a relative variation of 
8.6 percent. 

2. Correlation between daily work trips and persons per family. The coefficient 
of correlation is 0,941 and the relative variation is 8.1 percent. 

3. A good result proved to be a correlation between daily total non-work trips. 
The coefficient of correlation is 0,908 and the relative variation only 4,3 percent. 

4. Relationships dealing with the number of more specialized types of trips did not 
prove to be as strong: 

(a) Shopping trips correlated with car ownership had a coefficient of 0.868 and 
a relative variation of 17. 8 percent. 

(b) Personal business trips, business related to work, and recreation trips—as 
a group—related to car ownership had a coefficient of correlation of only 
0. 761 and a relative variation of 33 percent. The probable accuracy of pre­
diction is not very good. 

(c) Social, civic, education and religious trips—as a group—had a coefficient of 
correlation of 0. 819 and a relative variation of 17. 7 percent when related to 
car ownership. 

It is believed that the data from the sample were good enough and that the sample 
size was big enough to accomplish what was intended of it with regard to estimating 
travel frequency. 

The results were used to calculate the 1959 and 1980 total, work and non-work 
travel frequency in each of the 84 zones. 

The sample data were not specifically designed to guide the composition and use of 
the Gravity Model. It was intended only to check the distribution of trips by the model 
with the sample data. But after the survey was completed and the model was being 
checked it was noted that the value of the best exponent of the model appeared to be 
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greater than in previous examples of i ts use in other c i t ies . T h i s could be expected 
to some extent because of the manner in which time and distance w^re measured be­
tween zones. A further explanation i s the fact that a measure of "terminal time" was 
included in the measured t rave l t ime. 

But what was disturbing was an apparent biased difference between the model and 
the sample data. It was noted in the investigations that a pattern suggesting that the 
best exponent for inner zones was different from the best exponent for outer zones 
when compared to the sample data. 

Without going through a l l the details , it was f inally concluded that the number of 
daily walk tr ips accounted for most of the difference and were adjusted accordingly. 
(Fortunately the number of walk-to-work tr ips had been sought out in the s u r v e y . ) 
In the f inal stages the sample data established the level of the exponent in the model. 
The exponent settled on for work tr ips was 3 .5 and for non-work tr ips was 5 .0 . 

How accurate i s the e ^ o n e n t ? Statist ical ly, it i s not known, but the f inal determin­
ation of the exponent shows no bias and the distribution of tr ips by the model when com­
pared to the sample data in 10 zones shows e r r o r s . In some case s large—in other 
cases small—as in any O-D survey est imates . But the e r r o r s show no pattern—or they 
have no b ias . T h e r e i s nothing to indicate that the e r r o r s are a function of too little 
data to accurately determine the trave l habits from 84 different zones. 

If this study were to be done again, it would be done in much the same way; but a -
bout twice as many fami l ies would be interviewed, not necessar i ly with the expectation 
of eliminating the e r r o r s that exist, but with the intent of being able to measure more 
accurately the e r r o r s that do occur . 

But this interest i s partial ly academic. A s far as the numbers are concerned, it i s 
felt that the normal process of aggregating and assigning the volumes tends to minimize 
the individual zone-to-zone O - D e r r o r s . 

More impress ive at this time are the differences that can occur because of various 
assumptions that must be made in any such study before it can rationally lead to r e c o ­
mmendations of metropolitan transport fac i l i t i e s . 

The influence (and related e r r o r s ) of estimates of the following are important: 

1. Future population distribution; 
2. Future economic levels and job distribution; 
3 . Future c a r ownership; 
4. T h e assignment procedure and i t s underlying assumption and/or pol icies r egard­

ing how easy and convenient sha l l t r a v e l be, what kind and how many t r ips sha l l be put 
on expressways , e t c . ; 

5. The future utilization of mass trans i t . 

T h e r e are more c r u c i a l factors that greatly affect the design of the system to be 
recommended. E v e n the s imple , but not so s imple to calculate, matter of future c a r 
occupancy can dras t ica l ly affect the eventual design. 

Who, or what O - D survey, for example, could predict that t r a v e l would increase so 
greatly between Cambridge and Washington, D . C . ? 

These kinds of influence are as Important as the e r r o r s of the model. These factors 
show that there are many e r r o r s involved—and one of these must not be the human 
e r r o r of combining the very accurate with the inaccurate and e j e c t i n g the perfect . 

The s m a l l sample proved adequate, and even though strained, gave resul ts that 
have a level of accuracy consistent with the many other inputs of a metropolitan t r a n s ­
portation study. 
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0 TRAFFIC PREDICTION methods have been developed primarily to help shape and 
justify road planning decisions. It is an unfortunate fact that the traffic systems to 
which such methods must be applied are almost always inadequate. Some degree of 
peak-hour congestion exists in most cities today and wil l continue to exist in the future. 
To build a road network on which no congestion would occur would probably be prohibi­
tively expensive. Any realistic method of traffic prediction must therefore recognize 
the presence of traffic congestion and its effect on traffic patterns. 

An assignment program is essentially a means of estimating traffic flows on the 
basis of trip demand and traffic network data. Hitherto, designers of such programs 
have paid scant attention to the effect on traffic patterns, whether real or simulated, 
of road capacity limitations. Such limitations are, of course, the cause of traffic con­
gestion. It is well known that delay caused by congestion wil l cause travelers to seek 
other less congested routes and wi l l persuade some travelers to cancel their trips 
entirely; conversely, i t is known that the existence of an uncrowded direct route be­
tween two areas wil l quickly draw traffic from other more crowded routes and wi l l even 
create new trip demand between the two areas. These effects are implicit in the traffic 
pattern of any city. Assignment programs which do not take them into account in an 
explicit manner can make no allowance for changes in the pattern of congestion which 
wil l inevitably occur as the city evolves. In fact, such programs tend to freeze the 
congestion pattern to whatever shape it had when the last O-D survey was made. This 
can cause considerable error, especially if there are significant differences between 
the land-use pattern and/or traffic network proposed for the future and that in existence 
when the survey was made. 

Under contract with the Metropolitan Toronto Planning Board, the Traffic Research 
Corporation has developed a systematic model for predicting vehicular traffic flow using 
high-speed electronic computing techniques. This model contains a direct feedback 
mechanism by which capacity restraints and the resultant congestion are allowed to 
affect route generation, trip distribution and vehicle assignment in successive program 
blocks. It has been tested in full-scale studies of the Toronto area and has been found 
to give promising results. This paper describes briefly how the simulation model 
works and shows how some of the results obtained from it compare with observed data. 

DESCRIPTION OF TRAFFIC SIMULATION MC©EL 
Input data for the model faUs into three basic categories; (a) land use (that is, 

where people live, work, shop, play, etc.): (b) traffic facilities (that is, what ex­
pressways, roads, etc., are available); and (c) trip characteristics (that is, on what 
basis people choose their destinations, mode of travel, route followed, etc.). This 
information is assembled in the form of tables and formulas. 

Traffic simulation is then carried out by means of five types of program blocks, 
as follows: (a) tr ip generation, (b) route generation, (c) trip distribution, (d) vehicle 
assignment, and (d) travel time calculation. The order of occurrence of these blocks 
is shown in Figure 1. Briefly, the sequence is as follows: 

1. A trip generation is carried out for the land-use pattern and the time period 
(hour of day) under study. Once completed, this block is never repeated, imless i t is 
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desired to start another run based on a different land-use pattern and/or time period. 
2. A f i rs t set of routes is determined, one between each pair of zones. Each route 

is the shortest possible in terms of travel time. Because at this stage there is no 
traffic moving on the road network, these travel times are called "ideal travel times" 
and the resultant routes are called the "ideal routes". 

3. Trips generated in each zone are distributed to all other zones on the basis of 
the attractiveness of each zone and the ideal travel times as determined in step 2. 

4. Trip interchanges from step 3 are translated into terms of vehicles and assigned 
to the pertinent ideal routes. The volume of vehicles per hour using each road section 
is then determined. 

5. On the basis of volumes from step 4 a new travel time is calculated for each road 
section, or link. 

6. A second set of routes is now generated. These are, in general, different from 
the ideal routes, because they are based on the new link times found in step 5. 

7. A second assignment is carried out. The vehicles proceeding from an origin 
O, to a destination, D, are divided proportionately between the routes now available, 
on the basis of the route times. 

8. A second travel time calculation is performed for each link and each route on 
the basis of link volumes determined in step 7, 

9. The sequence of steps 6,7, 8 is iterated twice again to produce up to four routes 
between each O-D pair. 

10. A new distribution is performed to determine the trip interchange between each 
O-D pair which results when the congested travel time is used instead of the ideal time. 

11. The sequence of steps 7, 8 is now iterated several times until changes in link 
volumes from one Iteration to the next remain less than a predetermined value. In 
practice, the sequence of steps 10 and 11 may be repeated again if necessary. The 
resulting link volumes and travel times comprise the traffic pattern predicted by this 
simulation model for the specified time period, land-use pattern, road network and 
tr ip behavior. 

TRIP GENERATION 
C a l c u l a t e number 
of t r i o s from each 
zone. 

Start 

ROUTE GENERATION 
S e l e c t s h o r t e s t 
routes on b a s i s 
of t r a v e l times 

End4. 

TRIP DISTRIBUTION 
Determine t r i p 
Interchange based 
on t r a v e l time and 
zone a t t r a c t i v e n e s s . 

I 
CAPACITY RESTRAINTS i— 

1 C a l c u l a t e route t r a v e l i— 
h — times based on road 

se c t i o n t r a f f i c volumes. 1 s e c t i o n t r a f f i c volumes. 
1 

TRIP ASSIGNMENT 
Assign t r i p s to 
routes and 
determine t r a f f i c 
volumes. 

Figu r e 1 . Flow diagrsm f o r t x a f f i c simulation model. 
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It can be seen from the foregoing that travel time is the variable which ties all 
blocks of the model together. It is, therefore, important that the formula by which i t 
is calculated be clearly understood. This leads to a more detailed discussion of the 
means by which capacity restraints are used to calculate the effect of traffic volume on 
travel time. 

CAPACITY FUNCTION 
The term, "capacity function," as used in this paper, means the mathematical for­

mula developed to describe the relationship between traffic volume and travel time for 
a given road section. Flow of vehicles along a road is a very complex phenomenon 
depending on many factors. From observations it is well known that larger volumes 
of traffic can be moved on multi-lane roads than on single lane roads, although the 
volume does not increase arithmetically as the number of lanes increases. It is also 
a known fact that as traffic volume increases the delay due to congestion and stopple 
increases. The form of this time-volume relationship is obviously affected by many 
things: road width, lane markings, intersections, traffic signals, transit vehicles, 
transit stops, trucks, turning movements and pedestrian traffic, to name a few. Each 
road section is probably unique in its combination of these variables and should, for 
precise simulation, have a unique capacity function to describe i t . Moreover, i t should 
have a different capacity fimction for different time periods and different weather condi­
tions, etc. Perhaps computer capacity and empirical data wil l be sufficient someday 
for this degree of precision. For present purposes, however, it has been approximated 
as follows: 

The road network in the study area is represented schematically by a grid of nodes 
and links. Because the schematic grid can rarely be as detailed as the actual road net­
work, each link usually represents several parallel adjacent roads having similar 
traffic flow properties. Each link then is classified into one of ten categories, accord­
ing to the speed limit and number of signalized intersections per mile on the road sec­
tions which i t represents. Link properties for each category are given in Table 1. 
The basic capacity function formula, which applies to all categories, is 

d(F 
t + c 

^c) 
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in which 

Fv 
Fc 

L 
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= link volume as calculated by assignment block (cars per hour per lane); 
= critical volume = practical capacity of link above which flow becomes 

unstable and travel time rises rapidly (cars per hour per lane); 
= link travel time at volume Fy (minutes); 
= link travel time per mile at critical volume Fc (minutes per mile); 
= Unk length (miles); and 
= delay parameter (minutes per mile); = di for Fy ^ F^; = dz for Fy^ F^.. 

The variables Fc and tc, when substituted in Eq. 1, define a unique volume-time re­
lationship for each of the ten link categories. The delay parameters, di and dz, could 
be made unique for each category, but present observations can be fitted adequately 
by using the same values for all categories; that is, di = 0. 5 and dz = 10.0. 

The ten capacity functions resulting from these values are shown in Figure 2. 
Data on which these curves are based come from a wide variety of sources. Most 

prolific of these has been the system of radar detectors mounted at the approaches to 
eight intersections in Toronto as part of the Computer Automated Traffic Control pro­
ject. Input from these detectors is analyzed every two seconds by the computer in such 
a way that delay at each intersection approach can be calculated as a function of approach 
volume. Results from one such location are shown in Figure 3, in which the observa­
tions have been correlated by two straight line segments. The volume at which the slope 
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changes is known as the critical volume, Fc, which could also be called the free-flow 
capacity of the link. Above this volume, flow becomes unstable and time delay tends 
to increase rapidly with volume. 

Curves of the type shown in Figure 3, when reduced to a volume-per-lane basis, ad­
justed to a standard cycle and phase time, and grouped according to category character­
istics, resulted in the ten functions of Figure 2. Some of these curves are based on 
sketchy evidence; experiments are presently being carried out in Toronto by the Metro­
politan Toronto Traffic Department, the City of Toronto Traffic Department, the Metro­
politan Toronto Planning Board and the Ontario Department of Highways to f i l l some of 
the empirical gaps. 

Curves of the shape shown in Figure 3 were predicted theoretically on the basis of 
elementary queuing theory before the observations were made. Different assumptions 
of arrival and departure distribution could lead also to curvilinear functions. It was 
felt, however, that straight line segments were the best simple functions to f i t present 
data. 

DESCRIPTION OF PROGRAM BLOCKS 
Trip Generation 

The study area is broken down into zones, each of which is represented schematically 
in the model by a centroid point or node possessing all properties of the zone except 
size. Land-use data for the area provide significant information such as population, 
employment, car registration, number of dwelling vinits, etc., for each zone. Relation­
ships between this information and the number of trips actually generated in a zone were 
determined as follows: 

The Metropolitan Toronto Planning Board carried out a home-interview survey in 
1956. This indicated how many trips for each purpose and mode of travel were generated 
in each zone for all time periods during the day. Regression analyses were carried out 
to correlate the data for each time period, trip purpose and travel mode. Workable 
relationships were found between automobile trips generated and three land-use para­
meters: population, dwelling units and car registration. Multiple correlation coeffici­
ents for the time periods studied exceeded 0.95. 

Using these relationships, the following categories of trips emanating from each 
zone are calculated: 

1. Primary trips; that is, trips having one terminus at the place of residence. 
These are broken down into three purpose categories: (a) work, (b) business-commer­
cial, and (c) social-recreational. 

2. Secondary trips; that is, trips having neither terminus at place of residence. 
These are subdivided into the same three categories of tr ip purpose. The distinction 
between primary and secondary trips is necessary because different generating relation­
ships are required for each type. 

TABLE 1 
CAPACITY FACTORS 

Description of Link 
Speed Signalized 
Limit Intersections 
(mph) (no. /ml) 

Capacity 
Table 
Code 

Critical 
Volume, Fc 
(cars/hour/ 

lane) 

Travel Time 
per Mile, tc, 
at Volume Fc 

(minutes/mile) 

Mean Speed, 
Sc at 

Volume Fc 
(mph) 

Travel Time 
per mUe, to, 

at Zero Volume 
(minutes/mile) 

Mean Speed, So, 
at Zero Volume 

(moh) 
30 10 0 400 5.8 10.3 5.3 11.3 
30 5 1 450 4.4 13.6 3.9 15.4 
30 3 2 500 3.7 16.2 3.2 18.8 
30 2 3 550 3.2 18.8 2.7 22.2 
30 1 4 600 2.8 21.4 2.3 26.1 
40 2 5 750 2 4 24.6 1 9 31.6 
40 1 6 900 2.2 26.7 1.7 35.3 
50 1 7 1,100 2.0 30.0 1.5 40.0 
SO 0 8 1,300 1.7 35.3 1.2 50.0 
60 0 8 1.400 1.5 40.0 1.0 60.0 
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EaiNTON AVE. AND AVENUE RD. - EASTERN APPROACH 

CYCLE TIME = 70 SEC, (GREEN 3 0 , AMBER 5, RED 35 ) 

NUMBER OF WESTBOUND LANES = 2 
NO BUS OR STREETCAR STOPS AT THIS APPROACH 

NO PARKING ON APPROACH DURING RUSH HOUR 

1301. 500 600 yOO 800 900 1000 1100 

FLOW APPROACHING INTERSECTION, F (VEHICLES PER HOUR) 

Figure 3. Volume-delay p r o p e r t i e s of a signalized, i n t e r s e c t i o n . 
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As input for the trip distribution block later in the program it is also necessary to 
determine how many trips of each purpose wil l be attracted to each zone during the 
period under study. Again the home-interview survey was used to determine relation­
ships between land-use parameters and trip attractor figures for the three purposes. 
It was found that the work attractors (that is, the number of work trips arriving at each 
zone) could best be correlated by the variable total employment; business-commercial 
attractors were correlated by retail employment, and social-recreational attractors 
by population. In dealing with vehicle trips the availability of parking in a zone was 
also a factor. 

The three attractors are thus calculated for each zone on the basis of employment 
and population within the zone. They are then adjusted on a pro rata basis so that the 
sum of the attractors over all zones for a given trip purpose is equal to the total trips 
generated in all zones for that purpose. This matching of totals is necessary to insure 
reasonable closure of the simulation model. 

When 1956 land-use data are used, these calculations yield values of trips generated 
and attracted for each zone in good agreement with the survey figures, as would be 
expected. Relationships established for 1956 wil l not necessarily remain valid for 
future years, and a study is being carried on to determine what trends exist, i f any. 
For present purposes, however, the established relationships must suffice. Quantities 
such as population, employment, car registration, etc., can be estimated for the future 
on the basis of past trends, zoning restrictions and economic forecasts. U desired, 
ranges of such quantities can be studied. Having made these estimates, the trips 
generated in and attracted to each zone can be calculated for the future time period 
under study. This is the function of the Trip Generation program block. 
Route Generation 

As previously mentioned, the road network vmder study is represented by a grid of 
nodes and links. Each link is fully described for purposes of traffic simulation by 
three variables: one indicating which capacity fimction is applicable, a second indicating 
its number of lanes and a third indicating its length in tenths of a mile. Turning de­
lays and restrictions can also be included, if desired. 

Finch 

Sheppard 5 

Lawrence 

Eqljnton 

Arterial Roads 
Expressways 
Shortest route 
from origin < 

Figure k. A t y p i c a l s et of routes emanating from a s e l e c t e d node. 
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Given the volume of cars per hour using a link at any time during the simulation 
procedure, i t is possible, using the appropriate capacity function, to calculate the 
travel time required to traverse that link. This information is required by the Route 
Generation block, which determines by a rapid.method of t r ia l and error the shortest 
route in terms of travel time between every pair of centroid nodes in the grid. 

The algorithm used is based on that developed by E. Moore and G. Dantzig but has 
been modified to minimize the number of times a given node must be queried. This 
means that routes goii^ from an origin to nodes close by are minimized before longer 
routes are built onto them. In this way revisions of the longer routes are avoided with 
a resultant saving in machine time. A typical set of routes emanating from one node 
is shown in Figure 4. 

As the simulation commences, link volumes are all zero, so that link travel times 
are all ideal. The set of routes found on the basis of these Unk times is known as the 
set of ideal routes. The grid shown in Figure 4 contains 250 nodes, of which 99 are 
centroid nodes. The number of routes in the ideal set is therefore 99 x 98 = 9702. 
(Note that the direct route A to B and the reverse route B to A may follow quite dif­
ferent paths.) As the simulation proceeds, other sets of routes are generated on the 
basis of whatever link times apply at the time. A given set of routes tends, therefore, 
to avoid areas which are congested at the time it is generated. A l l ideal routes are 
stored in the computer memory for later use. Most routes generated in subsequent 
iterations are also stored; as many as four routes can at present be retained for any 
O-D pair. The effect of this procedure is to allow travelers from an O to a D a 
reasonable choice of routes to follow. This is illustrated in Figure 5 where four such 
routes are shown: the f i rs t route follows a roundabout course to use 60-mph express­
ways for most of its length; route 2 also makes use of an expressway, whereas routes 
S and 4 are forced by expressway congestion to use slower arterial roads. 

The generation of a new route is initiated only if the ratio of O-D travel time after 
the last updating of link times to the ideal O-D travel time exceeds a parameter which 
can be pre-set at any desired level or which can be changed by the program itself during 
the run. To avoid duplication a new route is recorded only if i t differs in at least one 
link from any of the previously recorded routes. 

Destination 

Hwy 4or 
Eliesmerc 

Demarkation 
First Route 
Second Route 
Third Route 
Fourth Route 

Figvire 5. Example of four routes between an O-D p a i r . 
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Trip Distribution 
The distribution problem consists of determing what number of trips wi l l be made 

from each origin to each destination. It is assumed that this number wil l depend, for 
each trip purpose, on the total number of trips available for distribution at the origin 
in question, the total number of trips attracted to the destination in question, and the 
ease of getting from O to D, as measured by the travel time. This leads to the basic 
Gravity Model formula: 

Jij « Gi Aj Fi j (2) 

in which 
Jij = number of trips going from origin i to destination j for the purpose in 

question; 
Gi = trips generated for this purpose at origin i ; 
A j = trips attracted for this purpose at destination j ; 
F i j = (T i j ) "^ = time factor for the trip between origin i and destination j ; and 
Ti j = average travel time from origin i to destination j . 

To insure that the number of departures from an origin actually equals the trips 
generated there (that is, that Jij = Gi) the basic formula is put into proportional 
form: j 

= J ^ G. (3) 

3 

However, this formula does not insure the correct number of arrivals at each destina­
tion; (that is, there is no guarantee that Jij = A j . In practice with 99 

centroid nodes and the pattern of Gi and Aj as found in Toronto, i t is found that a signi-
ficant number of nodes have a factor ^ j . . ^^^^ 5 ^^^^^^ ^^^^ 2. To 

lessen this effect, a second iteration of the distribution calculation is carried out using 
adjusted attractors: 

A ' j = AV I : Jij (4) 

in which 

A ' J = adjusted attractor at destination j , for use in second 
iteration of trip distribution calculation. 

One such iteration within the trip distribution block brings the attractors and arrivals 
into balance to within 5 percent in most cases. 

A separate distribution calculation must be carried out for each of the three trip 
purposes, because each purpose has its own set of generators and attractors. It has 
been found also that different time factor indices are necessary for different purposes. 
Those currently being used in the vehicular simulation are, as follows: 

(a) for work trips: Fi j = T i j " ^ (5) 
(b) for business-commercial and social recreational trips: 

Fi j = Ti j -2 (6) 
Investigations presently being carried out indicate that these indices should be reduced. 

The modified gravity formula produces results which compare well with observed 
data. It takes into account the effect of travel time and, as modified, insures adequate 
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balancing of arrivals with attractors. This form of distribution calculation therefore 
allows the effects of capacity restraints and congestion to make themselves felt on inter­
zonal trip interchange in a reasonable way. It has been adopted as the best empirical 
formula available and one that is capable of further refinement as experience grows. 

Vehicle Assignment 
In the assignment block, vehicles going from each O to each D are loaded onto the 

links comprising the route or routes available between each O-D pair. 
Where more than one route is available the vehicles are proportioned among them 

according to the following formula: 
(T . . r ^ J.. 

JriJ = a - (7) 
n 

in which 

Jj-ij = number of trips goii^ from origin i to destination j 
via r*^ available route (14 r 4 n); 

n = number of routes available between i and j (14 n4 4 
in present program); 

Tr i j = travel time from i to j via r*" available route; 
Jij = total number of trips going from i to j via all n avail­

able routes; and 
b = index which can be adjusted empirically. 

At present this proportional assignment is carried out with b set to 1. Further in­
vestigation is proceedii^ to determine a more representative value if necessary. 

It can be seen that the proportional assignment is another means by which capacity 
restraints are taken into accoimt in this simulation model. Although the ideal route 
from an O to a D wil l have the shortest travel time under non-loaded conditions, its 
popularity may lead to traffic congestion which increases its travel time to a higher 
value than that for the other available routes. The proportional assignment allows this 
effect to be simulated in a reasonable manner. 

Travel Time Calculation 
Having obtained link volumes from the assignment block, this block calculates link 

travel times using the capacity function formula. The new link travel times are stored 
for possible use in subsequent route generations. They are also used to update all 
route times, should these be necessary for an assignment or a new trip distribution. 
For the latter the O-D time is calculated as the average of all route times between the 
O and D, weighted by the number of O-D vehicles using each route: 

2̂  (Jrij Tj-ij) 

in which 
T.. = average travel time between origin i and destmation. 
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EFFECTS OF CAPACITY RESTRAINTS-SUMMARY 
The effects of capacity restraints on travel time make themselves felt at three 

points in this simulation model: 
1. In finding of routes. Route generations are carried out under differing conditions 

of congestion to provide several reasonable routes from every O to every D. 
2. In choice of destinations. Trip distributions are carried out under conditions of 

practical as well as ideal traffic patterns to simulate the effect of congestion on travelers 
choice of destination. 

3. In choice of route. Confronted with several possible routes from an O to a D, 
simulated travelers are allowed to choose among them so that more take the shortest 
route than take the longest. 

It should be emphasized that this model is stil l in the development stage. Much 
more work is required to verify and refine many of the ftmctions and parameters used. 
Nevertheless, i t is capable of producing meaningful results even in its present state, 
as results of a current production run wil l show. 

RESULTS OF TEST RUN 
Under contract with the Metropolitan Toronto Department of Roads, the Ontario 

Department of Highways and the Metropolitan Toronto Planning Board, the Traffic 
Research Corporation is presently applying this traffic simulation model to a study of 
the Toronto area. The area of emphasis is the Toronto by-pass expressway. Highway 
401, and the time period is an evening rush hour in the year 1980. 

Before being applied for a future time period the model is always appUed to a recent 
historical time period for the city in question. Observed volume coimts across cordons 
and screenlines can then be compared with simulated volumes to check the accuracy 
of parameters and functions used. On the successful completion of the test run, the 
model is applied to the future time period using the same program sequence. 

The preliminary test run for this study was an evenii^ rush hour in 1958. For 
cheekily purposes, comparisons were made between simulated and observed values for 
that time period. Some of these comparisons are shown in Figures 6 throi^h 10. 

Figures 6, 7 and 8 are mainly a check on the validity of the simulated trip distribu­
tion. Observed data for these graphs were taken from the O-D Survey of 1956, expand­
ed to 1958 on the basis of land-use changes. As i t can be seen in Figures 6 and 7, tol­
erance limits must be set wide because of wide variability in the survey data. It is 
evident, however, that the trend of trip interchange volumes and O-D travel times as 
simulated is close to that shown by the observed data. 

Figures 9 and 10 show a comparison of volumes along Highway 401 and across a 
typical screenline several miles south of the highway. Observed counts were taken 
during the period 1957 to 1959. Again, simulated volumes are seen to follow the 
observed trend quite closely. 

A convenient yardstick for comparing transportation costs in a system under various 
conditions is the total time spent by all vehicles on the road during the period in question. 
This "system cost" is usually expressed in terms of vehicle minutes. Mathematically 
i t is the volume of vehicles using each link multiplied by the travel time for that link, 
summed for aU links in the system: 

System cost = ̂ ( F ^ x Ty) (9) 
all Uiiks 

This parameter is also useful as an indication of the degree of program settlement 
as successive iterations are carried out during the simulation. Figure 11 shows how 
the system cost varied during the 1958 run. 

The value at point D l (first distribution) indicates system cost under ideal conditions 
(zero congestion on all links) with one route (the ideal route) available between each 
O-D pair. System cost between D l and A4 (fourth assignment) has little absolute 
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A9 AlO 

PROGRESS OF PROGRAM 

Figure 11. Behavior of system cost as program progresses. 

meaning because arbi t rary percentages of distributed t r ips were assigned in order to 
f ind alternate routes as quickly as possible. The value at A4 represents the system 
cost again under ideal conditions, but now with up to four routes available between 
each 0 -D pair. This is higher than the cost at D l , as would be expected, because the 
second, th i rd and fourth routes fovmd could not, under ideal conditions, be as short as 
the ideal set. The system cost at A10 (tenth assignment) is that imder actual equi l i ­
b r ium conditions as found by the simulation model. As would be expected i t i s higher 
than either of the ideal system costs. 



When early t r ia l s were made of the simulation model, i t was foimd that individual 
l ink volumes and times (and hence the system cost also) had a tendency to fluctuate 
violently f r o m iteration to i teration. A degree of link time dampening was introduced 
to reduce these oscillations and speed convergence: whenever a link time is calculated 
i t i s modified by a weighted function of the previous time f o r that l ink. The effect of 
this dampening can be seen as the system cost rises f r o m A4 to A10 Subsequent 
runs with less dampening than was used here have approached the point of c r i t i ca l 
dampening, with even faster convergence as a result. 

CONCLUSIONS 

The use of capacity restraints and the resultant feedback of congestion effects by 
means of t ravel time is fe l t to be essential in t r a f f i c simulation programs. 

The model described in this paper incorporates such effects and has been shown to 
give realistic results. 

Further research into the method is progressing. Similar techniques are being 
applied to the simulation of combined transit and vehicular t r a f f i c , with promising 
results. 
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A Simplified Method for Forecasting 
Urban Traffic 
REX H. WIANT, Tra f f i c and Highway Planning Department, Division of Planning, Iowa 
State Highway Commission, Ames 

During the last year, new concepts of origin-and-
destination studies and t ra f f i c forecasting were 
applied fo r the f i r s t time in Iowa. In 1959, an 11-
member study committee was created by Iowa's 
58th General Assembly. The committee was direct­
ed to make a f i sca l , administrative and engineering 
survey of Iowa's highways, roads, and streets, and 
report i ts findings to the 1961 session of the legisla­
ture. Subsequently, two f i r m s were employed, the 
Automotive Safety Foimdation and the Public A d ­
ministration Services, to supervise and direct the 
studies. 

One phase of the engineering study was to de­
termine what city street improvements would be 
needed by 1980 to provide a tolerable level of 
t r a f f i c service. The problem was naturally most 
acute in the larger metropolitan areas where the 
greatest population gains f o r the next 20 years 
are expected. The purpose of this paper is to 
discuss br ie f ly the techniques employed in fo re ­
casting 1980 t ra f f i c volumes in Iowa's seven 
largest urban areas. Some discussion of the 
application of this data in selecting ar ter ia l 
street systems is also included. 

# O-D INTERVIEW methods currently used in collecting Iowa t ra f f i c data were d is ­
carded because a l l data for the seven cities had to be collected, processed and analyzed 
within six months. Concepts of mathematical t r a f f i c models and t r a f f i c synthesis f r o m 
land-use data were introduced to overcome the obstacles presented by conventional 
techniques. Basic population and land-use data were supplied by the local off icials of 
the seven cities, data processing was handled by the Iowa State Highway Commission, 
and the Automotive Safety Foundation supervised the operation. Within this organiza­
tional framework, the processing and evaluation of a l l seven O-D studies proceeded 
simultaneously. 

In 1957 a complete O-D survey was made of the Cedar Rapids-Marion Urban Area 
(1.). Information f r o m this survey was used to develop t r i p production, t r i p attraction 
and time-distance relationships. Design of the gravity t r a f f i c model was s imi lar to the 
one used in Baltimore, Maryland (2). A l l auto-driver t r ips were placed in one of the 
following t r i p purpose groups: (a) home to work, (b) other home base, and (c) non-home 
base. Social and shopping t r ips are examples of the other home base category where 
the auto-driver's home was one end of the t r i p . The non-home base group included a l l 
t r ips not beginning or ending at the dr iver ' s residence. 

Work t r i p production was related to the labor force residing in each zone. In cal ­
culating the number of auto-driver work t r ips originating i n any zone, adjustments 
were made for transit r iders and auto passengers. Zonal employment data was the basic 
attraction factor f o r the work t r ips . Other home base t r i p production was directly re -
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Sioux C i t y 
89,159 

Waterloo 
71,755 Dubuque 

56,606 

Cedar 
Rapids 
92,035 

Des Moines 
208,982 

Council B l u f f s 
51̂ ,361 

D avenport 
,981 

F i g u r e 1. Iowa c i t i e s where t r a f f i c f o r e c a s t techniques were applied, 
u r e s are from i960 census data. 

Population f i g -

lated to car ownership and the zonal attraction factor used for this t r i p purpose was 
population plus 25 times re ta i l employment. The total number of non-home base t r ips 
produced was related to total car ownership in the urban area, and the number of t r ips 
beginning or ending in a particular zone was associated with that zone's respective 
percent of the urban area's population plus 25 times re ta i l employment. Factors were 
also derived f r o m the Cedar Rapids data to describe the relation of t ravel t ime and 
t r i p frequency. 

Af te r preparing a computer program to handle the t r i p distribution calculations (3), 
the model design was checked against the interview data by t r i p length and desire line 
comparison. Results of the t r i p length comparison are given in Table 1. 

The f i r s t desire line comparison revealed that the t r a f f i c model estimate of t ravel 
between Cedar Rapids and Marion was 50 percent higher than the home-interview ob­
servations (Fig. 2). Further research indicated that the relation was constant fo r aU 
t r i p purposes. Marion is a satellite community of approximately 10, 000 people and is 
located just northeast of Cedar Rapids. The differential in calculated and actual t r i p 
movements between the two communities was adjusted by "weighting" the tr ips with an 
origin or destination in Marion to make them conform to actual observations. In effect, 
more t r ips were confined to Marion and Cedar Rapids by the weights with less t ravel 
interchange between the two areas. 

Travel patterns s imilar to those between Cedar Rapids and Marion cropped up in 
other urban areas with a neighboring satellite community. Between Sioux City, Iowa 
and South Sioux City, Nebraska, Davenport and Bettendorf and Waterloo and Cedar Falls, 
the t r a f f i c model overestimated the interchange of t r ips . The smaller neighbor com­
munity was not a matching segment of the larger urban area as fa r as t ravel habits 
were concerned. In some cases, this result was completely contrary to local opinion. 
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TABLE 1 

COMPARISON OF TRIP LENGTH DISTRIBUTION FROM CEDAR RAPIDS 
TRAFFIC MODEL AND HOME-INTERVIEW DATA 

Accumulated Percent of Trips—By T r i p Purpose 

T r i p 
Length 

Work Other Non-Home Base A l l T r i p 
Length 
(min) Model Actual Model Actual Model Actual Model Interview 

1 100.0 100,0 100.0 100.0 100.0 100,0 100.0 100,0 
3 90.1 90.1 79.7 80.5 76.5 74,7 82.5 82,7 
6 65.8 66.7 55.5 51.6 50.6 44.5 57.9 55,4 
9 44.7 43.6 36.0 31.4 32,3 25.9 38.1 34,6 

12 28.6 27.2 23.2 21.1 21.1 16,0 24.6 22,2 
15 19,1 18.2 16.4 16.6 14.9 10,3 17,0 15,8 
18 14.0 13.9 13.2 14,3 11.8 8,3 13.2 12.9 
21 10.8 11.7 11.2 13,1 10.4 7,2 10,9 11.4 
24 10.0 11.3 10.7 12.9 10.0 7,0 10,3 11.1 
27 9.2 10.7 10.0 12,1 9.2 6,4 9,6 10,4 
30 7.6 8.7 8.3 9,9 7.3 5.1 7,9 8.5 
33 6.4 7.5 6.5 7,7 5.7 4.2 6,3 6.9 
36 3.7 4.3 3.4 3,9 3,5 2.4 3,5 3.7 
39 2.6 2.9 2 .1 2.7 2,0 1.4 2,2 2.5 
42 1.4 1.4 1.1 1.8 1,0 0.9 1.2 1.4 
45 0.4 0.4 0.2 0.4 0.2 0.3 0.3 0.4 
48 0.2 0.1 0.1 0.2 0,1 0.1 0,1 0,1 

Local off icials had previously assumed that t ravel behavior was s imi lar throughout an 
urbanized area containing a satellite ci ty . 

Af t e r "weighting" the model to reflect the true interchange of Cedar Rapids-Marion 
t r ips , the t r a f f i c model desire line volumes were compared to their home-interview 
counterparts. The Cedar River which cuts diagonally across the city was used as a 
screenUne and this comparison revealed that there were 2,4 percent more model t r ips 
across the r ive r than indicated by the home-interview Information, 

To fur ther assess the accuracy of the model calculations, a comparison was made 
with the home-interview data using the t r ip- t race method employed in evaluating sample 
size in the Phoenix, Arizona survey (4), 

The f i r s t t r ip- t race comparison was made using the original t r a f f i c model data f r o m 
the Cedar Rapids study. Volume deviations related to both t r i p production and t r i p 
distribution are measured in this analysis. Results of this comparison are included in 
Table 2. 

Root-mean-square e r ro r means that two-thirds of the t ime, this e r ro r w i l l be less 
than indicated. The percent root-mean-square e r ro r is found by dividing the RMS er­
ro r by the interview mean volume f o r the volume group under consideration. 

The t r a f f i c model calculations produced about three percent more t r ips than were 
included in the home-interview f igures . This e r ro r i s included in the previous compari­
sons and constitutes part of the deviations measured by the statistical analysis. 

A second t r ip- t race comparison was made using gravity model data with controlled 
t r i p production. The actual t r i p production and attraction values f r o m the home-inter­
view data were substituted f o r the zone figures calculated and used intfae original model. 
Identical t r i p distribution methods were applied to these data and the resulting zonal 
movements were compared to the home-interview material using the t r ip- t race program. 
Deviations measured in this analysis are related only to t r i p distribution and are sum­
marized in Table 3. These tests would indicate that in dealing with volumes in the 5 to 
10 thousand range, that about 40 percent of the er rors of the model are related to t r i p 
production variation between zones. 
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TABLE 2 

GRAVITY MODEL VERSUS HOME-INTERVIEW TRAFFIC VOLUMES CROSSING 
TRIP-TRACE SCREENLINES IN CEDAR RAPIDS, IOWA 

Number 
Volume of Mean Volume Root-Mean-Square RMS E r r o r 
Group Sections Interview Model E r r o r (%) 

0- 99 66 47 101 87 185.1 
100- 249 47 169 233 112 66.3 
250- 499 48 358 397 130 36.3 
500-1,499 65 884 985 293 33.1 

1,500-2,499 66 1,962 2,105 447 22.8 
2,500-4,999 54 3,717 3,870 539 14.5 
5,000-9,999 38 6, 839 7,117 914 13.4 
10, 000+ 10 15, 894 17,045 1,984 12.5 

TABLE 3 

TRAFFIC VOLUME DEVIATIONS ACROSS TRIP-TRACE SCREENLINES 
RELATED ONLY TO TRAFFIC MODEL DISTRIBUTION ERRORS 

Number 
Volume of Mean Volume Root-Mean-Square RMS E r r o r 
Group Sections Interview Model E r r o r (Vo) 

0- 99 66 47 93 77 163.8 
100- 249 47 169 223 94 55.6 
250- 499 48 358 385 119 33.2 
500-1,499 65 884 940 235 26.6 

1,500-2,499 66 1,962 1,661 336 17.1 
2, 500-4, 999 54 3,717 3,667 368 9.9 
5, 000-9, 999 38 6, 839 6,933 508 7.4 
10, 000+ 10 15, 894 15,138 1,212 7.6 

Using the same basic t r i p production, t r i p attraction and travel frequency factors 
derived f r o m the Cedar Rapids-Marion study, 1959 t ravel patterns were synthesized 
fo r the six other urban areas included in the study. Results f r o m these calculations 
were ver i f ied by screenline counts. In the cities that were a segment of a larger 
metropolitan area (for example, Davenport-Rock Island-Moline and Council B lu f f s -
Omaha), the screenline counts indicated that t r i p production levels were lower than 
the f igures derived f r o m the Cedar Rapids research. Previous research has indicated 
that there are fewer t r ips per car i n larger cities (5). 

FORECASTING TECHNIQUES 

Af te r formulating the 1959 t r a f f i c patterns f o r the seven cities by use of the gravity 
model and land-use concepts, the next step was to make an evaluation of what t r a f f i c 
desires would be in 1980. This work was based on the premise that i f i t is possible to 
synthesize today's t r a f f i c patterp f r o m land use and population data, future t r a f f i c de­
sires could be formulated f r o m the prediction of e:q>ected land use and population d is ­
tributions. Estimates of the 1980 population, employment and car ownership expected 
in each zone of the study areas established the basic framework f o r the t r a f f i c f o r e ­
casts. By substituting these values fo r the 1959 data originally used in the t r a f f i c model 
the 1980 O-D pattern was calculated. The accessibility model approach used to fo re ­
cast future land use was a modification of the concepts presented by research work of 
Hansen (6). 
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POPULATION ESTIMATES 

Population trends since 1950 in each zone 
of the urban areas were analyzed and a theo­
ret ical growth was computed for each zone. 
The f i r s t step in calculating the theoretical 
growth quantity was to multiply the additional 
holding capacity, C, available for new homes 
in 1950times the accessibility index, I , of the 
zone to employment. Holding capacities were 
in terms of people rather than square feet so as 
to resolve the diff ereng residential densities 
encountered. Accessibility index values for 
each zone were computed as a part of the grav­
i ty t r a f f i c model distribution program used in 
the f i r s t phase of the Iowa study. It is a relative 
measure of the availability of employment to a 
particular zone. The index for a zone equals 
the sum of the products of the employment, A , 
times the t ravel frequency factor, B, for each 
of the other zones m the study area. It could 
be expressed as: 

MARION 

CEDAR RAPIDS 

Figure 2. Comparison of t r a v e l between 
Cedar Rsgjids and Marion as i n d i c a t e d by 
t r a f f i c model c a l c u l a t i o n s and a c t u a l i n ­
terview data. "Weights" were used to ad­

j u s t t h i s d i f f e r e n t i a l . 

Index (I) = S AB = A i B i _ i + AzBi- z . . . 
• • • + A n B i - n 

Actual population growth was plotted 
over the accessibility-additional holding 
capacity products, IC, fo r each zone and 
an exponent was derived to describe the 
resultant curve. Thus the t e rm, (IC)^, 
was a measure of the theoretical growth of a zone relative to the other zones in the 
study area. Total population growth observed f o r the area was distributed in accord­
ance to each zone's portion of the sum of the accessibility-additional holding capacity 
products. For example, zone n's share of population growth would be determined by 
the ratio of ( InCn^. 

This calculated distribution of growth accounts only f o r the effects of available land 
and accessibility to work. Other considerations which affect an individual's decision 
in selecting a residential lot probably Include the accessibility to schools, churches and 
shopping centers. Topographic conditions and the availability of sanitary sewers and 
other ut i l i t ies also play a part i n the growth of a particular residential zone. To 
evaluate this multitude of variables, the actual population change f o r each zone since 
1950 was divided by the calculated growth fo r the same period. This quotient was a 
measure or "weight" of the influence of factors other than available land and accessibility 
to employment which prevailed over the zone's rate of residential development during 
the last ten years. 

Results of these calculations f o r the Cedar Rapids-Marion study are il lustrated in 
Figure 3. This f igure shows that zones 5, 6, and 7 grew about twice as fast since 
1950 as explained by the factors included in the computations. In reviewing this ma­
te r i a l with the local off ic ia ls , these zones were considered the most desirable area in 
the city f o r medium-priced housing. Zone 36 grew over three times faster than expect­
ed by the calculations and this was due p r imar i l y to the outstanding promotion efforts 
of the builder subdividi i^ the area. On the other hand, there were zones whose growth 
did not keep pace with the rest of the city; f o r example, zones 12, 39, 20 and 32. Local 
planners pointed out that growth was restrained in these areas by the lack of sanitary 
sewers. Zone 33 has a growth ra t io of only 0.1 and this was explained by the fact that 
most of the area is zoned f o r industrial purposes, thus reducing i ts residential de-
sirabiUty. 
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Figure 3. Transportation zones of Cedar Rapids—Marion urban 
a c t u a l / c a l c i a l a t e d population growth. 

area w i t h zone r a t i o s of 

In reviewing the results of this technique with the local planners and engineers of 
the six cities where this method of residential growth analysis was applied, they could 
easily rationalize the deviations in the growth ratios. What was even more significant 
was that the six groups came up with the same reasons in explanation of the divergent 
ratios. They were in agreement that zones with ratios of f r o m 2,0 to 3,0 were con­
sidered the most desirable areas in their city and that when the ratio approached 4.0 
there was some unusual promotional activity in the background. Also in zones with 
low ratios f r o m 0 .1 to 0,8, generally growth was restricted by lack of public ut i l i t ies 
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or the areas were dominated by rac ia l groups. Some zones had topographic features 
which would require higher development expenditures and the extra expenses involved 
in improving these areas had been a deterrent. However, these zones may become 
more important i n the future as other available land supplies are exhausted. 

Af t e r reviewing the growth ratios with the local of f ic ia ls , discussion turned to the 
future . What weights would in their judgment be applicable fo r the next 20 years? 
Would zones continue to grow at the present rates? Were sewer expansion programs 
planned or underway? Were urban renewal programs going to alter the present r e s i ­
dential areas ? These were a few of the considerations that would influence the future 
growth patterns. In some cases sewer projects had just been completed in zones that 
had experienced slow growth rates over the last decade. In others, the projects were 
in the planning and early construction stages. Af te r reviewing the calculated growth 
ratios and the characteristics of the zones involved, local planners modified the growth 
ratios to ref lect future conditions. 

In applying the future growth weights, obviously the available land in some zones 
would be exhausted long before 1980. The accessibility model permitted growth to 
continue in these zones unt i l the saturation point was reached and then growth was 
shifted to zones that s t i l l had holding capacity at this point. 

In addition to making appraisals of the future zonal growth weights, local off ic ia ls 
provided data on the estimated 1980 population of their areas. Changes in t rave l time 
between zones and in the distribution of employment opportunities were also considered 
before proceeding with the zonal population distributions. Techniques used in estimating 
and distributing future employment is covered in another section of this paper. Ant i c i ­
pated changes in t ravel times by 1980 were based on the judgment of the local engineers 
af ter reviewing the probable changes in their street systems over the next 20 years. 
With the exception of freeway construction, the local jurisdictions fe l t that future 
widening and paving programs would not do much more than maintain the present level 
of t r a f f i c service, and auto t ravel times would not chaise appreciably. 

Af te r obtaining new estimates of employment distribution and t ravel times, employ­
ment accessibility indexes fo r 1980 were calculated in the same fashion as those f o r 
1959. Using the 1980 index, I , and the holding capacity, C, available now fo r develop­
ment, new values of (IC)^ were calculated. These values times the future growth 
weights estimated by the local planners were used to distribute the total anticipated 
population growth of the urban area to the zones. 

EMPLOYMENT ESTIMATES 

In making estimates of future employment, the available jobs must obviously be in 
balance with the anticipated population growth. Knowing that about 40 percent of the 
population composes the employed labor force, the future employment requirements 
to support the added population can be estimated. The percent of present employment 
in retai l ing, services and manufacturing was used as a basis f o r distributing the future 
jobs to these general groups. These relationships f o r six Iowa cities are given in 
Table 4. 

Inasmuch as manufacturing and other industries which need relatively large quantities 
of land fo r their operations are generally restricted to industrial sites, future employ­
ment i s l imited to a few zones. The distribution of this portion of future added employ­
ment was handled by the local planners who were f ami l i a r with their local industrial 
areas. When there was some indecision about the apportionment, the additional holding 
capacity of a zone f o r manufacturing employment and the accessibility of this zone to 
people and retai l ing activity were used as factors to distribute the total quantity. The 
product of these two figures for a particular zone divided by the sum of the accessibil­
ity-capacity products for the urban area was used to determine that zone's share of 
manufacturing employment. 

The next step was to distribute the added employment in the service category. 
Location of these jobs is related to the accessibility to the people which they serve and 
also to the existing re t a i l areas. On this premise, the service employees added by 
1980 were distributed to the zones by u s i i ^ the product of the accessibility index (to 
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people) times the present re ta i l employment as an index. Thus a zone would receive 
a percentage of the total added service jobs equal to the percent of its accessibility 
index-retail employment product related to the sum of the zonal index products for the 
ci ty. 

Present employment plus the estimates fo r manufacturing and service employment 
fo r each zone gave an approximation of 1980 employment which was sufficient f o r com­
puting the 1980 employment accessibility indexes. These were discussed previously 
in regard to the distribution of added population. 

Distribution of the additional future employment involved in retail ing were undertaken 
after the 1980 population calculations were completed. The local planners were con­
sulted fo r their knowledge of any special re ta i l activity such as new shopping centers 
imder construction or i n the planning stage. After allocating re ta i l employment fo r 
these centers, the remaining jobs were distributed in accordance with the ratio of 
population growth fo r a particular zone to the total population growth of the zones i n ­
volved. By adding the future re ta i l , service and manufacturing employment figures to 
the present total employment f o r each zone, the 1980 distributions were completed. 

CAR OWNERSHIP ESTIMATES 

Research by the Bureau of Public Roads has indicated that the type of residential 
area and family income were directly related to car ownership per fami ly . The number] 
of cars per family rises with income levels and when annual income reaches $8, 000-
$10, 000 in a given type of residential area, car ownership does not change appreciably. 
Figure 4 illustrates this relationship. Thus in outlying zones where residential lots 
are generally the largest, the car ownership ceiling would be about one car fo r every 
two persons. In densely populated zones, car ownership would be only about two-thirds | 
of that f igure. 

A study in Hartford, Connecticut revealed that car ownership rises toward the 
ceiling level in direct proportion to the rise in real income. During the last 10 years. 

TABLE 4 

POPULATION CHARACTERISTICS OF SIX IOWA CITIES 

Employment Class (%) 

Urban Place 
1950 

Population 
Employed 

(%) Retail Services 
Mfg. & 
Other 

Cedar Rapids 72,296 44.6 26.6 19.5 53.9 
Council Bluffs 45,429 39.3 29.2 18.0 52.8 
Davenport 74,549 41.5 28.3 20.5 51.2 
Dubuque 49,671 41.2 26.3 19.0 54.7 
Sioux City 83,991 42.0 28.2 22.2 49.6 
Waterloo-

Cedar Falls 79, 532 43.1 23.3 17.5 59.2 

real income has been increasing nationally about two percent per year. Car ownership 
would be expected to have increased 20 percent in the last decade in areas where income 
trends were s imilar to the national average. This increase would be expected without 
any population change. The car ownership pattern of famil ies moving into new homes 
was found to follow the ceiling value of the particular zone involved in the Hartford 
study. 

In view of these relationships and of Iowa car ownership trends, the number of cars 
in each zone was expanded by a factor of 1.5 fo r the 1959-1980 period. This expansion 
was restrained by the ceiling level applicable to the zone involved. Cars f o r the people 
moving into new homes during the 1959-1980 period were added to the expanded res i ­
dual ownership figures to complete the 1980 car ownership estimates. 
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Figure h. Car ownership ceilings f o r d i f ferent residential densities. 

SUMMARIZATION OF RESULTS 

Af te r the O-D computations had been completed, they were assigned to a desire leg 
network. Zone centroids were connected by desire lines as illustrated in Figure 5. 
Tr ips were assigned to the most direct route or series of desire legs between the O-D 
zones. Total volumes were accumulated on each desire leg by summing the zonal t r ips 
assigned to i t . The results of this desire Une summarization are illustrated in Figure 
6. Desire line volume totals for 1959 and 1980 are included in Table 5. 

One variation of this summarization process was to assign t r a f f i c to a freeway 
passing through the ci ty. This was done by spotting the interchanges on the desire 
layout and adding desire legs between these points and connecting them to the desire 
pattern established earl ier . Zonal movements that would be expected to use the f ree­
way path may then be reassigned to this route and the volumes remaining on the original 
desire line network would have to be accommodated by the regular street system. Re­
sults of this type of assignment are illustrated in Figure 7. 

The desire legs may be considered as the only streets available fo r the t r a f f i c 
desires between zones. Considering this, the future desire leg volume can be 
apportioned to the streets presently available fo r ar ter ia l t r a f f i c . Af te r assigning 
each desire leg volume to the existing system, there can be a quick determination of 
where capacity problems may develop. More detailed study can be made of the composition 
of the t ra f f ic on each desire line by examining the zone-to-zone movements assigned to i t . 
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F i g u r e 5. 1959 Sioux C i t y area 0-D t r a f f i c d e s i r e l i n e s . 
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F i g u r e 6. 1959-80 Sioux C i t y area O-D t r a f f i c d e s i r e l i n e s d e r i v e d from land-use data, 
population f i g u r e s and use of a g r a v i t y t r a f f i c model. 
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T A B L E 5 

DESIRE L E G VOLUMES FOR SIOUX C I T Y ROAD STUDY T R A F F I C MODEL DATA 

Volume Volume 

Leg 1959 1980 

1980 with 
Freeway 

Assignments Leg 1959 1980 

1980 with 
Freeway 

Assignments 

01 2,065 2,882 2,882 44 7, 595 13, 856 13, 672 
02 12,126 29, 260 15,551 45 13,476 19, 730 20,935 
03 11,389 28,603 27,174 46 7,081 11,764 12,264 
04 144 359 359 47 2,674 3, 779 4,172 
05 2,122 7,366 7,366 48 7,104 12,420 11,422 
06 20,177 67, 783 54, 074 49 9,560 16, 277 15,450 
07 3,162 4,088 4,088 50 16,385 18, 225 19,262 
08 1,462 1,449 1,449 51 21,625 32, 228 32,479 
09 700 1,550 1,550 52 16,473 29,560 30, 373 
10 11,180 13, 909 13,909 53 7,355 24,586 24,586 
11 2,191 3,559 3,559 54 554 763 763 
12 10,110 28,367 26,938 55 3,600 11,326 11,117 
13 23,696 52,184 39,904 56 98 162 162 
14 21,024 27,202 27, 202 57 3,961 7,244 7,244 
15 4,607 10, 559 7,349 58 6,404 10, 778 10,569 
16 2, 824 5,156 5,156 59 6,115 13,512 13,512 
17 2, 250 4,517 4,517 60 9,328 21, 776 20,963 
18 13,416 29,189 29,189 61 10,955 15, 250 14,806 
19 8, 044 13, 553 13,553 62 13,625 22, 756 21,937 
20 3,996 11,878 9,005 63 4,509 6, 078 7,138 
21 36,440 57, 767 44, 308 64 7, 015 000 
22 43,435 70, 458 53,735 65 8,749 000 
23 26, 053 51,180 31,202 66 563 000 
24 16, 522 43,409 27, 638 
25 5,655 12, 750 12, 683 
26 15,708 30,102 30, 446 
27 4,656 9,076 9, 076 70 9,312 
28 2,823 5,513 5,169 71 16, 648 
29 5,009 12,129 12, 750 72 17,864 
30 7,943 18,826 18, 826 73 14,477 
31 508 3, 816 2, 676 74 18, 745 
32 11,367 20, 346 12, 684 75 13, 709 
33 7,346 13,419 13,419 76 7, 015 
34 48 80 80 77 9, 694 
35 555 1,029 1,029 78 6,674 
36 5,296 12, 000 12,263 79 3,058 
37 4,064 9, 505 9, 505 80 2, 520 
38 2,355 11,188 10, 311 81 6,244 
39 10, 721 20, 889 21,166 82 4,268 
40 1,617 5, 170 5,170 83 11,860 
41 2, 718 12,254 11,654 84 11,440 
42 2,336 6, 295 6,686 85 6,083 
43 18,239 31,414 31,070 

6,083 

CONCLUSIONS 

The techniques described in this paper were used to delineate 1980 ar te r ia l street 
systems in Iowa's seven largest cities. Time and money were not available to permit 
use of an O-D interview method and these methods were employed to overcome these 
obstacles. 

Total cost of the t r a f f i c model forecasting work in Iowa was approximately $22, 500. 
This f igure includes work on statewide O-D research In addition to the seven cities 
studied. The salaries of the local off icials who provided most of the basic data are not 
included. About $5, 000 was expended on development of computer programs to handle 
the t r a f f i c distribution and summarization aspects of the work. Average total cost per 
study was a l i t t le less than $3, 000. Contrast this to the cost of an interview operation. 
The cost of an Iowa external-internal cordon line survey made in 1959 was twenty 
cents an interview. Total costs of the 100,000 interview study was $20,000. 

Af te r completing the seven-city study, i t was fel t that some sample interviewing in 
each city would have improved the results of the gravity model. The factors derived 
f r o m the Cedar Rapids home-interview data were applied to the other six cities with 
some t r i p production adjustments. Data f r o m a few home interviews would have indicatec 
more precisely what modifications were in order. 

The 1960 census data would have been very helpful in providing basic information on 
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Figure 7. 19$9-80 Sioux City area O-D traff ic desire lines derived from land-use data, 
population figures and use of a gravity traffic model. 
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population labor force and car ownership Local officials provided estimates of these 
characteristics for use in the traffic model studies. Some areas had no city planning 
departments and the estimates were made hurriedly and of necessity by people unfami-
lar with these characteristics. Current census data would very likely have improved 
the results in these areas. 

Methods outlined here are relatively simple and by using a computer, results can 
be obtained quickly. In forecasting, alternate land-use plans and the resulting impact 
of traffic desires could be easily evaluated. The costs of applying the techniques are 
relatively low. With these things in mind, i t is difficult to overlook the potential value 
of the mathematical approach to traffic synthesis. 
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Appendix 
SAMPLE COMPUTATIONS 

Travel frequency factors were derived empirically from the Cedar Rapids-Marion 
home-interview data. They describe the effect of travel time on trip frequency betwee 
zones. Factors derived from the Iowa data for three trip purposes are included in 
Table 6. The accessibility index of a zone is equal to the sum of the products of the 
attraction factor in each of the other zones, times the respective frequency factor 
for the travel time linking the zones. This is clarified by Table 7. 

In calculating a theoretical growth quantity for each zone, the employment accessi­
bility index. In, was multiplied times the additional holding capacity, Cn, in 1950. 
The actual growth for each zone was plotted over the products of InCn and an exponent 
was derived which described population growth in terms of InCn- Figure 8 illustrates 
the slope of the hand-fitted curve for the Cedar Rapids study. The exponent, x, for 
this study was equal to 0.6. Thus the term, (InCn)^, describes the theoretical growth 
of each individual zone relative to the others. The total population growth for all zone£ 
is then distributed to each of the zones by the ratio of (In^n^^ • The resultmg 

sTTcis 
theoretical growth quantity is divided into the actual growth observed and the quotient 
indicates the size or "weight" of factors other than available land and accessibility 
to employment which influence the growth rate of urban zones. These calculations 
are given in Table 8, from which 

J, _ Population growth of all zones ^ 16, 780 ^ 7.78. 
2(icr' '̂̂ ^̂  

After obtaining new estimates of employment distribution and travel times, employ­
ment accessibility mdexes for 1980 were calculated in the same fashion as those for 
1959. Sample calculations are given in Table 9. 



T A B L E 6 

T R I P FREQUENCY FACTORS 

Relative Trip Frequency, by Purpose 
ravel Time Non-Home Other-Home 

(mln) Work Base Base 

1 2.00 3.00 5.00 
2 2.00 2 25 3 66 
3 2.00 1 80 2 20 
4 1.50 1 40 1.45 
5 1.25 1.15 1 20 
6 1.10 1.00 1 00 
7 1.00 0 90 0.90 
8 0 93 0 80 0 80 
9 0 87 0.70 0 70 

10 0 84 0 62 0 62 
11 0 80 0 56 0 56 
12 0 76 0 49 0.50 
13 0 72 0 43 0.45 
14 0 68 0 38 0 41 
15 0 64 0 34 0 38 
16 0 61 0 30 0 35 
17 0. 58 0 27 0.32 
18 0 55 0.24 0.30 
19 0 52 0 22 0.27 
20 0.49 0 20 0.25 
21 0.47 0 18 0.23 
22 0.45 0 16 0 21 
23 0 43 0.14 0.19 
24 0 41 0 12 0.17 
25 0 39 0 10 0 15 
26 0.37 0 09 0 13 
27 0. 35 0 08 0 11 
28 0 33 0.07 0 10 
29 0.31 0 06 0 09 
30 0.29 0 05 0 08 
31 0.27 0 04 0 06 
32 0.25 0.03 0 04 
33 0 23 0 02 0.03 
34 0.21 0 01 0.02 
35 0.19 0 01 0 01 
36 0.17 
37 0 15 
38 0.14 
39 0.13 
40 0.12 
41 0 11 
42 0.10 
43 0 09 
44 0 08 
45 0.07 
46 0.06 
47 0.05 
48 0 04 
49 0.04 
50 0 04 
51 0 03 
52 0.03 
53 0 02 

COMPUTATION OF EMPLOYMENT 
ACCESSIBILITY INDEX FOR ZONE 00 

(A) (B) 
To Present Present Work Trip AB 

Zone Employment Travel Time Frequency Factor 

00 61 1 2 00 122 
01 10,260 14 0 68 6,977 
02 445 12 0 76 338 
03 381 7 1.00 381 
04 1,294 11 0 80 1,035 
05 54 9 0.87 47 

39 00 4 1.50 00 

Index (In) = S A B 
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Figure 8. Relation between population 
growth and accessibility and additional 

holding capacity. 

Using the 1980 employment accessibi­
lity index, I , and the holding capacity, 
C, available now for additional population 
growth, new values of (I C) can be 
computed. These values are taken times 
the future weights or growth ratios esti­
mated by the local planners and the 
products are used to distribute the total 
anticipated population growth for the ur­
ban area. Remembering that future 
growth cannot exceed present holding 
capacity, adjustments must be made in 
the distribution calculations so as not to 
"overfill" any zone with population. Suc­
ceeding approximations must be made of 
the "F" factor in distributing the popula­
tion to satisfy the restraint of zone holding 
capacities. Table 10 illustrates the 
procedure in distributing estimated popu­
lation growth. Only zones with additional 
holding capacity in 1959 are included in 
this table. 

As discussed previously, the number 
of cars presently owned in each of the 
zones was expanded by a factor of 1.5 
which reflected the anticipated increase 
in real income by 1980. This expansion 
was restrained by the ceiling ownership 
level associated with the residential zone 
as illustrated in Figure 4. Figure 9 illus­
trates the relation between 1959 car owner­
ship patterns in five Iowa cities and the 
residential density where they were lo­
cated. Cars were added for each zone's 
increased population at the ceiling rate of 
applicable to the residential density of the 
zone. Sample car ownership computations 
are given in Table 11. 
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TABLE 8 
CALCULATION OF POPULATION DISTRIBUTION WEIGHTS 

2AB=I 
Employment Additional Theo. Actual Ratio, 
Accessibility Holding 

(ic)"-' 
Growth Growth Actual 

Zone Index Capacity, C, IxC (ic)"-' 1950-1957 Theo. 
1950 

00 0.568 2,600 1,477 80 622 700 1.1 
01 1.105 55 61 12 93 55 -
02 0.809 102 83 14 109 102 0.9 
03 0.744 13,132 9,770 248 1,929 1,932 1.0 
04 0.765 243 186 23 179 243 1.4 
05 0. 777 660 513 42 327 660 2.0 

39 0. 671 1,760 1,181 70 545 200 0.4 
Al l 2,156 Pop. growth = 16, 780 

To 
Zone 

TABLE 9 
COMPUTATION OF 1980 EMPLOYMENT ACCESSIBILITY INDEX 

FOR ZONE 00 
(A) 

1980 1980 
Travel Time 

(B) 
Work Trip (AB) 

00 275 1 2.00 550 
01 13,440 14 0. 68 9,139 
02 482 7 1.00 482 
03 3,411 5 1 25 4,264 
04 1,332 11 0.80 1,066 
05 59 8 0.93 55 

39 107 4 1.50 161 
1980 Index, I =SAB 
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Figure 9. Car ownership related to residential density in five Iowa cities. 
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1980 POPULATION DISTRIBUTION COMPUTATIONS 
(Additional Population to Be DiBtrlbuted-40, OOP) 

Population Growth 
1!)80 Present Future / > A(F) A(F,) A(F.) Present A(F,) + P 

Zone Acc 9 S 8 . Add Holding (ttC)"'' Weiglit, ( (A) 
\wac)°'; 

1st 2nd 3rd Population, 1980 
Indrx, I Capacity, C W 

( (A) 
\wac)°'; ' Est Est Est P Population 

00 C 377 1,900 52 1 0 52 1,788 2,164 1,900* 1,597 3,497 
03 C 541 11,200 186 1 0 186 6,397 7,739 7,881 3,994 11,875 
06 0 481 2,240 66 2 0 132 4,539 2, 240* 2,240* 4,571 6,811 
12 0 457 1,680 54 0 8 43 1,479 1,789 1,680* 1,850 3,530 
14 0 419 3,360 78 0 8 62 2,132 2,580 2,627 5,283 7,910 
20 0 372 8,960 130 0 8 104 3,577 4,327 4,407 3,310 7,717 
21 0 446 19,040 228 1 0 228 7,841 9,487 9,660 6,006 15,666 
26 0 477 2,8PP 75 1 5 113 3,886 2,800* 2,800* 3,389 6,189 
32 0 418 2,24P 61 0 3 18 619 749 763 1,494 2, 257 
33 0 448 3,920 88 0 3 26 894 1,082 1,102 48 1,150 
34 0 425 1, 120 40 1.5 60 2,063 1,120* 1,120* 2,335 3,455 
35 0 360 3PP 17 1 0 17 585 300* 300* 264 564 
36 0 311 140 10 2 0 20 688 140* 140* 3,499 3,639 
37 0 311 1,120 33 1 0 33 1,135 1,120* 1,120* 1,258 2,378 
38 0 391 7PP 29 1.0 29 997 700* 700* 1,095 1,795 
39 0 437 1,560 50 0 8 40 1,376 1,664 1,560* - 1,560 

1,163 40, 000 39, 993 79,993 

F 40, 000 
1,163 = 34 39 Population in zones 40, 000 
1,163 with no growth 50, 787 50, 787 

F , 31.580 
"759 = 41.61 Total population 90,780 130,780 31.580 
"759 * Zones limited In growth by present additional 

26 440 
"̂62? = 42 37 holding capacity 

TABLE 11 
CALCULATION OF 1980 CAR OWNERSHIP 

(A) (B) (C) (D) (E) (F) 
I'resent Cars/Person Ceiling Present Popula­ Added Total 

Zone I'opula- Ceiling Total Cars tion Cars Cars 
tion Cars Owned Added For 1980 

(AxB) x l .5 by 
1980 

New 
Pop. 
(BxE) 

(D+F) 

00 1,597 0.50 799 834 1900 950 1, 749* 
01 1,544 0.35 540 338 - - 338 
02 1,361 0.45 612 548 - - 548 
03 3,994 0.55 2,197 2,019 8500 4675 6,694 
04 2,196 0.50 1,098 1,145 - - 1,098* 
05 1,735 0.50 868 831 - - 831 

*Expanded car ownership (Col. D) exceeded car ceiling (Col. C) for this zone, 
cars 1980 = Col. C + Col. F. 

Total 

HHB:OR-ltUlt 



THE NATIONAL ACADEMY OF SCIENCES—NATIONAL RESEARCH COUN­
CIL is a private, nonprofit organization of scientists, dedicated to the 
furtherance of science and to its use for the general welfare. The 

ACADEMY itself was established in 1863 under a congressional charter 
signed by President Lincoln. Empowered to provide for all activities ap­
propriate to academies of science, it was also required by its charter to 
act as an adviser to the federal government in scientific matters. This 
provision accounts for the close ties that have always existed between the 
ACADEMY and the government, although the ACADEMY is not a govern­
mental agency. 

The NATIONAL RESEARCH COUNCIL was established by the ACADEMY 
in 1916, at the request of President Wilson, to enable scientists generally 
to associate their efforts with those of the limited membership of the 
ACADEMY in service to the nation, to society, and to science at home and 
abroad. Members of the NATIONAL RESEARCH COUNCIL receive their 
appointments from the president of the ACADEMY. They include representa­
tives nominated by the major scientific and technical societies, repre­
sentatives of the federal government, and a number of members at large. 
In addition, several thousand scientists and engineers take part in the 
activities of the research council through membership on its various boards 
and committees. 

Receiving funds from both public and private sources, by contribution, 
grant, or contract, the ACADEMY and its RESEARCH COUNCIL thus work 
to stimulate research and its applications, to survey the broad possibilities 
of science, to promote effective utilization of the scientific and technical 
resources of the country, to serve the government, and to further the 
general interests of science. 

The HIGHWAY RESEARCH BOARD was organized November 11, 1920, 
as an agency of the Division of Engineering and Industrial Research, one 
of the eight functional divisions of the NATIONAL RESEARCH COUNCIL. 
The BOARD is a cooperative organization of the highway technologists of 
America operating under the auspices of, the ACADEMY-COUNCIL and with 
the support of the several highway departments, the Bureau of Public 
Roads, and many other organizations interested in the development of 
highway transportation. The purposes of the BOARD are to encourage 
research and to provide a national clearinghouse and correlation service 
for research activities and information on highway administration and 
technology. 
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